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Cover Picture

An outstanding milestone has been reached at COSY when the first beam with a
momentum of 1 .57 GeV, which was electron cooled at injection energy, was
transported to BIG KARL, an external target station . The left picture shows a tv-
screen shot taken from a viewer for an uncooled beam, the right picture shows the
result of the electron cooling process . The tick marks shown are 2 mm from the
center . The shrinking effect visible an these pictures does not fully reflect the real
reduction due to the high brightness of the cooled beam spot and the subsequent
strong blooming caused by the tv-camera . More telling was the difference in
countrate measured by a veto scintillator detector close to the target, having a small
hole through which the beam passed . The veto counting rate at this position, which
was a limiting factor in previous experiments, was reduced by nearly two orders of
magnitude for the cooled beam . This breakthrough will enable the investigation of
reactions in external experiments hitherto unapproachable .
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Preface

The current annual report summarizes the research of the Institut für Kernphysik
(IKP) at the Forschungszentrum Jülich (FZJ) in the fields of nuclear and hadron
physics for the year 2001 . In particular, it covers the experimental activities at the
major facility of the institute, the Cooler Synchrotron (COSY), and at various external
German and international research facilities .

COSY has been running very reliable again during 2001, similar to the years before,
delivering proton beams - unpolarized or polarized, electron or stochastically cooled,
slowly or fast extracted - for internal and external experiments with a total operation
time close to 7300 hours . For about 30% of that time, polarized proton beams were
provided, a significant increase compared to previous years, which testifies the
performance level reached with the polarized source . Other highlights of the
accelerator include :

"

	

Extraction of a cooled proton beam with significantly reduced phase space
(see figure an front page) .

"

	

Different beam extraction modes : fast kicker (-300 ns), and stochastic (20 -
1000s)

"

	

Long stored beam lifetime (- 100 hrs) .
"

	

Increase in maximum momentum from 3.4 to 3 .65 GeV/c .
"

	

First deuteron beam, accelerated up to 3 .3 GeV/c.
In response to these new possibilities, experiments utilizing the high energy proton
and the new deuteron beam are scheduled for the beginning of 2002 .

The experiments at the internal and external target positions of COSY have made
use of the proton beam for more than 5500 hours . You will find many interesting and
exciting results from these measurements in the pages to follow, like e .g . :

"

	

ANKE has been able to identify the production of a scalar meson (ao (980)) in
proton-proton collisions via its decay into the two main decay channels .

"

	

COSY-11 has performed a first measurement of i1-production with a polarized
proton beam .

" EDDA has finished its program of measurements of proton-proton elastic
scattering with very successful double-polarisation runs .

"

	

GEM has taken simultaneously high statistics data for pd --> 3 He Tr° and 3H n+

at the i1-threshold, which will significantly improve the knowledge an 7Z°-11

mixing .
" JESSICA , a mock-up target station experiment for the European Spallation

Neutron Source (ESS), has used a mercury target and a water moderator to
obtain first spectra of moderation time as function of the neutron energy.

"

	

MOMO has obtained high quality data for K+K - and ~-meson production in pd
-> 3He X reactions .

"

	

PISA, a new internal beam set-up for nuclear spallation physics, has started
commissioning .

" At TOF first successful data was taken with the big new calorimeter and
meson identifier in pp -> ppn+7c- .



Members of the institute are also participating in external collaborations : in the anti-
hydrogen experiment ATRAP at the anti-proton decelerator (AD) at CERN, in nuclear
spectroscopy investigations with EUROBALL, in pionic-atom measurements at PSI,
in photonuclear reaction experiments with TAPS at MAMI, in experiments using
hadronic interactions with WASA at CELSIUS, in high energy measurements with
ZEUS at DESY and atomic physics experiments at GSI . Results of these activities
are also found below.

The theoryy group of the institute has been active in a broad range of research fields
with a focus an hadronic physics in the realm of non-perturbative Quantum Chromo-
dynamics (nPQCD) and special emphasis an results from COSY. This is done in the
framework of phenomenological models and effective theories . These activities are
further strengthened by a strong visitors program and numerous worid-wide
collaborations . The diversity of the research of the theory group is demonstrated in
the corresponding chapter below.

COSY has the status of a "Large Scale Facility" by the European Commission within
the framework "Support for Access to Research Infrastructure" . Together with its
partner laboratories, KVI Groningen and TSL Uppsala, it forms the joint organization
LIFE ("Light Ion Facility Europe"), which coordinates the studies with hadronic
probes .

Since drastic changes are starting to evolve with respect to funding the "Helmholtz-
Centers" - to which FZJ belongs - we, as part of this, are an the verge of serious
new challenges, but we will take these as an opportunity to sharpen our program and
strengthen our efforts even further . We are in a good shape for the immediate and
intermediate future, since we have received funds for building a new linac to replace
the old injector cyclotron, and we have been given green light selecting successors
for two of the four directors of our institute after their retirement in 2003 and 2004.

In closing, I would like to thank all my colleagues from within the institute and FZJ as
well as the many outside users - from universities and other institutions in Germany,
Europe and worldwide - for their support and dedication in helping to make COSY a
world class facility for hadron physics . Without the support from various partners, in
particular from the user organization CANU and from many different funding
agencies, the successful operation of such a research facility would not have been
possible . I"m also much obliged to our advisory committees (Beirat and PAC) for
their guidelines and recommendations . Finally, I thank the board of directors of the
Forschungszentrum Jülich for their commitment for COSY and the research at our
institute .

~"4~-
Hans Ströher
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Proton-proton elastic scattering with projectile energies up to
800 MeV has been studied thoroughly in the past to an ex-
tent that there is now a comprehensive database [2] . In terms
ofmeson exchange and potential models, this determines the
long and medium range part of the nucleon-nucleon (NN)
force. In particular recentprecision measurements at IUCF of
rare spin observables for projectile energies Tp < 450 MeV
[3, 4, 5] added valuable information . The data are well de-
scribed by the results of phase shift analyses (PSA) [2, 6]
which Show only little variations among each other in this
energy regime [3, 5, 7] . Modern meson exchange potential
models provide adequate descriptions of the data up to the
pion production thresholds [8] . The extension of these mod-
els to higher energies requires the inclusion of contributions
from inelastic channels . Using relativistic transition Poten-
tials the restriction to a coupling ofNN, NA and AA channels
leads to a reasonable description of the data up to 1 GeV [9] .
However, meson exchange models will break down once the
hadron substructure cannot be neglected any more . At higher
energies larger momentum transfers contribute, thus probing
smaller distances (< 0 .8 fm), so that genuinely new processes
involving the dynamics of the quark-gluon constituents may
be important . A related problem is the nature of the strong
repulsive core of the NN interaction needed to explain scat-
tering data at low energies . Another important problem is the
question of dibaryons . Accordingly, proton-proton scattering
at 0.5 - 2.5 GeV is ideally suited to sample the short range
part of the NN interaction with spatial resolutions of about
0.15 fm and to study the role of heavy-meson exchanges [9] .

J . Bisplinghoff, F.

Elastic pp Scattering : Recent Results from the EDDA Experiment

COSY BEAM

Hinterberger, H . Rohdjeß and W. Scobel for the EDDA collaboration[1]

QMS

1m

Fig . 1 : Scheme ofthe EDDA detector (top) and its combina-
tion with the atomic beam target (bottom) .

When the EDDA experiment started in 1994, the experimen-
tal data base was incomplete for energies Tp > 1 .0 GeV, and

normalization discrepancies ofangular distributions obtained
at discrete energies gave rise to systematic errors . Therefore,
the concept ofthe EDDA experimentis to measure excitation
functions in small energyy steps with a high relative accu-
racy using an internal target at the proton cooler synchrotron
COSY (FZ Jülich) [10] . Data taking proceeds during the syn-
chrotron acceleration ramp, such that a complete excitation
function is measured during each acceleration cycle . Statis-
tical accuracy is obtained by averaging over many thousand
cycles (multi-pass technique) .
In phase 1 ofthe experiment unpolarized differential cross
sections have been measured [111 using 4,um x 5,um CH2
fiber targets . The number of recirculating protons was re-
duced to some 107 yielding luminosities of typically 5-1021)
cm-2s-1 . In phase 2 the analyzing Power AN was measured
[12] using apolarizedatomic beam target in conjunction with
the unpolarizedproton beam with up to 3 .10 10 protons in the
flattop . This method is in contrast to the conventional use of
a polarized proton beam and an unpolarized hydrogen tar-
get . It has the advantage to avoid systmatic uncertainties due
to depolarizing resonances crossed in the acceleration ramp.
The absolute value of the target polarization is constant dur-
ing the füll acceleration cycle . In the final phase 3 the spin
correlation coefficients AIVN, Ass, and ASL were measured
with a polarized atomic beam target of about 80 % effective
polarization and a polarized proton beam of typically 55 -
80% polarization, up to 1 .3-1010 circulating protons and In-
minosities up to 3-1027 CM-2S-1 . The final production run
was in 2001 . The data analysis is in progress .

LAMPF
" EDL)j,~preiiminarv

Fig . 2 : Preliminary spin correlation parameter Ass, from
EDDA at pp = 1430, 2300 and 3180 MeV/c . The
SAID solution SM00 is given as a solid line, the
Saclay-Geneva solution [20] as dashed line . The open
symbols at 1430 MeV/c are data from LAMPF.



In order to access ASS, ANN and ASL the target polarization
was changed cyclewise between fix, -'-y, and ::Lz, and the
beam polarization from +y to -y, resulting in 12 different
relative spin orientations . These leadto different modulations
ofthe scattering rates with the azimuthal angle (D; the result-
ing asymmetries between the four quadrants A(D = 90° can
be used to determine the spin correlation parameters as well
as target and beam polarizations .
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Fig. 3 : Preliminary excitation functions for the spin correla-
tion coefficients ASS,ANN, and ASL measured during
beam acceleration (closed symbols) with App = 60
MeV/c and O,�, = 37.5° ::L 2 .5° . Also shown are re-
sults from high statistics flattop measurements (open
symbols) and the SAID solution FA00 (solid line) .
Depolarizing resonances are indicated by the dotted
lines.

A first measurement was carried out at Tp = 772 MeV, the
highest energy, for which some data for all three correla-
tion coefficients exist already. Our data were found to be
in good agreement with them as well as with the PSA so-
lutions FA00 . The measurements have then been extended to
higher energies with data collection in the momentum ramp
and the following flattop. With the completion of data tak-
ing in 2001, a total of 10 different flattop energies have been
accessed. Angular distributions ofASS at three energies are
shown in Figure 2 . Excitation functions at O, = 37.5° are
shown in Figure 3 . Thepredictions ofphase shift analyses of
the George Washington University (previous VPI) [21] and
the Saclay-Geneva [20] group for the regions not yet covered
with data Show for ASS large deviations from the data as well
as from each other. Obviously the experimental data base at
higher energies as of 2000 does not allow a precise and un-
ambiguous determination ofphase shifts, rendering the pre-
dictive Power ofPSA questionable inthe energy regime . This
is supported by attempts to reconstruct the scattering ampli-
tudes directly from experimental data [20] where different
sets of amplitudes were found to describe the data . We have
conducted such an analysis at 2 .1 GeV (2900 MeV/c) and
find that primarily new data an ASS will reduce the number

6

ofpossible solutions for the scattering amplitudes . Ifthis will
allow for an unambiguous determination of phase shifts has
yet to be Seen, when three new data have been included in
the PSA .
The conceptofEDDA as a dedicated experiment for the mea-
surement of elastic pp, pp and pp scattering an an inter-
nal target during the acceleration of the recirculating COSY
beam has proven feasible . It yielded precise data for c.m.
scattering angles from 30° to 90° and quasicontinuous en-
ergies from 0.5 GeV to 2.5 GeV. Each Set of excitation func-
tions for (i) spin averaged cross sections, (ii) analyzing pow-
ers, and (iii) spin correlation coefficients led to distinct ex-
tensions and modifications of the then actual PSA solutions
in regions with low or no data coverage. In retrospective are
three deviations larger - and the predictive Power of inter-
polated or extrapolated phase shift solutions smaller - than
anticipated at the beginning ofthe EDDA experiment.
The EDDA collaboration gratefully acknowledges the great
support received from the COSY accelerator group, and the
financial Support by the BMBF, Contracts 06BN6641(6) and
06HH952, and the FZ Jülich, Contracts FFE 41126803 and
41126903 .
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Study of il'-Meson Production in the Reaction pd ___> 3Heil' at COSY-11

H.-H . Adam', A. Khoukaz', T . Lister', R . Santo' and S . Steltenkamp' for the COSY-11-Collaboration

At COSY-11 [1], measurements an the 7l - and q'-meson
production in proton-proton scattering have been recently
extended by production measurements in the proton-
deuteron interaction, i .e . studies an the reaction channels
pd -> 'He il, il' [2,3] .
Different to elementary nucleon-nucleon reactions the
production of mesons an heavier targets provides the
possibility to study reaction processes with more than only
one involved target nucleon . Such data sets in the near
threshold region are valuable for the understanding of the
31 - and il'-meson production in hadronic interactions
[4,5,6] and may also be important in the context of
understanding the production processes for these mesons
in heavy ion collisions .

In earlier beam times the COSY-11 collaboration took data
an the reaction channel pd _> 3He rl at excess energies of
Q = 5, 11, 15, 20 and 40 MeV, which are currently under
final evaluation . Additionally, during one of these beam
times first measurements an the il'-meson production in pd
collisions have been carried out successfully at excess
energies of Q = 10 MeV and Q = 40 MeV.
Here we present first preliminary results from a two days
measurement an the q'-production obtained at an excess
energy of Q = 10 MeV .
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Fig. l : Energy loss of positively charged particles as
function of the reconstructed momentum,
obtained at a beam momentum of p = 2.457
GeV/c (logarithmic z-axis) . The cut at about 8
MeV is caused by the trigger used in the
experiment. As indicated, the 3He nuclei can be
easily separated fiom other particles (software
cut) .
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Missing mass spectrum of the reaction pd ---> 'He
X, obtained at an il' excess energy of Q = 10
MeV, integrated over a range of 'He cms
scattering angles of-0.6 < cos 0 * < 0.6 .

References :

preliminary

missing mass [ GeV/c 2]

The COSY-11 standard procedure for particle
identification is the track reconstruction for positively
charged particles through the well known magnetic dipole
field by means of a set of two drift chambers, yielding a
precise momentum determination, followed by a time-of-
flight measurement using a set of two scintillator
hodoscopes (S1, S3) .
Detected 3He nuclei can be separated from protons,
deuterons and tritium, due to the comparatively large
energy loss of the 3He nuclei in the scintillation detector
S1, as demonstrated in the AE/p plot in figure 1 .
In figure 2 a preliminary missing mass distribution of
accepted events with one detected particle, identified as
3He nucleus, is presented. Close to the 7l' literature mass a
clear signal of the pd ---> 'He il' production is obvious,
corresponding to - 340 detected 7l' mesons .
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Measurements an the near-threshold rl and Tl' mesonproduc-
tion in the reaction pd -> 3 HeX have been performed at the
internal beam experiment COSY-11 [1, 2] . To extract total
and differential eross sections from the data, the luminosity
will be determined by the simultaneously measured pd elas-
tic scattering . For this purpose events with one proton de-
tectedin both drift chambers and the scintillation detector S1
and one deuteron hit in the monitor detector [3] have been
selected .

Luminosity determination at COSY-11 using the proton-deuteron elastic scattering

S . Steltenkamp*, H.-H . Adam*, A . Khoukaz*, T . Listet*, R . Santo* for the COSY-11 collaboration
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Fig. 1 : Correlation between the hit position in the scintilla-
tion detector S 1 and the pad number of the silicon
monitor detector ofthepd elastic scattering (MC sim-
ulation) .

Figure 1 presents results of Monte-Carlo simulations an
pd elastic scattering, performed at a beam momentum of
ph��� = 1 .581 GeV/c, corresponding to an excess energy of
Q - 11 MeV relative to the pd -~ -'Heil threshold. The upper
and the lower band correspond to events with a proton or a
deuteron detected in the scintillation detector S1 . Due to the
comparatively large momentum transfer, the deuteron band
is not expected to be visible in experimental data.
Data plotted in figure 2a expose two bands, the lower one
is the signal of pd elastic scattering with protons detected in
S1 and the upper one corresponds to events of the quasi-free
proton-proton scattering . As expected the deuteron band is
suppressed .
Due to two-body kinematics the S1 hit Position of protons
from elastic pd scattering is directly correlated with their
momentum transfer t . At beam momenta close to the pd -~
'Heil threshold, momentum transfers of --1 .2(GeV/c) 2 <
t < -0 .2 (GeV/c) 2 are accessible at COSY-11 .
In figure 2b the hit distribution in the monitor pad detector is
presented for events with both a hit in the S 1 and the monitor
pad detector and a reconstructed proton momentum transfer
of -0 .8 (GeV/c ) 2 < t < -0.7 (GeV/c ) 2 . On top of a smooth
background arising from the quasi-free pp scattering a clear
signal of scattered deuterons from pd elastic scattering is ob-
vious.
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Fig . 2 : a) Correlation as shown in figure 1 based an real
data obtained at a beam momentum of pheam -

1 .593 GeV/c . b) Hit distribution in the monitor pad
detector for protons with a momentum transfer of
-0.8 (GeV/c) 2 < t < -0.7 (GeV/c) 2 .

Therefore a luminosity determination for proton-deuteron
scattering experiments at COSY-11 is possible using pd elas-
tic scattering.
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A close to threshold measurement of the pp --> pp-1 reaction
allows to study the interaction ofthe tl-meson with the pro-
ton . At small excess energies the final state particles are in
the range of the strong interaction much longer than 10 -23 s
i .e . the typical life-time ofN* andA baryon resonances . Thus
their mutual interaction may significantly influence the dis-
tributions of their relative momenta [1] . In order to study
this effect the COSY-11 collaboration has carried out a mea-
surement of the pp -~ pprl reaction at an excess energy of
Q = 15.5 MeV Figure 1 presents the missing mass spectrum,
with the clear signal originating from =24000 events of the
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Fig. 1 : Missing mass spectrum for the pp -> ppX reaction deter-
mined at a beam momentum of 2.0259 GeV/c . The mass
resolution amounts to 1 MeV/c2 (6) .
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Dalitz-plot distribution of the pp -~ppt1 reaction at excess energy Q =15.5 MeV
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Fig. 2 : Distribution of the center-of-mass polar angle of the pro-
duced system X as a function of the missing mass .

pp -~ pptl reaction seen an a flat distribution due to multi-
pion production . By means of the simultancous measure-
ment of elastically scatttternd protons not only the luminosity
but also the synchrotron beam geometrical dimensions and
its position relative to the target have been monitored [2] .
This, and the correction for the mean beam-momentum-
changes [3] determined by means of the Schottky-spectrum
and the known beam optics, allow to reproduce exactly the
observed missing mass distribution as it is shown by the
dashed line in Figure 1, which is hardly distinguishable from
the real data . Figure 2 Shows that the füll range of the 11 me-
son center-of-mass polar scattering angles has been covered
by the detection system acceptance. This permitted to deter-
mine the angular distribution of the created p meson which,
as can be Seen in Figure 3, is completely isotropic within the
shown statistical errors . The observed distribution is consis-
tent with the previous measurement performed at an excess
energy ofQ =16 MeV at the CELSIUS facility [4] . However,

P. Moskal l	forthe COSY--11 collaboration
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it improves the former statistics by a factor of 80 . The deter-
mination of the four-momentum vectors for both outgoing
protons of each registered event gives the complete informa-
tion of the ilpp-system allowing for investigations of the tlp
and ripp interactions . Figure 4 Shows the Dalitz plot of the
identified pprl system corrected for the detection acceptance
and the proton-proton interaction . The enhancement fromthe
tl-proton interaction at Small m22

	

is evident .
The quantitative analysis aiming at the determination of the
rlp and ripp interaction parameters is in progress .

0 .5

0j
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Fig . 3 : Differential cross section of the pp -~ pprl reaction
function of the rl meson center-of-mass polar angle .
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Fig . 4 : Dalitz-plot distribution corrected for the detection accep-
tance and the proton-proton FSI . For this plot only events
with a mass differing by no more than 1 MeV/c2 from the
real il meson mass were taken into account. The proton-
proton FSI enhancement factor was calculated as a square
of the on-shell proton-proton scattering amplitude derived
according to the modified Cini-Fubini-Stanghellini formula
including Wong-Noyes Coulomb corrections [5] .

more extensive motivation of the measurement can be
found in proceedings of the 9th International Sympo-
sium an Meson - Nucleon Physics and the Structure
of the Nucleon (MENÜ 2001), Washington, District
of Columbia, 26-31 Jul 2001 ; P. Moskal et al ., e-Print
Archive : nucl-ex/0110018 .
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Data an the n nieson production witlr a polarised pro-
ton beam in the reaction ffp --> pprl have been taten at
the irrtcrnal Experiment facility COSY-11 . Tlie iiieasure-
ment was performed with a proton beam momentuni
p = 2 .096 Gei'/c corresporrding to an excess energy of
Q = 40 MeV. Due to interference effects . Polarisation
observables - such as the airalysing Power Ay are very
sensitive to the influence of higher partial waves . Es-
pecially in tlre threshold reg:on, where die s . .wave nie-.
son production is expected, the onset of p- and d-waves
could be observed .
The event selection reduires the identification of two

protons in the exit chamiel . The four-inornc;ntuiri de . .
termination of positively chaxged ejectiles allows a füll
kinernatical reconstruction for tlie pp -~ ppX reactiön .
An identification of the nieson X is done via the missing
niass niethod .
The averaged beam polarisation was measured at, the

internal experiment EDDA [1] and arnounted ^:5010 .
The aralysing Power was determined as a function of
the polar angle 8e of thc; i7 ineson in tlre center of mass
svstern [2] . Tbe relative lurninosity of both sein states
was extracted based an the simultaneous nieasurernent
of the elastic Proton-Proton scattering . 'l'he arigutar de-
prtndcncc of A � is slii, .v .i in Figure l . Though tho data
are consistent with A , = 0 within the errorbars given,
there seeins to be a s~a,är~ i .rcrcase of .-1 y to,vards back-
ward scattering angles .
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Fig . 1 : Angular dependence of tlie analysing Power Ay
in the center of mass System for the reaction
Pp -> PFo .

hi Figure 2 a comparison of the data (solid trianglc;s)
with theorptical predictions for Q -- 37 MeV from Fäldt
and Wilkin [3] (dotted line) and Nahayama [1] (solid
linel is shown . Irr addition . the theoretical calculations
for Q = 10 MeV are plotted . Botli inodels are based
an the one meson exchange model . ~Aihile Fäldt arrd
Wilkin predict a dominance of p excliarrge, Nalcayarna

P . jVirrter for the COSY-11 collaboracion
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in the reaction Y5p --+ pp-r7 at COSY-11

concludes a dorninaart -i and q exchange .

50

The first results of the analysi.n g Power differ fron
both theoretical calculations althougli the predictions of
[3] Show a quite good rnatch. . For a more precise State-
inent furtlrer ineasurenrents are needed . These measure-
rnerts could beneft frorn higher Polarisation available
at COSY. Therefore, sinaller errorbars witli die sarne
statistics caxr be achiezred,

Besides a measurenrent at Q = 40 MeV for lägher
statistics . a, new rim at Q = 1011!lev is motivated by a,
theoretically expected higher value of A� [3] . Furtlier-
more, the sign of the analysing pol-er should change in
rase of dominant p exchange (See Fig . 2) .
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lreoretical predictions for the analysing posier
according to [3] (dotted line) and [4] (solid line)
for Q = 10 and 37Me~7 . The solid criangles rep-
resent the measured vahies [2] at Q -- 40MeV.
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Investigations an overlapping scalar resonances fo (980) and ao (980 1) produced at threshold in p-p collisions

A study of the 1 GeV/c2 mass range is motivated by the
continuing discussion an the nature ofthe scalar resonances
fo(980) and ao(980), which have been interpreted as exotic
four quark states [1], conventional qq [2, 3] or molecular
likeKK bound states [4, 5] .

We briefly [6] report here thefirst experimental investigation,
which concerns the close to thresholdproduction ofthe broad
resonances in the 1 GeV/c2 mass range . Moreover, till now
we have restricted our investigations to the fo and ao mass
range below the KK threshold, where they can decay into
non-Strange mesons only .
lt is obvious that for the excitation of a broad resonance the
phrase "close to threshold" is not well defined and implies
here that the beam momentum is such that masses just in the
range ofthe resonance can be excited .
In the missing mass spectra ofthepp --->ppX reaction amass
bin corresponding to Q = 5 MeV + AQ with AQ = 5 MeV
was chosen in the analysis . The number of events per mass
bin has been calculated for seven measurements and alter the
correction for the detection efficiency has been normalized to
the corresponding integrated luminosity, leading to a count-
ing rate ofN(,\1-s) .
Subsequently, the well known values of daldm(7l',-yl`s? [7]
were subtracted. Further, in order to account for the contri-
bution from the multi-pion and nil production we subtracted
from each N(Vs) the value determined for the lowest mea-
sured energy, assuming changes of the cross section for the
multi-pion and nrl production to be negligible (which isjusti-
fied, sincethe measurements were performed about 560MeV
and 300MeV above the 3n and 7zrl thresholds, respectively) .
The values of AN(-"7s-) are shown in figure 1, which also rep-
resents calculations approximating the spectral function by
the Breit-Wigner distribution and demonstrates that the data
are sensitive to the average mass of the created meson or
mesons but rather non-sensitive to the width of an assumed
Breit-Wigner structure .
The parameters of the mesons fo(980) and ao(980) are very
similar to each other [8] :
fo (980) :

	

m = 980± 10,

	

I' = 40 to 100
ao(980) : m=985 .2=1 .5, r-50to100

and therefore we can not distinguish between these two
resonances in a missing mass analysis .

The fit to the resonance like structure of figure 1 results in
preliminary values of.-
m = 970, F - 65 and 6primary z 400 nb .

lt is worth to note, that the obtained structure is in line with
the measurements ofthe i[+n- invariant mass distribution of
J/`P decays into the Oiz+ii- System .
This result encourages us for further investigations . We plan
to perform a similar analysis with the data taken during the
measurements of the K+K- [9] and ~ meson production.
This will allow us to extend the mass range of figure 1 up
to 1043 MeV,/c2 .
lt should be noted that the given estimate ofthe cross section
is certainly only an upper limit . Influences of reactions like
pp -4 ppo)n for instance will reduce this value further.

P. Moskal and W Oelert for the COSY11 collaboration
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Fig . 1 : Points : Number of events, measured at the 10MeV
upper bin ofthe missing mass spectrum for the pp -~
ppX reaction normalized to the integrated luminosity .
The value obtained at 959 .6MeV/c2 was subtracted
from each point. The x-axis denotes the mass corre-
sponding to Q

	

5MeV.
Lines : Simulations ofthe pp --~-ppX reaction, with X
being the Breit-Wigner type meson resonance of the
followingparameters :
(dotted line) M - 990 MeV/c2 , r = 65 MeV/c2 , and
6primary, = 750nb,
(solid line) M = 970 MeV/c2 , F - 40 MeV/c2, and
6primary, = 400 nb,
(dashed line) M = 970 MeV/c2 , r = 65 MeV/c2 , and
6primary, = 1200 nb .
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In summer 2000, a drift chamber with hexagonal cells [1]
was added to the COSY-11 detection system . Placed along
the dipole magnet, it increases the momentum acceptance
of COSY11 towards lower momenta. Due to its smaller
distance to the sarget (compared to the drift chambers D1
and D2, sec figure 1), the detection efficiency for kaons also
increases . This report describes the reconstruction software
developed for this drift chamber [2] .
To investigate the drift behaviour in hexagonal drift cells,

Front view of the hexagonal dritt chamber

U. 1

0.8

0.6

0.4

0.2

0

Track reconstruction in the hexagonal drift chamber at COSY-11

C. Kolf for the COSY11 collaboration

Fig. 1 : The new hexagonal drift chamber (D3) in the COSY-
11 setup . The tracks of a pp --, ppK+K- event at
threshold are sketched .

the Simulation programme GARFIELD [3] was used . It
tums out that due to the special arrangement ofthe drift cells
in the chamber the isochrones are not completely radially
symmetric and thus for high drift times (200-300 ns) the
distance-to-drifttime relation depends an the track angle of
the particle crossing the chamber. After digitization of the
calculated isochrones, angle-dependant lookup tables were
created as starting calibrations (sec `GARFIELD simula-
tions' in figure 2) . According to the 'uniform irradiation
method' [4], which is already used for the drift chambers
D 1 and D2, another starting calibration was calculated
('integrated drift time spectrum' in figure 2) .
The new track reconstruction software for the hexagonal

0 50 100 150 200 250 300

drift time [ns]

Fig . 2 : Different starting calibrations for the reconstruction .

chamber provides the three-dimensional reconstruction of
the particle tracks . A two-dimensional hit display is used

12

to control the hit distribution and detection inefficencies
already online during the Experiment (sec figure 3) . In the

Fig . 3 : 2-dimensional event display for the hexagonal cham-
ber .

offline analysis, starting from the raw data, a track recogni-
tion routine combines every hit in the first and last detection
plane to a Crack candidate, rejecting combinations which
did not register hits in the other planes within a corridor
around the connecting line . Thus, the number of Crack
candidates (and therefore CPU time) is reduced by a factor
of 2-3 without losing real physical Cracks . In the next step,
a fit routine minimizes the distance of the assumed Crack
projection to the isochrones for every wire orientation . The
resulting planes (spanned by the calculated Crack projection
and the direction of the wire) are combined to a line in
three-dimensional space . A matching routine separates the
real result from combinatorial background .
With a data sample of the COSY-11 bcam time in March
2001, the distance-to-drifttime relation was calibrated,
using an iterative procedure (described in [5]) . A position
resolution in the order of 450,um was achieved, determined
as the standard deviation of the experimental data .
Besides the rcconstruction software, a two-dimensional and
a three-dimensional event display are now available for
thc hexagonal chamber . The substantial rcconstruction and
visualization routines can bc used for other drift chambers,
for dstance for the new COSY11 deuteron detector, which
also uses a drift chamber with hexagonal cells for track
rcconstruction and will be added to the COSY-11 detection
system in January 2002 .
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In a simple constitucnt quark model the two hypcrons A and
10 have a rather similar structure consisting of the light up
and down quarks and the heavier strange quark. Having the
samt total spin S = 1/2 thcsc two hypcrons differ in thc spin
coupling of thc two light quarks and thc isospin.
First order isospin arguments would suggest that the cross
section ratio for the A/1o production is in the order of three.
In fact, such values of the ratio wcre observed in proton-
proton scattering cxperiments at high excess encrgies [1]
as well as in antiproton-proton annihilations leading to A-
A, f0-A+c.c . and E ~-Y,+ as performed by the expeiiment
PS 185 at LEAR [2, 3] .
However, the ratio of the total cross sections for the A and
Yo production near threshold was measured at COSY-11 [4]
via the reactions pp -~ pK-A(E0 ) and the most remarkable
feature of the data is that - at the same excess energy - the
total cross section for the Eo production appears to be about
a factor of 28+6 smal]er than for theA particle .
lt was suggested [4] that strong Y-°p final state interactions,
and in particular a EN -> Ap conversion, were the likely
cause of the depletion in the Yo signal . This hypothesis is
in line with other experimental evidente .
Still, a quantitative explanation of the relatively low E° pro-
duction rate observed in pP collisions near threshold must
await detailed tbeoretical efforts . In any case, the first COSY-
11 data stimulated several theoretical investigations .

Ratio of theA / 10 hyperon production via the excitation of the N'-(1650)S> > resonance

Fig. 1 : Graphs for the hyperon production .

P. Kowina* and W. Oelert for the COSY-11 collaboration

Calculations within a meson exchange model taking into ac-
count pion and kaon exchange (Fig . 1 a) and b)) reproduce
the measured ratio by a destructive interference of n andK
exchange amplitudes [5] . While the A production channel ap-
pears to be dominated by the K exchange, the interference
becomes significant inthe Eo case . Even the absolute produc-
tion cross section is described when employing a reasonable
initial and final state interaction. The authors [5] claim that
the data calls for a destructive interference of the iz andK ex-
change contributions independently of the hyperon-nucleon
potential used .
Within a factor of two also other models describe the data
by including heavier exchange mesons and/or nucleon
resonances [6, 7, 8] .

Here we present an additional idea for a qualitative under-
standing. Ifthe Nr(1650)S1l is excited in the first step of the
reaction it decays either into the K+Eo or the K+A channel
(Fig . 1 c)) . Other possible channels will not be considered.
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Fig. 3 : Cross section ratio ofthe A/1o production as a func-
tion ofthe excess energy . The dashed line depicts the
ratio ofthe integration ofthe phase space available for
the decay into theK -A andK -10 channels .

One can estimate the probability for the decay into one of
the two channels with the available phase space by integrat-
ing the BreitWigner distribution [9] in the range ofthe kine-
matical limit and the rest mass of theK+E° or K+A systems,
respectively, sec Fig. 2 a) and b) .
In Figure 3 the calculated ratio ofthe available phase space
for the two channels considered is plotted by the dashed line
together with the experimental data . Please note that no ab-
solute normalization of the ratio has been included . Still, the
shape of the excitation function for the production ratio is
well described by the simple model presented.
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At COSY-11 the determination of the luminosity is based
an the comparison of the differential cross section for the
proton-proton elastic scattering [11 with the measured rate
ofevents recognized as elastically scattered protons .
In the COSY-11 detector setup [2] the forward scattered pro-
ton deflected by the magnetic field ofthe dipole is registered
in drift chambers D 1 D2, scintillator arrays and S1 and S3 .
The second branch ofthis two body reaction is detected in a
position sensitive silicon pad detector. The reaction plain is
more or less parallel to the plain ofCOSY
In measurenents with a polarized proton beam aiming for the
determination of the analysingPower, beside the luminosity
the beam polarization has to be lrnown . This can not be ex-
tracted from a measurement in the COSY plain alone . The
beam polarization has to be taken from simultaneous mea-
surement at e.g . the EDDA [3] installation .
Another solution could be the registration of elastically scat-
tered protons perpendicular to the COSY plain. Such a lu-
minosity measurement is independent of the orientation of
the spin ofthe beam protons. For this purpose a Luminosity
Monitor System has been installed at COSY-11 .

Fig. 1 : Luminosity Monitor System extended by two ad-
ditional scintillators . Trajectory a and b are valid
for 2620 MeV/c . For lower beam momentum
(2096MeVjc) tracks a and c are suitable .

Figure 1 shows the used detection system together with an
example of the trajectory for elastically scattered protons .
The Luminosity System, described precisely in [4], was de-
signed and optimized for beam momenta in the 3 GeV/e

range . An event for such a beam momentum is presented in
Fig. 1 by the vectors a and b . Both protons cross a MWPC
and scintillator. The opening angle of Protons in the exit
channel for Power beam momentum is larger than for the
higher one . At Power beam momenta only one ofthe Protons
(a) is registered in MWPC, the second (c) hits the additional
scintillator installed in front ofthe coil .
First data with polarized beam were taken at COSY 11 in
January 2001 during first measurement of the analysing
Power for the 11 production in the proton-proton scatter-
ing [5] . COSY was operated in the super cycle mode with
15 min . cycles of alternating opposite proton polarization .
First results obtained from on-line monitoring are presented

Monitoring of the relative beam polarization at COSY-11

P. Kowina* for the COSY-11 collaboration
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Fig . 2 : On-line observation ofthe effect due to the polarized
beam at COSY-11 in January 2001 (description sec
text) .

in Figure 2 . Figure 2a) shows the coincident event rate regis-
tered with the detectors in the COSY plain. It seems that the
event rate differs for subsequent cycles of opposite polariza-
tion . In Figure 2b) the rate measured by means of the Lumi-
nosity Monitor System is presented. Changes in the number
of events are rather independent an the cycles, so the event
rate does not depend an the spin orientation ofthe beam Pro-
tons .
Finally, Figure 2e) is a result of the normalization of the
counting rate of Figure 2b) to the one of Figure 2a) . Now
it is clearly seen, that the normalized number of events is
changing from cycle to cycle . With more detailed analysis,
the described systems can be used as a monitoring of the
beam polarization .
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Within meson exchange models the production of co mesons
in the pp -~ ppco reaction is essentially driven by herb
mesonie and nucleonic exchange currents [1] . To separate the
contributions from the different exchange currents total Cross
section data are not sufficient but differential observables like
angular distributions are needed.
At the COSY-11 system the reaction pp -~ ppco has been
measured at excess energies of25, 50 and 107 MeV in order
to extract angular distributions of the to emission angle as a
function ofthe excess energy.
The COSY-11 installation is optimized for threshold studies
where a full 4 n solid angle acceptance is achieved in the
cm system . With increased excess energy the detection effi-
ciency is decreasing . But due to the lange exit window at the
COSY11 dipole even for high excess energies the füll az-
imuthal angular distribution is covered if the reaction plane
is parallel to tbe COSY dipole plane. Tberefore the füll angu-
lar distribution for the co emission is measurable . To extract
the angular distribution the missing mass distribution has to
be generated for separate bins in cos0';, the w emission an-
gle in the cm system with respect to the beam direction . For
each cos O*, bin the number ofco events has to be determined
and compared to corresponding Monte Carlo data samples .
The Monte Carlo data are generated assuming a pure s-wave
phase space distribution including the known pp final state
interaction . Deviations from these assumed s-wave behaviour
which are certainly expected at such high excess energies
would modify the cos Ou, distribution by the efficiency vari-
ations as a function ofthe other relevant kinematic variables .
Therefore double differential distributions have to be studied.
An instructive variable is given by the orientation ofthe ejec-
tile plane relative to the beam axis . The yield of the co pro-
duction can vary with the angle of the ejectile plane which
would result in a modification ofthe cos0~ distribution ex-
tracted at COSY-11 .

Fig. 1 : Two dimensional distribution in the ein system for
the ejectile plane perpendicular versus the co emission
angle for the data at F = 107 MeV.

Produetion of co-Mesons at COSY-11

D. Grzonka, G. Schepers
for the COSY 11 collaboration
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Fig . 2 : Angular distribution of the produced co mesons at e _
107 MeV including the füll data sample (open sym-
bols) and with a Cut an the ejectile plane orientation
cos Oy�p I 9 0 .1 (füll symbols) .

In Fig . 1 the distribution of events in the field ofthe cosine of
the ejectile plane perpendicular cosOpe,p versus the cos0*,
is shown for the data at s = 107 MeV Mainly the region
around cosO*pe ,. p = 0 is populated with events, i .e . when the
ejectile plane is parallel to the COSY dipole plane .
To detect possible modifications of the cos 0', distribution
due to a dependency ofthe co production from the orientation
of the ejectile plane the angular distribution is determined
for different cuts an the ejectile plane perpendicular cos0~.
Fig . 2 shows the distributions with a Cut an 1 cos Operp l G 0 .1
(filled symbols) and for the füll data sample (open symbols) .
The distributions show differences indicating a non uniform
w production with regard to the ejectile plane orientation.
Therefore double differential event selection for the extrac-
tion ofangular distributions is required . Only the data points
with a restriction an the ejctile plane orientation show the
physically expected symmetry around 0 but the extracted an-
gular distribution is not consistent with recent data from the
TOF collaboration [21 and DISTO data [31 .
To reduce the errors an the datathe analysis is continued . The
background substraction in the missing mass distribution will
be improved by Monte Carlo data and different binnings in
the double differential distributions will be studied .
Referenees :
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Recently, a first value of the total cross section for the re-
action pp -> ppK+K- below the (D production threshold
at an excess energy of 17MeV has been published by the
COSY-11 Colaboration [1] . The obtained result shown as
filled square in figure 1 encouraged us to study the energy
dependence of the total cross section [2, 3] . Any deviations
from the behaviour expected from four-body phase space
modified by the protonproton final state interaction might
be attributed to either changes in the primary production am-
plitude or FSI effects in the kaon-nucleon, antikaon-nucleon
or kaon-antikaon subsystems .

ö
N
N
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U

Ö

Energy Dependence of the pp -- ppK+K- Total Cross Section Close to Threshold

M. Wolke for the COSY-11 Collaboration
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Fig. 1 : Total cross section for K+K- production in proton-
proton scattering close to threshold . Data are from [1,
4], and include both statistical and systematical er
rors . The solid line corresponds to an energy depen-
dence of the total cross section based an four-body
phase space modified by proton-proton FSI [5], fit-
ted_to the available data. The dashed lines indicate the
K0K0 and (P production thresholds, respectively.

Here we report anpreliminary results from a two weeks mea-
surement at an excess energy ofQ = 28 MeV with respect to
the K''-K- threshold (Pheam = 3.390GeV/c)1 .
Positively charged particles are identified by combining the
reconstructed momenta and the time-of-flight information
from the COSY-11 drift chamber and scintillator arrange-
ments [6] . Preliminary missing mass distributions with re-
spect to the detected (ppK+) subsystem are presented in fig-
ure 2 .
A signal at the expected position of the charged kaon mass
is evident and stands out of a broad background structure
(fig . 2 left), which in case ofthe published data has been well
reproducedby contributions from misidentifiedpions andthe
excitation of the hyperon resonances A (1405) and E (1385),
with one of the identified protons originating from the weak
decay of a previously produced hyperon [1] .
Requiring an additional bit in the dedicated negative parti-

1 Preliminary results an üD production are given in a separate report .
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Fig . 2 : Missing mass squared with respect to an identified
(ppK+) subsystem at an excess energy of 28MeV
without (lcft) and with (right) the additional require
ment of a registered hit in the negative particle detec-
tion system.

cle detection system mounted inside the gap of the momen-
tum analysing dipole leads to independent proof: The back-
ground structure in the region of lower missing masses is
suppressed drastically, and a clean signal at the K- mass
is obvious (fig . 2 right), the latter with a reduction quanti-
tatively in good agreement with Monte Carlo simulations.
Although measured and expected hit positions of the asso-
ciated K- in the highly granulated silicon pad detectors have
not yet been compared at this stage ofthe analysis, the final
result is expected to be as free of background as shown for
the measurement at Q = 17MeV (fig . 3 in [1]) . A value of
the total pp -> ppK+K- cross section at Q = 28MeV has
to await the analysis ofproton-proton elastic scattering data
measured simultaneously .
To conclude studies an the energy dependence of the to-
tal cross section further data taking at an excess energy of
10MeV is scheduled in January 2002 . This measurement
close to the elementary antikaon production threshold is es-
pecially motivated by recent theoretical investigations [7] .
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Studies of (P meson production in nucleon-nucleon col-
lisions are especially motivated by possible violations of
the Okubo-Zweig-lizuka rule [1] . Any significant deviation
from the expected suppression of d) compared to co produc-
tion in hadronic interactions might be interpreted as a hint for
a strangeness component in the nucleon [2] . Large violations
of predictions based an the OZI rule have been found in ph
annihilation at LEAR (as reviewedin [2]), where it is the spin
triplet fraction in the entrance channel which is strongly cor-
related to the (D yield as shown in [3] . Similarly, in proton-
proton collisions, for close-to-threshold (D production, the
entrance channel must be in a spin triplet'P1 state.
The exclusive production ratio has been determined in the
reaction pp -~ pp(Dlw at a beam momentum of 3 .67 GeV/c
corresponding to excess energies of 82MeV and 319MeV
to the (D and co thresholds, respectively [4] . However, angu-
lar distributions indicate already a P-wave component in the
pp-system in the final state atthis energy . Thus, the influence
of the spin triplet entrance channel might be diluted in the
presently available data and would be expected to be more
prominent in the production closer to threshold .
As a study of feasibility, the reaction pp -~ pp(D has been
measured at the COSY-11 facility at a beam momentum of
ph� = 3 .481 GeV/c, i.e . at an excess energy of24 MeV with
respect to the (D production threshold [5] .
The analysis of experimental data focuses an events with
two protons and one K F meson identified in the final state .
The (squared) invariantmass distribution of a third positively
charged ej ectile in addition to two identifiedprotons is shown
versus the missing mass (squared) of the identified (ppK+)
subsystem in figure 1 .

0.01 0.1 0.15 0.1 (1.11 0,11 1 11 .01 0.1 11.11

nnssingmass'(ppX) lGeVt/c°1

Fig . 1 : Invariant mass squared of a third positively charged
particle in addition to two identified protons versus
missing mass squared with respect to the assumed
(ppK-` ) subsystem without (left, logarithmic scale)
and with (right, linear scale) requiring an additional
hit in the K- scintillator. Solid lines denote the Cut an
the kann mass used for the K+ identification, and the
shaded area corresponds to the mass range expected
for the ppK+K- final state .

On the scale of the invariant mass, positively charged kaons
appear rather well separated from the dominant pion signal
(fig . 1 left) . A group of 39 events with an identified (ppK+)
subsystem stands out close to the K- mass as expected for a
ppK+K- final state.

Close-to-threshold (D production at COSY-11

M. Wolke for the COSY-11 collaboration
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Requiring an additional hit in the dedicated K- scintillator
mounted inside the dipole gap cleans the spectrum especially
in the regions of (ppTc+) events and lower missing mass val-
ues (fig . 1 right, note the change to linear scale) . Within the
resolutions expected for the kaon invariant mass and for the
(ppK-'` - ) missing mass ten events in total remain consistent
with a ppK+K- final state .
The (ppK+) missing mass is shown in figure 2 as a func-
tion of the (K+K-) invariant mass . Without requiring a de-
tected signal of the K-, a slight enhancement close to the
(D mass is obvious (fig . 2 left) . However, the signal disap-
pears when demanding an additionalK- consistent hit (fig . 2
right), although the detection efficiencies for non-resonant
K+K- production and the reaction pp -> pp(D -> ppKTK-
are comparable (54 % and 46 %, respectively) .
The total number ofcandidates for a ppK+K- final state falls
short ofthe estimations based an the available total Cross sec-
tion data [4] and acceptance studies by a factor oftwo . This,
however, might be easily accounted for by the integrated lu-
minosity, which so far has not been determined accurately .

a .y

	

11 .v5

	

~ .~

	

. .05

	

~ ~ 11 .y

	

11y5

imnnnntmn9s'~(K K) IGeV~/a'~

References :

Fig . 2 : Missing mass squared with respect to the identified
(ppK+) subsystem versus (K+K- ) invariant mass
squared without (left) and with (right) requiring an
additional hit in the dedicated K- scintillator. Dashed
lines mark the kinematical limits of K+K_ produc-
tion . The solid line denotes the squared mass of the
meson, dotted lines indicate its finite width .

Despite the low statistics, the study offeasibility performed
at the COSY-11 facility should allow to determine an upper
limit an (P production in protonproton scattering at a beam
momentum ofphe��1 = 3.481 GeV/c and thus an the ED;co ra-
tio . The analysis of co production at the same excess energy
is in progress [6] .
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Dependence ofthe excess energy distribution for the quasi-free pn ---> pnp' reaction an the deuteron wave function model

The 11 and t1' meson production in the collisions of Protons
with neutrons will be measured by the COSY 11 collabo-
ration in March 2002 [1] using a COSY proton beam and
a deutron cluster target. The experimental aim is to deter-
mine the total cross section for the reactions pn -} pnp and
pn --~- pnrl' as a function of the excess energy Q . A simul-
taneous measurement ofthe fast neutron and proton as well
as the slow backwards flying spectator proton will allow to
identify the reaction and to determine the excess energy for
each event. However, in orderto extract the total cross section
from the number of identified reactions at a given Q value,
the knowledge of the geometrical acceptance and efficiency
ofthe detection system alone will not be sufficient . It will re-
quire an assumption of the nucleon momentum distribution
in the target deuteron . There exist several models that de-
scribe the distribution of the nucleon momentum inside the
deuteron [2-6] . In order to estimate the systematical uncer-
tainty of the cross section determination due to the choice
of the model a Monte-Carlo simulation of the quasi-free
pn -~ pnp' reaction for Paris and CD-Bonn potentials have
been performed. For the calculations the S- and D-wave com-
ponents ofthe deuteron wave function were parametrized an-
alytically in the momentum space according to the prescrip-
tion given in reference [2] :
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where the coefficients Ci andDj can be found in [2] and [3]
for the Paris and CD-Bonn potential, respectively. By means
ofthe above equations the probability density offinding a nu-
cleon with a Fermi momentump inside a deuteron (See fig . 1)
can be expressed as : f(p} = p2 [(Wo}

z + (yrZj Z .J, where the pa-
rameters Cj and Dj were chosen such that l

	

f(p)dp = 1 .

PFermi [ MeV/C ]

Fig. 1 : Momentum distribution inside the deueron as obtained for
Paris (füll line) and CD-Bonn (dotted line) Potentials .

In the experiment, only spectators with total momenta up to
130 MeV/c will be registered [1] . In this momentum range
the Fermi momentum distributions deduced from Paris and
CD-Bonn potentials differ no more than by - 6%. The re-
sulting systematical error for the total cross section energy

R . Czyzykiewiczl, P. Moskall forthe COSY 11 Collaboration
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dependence originating from the choice of the deuteron po-
tential may be estimated from the differente between solid
and dashed line shown in Figure 2 . In the performed simu-
lations of the pd -~ p,�npn7l' reaction, it was assumed that
the proton from a deuteron does not take part in the reaction
and is an it mass shell at the moment of interaction . Thus
in the framework of this impulse approximation the specta-
tor proton is a physical particle and due to the energy and
momentum conservation the reactiog neutron is off its mass
shell.

References :

Paris model
CD-Bonn model
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Fig . 2 : Distribution of the excess energy Q�� for the quasi-free
pn --> pnrl' reaction as simulated with the COSV 11 detec-
tion system at a beam momentum of Pbea �i = 3.350 GeV/c .
Calculations have been performed assuming the target di-
ameter equal to 0.9 cm, and Standart deviations of 0 .2 cm
and 0 .4 cm for the horizontal and vertical beam spread,
respectively . The distance between the centre of spectator
detector's pad and the centre of target was assumed to be
OZSD = -3.4 cm [7] . The neutron detector was set at the
distance of 430 cm from the target . The figure Shows the
number ofreconstructed events per 1 MeV bin out of5 - 106
generated pd -~ p,ppnrl' reactions .

Summarizing : The uncertainty, originating from the differ-
ences between the CD-Bonn and Paris potentials, in the cor-
rection factor (F(Q) = dN(dQ / 5 -106 ) necessary for the
determination of the total cross section from a data, amounts
to about 4 % only.
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In order to study charged hyperon production, for example
Y-+ via the reaction pp -~ nK+Y-+ or quasi free meson pro-
duction inproton-neutron interactions, the COSY-11 facility
was extended by a neutron detector. At the present stage it
consists of twelve modules each built out ofeleven plates of
plastic scintillator with dimensions of270 x 90 x 4 mm3 in-
terlayed by lead plates [1] . The scintillators are read out an
one side by a light guide manufactured from one solid block
ofplexiglass, which changes smoothly its shape from rectan-
gular to cylindrical . This enables to collect the scintillation
light an a circular (4 cm diameter) photocathode of a photo-
multiplier .
During the measurement ofthe pp >ppK 'K- reaction [2]
in April 2001, one day of beam time was devoted for the test
of the performance of the neutron detector. For this purpose
we measured the pp -~ pnn+ reaction registering outgoing
protons and neutrons in coincidence. The neutron detector
was positioned behind the COSY-11 dipole magnet down-
stream the beam at a distance of4 m from the target location
as shown in the accompanying report [3] . In order to identify
the pnn+ final state the momentum vectors of the registered
protons and neutrons have been determined for each event .
Proton momenta have been reconstructed by tracking back
trajectories, registered by drift chambers, to the interaction
point [4] .
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Time resolution of the COSY-11 neutron detector tested via the pp --->pnn+ reaction

TEST RUN 12 .04.2001

Experiment

--------- Simulation

pp -pnX
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missing mass [ GeV/c2 ]

Fig. 1 : Missing mass spectrum ofthe pp -~ pnn+ reaction.
The data shown by the solid line are compared to
the result of Monte-Carlo simulations indicated by
the dashed line . The FWHM of the peak amounts to
- 4 McVlc2 .

The neutron momenta have been determinedfrom the time of
flight between the target and neutron detector and the angle
defined by the centre ofthe hit Segment. The neutron detec-
tor granularity allows to determine the horizontal hitposition
with an accuracy of -L4 .5 cm. Figure 1 Shows a missing mass
spectrum with respect to the measured proton-neutron Sys-

tem. The obtained distribution is clearly peaked at the mass

P. Moskal l for the COSY-11 collaboration
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corresponding to the mass of the n+ meson (,- 140 MeVfc4 )
and because there is no physical reaction which could con-
tribute to this spectrum one can assign the observed events to
the pp ---> pnn+ reaction, especially since its shape agrees
well with Monte-Carlo simulations . The simulations have
been performed with the time resolution of the neutron de-
tector as free parameter, which determines the width of the
missing mass spectrum . By the fit to the data the time reso-
lution of the detector was established to be 0.5 ns (rms) .
Taking into account the number ofregistered events, the de-
tection efficiency and the luminosity we determined the total
cross section for the pp -~ pnn+ reaction at the kinetic beam
energy of 296.7 MeV The result- shown in Figure 2 - agrees
within the error bars with the measurements performed at
other laboratories [5-7] .
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Fig . 2 : Total cross section for the pp ---> pnii+ reaction . Full
circle Shows the result ofthe test run juxtaposed with
the existing data .
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Si

Optimization of the spectator detector arrangement for the pn ---> prüf' measurements at COSY11

In orderto investigate the quasi-free il` meson production the
COSY 11 setup will be extended by the silicon pad counters
used succesfully at the CELSIUS storage ring for tagging of
the quasi-free pn -~ pnTc0 and pn --~- anno reactions [1] .
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Fig. 1 : Schematic view of the COSY11 detection setup with the
new spectator detector denoted as Si s pee .

In Figure 1 a shematic view ofthe COSY 11 facility together
with a spectator counter is presented. The tagger shown in
more details in Figure 2 consits offour modules each divided
into six groups of three close laying strips . The active area of
a unit strip amouts to 20 mm x 5 mm.
The study of the pn -~ prüf' reaction will be realized by
means oftheCOSY proton beam with a fixed momentum and
by utilizing a deuteron cluster target as a source of neutrons .
The spectator detecor will be used for tagging the quasi-free
proton-neutron interaction and for the determination of the
total energy available in the center of mass of the interact-
ing nucleons, since this will vary from event to event due to
the Fermi motion of the nucleons inside a deuteron . The ex-
cess energy of the ejectiles ofthe quasi-freepn -~ pn7l' reac-
tion will be determined inderectly by the measurment of the
emission angle and the kinetic energy ofthe spectator proton
which will allow to deduce the four-momentumvector ofthe
neutron at the moment ofthe interaction.
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Fig. 2: Spectator detector arrangement. ZSD denotes the distance
(along the beam axis) between target and detector center.
Simulations have been performed varying the parameter
ZSD but keeping the distance between the proton beam and
the detector to be constant and equal to 5cm. This is a com-
promise between the coverage of the solid angle, angular
resolution for the measurement ofthe spectator proton and
the technical needs for the installation .

b)

At a given beam momentum the position of the spectator de-
tector determines the maximum in the excess energy spec-
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trum of the tagged pn --~ prüf' reactions . For example, in-
stalling the detector upstreamthe target as shown in Figure 1,
the pd --> p,ppn111 event can be tagged only if the spectator
proton is moving opposite to the beam proton, and hence the
neutron inside the target deuteron is escaping the beam pro-
ton which results in the excess energy lower than it wouldbe
in the case with tagger being placed downstream the beam
and the neutron moving against it . Due to the geometry ofthe
standard COSY11 setup the most appropriate excess energy
range to be studied is between 0 MeV and 30 MeV. In or-
der to find out an optimum position forthe installation ofthe
spectator detector which would give the maximumat this ex-
cess energy range a Monte-Carlo calculation have been per-
formed varying a distance ZSD along the beam axis between
the target and the spectator counter.
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Fig. 3 : Detection efficiency for the pd : p,,ppnrl' reaction as
a function of the ZSD - distance measured along the
beam axis between target and spectator detector. Cir
cles (triangles) Show calculations at Pbeam = 3350 MeV/c
(3250 MeV/c) for both configuration depicted in Figure 2
a(filled symbols) and b(open symbols) . Neutron detector
was placed 430 cm from the target and we assumed 0.2 cm
and 0.4 cm standard deviations for the horizontal and verti-
cal beam spread, respectively [21.

Figure 3 Shows the fraction out of 5 - 10 6 generated pd --->
pSppnil' events which give signals in the detection system
necessary to identify a quasi-free pn = pnrl' reaction . The
calculations have been performed for the two different de-
tector configurations shown in Figure 2. lt was found that
at Pbeam - 3350 MeV/c the maximum of the detection ef-
ficiency is obtained at ZSD = -3 .3 cm independently of the
choice of a configuration . However, at the lower beam mo-
mentnm of Pbeum = 3250 MeV/c a maximum of the de-
termined efficiency is about two times larger than this at
Pb�,n = 3350 MeV/c. This preliminary results Show that the
detection efficiency for registering quasi-free pn --->

pnll,
re-

action depends strongly an both position ofthe spectator de-
tector and momentum ofthe proton beam .

[1] R. Bilger et al., Nucl. Instr . & Meth. A 457 (2001) 64 .
[2] P. Moskal et al ., Nucl . Instr . & Meth . A466 (2001) 448 .
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Preparation of silicon pad detectors for measurements of the pn --+pnp and pn -->pnp' reactions at COSY-11

J . Majewski l , E . Bialkowski2 , R . Czy2ykiewiczl, O . Felden, G . Fiori, P. Moskal l , D . Protic for the COSY-11 collaboration

For measurements of the meson production in quasi-free
proton-neutron reactions at COSY11 a silicon detector Sys-

tem will be installed close to the target region . The detector
setup consisting of four modules with a total active area of
72 cm2 [1] will be positioned at a distance of 5 cm from the
interaction region between beam and target [2], and hence
will cover about 22 % of the füll solid angle . The detectors,
manufactured by ELMA [3] Research Association have been
used previously in experiments at the CELSIUS storage ring
of The Svedberg Laboratory by the PROMISE/WASA col-
laboration . Its adoption to the COSY11 setup needs, how-
ever, few significant changes . First of all, the geometry of
the COSY11 facility requires 80 cm long cables to trans-
fer the signals from vacuum to the outside of the scatter-
ing chamber, which is by 50 cm longer then those used at
the PROMICE/WASA setup . The prolongation of the vac-
uum compatible printed circuit board is desinged and will be
manufactured by the STRASCHU company [4] . The addi-
tional transmission circuit will increase the capacitance of
the detection setup by about 40% which will increase the
noise and hence reduces the capability of identification of
the low energetic spectator protons. Atthe PROMISE/WASA
experiments the minimum energy of the spectators which
still could have been identified was about 0.5 MeV [1], a
value at which the distribution of the nucleons' kinetic en-
ergy inside a deuteron reaches its maximum as shown in Fig-
ure l .

0
0 1 2 3 4 5 6 7 8 9

Ts [MeV]

Fig. 1 : Kinetic energy distribution ofthe nucleons in the deuteron,
generated according to the analytical parametrization ofthe
deuteron wave function [5] .

The growth ofthat limit could diminish significantly the frac-
tion of the spectators which can be identified. Therefore, to
compensate the increase of the noise due to the inevitable ex-
tension of the signal transmitters the preamplifiers used pre-
viously have been modified and the signal to noise ratio was
improved by a factor of2 . This has improved the energy res-
olution by about the Same factor.
Tests of the energy resolution of each of the 96 silicon pad
(with still short transmission cables) have been performed
using Plutonium, Americium and Curium elements. The de-
tectors and sources of alpha particles have been positioned
inside the recovered scattering chamber which was used at
the former experiments at the Jülich-Cyclotron [6] . Figure
2 is an example of the obtained energy distribution for one
of the tested pads . It can be Seen that the energy resolution

21

(FWHM) is about 50 keV Assuming conservatively that the
extension of cables and the operation at the COSY ring will
deteriorate this value to 100 KeV Monte-Carlo calculations
of the pd _~ pnp,tg

l reaction have been performed which re-
sulted in a missing mass distribution of about 8 MeV for ex-
cess energies Q lower than 20 MeV as depicted in Figure 3 .

Fig .
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Fig . 2 : Energy spectrum of alpha particles emitted from 239p u,

- 241An1 and 244Cm with mean kinetic energies of5.15 MeV,
5 .48 MeV and 5.80 MeV, respectively.
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3 : Missing mass distribution with respect to the pn subsystem

of the quasi-free pn --+ prüf` reaction as reconstructed from
5 ~ 106 simulated events . The neutron detector was placed at
a distance of430cm from the target. The spectator detector
was positioned at ZSo= -3.3 cm [2] . The distance between
the silicon pads and the reaction vertex was 5 cm .
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The preparation ofthe Uppsala spectator detector [1] for use
at the forthcoming COSY-11 experiments [2] was described
in details in accompanying reports [3] . Here we present
tests an the radiation damages due to the operation at the
PROMISE/WASA facility, where the detector elements have
been positioned at a distance of 11 cm from the interac-
tion region of the circulating CELSIUS proton beam and the
deuteron cluster target . At such circumstances an absorption
of a high radiation dose which could cause significant struc-
tural defects in semiconductor material is expected . There-
fore, it is important to identify its influence and accordingly
perform a temperature annealing before the next application .
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Estimation ofthe radiation damages of the Uppsala spectator detector

E . Bialkowskil , J . Majewsld2 , P. Moska12 , J. Uehlemann

Fig . 1 : Relation between total depletion bias voltage andthe doping
concentration for n-type silicon semiconductors [4] .
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Fig . 2 : Pulse height ofthe detector signals due to the illumination

by monoenergetie alphapartieles from the front (open sym-
bols) and rear (full symbols) side, as a function of the ap
plied bias voltage . As examples, result for three different
detection pads is shown .

The appraisal ofthe irradiation can for example be performed
by measuring the effective impurity concentration which di-
minishes with the growing number of defects in the active
volume of the detector. One can uniquely relate the doping
concentration to the thickness of the depleted region and the
applied external bias voltage [4] . This dependence is shown
in Figure 1 for the case of a 300 um thick depletion for n-
type material . Thus, knowing the detector thickness and the
total depletion voltage one can estimate the effective im-
purity concentration in the detector. Since the total deple-
tion voltage of the considered n-type 300,um semiconductor
silicon detectors, before usage in the Uppsala experiments,
amounted to UTD = 45 V, the impurity concentration was
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about 6.5 x 1011 CM-3 . Forthe estimation ofthepresent value
ofthe total depletion voltage we have irradiated the front and
rear electrodes ofthe detector by short range monoenergetic
5 .5 MeV (- 25,um in silicon) alpha particles emitted from
a 24'Am isotope . Figure 2 Shows that already at bias volt-
ages Uv about 10 V a total depletion is achieved. Such a low
total depletion voltage (UTD = 10 V) indicates that the de-
tectors were exposed to the radiation fluence which reduces
the impurity concentration about a factor of ten . A similarly
small value for UTD was determined from the measured C-
V characteristics . The irradiation was most probably caused
by electrons since the last experiment with the detector was
finished more than two years ago, and during that time the
effect of self annealing at room temperature would be much
stronger ifthe damages had been caused by protons or neu-
trons . Though at present, as shown in accompanying reports,
the detectors still permit measurements with sufficient en-
ergy resolution, in order to ensure operability for next years
a temperature enhanced annealing will be applied .
In orderto optimize the bias voltage for the use in the COSY-
11 experiments we checked also the changes of the signal
width as a function of Ub, . The ADC converters which will be
used in the experiment [5] allow for the integration of Signals
up to 2 ,us . Therefore, as can be deduced from Figure 3, bias
voltages lower than 40 V shouldbe avoided.

20 40 60
Ub[V]

Fig . 3 : Full signal width at half maximum as a function
of an applied bias voltage . For pads of dimensions :
0 .5 x 2.0 x 0.03 cm-3 (solid line) and 1 .5 x 2.0 x 0.03 cm3
(dashed line) .
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P. KulessaL2 and B. Kamys3 for the COSY-13 collaboration

The COSY-13 experiment was devoted to the measurement
of the lifetime of heavy hypenuclei . This was achived by
using the recoil shadow method as described in [1], which
is appropriate for fissioning hypernuclei, i .e . the hypenuclei
with mass number A - 180 - 225.

Lifetime of hypernuclei produced in proton induced reac-
tions an three targets (Au, Bi, U) has been measured in six
experimental runs performed since 1995 . The obtained re-
sults are summarized in the fable and presented in Fig. 1 .

Target

	

TA / PS
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A~rfR~.C=g 1,1PTT�gu;
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Fig. 1 : The lifetimes of hypernuclei produced in proton (COSY-
13) and antiproton [7] induced reactions an Au, Bi and U
targets . The horizontal bars present the statistic and sys
tematical errors added in quadrature. The position of gray
vertical bar displays the overall average value for the life-
time ofheavy hypenuclei and its width gives the error. The
ideogram was evaluated as proposed in Ref[8] .

Investigation of the mass dependence of the hypemucleus
lifetimes enabled us to test the validity ofthe fenomenologi-
cal AI=1/2 rule-which was found for mesonic decay of the
hyperons - for the case of nonmesonic decay [5] . A ratio of
the neutron to proton induced decay rate R,IR, > 2 indicates
the violation ofthe AM/2 rule . We conclude that this rule is
violated at a confidence level of0.98 for the nonmesonic de-
cay oftheAhyperon[6] .

Summary of Cosy-13 results
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Fig. 2 : Mass dependence of the lifetime of hypernuclei. Theoret-
ical curves are plotted for R �/Rp ratios of 1, 2 and 4 to-
gether with COSY-13 data (box) and data for light hypernu
clei(full squares) . The width and height ofthe "COSY 13"
box representthe range of hypemucleus masses involved
and the error ofthe lifetime determination, respectively. The
hatched area around the dashed line shows the one Stan-
dard deviation uncertainty of the normalization of theoreti-
cal values (from [6]) .
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Au 130±13(stat.)--L15(syst.) [2]
Bi 161 ±7(stat.)±14(syst.) [3]

U 138 ±6(stat.)±17(syst.) [4]



There has been considerable effort to understand the
pionic absorption in nucleus-nucleus interactions . How-
ever, even for the simple case

p+A ~ (A+1)+z+

the underlying reaction mechanism is not well under-
stood. Modelling of this reaction favors the assumption
ofthe absorption of the proton an a quasi-deuteron as the
dominant process with little dependence upon the nuclear
structure. This makes the reaction

p+d-> 3H+7r+

as well as the isospin related reaction

interesting . Becausep + d

	

3H + Z+ is believed to be
related to the p + p -> d + 7r+ reaction, we have a chain
ofbootstrap reactions pictured in Fig. 1 .

P

a

Pionic Fusion an the Deuteron
The GEM Collaboration

Fig. 1 : Bootstrap reactions producing a two body final state
with one particle being a pion . Tbc upper graph is the
p + p -~ d + vr+ reaction with the underlying elementary
7° + p --> Z+ + nor z+ + p --> -,r+ +p reaction . Tbc middle
graph is the p+ d ~ 3H + z+ reaction with the underlying
p + p -~ d + or+ reaction, the indicated proton is a mere
spectator. Tbc lower graph Shows the reaction
p+ 6 Li~ 7Li+rr+withp+d em 3H+7r+asthe
underlying reaction and an a-particle as spectator.

Starting from single pion exchange the chain goes up to
pionic fusion ofthe proton an 6Li . The p + p ---> d + ir+
reaction was recently studied by the GEM collaboration
with emphasis an differential cross sections (See Ref.

It then becomes evident that the reactions p + d -
3H + z+ andp+ d --, 3He + �TO are the key reactions to
study models ofpionic fusion . Numerous measurements
ofthe differential cross sections have been reported, how-
ever, the agreement between results at the Same energy is
not always good . The saure is true for the inverse reac-
tions. The Situation an the theoretical side was character-
ized by Fearing [2] "where by qualitative (fit to the data)
one means an overall normalization correct to a factor of
5 or so and angular distributions differeng at some angles
by an order ofmagnitude", and more recently by Falk [3]
"In general, theoretical descriptions of pd --> Xp reac-
tions have not been particularly successful, despite great
efforts by many groups over the years" .

The GEMcollaboration has therefore studied the two
reactions ofinterest by simultaneous measurement of the
recoiling A=3 nuclei . This was done with the Germa
nium wall and for nuclei being emitted at zero degree in
the laboratory (180 degree in the center of mass system)
by the magnetic spectrograpb BIG KARL. The set-up of
the Germanium wall is described in Re£ [5] . Further de-
tails can be found in a firstpublication [4] dealing with a
part ofthe data . The total yields are shown in

Fig . 2: Excitation function ofthe indicated reaction. Tbc

present data are compared with previous data, shown by
different Symbols. Tbc solid curve is the excitation function for
the p +p -~ d+ r+ reaction, scaled down by a factor of 145.5 .

Fig. 2 together with previous results as function of
,7 = p/m with p and m the pion center of mass mo-
mentum and its mass . Tbc data points have significantly
smaller error bars than previous measurements in this en-
ergy range, except for the point at q = 1 .2 correspond-
ing to a beam momentum of 850 MeV/c. In this experi-
ment, we had an energy threshold due to a hardwired co-
incidence between quirl and pizza detector. The present
data Show an increase in yield up to a local maximum
around q � z:~ 1 .6 corresponding to a proton beam mo-
mentum of 950 MeV/c. In order to study whether the
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bootstrap model shown in Fig . 1 may be applicable, we
have also plottcd in Fig . 2 the excitation function for
the p + p - d + 7r+ reaction downscaled by a factor
of 145 .5 to match the order of magnitude of the present
data . The data points for the higher momenta fall an this
curve while those for the two lower momenta do not. The
local maximum is in both excitation functions and hence
due to the excitation of the 0(1232) resonance . There
is a clear disagreement between this curve and the data
close to threshold . In order to study this effect further we
compare the differential Cross sections as function of the
momentum transfer q = pr, + p,r cos(q) with the incident
and final momenta in the Center of mass system . Some
selected data sets are shown in Fig . 3 .
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Fig . 3 : Differential Cross sections in the Center ofmass system
as function of the transferred momentum for the indicated
momenta .

The behavior of the distributions seems to be the same
as for the dependence an cos(q) : an almost exponential
with an additional Hat component for the higher beam
momenta . However, the exponential part seems to be al-
most independent of the bombarding energy, where the
integrated data are in agreement with the downscaled
p + p ~ d + 7r+ curve . In order to get rid of trivial
phase factors we extract the matrix element M(s, t(q)) I
in a relativistic formulation with s and t the Mandelstam
variables . The matrix elements show the same behavior
as the Cross sections, as expected . In order to be quanti-
tative we fitted the function

g,j(s, t(q» 12 = a exp(bt) + c

to the extracted matrix elements . The slope parameter in
the exponent was found to be independent of the bom-
barding energy

b = -(16 .86 10 .17) (Gw/c) - 2 .

The momentum dependence of the parameters a and c is
shown in Fig . 4 .

Fig . 4 : Beam momentum dependence ofthe parameters fitted
to the matrix elements as function ofthe four momentum
transfer squared t.

Differential Cross sections in the Center of mass system
as function of the transferred momentum for the indi-
cated momenta. Here we have added data from K. Seth
(private communication) taken at a beam momentum of
1463 .3 MeV/c . The strength parameter of the exponen-
tial a tends to saturate for energies above the resonance .
It is interesting that the Parameter c related to the high
momentum transfer again Shows the dependence as one
expects for an intermediate D-excitation . A possible re-
action mechanism may, therefore, be a two step process :
pion production in the first step is followed by scattering
an the spectator nucleon in the second step . However,
also scattering ofthe pion radiated off the projectile pro-
ton can scatter an the deuteron. Additional measurements
of polarization observables - there are four independent
quantities- may help to disentangle the reaction mecha-
nisms .
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The goal of this investigation is a precise measure-
ment of the qmeson mass . Unique Big Karl properties
and a kinematical coincidence with a calibration reac
tion makes it possible to obtain beam momentum and
Big Karl central momentum with very good accuracy.
Simultaneous detection of 'He from the pd --> 3Herl
reaction allow one to obtain very precise qmass value .
The proposed method malces it possible to reduce the
Umass error to the level of 0.03 MeV, which is four times
smaller than reported by Particle Data Group . Accord-
ing to Particle Data Group the q-meson mass is poorly
known [1] . In addition, a recent measurement of the de-
cay,q - 37r° ---> 6-y by the NA48 collaboration at CERN
resulted in a shift of 523 + 59 keV compared to the PDG
value . Therefore, a new measurement with a very small
systematic error is required in order to obtain a precise
value for the t7-mass . The idea of the experiment is the
simultaneous detection of these forward outgoing parti-
cles produced in two different reactions, thus permitting
the measurement of beam momentum, spectrograph set-
ting and i1 mass . The first of these two possibilities are
the reactions

It is always the third particle which will be detected .
While the second reaction set needs a deuterium target
for the the first Set a mixed hydrogen-deuterium target is
required . As an example the first possibility is shown in
Fig . 1 .
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A precision experiment to measure the q - meson mass
The GEM Collaboration
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Fig . 1 : Big Karl central momentum versus beam momentum :
for the reactions p + p ~ dir+ , p + p - Z+ + d, and
p+d ,3He+p.

Both reactions were employed . A proton beam interacted
with 2 mm thick target filled with liquid hydrogen, deu-
terium or their mixture . The magnetic spectrograph Big

Karl was used to analyze the momenta of the particles
obtained in the interactions . lt operated in angle sensi-
tive mode, allowing measurements of particles emerging
under small angles from a target, placed in the focus of
the spectrograph . Besides production runs, test runs were
performed which included beam luminosity monitoring
measurements and Big Karl calibration measurements .
In order to control the magnetic field of Big Karl with a
high precision it was measured periodically using nuclear
magnetic resonance probes .

Until now the data from the deuterium target are an-
alyzed only. In Fig . 2 the 3He missing mass distribu-
tion is shown . It is obtained from interaction ofdeuterons
with the proton beam. The Sample shown includes only
events, where the emerging 3He particles have vertical
angels less then 30 mrad only, which allows to decrease
the background significantly . The peak frompd , 3He q
reaction is Seen with signal to background ratio 1 :1 . The
background originates mainly from pd

	

3He z+rr- re
action with small admixture from pd

	

3He 7r+7r--ro .
The result of its Monte Carlo simulation is shown by
dashed line in the Same figure . The statistical error of
the,q meson mass obtained from these data is about 0.02
MeV. When the data from the target with a mixture deu-
terium and hydrogen will be included this will decrease
the error to 0.015 MeV In order to obtain the unbiased
,1 meson mass, analysis of all experimental data Set is
needed.

Fig . 1 : 3 He missing mass distributions obtained from events
where the particles have vertical angels less then 30 mrad. The
simulated background is shown by dashed line .
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p+p~d+rr+ (1 )
p + P 7r+ + d (2)

p+ d_ 3He + TI . (3)
The second possibility will make use of

p + d 3H + 7r+ (4)

p+darr++ 3H (5)

p+d 3He+r1. (6)



First results of z0 - 77 mixing angle measurement
Tbc GEM Collaboration

A detailed motivation for 7r° -rl mesons inixing angle
measurementvia isospin symmetry breaking was given in
our original proposal [1] . Various solutions ofQCD give
theoretical predictions for its value of about 0.015 . How-
ever, the mixing angle was never measured in spite ofthe
fact that it may play an important role in investigation of
CP violation sources and in the analysis of B meson de-
cays .

Tbc calculations performed in the framework of a
simple model [2] predict that a strong effect due to 7r o - rl
mixing may be observed in the ratio ofthe cross sections
for p+d-->3H+-r+ and p+d~3He+7r° reactions . As sug-
gested in Ref. [2] such a strong effect may be due to
existence of a quasi-bound 3He-rl state . This ratio has to
be studied for the beam momenta close to the r7 meson
production threshold, and the 3H/3He cross section ratio
should be measured at large relative angles between the
incident proton and outgoing pion . While isospin sym-
metry predicts the ratio of the cross sections to be equal
2, 7r ° - q mixing leads to deviations from this value . In
order to extract the mixing angle it is necessary to mea-
sure the beam energy dependence of the cross sections
ratio .

Tbc applied method ofdetermining the energy depen-
dence ofthe ratio ofCross sections is based an simultane-
ous dctcction of 3H and 3He nuclei . Therefore, it ensures
high accuracy ofthe results, allowing to study even quite
small effects ofisospin symmctry breaking . Tbc simulta-
neous dctcction of 3Hc and 3H is achicvcd by detecting
helium nuclei at the focal plane and tritons at the first
dipolc yoke hole. Tbc experimental set-up and the results
ofthe test measurements were presented in Refs . [3-7] .

In the run analyzed recently we have measured the
3H/3He Cross section ratio for two beam momenta. The
beam momentum of 1 .57 GeV/c is close to the 71 pro-
duction threshold, where the symmetry breaking effect
should be maximal . For the second beam momentum
of 1 .59 GeV/c the expected symmetry breaking effect
should be much smaller. Tbc obtained ratio of the Cross
section is shown in Fig . 1 together with calculations us-
ing the model of Ref. [2], however, employing a mixing
angle of 0.030 . Further measurements were performed at
beam momenta of1 .571 (exactly at q threshold), 1 .56 and
1 .70 GeV/c . Tbc analysis ofthese new data is in progress .

As a part of our experimental programmes an the un-
derstanding of eta-nucleus interaction, the reaction p+6 Li
-~ 7Be+,q is under investigation at Big Karl . Tbc de
tails of the physics motivation are reported in the pre-
vious year's report [1] . Tbc available experimental In-
formation an the eta-nucleus final state interactions for
nuclei heavier that "He is scarce . Tbc only measurement

However, the already existing points Show large isospin
symmetry breaking and suggest the z° - ,q mixing angle
to be much larger than expected from QCD calculations .
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Fig . 1 : Experimental ratio ofthe Cross sections for
p+d~3H+7r+/ 3He+z° reactions . The theoretical solid curve
is from the model of Ref.

	

[2] using pro - r/ mixing angle equal
0.030 .
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best of our lcnowl-an the present reaction exists, to the
edge, at Tp= 684 MeV [2] . Tbc measurement in this
experiment was performed by detecting eta-decay prod-
ucts (two forward going gammas) . Tbc efficiency of the
measurement was about only 2% and the energy resolu-
tion was not sufficient to resolve various excited states of
7Be . Tbc dctcction of heavy recoil nucleus, for reaction



close to threshold, is somewhat more convenient as the
particles are emitted in a small forward conc . A good
energy resolution can also be achieved by employing the
high precision magnetic spectrograph Big Karl .

rr yfa .aj

Fig. 1 : Time of flight vs . scintillator light output spectrum .

The identification of p+6Li~ 7Be+ri events can then be
followed by constructiog invariant mass of unobserved 71
particles . In our test run performed at a beam momentum
close to the reaetion threshold (3 MeV/c above thresh-
old), 7Be particles wcre detected using Big Karl and a

0w ®vs .AV~®

	

®vw

li

Fig. 2 : Schematic diagram ofmulti-wire avalanche counter.
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new set of focal plane detectors

	

[1](plastic scintillators
in the form of long bar and two such layers wcre placed
in vacuum for time of flight measurement). A very good
time offlight resolution obtained from such measurement
allowed us to achieve particle separation(see Fig.l) and
to estimate the upper limit of production cross section.
However, the position resolution was not as good as ex-
pected and did not allow us to identify 7B'q events in the
missing mass spectrum . In order to enhance the posi-
tion resolution, a multi-wire avalanche counter (MWAC)
is under construction and will be used along with the scin-
tillators. The advantage of MWAC, in contrast to multi-
wire proportional counter (MWPC), is that the former
works at very low pressure (~ few mb) making it suit-
able for the detection of such strongly ionizing particles .
The MWAC, in its present design, consists of two lay-
ers of wire (546 wires in each layer) inclined by 45 deg,
very thin Mylar windows( 6 Fcm) and has an over all di-
mension of 728 x 228 x 22 mm. The expected position
resolution is ~ 0.5 mm which sufficient enough for the
present purpose . A schematic diagram ofthe detector is
shown in Fig.2 . Two such thin stacks of MWAC will be
mounted at the Big Karl exit which will be followed by
AE-E plastic scintillator detectors for time of flight In-
formation. The detector is expected to be ready in the
beginning of 2002 .
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Eta-nucleus bound state study and the detector ENSTAR

In contrast to the 7r -nucleon interaction, the q-
nucleon interaction is strong and attractive at low euer-
gies (S-wave ) . This is linked to the N*(1535) Sil baryon
resonance, which liesjust above the 17 +N threshold (1488
MeV), andhas a large branching ratio to the r7 -N channel
(30-55%) . Due to this, the cross section for TI production
in nucleon-nucleon collisions at threshold is expected to
be large and the r7-nucleus potential would be attractive .
This provides an interesting possibility ofthe existence of
the eta-nucleus bound states, and their production in near
threshold T7 production in proton nucleus collisions . We
plan to produce these rl-nuclei in p+zX -> 3He+z-2Y,,
or p+ZX ~ d+Z-1X � reactions by choosing the "magic
momentum" of the proton-beam and the detection angle
of 3He such that the p is produced with very small mo-
mentum. The "magic momentum" for protons is around
1 .75 GeV/c in the p+d ~ 3He+ri reaction and 3.02 GeV/c
in the p+n ~ d+ri reaction, which are well within the
COSY limit. The target can be of solid target (12C, 6Li
etc ) as well as liquid (14N ) .

The estimated cross section for rj-mesic nucleus for-
mation is only about a few nano bams [11 . On the other
hand the background 3He events due to other reactions
can be an order of magnitude larger. In order to detect
the 11-mesic nucleus events in the presence oflarge back-
ground, it would be necessary to demand a triple coinci-
dence of 3He and the q -mesic nucleus decay particles,
namely, protons and pions . Thc 11 -mesic nucleus decay
is related to the N*(Sll) decay, resulting in one of the
following branches .

7- + p

ri+N - N* - z°+n
T

o
+p

7+ + rn .
In order to tag the p -mesic nucleus ( T - 10-" sec
through its decay products, a large acceptance detector
"ENSTAR" [2] is being built in Mumbai, India . Phase
space calculations to simulate eta-mesic nucleus decay
events have been performed using a Monte Carlo event
generator program GENBOD. The reaction studied was
p+16 0 , 3He+14N, at a momentum close to the magic
momcntum . The simulations were donc in two steps .
In the first step, Monte Carlo events were generated for
p+16 0 -, 3He+14Nx . An cxcitation encrgy of 547 MeV,
cqual to the mass of eta mcson, was given to 14N . Only
those 14N events for which corresponding 3He is within
the BIG KARL acceptance (01,b( 3Hc)< 6 deg .) were
considered. In the next step the decay of N* to p7r - was
simulated. A mass ofN* equal to the mass of a nucleon
plus the mass of a eta meson was assumed. The N*,
before its decay, was moving with the saure velocity as
that of the recoil 14N plus a modification by the Fenni
momentum . The 7r,p opening angle distribution shows a
peak at around 150 deg . with a width of 40 deg . The en-
ergy spectrum for proton peaks at Tp- 100 MeV with a

The GEM collaboration

width (FWHM) of 120 MeV while the z- has a peak at
320 MeV with a similar width . The ENSTAR design was
based an the results ofthe present simulation .

The detector (Figs .l and 2) is made up of two iden-
tical cylinders, each consisting of these layers of plastic
scintillator. The two cylinders are to be placed an either
side oftarget lcaving sufficient space to enable mounting
of targes . Each layer is split into a number of pieces in
ordcr to obtain 0 and (~ information . Signals from the
various layers will be used to generate DE-E spectrum
for particle identification and to obtain total energy In-
formation for the stopped particles . The scintillator read
out using wave length shifting optical fibres (BCF-91A,
manufäctured by Bicron, USA) has been planned.

The detector fabrication is at an advanced stage at
BARC, Mumbai and will be shipped to Jülich immedi-
ately after the completion ofthe construction work.

References
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Fig . 1 : An assembly drawing of ENSTAR detector.

Fig . 2 : ENSTAR with its support structure .
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In a first attempt to study the production of vcctor mesons
in collisions between protons, data taken with the TOF spec-
trometer during an experiment in early 2000 were evaluated
with respcct to a signal for co meson production [1] . The
beam momenta of 2950 and 3200MeV/c were chosen with
the focus an associated hyperon production [2] . They corre-
spondto excess energies of F=92 and 173 MeV, respectively,
above thc thrcshold for pp -9 ppco .
Evcnts with a charactcristic topology in thc TOF detector
were selected from the data sample for further inspection .
The requiredpattern includes two hits at Small angles, which
could bc associated with the protons from the pp --> ppX re-
action, and an additional pair of hits at angles larger than that
allowed for protons . The latter were assumed to be decay
pions from , e .g ., po -~ 71+n- (BR 100%) or co-> ,n+iz_no
(BR 89%) decay. p o production contributes appreciably to
thc background becausc ofits similar ccntral mass comparcd
to o) . The missing mass ofparticle X andits momentum was
calculated using the mass assignment of the two proton can-
didatcs and thcir measured vclocity vcctors . An additional
cut an the coplanarity of the decay pions with respect to the
resonance X was used to reject events that meet the condi-
tion that the charged pions were emitted back to back in the
center-of-momentum frame defined by X (--~ n+n) . The re-
maining spectrum ofco candidates is shown in figure 1 .

(MXc2) 2 / GeV2

Fig . 1 : Spectrum of the squared missing mass deduced from
the two detected proton candidates . The co peak at
(Mc2)2	0.6 GeV2 is clearly visible .

A clean signature of co production is visible at M2 = Mw2.
The hatched peak at the same position Shows the simulated
response function of the TOF detector . lt nicely agrees in
shape with the co signal above background, as demonstrated
by the shaded area that is a sum of the parametrized back-
ground as indicated and the Monte Carlo co Signal .
Using the simulated detector acceptance for events of the
chosen type and a luminosity calibration extracted fromelas-
tic proton-proton scattering events, which are measured over
a large angular range in the TOF setup, total cross sections
for co production were deduced. These are shown in figure

w meson production at the Time-Of-Flight spectrometer&

K.-Th. Brinkmann* for the COSY-TOF collaboration
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2 togcthcr with data from the literature [3, 4, 5] . Error bars
shown in the figure represent statistical as well as systematic
errors, which were added quadratically.

Referenees :

Fig . 2 : Excitation function ofpp -~ ppco . The filled circles are
the present data, while the open triangles are from [3]
and the star is from [4] . The open squares represent
data adopted from a compilation ofcross sections [5] .

The present data nicely fill the gap between the SPES3 mea-
surements [3] below E= 30 MeV and the DISTO result [4] at
s = 320 MeV The DISTO experiment not only measured w
production but also took data an the production of0 mesons .
According to the SU(3) mixing scheme, the quark content of
the ~ meson is almost exclusively s,, while the w wave func-
tion contains utic (,i-dd . Hence, 0 meson production shouldbe
strongly suppressed in pp collisions . According to the OZI
rule [6], GO/6�,is given by the small deviation from perfect
decoupling of s and u/d and should not exceed a value of
0.4% . The DISTO result [7] suggested a violation ofthis rule
by one order of magnitude, but the finding relied an an ex-
trapolation for the co cross section to E= 85 MeV The present
work gives a value for the cross section at an energy closeby,
so that the ratio can now be determined without further as-
sumptions . We find ao/6� = (2.5±1 .0)%, which is about a
factor of 7 above the naive SU(3) expectation .
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The exclusive measurement of associated strangeness pro-
duction in elementary proton induced reactions has been be-
ing studied extensively for several years at the COSY-TOF
spectrometer. The modular apparatus combines high effi-
ciency and acceptance for charged tracks with an energy and
momentum resolution of a few percent.
So far, the pp ~ K+Ap reaction has been investigated at
seven beam momenta between 2.5 and 3 .2 GeV/c covering
the füll phase space. The complete measurement of primary
and delayed hyperon decay particles allows the extraction of
differential observables including Dalitz plots and invariant
mass spectra of 2-particle subsystems . As an example for
the quality of the data, figure 1 shows angular distributions
of the A-hyperon at four different beam momenta together
with Legendre fits ; as expected, growing p-wave contribu-
tions are observed with increasing beam momentum . Total
cross section values of 7.4f0.3 ,ub, 8.6=0.3 ,ub, 12.0 0.4
,ub and 18.70.5 ,ub are obtained at the four beam momenta
shown in figure 1 ([1], [2]) .

Fig. 1 : angular distributions of A-hyperons at various beam
momenta with coefficients of the Legendre fits

*supported by German BMBF and FZ Jülich

A-Hyperon Production at COSYTOF

W Eyrich, M. Fritsch, W. Schroeder, F. Stinzing, M. Wagner and S . Wirth
Physikalisches Institut, Universität Erlangen-Nürnberg

for the COSY-TOF Collaboration

a 4/a . : 0 .01 ± 0.13

a 2/a . : 0 .73 ± 0.04

a 4/a . : 0 .20 ± 0.05

a b/a . : 0 .13 ± 0.06

From the analysis ofthe Dalitz plots and the 2-particle invari-
ant mass spectra at 2.75 and 2.85 GeV/c (see figure 2) there
is clear evidente ofthe A final-state interaction wbicb shows
up as an enhancement an the left side ofthe pA-spectra . The
shift to higher masses in the KA-spectrum gives some in-

3 1

dication an the influence of N*-resonances as proposed in
resonance model calculations [3] .

References :
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Fig . 2 : invariant mass spectra for 2-particle subsystems with
phase space limits (dotted), F° threshold (dashed line
in pA), andN*(1710), N*(1720) (dashedlines in KA)

After the upgrade of the TOF spectrometer by ring and Bar-
rel hodoscopes, which significantly increasedthe detector ac-
ceptance as well as time and angular resolution, a high statis-
tics run was performed at beam momenta of 2.95 and 3 .20
GeV/c . For subsamples at both measured momenta A miss-
ing mass distributions are shown in figure 3 . A total yield of
about fifty thousand fully reconstructed A-events almost free
from Background contributions is expected .
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Fig . _3 : missing mass spectra for reconstructed A-hyperons at
2.95 and 3.20 GeV/c

The next step for future hyperon measurements at COSY-
TOF will be the use of a polarized beam .
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Besides the measurement of A-hyperons the production ofE-
hyperons is investigated at the COSY-TOF spectrometer. The
10 is observedin the reaction pp -~ K+F()p via its decay into
Ay . As the 7 cannot be detected with the TOF detector, this
reaction has to be distinguished from the A-production by
using additional energy loss information of the various start
and stop detector components . This allows a strong reduction
of the A-background in the fo region and the extraction of
total cross sections ; for the measured beam momentum of
2.85 GeV/c a value ofatot(K+Y-op) - 2.0+0.3,ub is derived.
E1-hyperons are investigated in two channels : the first is
pp -~ K+E+n, where the neutron is detected in a large area
neutron-wall, which is installed behind the TOF spectro-
meter (for details of this reaction sec [1]) . For the channel
KoE+p, the combination of the delayed decays KO -~ n+n-
and E+ -~ n+n or nop gives a unique signature for the event
identification .
Figure 1 shows reconstructed missing mass peaks for three
beam momenta . As demonstrated for the beam momentum
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W Eyrich, M. Fritsch, W. Schroeder, F. Stinzing, M. Wagner and S . Wirth
Physikalisches Institut, Universität Erlangen-Nürnberg

for the COSY-TOF Collaboration
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Fig. 1 : missing mass distributions for reconstructed E+-
events at beam momenta of2.85 GeV/c, compared to
MC-events (shaded : A-background) and preliminary
results of subsamples at 2 .95 and 3.20 GeV/c
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of 2.85 GeV/c the shape of the distribution is in very good
agreement with Monte-Carlo simulations . The shaded area
marks the A-background in this channel .
From the data at 2.85 GeV/c for the first time in the thresh-
old region a value for the total cross section in the channel
K"E+p couldbe extracted : atot = 5 .6 :k1 .0,ub. In figure 2 this
result is shown together with the existing COSY data (filled
symbols) and older data at higher beam momenta [2] for the
A andY-°-channels .
Together with the value of 18.7±0.5 ,ub for the A-channel at
2.85 GeV/c (sec [3]) it is now possible to compare total cross
sections ofthe A, Eo and Y+-production .
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Fig . 2 : total cross sections for the reactions K+Ap, K+Eop
and K°E+p, filled triangles : COSY-11 (sec c.g. [4]),
filled circles : COSY-TOF, the arrows mark the recent
measurements at 2 .95 and 3.20 GeV/c

For the newer data in the channel KOE+p at beam momenta
of 2.95 and 3 .20 GeV/c a total number of 2000 events is ex-
pected allowing the study of differential observables as well.
A detailed analysis of the füll sample will give information
an the reaction mechanism, especially the role of final state
interaction and N*-resonances . Moreover, there is a special
interest in an exotic ggqqq resonance called Z~- , which is
proposed in the soliton model [5] . lt should show up in the
reaction pp -~ KE ~-N as a narrow peak in the mass spectrum
ofthe KN subsystem and will be sought in the Dalitz plots of
the different momenta .
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Reactions of the type pp -} NKY are presently studied at
COSY in very detail, in particular the channnes Y = (A,E0) .
Data an Y-+, Y-- are not known close to threshold .
A measurement of the channnel pp --3 nK+E+ was per-
formed with the short version of the COSYTOF spcctrom-
eter, which consisted of the Erlangen starr and vertex de-
tectors, the neutron detector COSYnus and the Quirl . The
Erlangen start dctcctor supplies the time-of-flight rcfcrence
(two layers of l mm thick scintillator wedges at a distance of
z=23mm from the target) . The vertex detector consists of a
silicon-microstrip dctcctor at z=30mm and two double-laycr
scintillating fiber hodoscopes at z=100mm and z=200mm
downstream of the liquid hydrogen target.

Peter Schönmeier** for the COSYTOF collaboration

Investigation of the pp -~ nK+E+ reaetion*

Fig . 1 : Experimental setup (start and vertex detectors) used
in the experiment

In contrast to more recent TOF experiments an strangeness
production, the stop detector (Quirl) was mounted rather
close (lm) to the target, hence the time of flight resolu-
tion limits the velocity resolution, and the deection of good
events rests (besides the detection of the primary neutron)
mainly an geometry . This suffices due to the good spatial res-
olution of the Erlangen vertex detector, the neutron detector
and the grannularity ofthe Quirl .
For the detection of a K {--track at least two spatial points
(e .g . one hit in the Erlangen vertex detector and one in the
Quirl) are required. A Y-'- isidentifiedby onehit in the micro-
strip detector without any hit in a given 0 - ~ region behind
it . The track ofthe charged decay particle ofthe E+ (either p
or iz+) is constructed from the remaining hits which were not
used for the reconstruction ofthe K `-track . The decay point
of the E+ is given by the point of closest approach between
the E+ track and the track of the charged decay particle . For
nK+E+-events this point should be between the microstrip
detector and the first fiber hodoscope .
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The neutron is detectedin a scintillator wall (3m downstream
of the target) which measures the position of impact and
time-of-flight [1] . The directions ofthe primary neutron and
all piimary chargedparticles in conjuction with a hypothesis
an their masses are used to reconstruct the ldnematics . The
large background due to pp ---> npn+ is suppressedby various
cuts an kinematic variables and time of flight of the primary
neutron .
For the final inspection of the selected events, a 3-D display
Software is used. l t allows to plot a 2 dimensional projection
of the detector and all of its elements from any given obser-
vation point, e .g . the target position or the decay point ofthe
E-1

_ . Furthermore it is possible to plot the fitted tracks of n, K+
and E+, thus allowing to check visually the fitting algorithm
to have worked properly .

Referenees :

[11 A . Böhm, Ph.D . thesis, Dresden 1998

Fig . 2 : Invariant mass spectrum of the nK+E+ -System

Fig . 2 Shows the invariant mass plot of events which fulfill
all deection criteria . A E+ -Signal is clearly visible at 2.718
GeV (marked with an arrow) . The remaining events are due
to pp -4 npn+ background which is almost completely sup-
pressed .

* supported by FZ Jülich and BMBF
* * Institut für Kern- und Teilchenphysik, Technische Univer-
sität Dresden, 01062 Dresden



Status of tue analysis of tue
pp -~ pl)^~ reaction channcl

ecember 199 COSY extracted iss first po-
larized protori v _tlt a beam moir.er.tum of
79$.0 i ieVic for the external TOF experiment .
The detcctor setup consistcd of the Rossendorf start-
detector MARS, the baxrel, the three layer ring- and
tho three layer gttia-spectro.r.eter .
The events of the three particie reactions of inter-
est (pp -> pp-� and pp -} p3,+°) were selected by
the missing-mass method, in which tlie mass of the
third neutral ejectile is reconstructed fron: the four-
mornenta of the cbarged ejectiles, Figure 1 (upper
Plot) Shows the tnissing.nass distribuuion of the tvvo
measured three-body reactions for füll-sarget runs
(black) ~tz.dc;.=laye d v ith the x.o.n.alized background
evaluated from empty-target runs (grey), The differ-
cncc betu-ecr: füll-targ ,+t and etnpty-sarget events is
shown in the lower plot .
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Figure 1 : Missi~tg-mass distribgitioxa for the ana-
6yzed three pa7,iiclc- reactions: The lwer histograni
shovrs the distribution after suubtracti-n gng the normal-
izcd background shown in the picture abom .

To cafculate the total Cross-section of a reaction
the integrated ltsminosity C hits to, be, determined .
This was done by using the counting raues 1�Jec of
the elastic Proton scattering measured ia a -%~rell-
defined solid angle range A 9, and tlie differential
Cross-section ( sä ) ec c+f this reaction . The valuc
of tite integrated luminosity was determined to be
jc -- (1402 -1= 1.31) JA-. .
`1'he angulax distribution of° the reconstructed pho-
tons ancl the fit using the first two even Legendrian
coeflicients ao and a? is shown in figure 2 .
The total cross ...scc`ion of Ale reaction. pp -~ hpy was
determined to be

a,, = ( ,i .,15 ::L 0.62 ± 0.22) lub .

Taaking into acco " nt the different errors +his v`th e is
*Zns ¬,

---------- ---- ---------
" E :pür:m+" nCai Phi sics I, Rul r-T_Ts i~ 2rsi ¬ ät £ :.3chuni

_1 .~ iilrns* for the COSY-TOF Collaboratiorl
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Figure 2 : Differe-ntiai Cross-section of ihe reaction
pp > ppy as a f^?unction of the polar angle in the
CIls .

in agreemeut with the total Cross-section determined
in [1] : o y -- (3.5 f 0.3 ± 0.2) ;gib .
The contributions ofthe different partial waves found
in this reaction channel can be de;te:rrnin.:d by cal-
culating the coefficients of the Legendriaus . They
depet.d an tl .e energy of thc~ recon :t.ructed photoas .
The energy dependence of three values is shown in
figure 3 .

20 40 60 80 100 120 140 160
E., [MW]

tre 3 : lralues of the,fitted coeffcierr.ts of the Leg-
endrians from the analysis of the ieaction pp ---~ ppy
as function af the photon energy in the C' LS-frarrce .

The polari7ation of thc incident proton bcam was
determined for every run taken during the beam
time b-v using thc "super-asyminetry" method [2]
and the analyzing-Power of the elastic scattering
at a well-defined polar-angle of onc detccted Pro-
ton . The analyzing-Power was taken fron [3] : Ay --
0.32 2= 0.02 .
Taking into account the varyiiig durations of the runs
the averabc valtv, of the ~olarization ~~as estimated
to be Dy = (36.7 -L 0.5) o and will be used for thc
dctcrmination of the anah zing-Power of the reaction.
pp --> ppy which is still in progress .
Supported b1- 13MBF and FZ Jülich

[1i PF't'ER 1- FRRMANN PWD. thesis Inst . für Exp.
Physik 1 Lochur. 1997

[21 ANoRFA WILMS Annuai. Report 2000,
Jülich
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Studies of TI Production in Proton Proton Collisions with the Time Of Flight Spectrometer

The data of pp -jppq, which were measured in 1999 at ex-
cess energies of 15 MeV and 41 MeV, are analyzed in respect
to differential observables as invariant mass and angular dis-
tributions . Both protons ofthe reaetion are detected with the
time offlight detector with nearly 100 % acceptance . The rl is
reconstructed with the missing mass technique . In Fig . 1 the
missing mass distribution is compared with a Monte Carlo
Simulation ofthe detector response to this reaction [11 .
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Fig . 1 : The missing mass distribution at an excess energy of
15 MeV (first column) and 41 MeV (second column) .
Upper figure : Raw data with fitted background. Lower
figure : Missing mass distribution from Monte Carlo
calculations (solid line) in comparison with data after
background subtraction (erosses) .

The width of the TI signal in the missing mass distribution,
which stems from the finite detector resolution, is very well
described by the monte carlo calculation . In order to enrich
the q events in comparison to the background - which comes
mainly from multiple pion production - a cut in the missing
mass with ±0 .3% ofthe 9 mass was applicd .
The Dalitz plots for both excess energies of this data Sam-
ple are shown in Fig . 2 . Due to the proton proton final state
interactions strong deviations from phase space are seen in
the region of low proton - proton invariant mass . But com-
paring the phase space modified merely with this fsi shows
that other mechanism play an important role . Under discus-
sions are the eftects of the S> > resonance - which pole is at
the maximum of the proton-proton invariant mass of the 41
MeV excess energy - and the il-nuclcon interaction .
References :

[11 E. Roderburg et al . Acta Physica Polonica 31 (2000)
2299

E . Roderburg for the COSY-TOF collaboration
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Fig . 2 : The upper figure shows the dalitzplot for the excess
energy of 15 MeV, the Lower one the dalitzplot for
the excess energy of 41 MeV On the abscissa the
squared invariant mass of the proton-proton system
and an the ordinate the squared invariant mass ofthe
proton-f System is plotted . As the protons can't be
distinguished the invariant masses of protonl+q and
proton2+-q are filled into the histogram for each event.
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Search for a quasi-bound 11-3 He state with the COSY-TOF spectrometer

We plan to study the pd ~ pppn
- reaction below the

'Heil threshold with the COSYTOF spectrometer in order
to search for signatures of a quasi-bound state in the 3 Hep
system. An experimental proposal [1] was recently presented
to the COSY-PAC which grantcd two wecks ofbeamtime in
2002 (schcduled for July) for cxploratory studies .
Tbc study is motivated by the peculiar behavior of the
cross section of the pd --= 3 Hep reaction close to thresh-
old . Tbc significant enhancement of the squared amplitude
f12 = pp

	

d6

	

towards the threshold first observed at SAT-pn (M)
URNE [2] has been interpreted as a consequence ofthe exis-
tence of a quasi-bound TI - -'He state [3, 4] close to the contin-
uum region . In order to clarify this question, experimental In-
formation complementary to studies ofcontinuum il produc-
tion, such as from a formation experiinent below the 3 Hep
threshold is required .
Tbc in-medium decay of an p meson is distinctly different
from the free p decay, and is expected to be dominated by
the IN -> nN channel . p absorption from the ncutron results
in the 4-charged particle final state pppn- , which has a char-
acteristic ldnematical topology : it consists of a pn- pair ap-
proximately back-to-back in the center of mass frame with
an invariant mass close to the NI mass, and a pp spectator
pair with Small relative energy nearly at rest in the cm frame .
Tbc TOF detector is ideally suited to study this reaction Since
it has both the large acccptance required for the detection of
the pn- pair thanks to the ring and barrel detectors, and the
particle identification capability for the pp spectators thanks
to the new forward scintillator calorimeter. Tbc experimental
taskis to measure an excitation function ofthe pd --> pppn-
reaction in an energy region from a few tens of MeV below
the 3Hep threshold up to a few MeV above it in sufficiently
Small steps . A quasi-bound state would manifest itself as a
resonance-like shape of the cross section . Thus the deduced
p binding energy and width is not affected by the energy res-
olution of the TOF spectrometer, but only by the lmowledge
ofthe absolute COSY beam energy and its energy spread at
the interaction point in the target .
Binding energy B q and width 1-', 1 of the quasi-bound state
arc closely related to the p-nuclcon scattering length ar1N,
for which theoretical literature values vary from 0.25 fm to
1 .1 fm and from 0.15 Im to 0.37 fm for the real and the imag-
inary part, respectively. From these values a rough estimate
for B,1 and F,q is found by using the Schrödinger equation
with a first-order-in-density optical potential

_ 4n mg
UT, (r)

	

Zp (1
+ MN ) agNP(r) .

	

(1 )

Bound states were found for Re a,qN larger than 0.35 fm, giv-
ing confidence in their observability. Tbc width not only de-
pends an the imaginary part, but also strongly an the real part
which determines the overlap of p and nuclcon wavefunc-
tions . For low values of Re a, iN which arc related to small
binding energies and more extended p wavefunctions, the
width may be only few MeV For the larger values of a, IN
values of several tens of MeV for both B � and F� were ob-
tained. Tbc value aqN= 0.52 + 10.25 fm deduced in Re£ [3]
corresponds to B,n - 1 MeV and F,q - 8 MeV.

A . Gillitzer for the COSY-TOF collaboration
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Detailcd simulations were donc for both thc pd~ 3Hc~ -
pppn

- reaction and for possible background reactions . Tbc
Simulation includes the intemal momentum distributions of
nucleons in d and -3 He, and of the p in 3Hcl , whcre relevant,
and the finite acccptance and rcsolution ofthe TOF dctector .
As physical background the pd = ppp7r- reaction was con-
sidered (a) according to pure phase space, (b) as quasi-free
n- production an thc ncutron with a spectator proton, and
(c) as twostep process with rescattering of cither a nuclcon
or the pion . As instrumental background with mis-identified
or unobserved particles in the final state we simulated the re-
actions (d) pd- dpn+n-, (e) pd -~ tn+ir+n-, (f) quasi-free
n n - production from the proton with an unobserved spec-
tator neutron, and (g) quasi-free double pion production from
the ncutron with the spectator proton observed, and either the
neutron or the no unobserved. Tbc results ofthe simulations
arc encouraging. Tbc acccptance fraction for the quasi-bound
3He, formation reaction including appropriate Software cuts
was obtained to be 0.35 . Furtheron, the simulations demon-
strate that the overlap in phase space bctwecn the 3Hcl for-
mation reaction and the considered physical background re-
actions is sufficiently small, and that all instrumental back-
ground reactions can be suppressed by at least four orders of
magnitude .
Since so far no predictions exist for the cross section of
quasi-bound 3He, formation in p+d collisions, one has to
rely an simple estimates . Tbc magnitude ofthe cross section
for p production very close to threshold in pd --- 'He of a
few hundred nb [2] suggests that the peak formation cross
section should have the saure order of magnitude . indepen-
dently, we can estimate the resonance cross section from the
Breit-Wigner formula

(2J

	

1)

	

B,� Bo �tFät

	

2
ßBw

_

(2S1+1)(252+1) k2 (E-ER)2_-Frti4,
( )

whcre k is the cm momentum, E is the cm energy and B i�
and B��t arc the branching ratios of the resonant state into
the entrance and the exit channel, respectively. B��t can be
easily estimated to be 2/9 from isospin coupling and n to p
number ratio, whereas Bi� can be Seen as probability for the
non-pionic 9 absorption channel 3 Hep = pd. This branching
ratio is not known. Assuming Bi� to be bctwecn 10-3 and
10-2 we obtain 6peak = 290nb . 2.9,ub . Taking into ac-
count a peak cross section 6pe �k = 500nb, an incident proton
beam intensity Ip = 107 ,/s, and a total detection efficicncy of
0.1, we obtain a count rate of 770 events per day at the center
of the resonance, which leaves room for smaller branching
ratios and additional instrumental losses .

References :

[l] A . Gillitzer et al., COSYproposal #102 (2001) .
[2] J . Berger et al., Phys . Rev . Lett. 61 (1988) 919 ;

B . Mayer et al., Phys . Rev. C 53 (1996) 2068 .
[3] C . Wilkin, Phys . Rev. C 47 (1993) R938 .
[4] L . Kondratyuk, A.V. Lado and Yu.N . Uzikov, Proc . Int.

Con£ "Mcsons and Nuclci at Intcrmcdiatc Encrgies",
Dubna, Russia, May 3-7, 1994, p . 714 .



Performance ofthe Central Calorimeter of the COSY-TOF Detector

J . Kress, A . Erhardt, H . Clement, G . J . Wagner for the COSY-TOF collaboration
Physikalisches Institut, Universität Tübingen

The central calorimeter has been assembled and integrated
into the vacuum tank ofthe Time-Of-Flight spectrometer di-
rectly behind the Quirl detector (Fig . 1) . lt consists of 84
hexagonal plastic scintillator blocks each with a width of
14 cm and a length of 45 cm . Protons are stopped therein up
to kinetic energies of Tp = 320MeV, the maximum energy
for stopping charged pions is about T, = 160 MeV For first
measurements with this calorimeter the skort version of the
TOF setup has been used as shown in Fig . l . This way the
calorimeter can cover a large solid angle with AO ~ 50° .

Fig . 1 : Setup ofthe short version of the TOF spectrometer as
used for the measurements in 2000 and 2001

With this setup four runs have been carried out in the years
2000 and 2001 at Proton kinetic energies of Tp = 400 MeV,
750 MeV and 800 MeV The first run at Tp = 400 MeV was
for the commissiong ofthe calorimeter. The single pion pro-
duction reactions pp - dn+, pp ~ PPTC

0 and pp - pnn+
are used to calibrate the calorimeter where the first order
energy calibration is done with cosmics . The other runs at
higher energies (two runs at 750 MeV, one at 800 MeV) have
been carried out with a beam ofpolarizedprotons . They have
been dedicated runs to investigate the n+n production in
Proton-Proton collisions .
Fig. 2 Shows a AE-E scatter plot for events resulting from
750 MeV Protons incident an LH2 target . Since the time-of-
flight resolution is superior to the AE resolution of the Quirl
detector, the quantity 1/ß2 is plotted along the ordinate in-
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Fig . 2 : AE-E plot for two-track cvents, therc is also a cut for
the polar angle included here with 10° < 0 < 20° for
both tracks .

stead of AE . On the abscissa the energy deposited (and not
yet corrected for quenching effects) in the calorimeter is plot-
ted . Deuterons, protons and pions appear in well separated
bands and can thus be easily identified . Fast protons, which
are not stopped in the calorimeter lead to a back-bending of
the Proton band . Fast pions resulting from the pp dem+
reaction have ß ~:2 1 and are close to minimum ionizing.
They are also not stopped in the calorimeter and cause a pro-
nounced peak at the bottom ofthe AE-E spectrum .
In the last run in September 2001 multihit-TDCs for Quirl
and calorimeter could be integrated into the new Data Acqui-
sition System . This provides the posibility to identify positive
pions stopped in the calorimeter by observing the p+ decay
following the decay of the n' in the calorimeter (delayed
pulse technique) .



Ixnple .t ieiiiaüiou of a iiew Data Acquisition System at COSY-TOF

Matliias Drachner`, Arthur ErhardC, Thomas Sefzick', Peter Il-iiestrier b ,
for the COSY-'TOF {~ollaboration
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C'aloriiiieter sirbdütectors, tIie (-ollaboration decided to
biiild a neiv DAQ bas~�d an the MIS[1, 2] data a, ciuisi .. .
tion . EMS, which has been develored at the Zentrallax
box für Eh,ktronik, is a modular,

	

scal--
able, distribratecl data acquisition systenn . To imp ernent
EMS at thc COSY TOF experirnert, tlrcre :vcrc, several
ta,sks to a,(conipli-h :

DAQ ele~,t:ro ir

	

La~I to l e parbal_y replacecl and
extended .

i, A r¬ew ce~ ¬tra

	

~,o it:r~-31 v;ürkstatic3n has beim in .. .
stailed and coiifigured according y .

,i 1{giess single board cc~iipriters ri<n=rirrg
1~e~L,~D~ ia8ri have been installeci replaciiig tire old
ni08k baseia VNIE CPU's .

New software had to ue dPveioped for b,.-am rnon-
itoring, clata corrversron and tiialv3i3 .

As far as VNIE or Fastbus (-on rol :s are concr med,
the VME CPU boards have b- , p b- p tv"o-
componeut solution : one controllei board iriside the
VINIF (-rate or VMF to Fastbus adapter, conrie< ted via
glas fibre to a 32bit PCI card ir.sicle the riiaiiiboard of
a dislcless single board computer, thus redra(-ing Future
upgrade c.osts from the pries of a new VME C'PU to thc,
price of a nev" clisleless single board coriiprit:er (SR(") .
The coinpon~ rits planiied for use ar ;= VIZE to PCI iritK r-
faces dQsigiiecl bz" Strack Innovative Sz"stenis[1] and the
Zr ritrallabor für Elektronik at Jülich . Vor die first tests
and beanitinies Rita [4] componerts from COSY-1 ! have
beeil asecl .
For CAMAC" °omponent~

	

sir?i?lax ippreach has been
usecl, oiily tliat CAMAC coniponents deliver niuch k,ss
data . rl'lierefore faste" coiitrolling comiufers for tlresel
conipoiieiit5 are irot necessary for the forst-.eablc firture .
For the ceritral wnr rstatiori replaciiig the old IBN[
RS6000/220 stanGarci PC hardware leas been Sciected
becarrse of price7>>erformance ratio considerations and
easv coiripoiieiit availability . Linux as operating systeni
[ins been (-linsen for t:hc workstition becausc of anales
ende and developinent ;Tools availability .
For tlie SRC's c~.-~nt~ollirig tlie crates, I~etl3SD~i38G has
bc.en chosen as operating systeni, because, for driver
d, velopnieiit the full source Code availability was even
niore irnportaat tiian for tlie software an tlie control
workstation, and thPre evere Aready" working (Invers for
niost electrani(-s coinponeeits available that have been
developecl and teste-1 at other COSI'' experiments .
After replacing the data-taking hard- and software, it
was necessar " to connect tlie beim monitoring Software
to th,, nevi DAQ . elfter c,valuatiiig the old beam nion-
itoring Software based an tlie Interviews toolkit[5], tlre
decision was takeri to Write new softwar(- for that tack :
a Java appIet (-an slrowt the beam profile in diffQrent sub-
dc tectors

	

,i aay (Java-eiiabled) web browser, rcading
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its scaler data from a tcp post of the control vTorksta-
tion . '7`he scaler data is read from the VME cuntrolling
SR( of tEre scaler (-rate arid is compiled Info a simp i-
fied eveiit forma.t by an event riefle .-tor runi.i rg an tlie
o-oiitrol wori~~statlon .

Die new DAQ has sbown good performance and very
high reliability in the last two COSY TOF beam tirn(,s .
'Ilke LRS 1877 multihit ~l'L)('s far the delaved pupe tech-
nique have b~,e~r su(- e :isfully iii-,ludec1 in tlre DAQ . Per-.
forrriance `vi11 further increase with tbe availai,ility of
the Strricl : VNIE iriterfaees .
R efereiices :

1 : Scr,. , . slict er bc.a-~iD=sp r pplet dizring 08 1"2001
oeamtiime .
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Reaktion pp --~- z d nahe der Produktioiisschwelle,
DissE.rtation, TL. Dresden, 1990
Peter wüsterer, Die Produktion des T7-Vlesons ani
Jäliclic.r Desclileunigür COS- und Entwiclclurrg
eines optimierten 1?atenaerfüahmesysteens, Disser-
tation, Unitersität Bochum, 1998
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Cryogenic Heat Pipe-Target with Aluminum condenser for the COSY - TOF Experiment

In our former cryo targets we used metal conductors
(Aluminum, Copper, and Silver) between a cold head and
the target region [1] . Recently, a gravity assisted 32-cm
long, 1 .6-cm diameter heat pipe system [2,3] has been
developed, where the target liquid is used as the heat
transport medium. In a first version it worked safely with a
Copper condenser .

The main objects to change from metal conductor to heat
pipe were to decrease the cool down time and the amount
of material in the target region . The time, which is needed
to liquefy a gas, depends an the mass, the hegt eapaeity
and thermal conductivity of the condenser material, the
available cooling Power, the thermal load and the desired
final temperature . By replacing the Copper condenser by
aluminum we expected and achieved further
improvements . Soldering the stainless steel gas tube to the
aluminum condenser is difficult and was avoided by
soldering the gas tube to the heat pipe tube directly .

Table (1) allows to compare the characteristics for the heat
pipe with Aluminum and Copper condensers for H2, D2,
N2, and CH4 as working and target medium .

Figure (1) shows in detail the time dependence of the
temperatures measured at the condenser and at the
evaporator (target) for LH2 operation with Aluminum and
Copper condenser .

0 5 10 15 2) 25 30 ä5 40 45 .1? 55 6) (5

Figure 1 : The time dependence of the temperatures of Cu
and Al condensers and the target during cool down for
LH2.

M. Abd El-Bary, S . Abd El-Samad, K. Kilian, J . Uehlemann
for the COSY - TOF collaboration

Table 1 : Thermal characteristics of Al and Cu condensers
and times needed to get liquid in the target cell.

The conelusion is that the Al condenser has clearly better
performance.

References :
[1] V . Jaeckle et al, "A liquid hydrogen / deuterium target
with very thin windows", Nucl . Inst. and Methods, A349
(1994) .

[2] S . abdel-Samad et al ., "New Developments in the
COSY Cryogenic Target System", IKP Ann . Rep.99, FZ
Juelicb, 16 (1999) .

[3] S . abdel-Samad et al .," Cryogenic Heat Pipe Target
Cooling System for the COSY/TOF Experiment", IKP
Ann . Rep.2000, FZ Juelich, 13 (2000) .

Aluminum Copper
characteristics condenser condenser

Weight (g) 20 100
Thermal at 15 k at 15 k

conductivity 35 W/cm.K 12 W/cm.K

2.95 kJ 7.28 kJ
Heat capacity from 295-15 K from 295-15 K

for 20 for 100
Condensation

area 3400 2min 2500 2min

cool down to
15 k 38 min 52 min .

HZ (15 K) 56 min. 70 min .
D2 (18 .9 K) 48 min . 62 min .
N2 (64 .5 K) 38 min. 53 min .
CH4 (95 K) 34 min. 45 min .
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A new workshop for straw tube mass production was Set
up and 250 straws per month were assembled including
tests of gas leakage and wire tension of each single straw
tube . Fig . 1 Shows the wire tension of 200 straws
measured by the mechanical resonance frequency of the
wire with alternating current inside a magnetic Field.
Over a pressure range from 2.3 bar (absolute) down to 1
bar (atmosphere) the wire tension showed a well-defined
constant slope .
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Fig. 11 : Wire tension (sigma 0.5g) at 1 bar overpressure
inside the tubes (top) and tension versus gas
pressure (bottom) for 3 single straws .

The high-voltage operation of Single straw tubes filled
with an Ar/C02 (90/10%) gas mixture was tested . Fig.2
Shows typical pre-amplified signals of an anode wire
exposed to 5'Fe y-radiation of 5.9keV energy .

Cry!!

Fig. 22 : Signal of a straw wire exposed to `Fe y-radiation
(oscilloscope self-triggered, infinite persistence
mode, threshold at -20mV) .

The 2 voltage peak heights are -120mV and -60mV
corresponding to ionization energies of 5 .9keV and
2.9keV the latter with roughly 10-15% probability
coming from the escape of an Ar-Eka-y. Notice the clear
separation of the 2 voltage peaks indicating a nice energy
resolution and excellent signal characteristics of the drift
tube . The Signals leading edge had a rise time below

Status Report of the Straw Tracking Detector for COSY-TOF

lOns . Time spread at the threshold Set was a few ns, only .
A gas gain around A=105 was measured.

A ferst füll prototype detector containing 168 straws was
built (Fig.3) demonstrating the feasibility of a new ultra
low-mass detector design . Although single tubes exhibit
a pressure dependent twisting [1] they could be glued
together in firm, self-supporteng double-layer packages
of 2x4 straws using a new dedicated point-gluing
technique . The packages were put in a surrounding frame
which only had to support the straw weight .

Eig.LFirst prototype detector containing a double-layer
of 168 straws .

No fixing or clamping of the straw packages increasing
the weight was necessary. Flexible springs were used for
electric cathode contact to Cu-covered thin belts an both
sides, necessary to allow a small lengthening of the straw
tubes with increasing pressure inside .
New dedicated Rohacell-CF Sandwich bars [2,3] for a
next frame were developed with improved strength but
still lower density of only 0.15 g/cm' .
The füll detector will consist of a stack of 15 frames each
with a double-layer of 208 straws giving more than 3000
detector cells within an active volume of 1/3 m' . The total
weight will be less than 20kg including the front-end
pre-amplifier electronie and high-voltage boards, signal
and high-voltage cabling and gas distribution tubes .
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Tbc COSY-TOF spectrometer is a modular detector system
which, besides other merits, stands out for versatility. At
present, each modification requires new calibration and the
adaption of the data analysis software . This rather cumber-
some and time consuming procedure will be extremely sim-
plified by the use of the TofRoot environment [1]-[3] . When
fully implemented, TofRoot will provide a professional en-
vironment for the collaboration, making available a general
data format, calibration procedures, and analyzing tools . It
can be easily adapted for any experimental setup and, thus,
will significantly speedup data analysis .
Some properties are presented in the following .

General Routines

Using C++, the routines (algorithms) are not written 'plain
text' into the code or stored in simple function collections,
but are rather incorporated into classes . Tbc (member) func-
tions of the classes have defined input and output, and
are easy to use by everyone without ever having to touch
the code . Furthermore, these functions are checked and de-
bugged by all users and, therefore, are muck more trustwor-
thy than code written by a single user. E.g ., calibration rou-
tines were developed for almost all sub-detectors ofthe TOF-
detector. Big effort was put into the automatic generation of
control histograms to supervise the calibration process .

Track-finding algorithms
Tbc start-detector region of COSYTOF consists of a track-
ing device. Algorithms were developed to identify tracks
from the hit pattern . Tbc algorithms are based an existing
functions developed within the collaboration, but they were
rewritten to accommodate the needs of an object oriented
approach to data analysis . A detailed documentation is pro-
vided for the users in the Internet .

Online monitoring capabilities

Recently, the Juelich EMS DAQ-systein was implemented
at COSYTOF . An interface between this new System and
ROOT was developed. A simple GUI was established to dis-
play control histograms . Since the Speed of the online analy-
sis is comparable with the data rate, it is planed to combine
the EMS2ROOT interface and the existing TofRoot classes
to allow true online control, e.g . not only monitoring of Sin-
gle channels (TDC, QDC), but performing online calibration
and then displaying physical observables, e.g . angular distri-
butions ofpp-elastic and missing-mass-spectra . An example
of what could be viewed online during future beam times is
shown in Fig 1 . Besides the optimization of our detector, the
improved online-control will also help the COSYteam to op-
timize the beam for our special needs .

Team-Work capability

Tbc TofRoot philosophy is not only to initiate team-work but
to demand it . Due to the modularity of the code, tasks can
simply be separated and later integrated into the whole sys-
tem . Fach contributor is strongly encouraged to use the ex-
isting routines and forced to obey the TofRoot rules . This
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Fig . 1 : Distribution ofintersectionpoints ofall reconstructed
tracks with the xy-plane in the center of the target.
This can he interpreted as an image of the spacial
distribution of the beam . The beam spot size in this
spec c beam time is belowFWHM= 1mm .

implies intensive discussions with other users, wrapping of
routines into TofRoot-Classes, and the (online) documenta-
tion . Only then it is possible to efficiently use the work of
others and to integrate new members into the TofRoot teain .

Online Documentation

High quality documentation is essential for effective and effi-
cient team-work . ROOT provides the possibility to automat-
ically create online (WWW) documentation . This holds true
for classes, but also for programs and further documenta-
tion . Tbc automatic linkage to the ROOT web site combined
with the automatic linkage between the self-written classes is
an extrodinary help towards efficient programming and team
work .

Outlook
Tbc TofRoot-project has successfully passed the first phase
of development . In addition efforts are being made to inte-
gratc Monte Carlo simulation and online monitoring into thc
TofRoot framework. With this, TofRoot will be a generalized
toolkit for three phases ofan experiment: planing, doing and
final data analysis .
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Different codcs for the calculation of efficicncy corrections
for neutron detectors in the energy range up to 500MeV
exist. For the neutron detector COSYnus [?] at COSYTOF,
results obtained with the three different codcs Modeff [?],
FLUKA [?] and LasVcgas [?] were compared. All these
programs have their advantages and shortcomings . Modeff
is a widely used and tested code in the lower energy region
(1 - 20MeV), but only extrapolations from the low energy
regions are uscd to rcmcdy the lack of experimental Cross
sections for neutron interactions at higher energies .
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B. Jakob' and B . Naumann 1 for the COSY-TOF collaboration

Simulation ofneutron detector efficiencies&
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Fig. 1 Comparison ofneutron detection efficiencies obtained
with Modeff (lines), LasVegas (filled symbols) and FLUKA
(open Symbols) . The results are shown for the tlireshold en-
ergies Eth = 2MeVpe (dotted lines or circles), Eth = 5MeVpe
(dashed or squares) and Eth = 7 McVpe (dash-dotted or tri-
angles). The upper Plot Shows LasVegas results in compari-
son with Modeffsimulations. The latter are scaled by a fac-
tor 1 .12 [?] in this Plot. In the lower frame, the good agree-
ment between FLUKA and Modeff(not scaled in this case)
is shown . The experimental value for neutrons with a kinetic
energy of(73 f 16) MeV was obtained bymeasuring all three
particles of the reaction pp = pnn+ at a beam energy of
T = 300 MeV (Eh = 5 McVpe) (?] .

With the FLUKA code, neutron interactions in the energy
range from thermal neutrons up to E, ~~- 20 TeY can be
simulated, but implementing the füll TOF geometry in
FLUKA would be very complicated. In the LasVegas code,
which is a Monte Carlo code designed for TOF, neutron
interactions can only be incorporated through the use of the
INC-Code of Cloth [?] which is based an the INtranuclear
Cascade model ofBertini [?] . The results of the calculations
are shown in Figures 1 and 2 . They were obtained for three
different deteccton thresholds requiring a light deposit of at
least Eth = 2, 5, and 7McVpe in the scintillator. Obviously,
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the LasVcgas results for energies less than about 100MeV
are too low, since at these energies nuclear reactions play an
important role, which are not well described in cascade type
models .

Fig . 2 Comparison of detection efficiencies obtained with
LasVegas (Mied symbols) and FLUKA (open symbols) for
high neutron energies using Et h = 5MeVpe : a) without the
influence ofthe vacuum vessel, b) with vacuum vessel (i.c .
1 .5 cm Fe) and c) the transmission through the iron wall.

Experimental data, in particular for the high energy region,
are needed but are not yet available . First results obtained
with COSYnus [?] Show large statistical uncertainties and do
not allow to distinguish between different simulations . For
the time being, LasVegas can be used for simulations of the
TOF detector but a systematic uncertainty of 10% for the
neutron efficiency should be taken into account in absolute
normalizations . For a more detailed discussion sec also [?] .
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Search for a quasi-bound 11- 3 He state with the COSY-TOF spectrometer

A . Gillitzer for the COSVTOF collaboration

We plan to study the pd ----> pppn reaction below the
'Heg threshold with the COSY-TOF spectrometer in order
to Search for signatures of a quasi-bound state in the 3 Hep
system. An experimental proposal [1] was recently presented
to the COSY-PAC which granted two wecks ofbcamtime in
2002 (scheduled for July) for exploratory studies .
The study is motivated by the peculiar behavior of the
cross scction of the pd ----> 3 Heil reaction close to thresh-
old . The significant enhancement of the squared amplitude

I f12 - PP

	

da

	

towards the threshold first observed at SAT-
p~ dü

URNE [2] has been interpreted as a consequence ofthe exis-
tence of a quasi-bound 113He state [3, 4] close to the contin-
uum region. In order to clarify this question, experimental in-
formation complementary to studies ofcontinuum 31 produc-
tion, such as from a formation experiment below the'Heil
threshold is required .
The in-medium decay of an 31 meson is distinctly different
from the free il decay, and is expected to be dominated by
the IN ---~ nN channel . q absorption from the ncutron results
in the 4-charged particle final statepppn , which has a char-
acteristic kinematical topology : it consists of a pTc- pair ap-
proximately back-to-back in the center of mass frame with
an invariant mass close to the Nil mass, and a pp spectator
pair with small relative energy nearly at rest in the cm frame .
The TOF detector is ideally suited to study this reaction since
it has both the large acceptance required for the detection of
the pn pair thanks to the ring and barrel detectors, and the
particle identification capability for the pp spectators thanks
to the new forward scintillator calorimeter. The experimental
task is to measure an excitation function ofthe pd --> pppn
reaction in an energy region from a few tens of MeV below
the'Heil threshold up to a few MeV above it in sufficiently
small steps . A quasi-bound state would manifest itself as a
resonance-like shape of the cross scction. Thus the deduced
il binding energy and width is not affected by the energy res-
olution ofthe TOF spectrometer, but only by the knowledge
ofthe absolute COSY beam energy and its energy spread at
the interaction point in the target .
Binding energy B, and width F',1 of the quasi-bound state
are closely related to the il-nucleon scattering length agN,

for which theoretical literature values vary from 0.25 fm to
1 .1 fm and from 0.15 fm to 0.37 fin for the real and the imag-
inary part, respectively. from these values a rough estimate
for B,1 and F',1 is found by using the Schrödinger equation
with a first-order-in-density optical potential

471 ~
Zp (1 + mMN)

�7vp(r) .

	

(1)

Bound states were found for Re ariN larger than 0.35 fm, giv-
ing confidence in their observability. The width not only de-
pends an the imaginary part, but also strongly an the real part
which determines the overlap of 31 and nucleon wavefunc-
tions . For low values of Re a9N which are related to small
binding energies and more extended 31 wavefunctions, the
width may be only few MeV For the larger values of a.N

values of several tens of MeV for both Bq and i,,1 were ob-
tained. The value ariN = 0.52 + i0 .25 fm deduced in Re£ [3]
corresponds to B, ^- 1 MeV and F',1 ^- 8 MeV
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Detailed simulations were done for both the pd ---+ 3Hefl
pppn- reaction and for possible background rcactions . The
simulation includes the intemal momentum distributions of
nucleons in d and 3He, and of the rl in 3Hel , where relevant,
and the finite acceptancc and rcsolution ofthe TOF dctector.
As physical background the pd ,pppn reaction was con-
sidered (a) according to pure phase spacc, (b) as quasi-free
n production an thc ncutron with a spcctator proton, and
(c) as twostep process with rescattering of either a nucleon
or the pion. As instrumental background with mis-idcntified
or unobscrvcd particles in the final statc wc simulatcd thc rc-
actions (d) pd~ dp7c+n- , (e) pd - tn+Tc+Tc- , (0 quasi-free
71+n- production from the Proton with an unobscrvcd spcc-
tator neutron, and (g) quasi-free double pion production from
the ncutron with the spectator proton observed, and either the
ncutron or the no unobscrvcd . The results ofthe simulations
are encouraging . The acceptance fraction for the quasi-bound
3Hefl formation reaction including appropriate Software cuts
was obtaincd to be 0.35 . Furtheron, the simulations demon-
strate that the overlap in phase space between the'Heg for-
mation reaction and the considered physical background re-
actions is sufficicntly small, and that all instrumental back-
ground reactions can be suppressed by at least four orders of
magnitudc .
Since so far no prcdictions cxist for the cross scction of
quasi-bound'He q formation in p+d collisions, one has to
rcly an simple estimatcs . Thc magnitudc ofthe cross scction
for rl production vcry closc to threshold in pd --> -1He of a
few hundred nb [2] suggests that the peak formation cross
scction should have the same order of magnitude . lndepen-
dently, we can estimate the resonance cross scction from the
Breit-Wigner formula

6BW
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(2 )
(2S1+1)(252+1) k2 (E-ER) 2 +F'ö t/4'

where k is the cm momentum, E is thc cm energy, and BZ�

and Bo�t are the branching ratios of the resonant state into
the entrance and the exit channel, respectively. Bout can be
easily estimated to be 2/9 from isospin coupling and n to p
number ratio, whereas B;� can be seen as probability for the
non-pionic 31 absorption channel 3 He fl --> pd . This branching
ratio is not known . Assuming BZ� to be between 10-3 and
10-2 we obtain 6pecak = 290nb . . . 2 .9,ub . Taking into ac-
count a peak cross scction ßpecak= 500nb, an incidcnt proton
beam intensity Ip = 107 /s, and a total detection efficiency of
0.1, we obtain a count rate of 770 events per day at the center
of the resonance, which lcaves room for smaller branching
ratios and additional instrumental losses .
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Two - Kaon Produetion at the f~' - Threshold with MOMO

F. Bellemann', J . Bisplinghoff, G .Bohlscheid', J . Ernst', F . Hinterberger l , R . Ibald l ,
R. Jahn', L . Jarczyl , R . Joosten', A . Kozela 3 , H . Machner, A. Magiera2, R . Maschuw l,

T . Mayer-Kuckuk', G. Mertler', J.Munkel', D . Rosendaal', P . v . Rossen,
H . Schnitker', J . Smyrski 2, A . Strzalkowski 2, R . Tölle, and C . Wilkin4

The MOMO experiment focuses an near threshold
meson production via the reactions pd _> 3He 7r +7r - and
pd __>

3He K+ K. The setup consists of a high
granularity scintillating fibers meson detector near the
target with a ± 45 deg . opening angle, and the
spectrometer Big Karl, which is used for
3He-identifcation. The large solid angle and high
resolution of this detection method will yield precision
data an the low energy (T<80 MeV) meson-meson
interaction and probe into questions like meson-nucleon
resonances and KK-molecule .
After completion ofthe two pion program, the MOMO -
collaboration measured two kaon production at beam
momenta of 2.620 GeV/c, 2585 GeV/c and 2574 GeV/c
(corresponding to c.m . energies above production thres-
hold of Q = 56 MeV, 40 MeV and 35 MeV,
respectively) . The beam intensity was about 5 x 10 8/s
and the beam halo was negligible (< 10-4 ) . At all
energies the reaction pd -> 3 He K + K - was measured at
four largely overlapping Big Karl momentum settings,
so that the füll phase space of the reaction was
obtained . The 3He - particles could be unambiguously
identified by time of flight and energy loss
measurements . The two - kaon hits an the vertex wall
were uniquely identified by their hit pattems and energy
loss . Good events must be coplanar in respect to the
total meson momentum axis, which is defined by the
beam and the 'He momenta. The newly implemented 16
- fold circular scintillator hodoscope behind the vertex
detector enables good kaon identification and pion
separation . In total, some 6000 two kaon events were
observed .
Fig .l Shows the obtained two kaon invariant mass
spectra . The clear signal of the rp - meson is evident . In
all figures, the dashed lines correspond to phase space .
In contrast to our two pion data, no significant deviation
from phase space (plus ~ - production) can be observed .
The obtained total cross sections are :

The Q - dependence of three cross sections scales well
with the assumption

	

of s - wave two kaon ( a _ Q2 )
and ~ (6

- 0 12 )

	

production . It is interesting to note,
that no indication of p - waves is present in the mass
spectra and angular distributions, in contrast to our two
pion data, where ap-wave dominance was observed
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K+ K- invariant mass spectra from the reaction
pd _> 3 He K+ K- at 56 McV,40 MeV and 35 MeV above
threshold plotted in units of K+ K- relative energy .
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M. Büscher for the ANKE collaboration

The measurements of inclusive K+ production in pA
collisions under forward angles were completed during
beam times in Oct . and Dec . 'O1 . Data for beam en-
ergies T = 1 .0,1.2,1 .5,1 .75, 2 .0, 2 .3 GeV and C, Cu,
Ag and Au targets are new available [1, 2] . Even at
the lowest beam energy, far below the free nucleon-
nucleon threshold at TwN=1.58 GeV rohere the signal-
to-background ratio is _10-6 , double-differential cross
sections d2a/d52dp covering the full momentum range of
the produced kaons could be extracted from the data,
See Fig . 1 . The spectra reveal a high degree of collectivity
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Fig . 1 : Double differential cross section for the produc-
tion of K+ mesons in p12C reactions under for-
ward angles 29 < 12° at T = 1 .0 GeV [3] .

in the target nucleus, e.g ., a simple kinematical analysis
Shows that 6 target nucleons (at rest) are needed to pro-
duce kaons with the highest observed momenta [3] . The
low-momentum parts of the spectra at high energies are
strongly sensitive to Coulomb effects and the repulsive
nuclear K+-potential. As a next step the measurement
of correlated K+p and K+d events is foreseen . The fea-
sibility of such studies has already been shown during
the beam time in Oct . 'O1 .
Scalar-meson studies have begun in a two-weeks beam
time (Jan./Feb .) during which p(2.65 GeV)p---->dK+K°
and dir+,q reactions rohere measured [4] . The data al-
low to determine the production cross section for the
aö (980)-resonance for the two main aö decay channels
(KK and irr/) and, thus, will supply novel information
about the structure of light scalar resonances [5] . Dur-
in- this beam time the Münster cluster-jet target was
used and high luminosities of -3- 1031 cm -2 s -1 could
be achieved . The experiments will be continued in spring
2002 with measurements at energies up to 2.8 GeV .
The investigation of the deuteron-breakup process
pd---->(pp)s n with emission of a fast forward S-wave Pro-
ton pair has begun [6] . The first measurements in Feb .
'O1 showed that such processes can be investigated at
ANKE and that novel information about short-range ef-
fects in the deuteron breakup can be expected . In Sept .
'O1 the first ANKE beam time with polarized beam took
place, aiming at the measurements of the vector analyz-
ing Power of the deuteron-breakup process .
Data an the production of w mesons in pn collisions were
taken in Aug . 'O1 . The measurement was performed wich
a deuterium cluster-jet target and target-near semicon-
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ductor counters [7] for spectator-photon detection . The
data are currently being analyzed [8] .
Data from previous beam times an the reactions
p(492 McV)p ----> d7r+/pn7r+ Show that for Small rela-
tive energies of the pn pair the spin-singlet contribution
to the cross section is at most a few percent [9] .
Two new targets are currently in preparation for ANKE:
The polarized target (ABS) [10], to be operated with a
storage-cell which will allow to use polarized hydrogen
and deuterium as target material and, thus, make possi-
ble double polarization measurements . The pellet target
for high luminosity studies which, during test Tuns in
2001, produced droplets of liquid hydrogen [11] .
The experimental program with ANKE in 2002 will fo-
cus an the following measurements : " 0-meson produc-
tion in pp collisions [12] . For these measurements a new
detection System for K- mesons will be installed at
ANKE. " 7r~q-production in pn interactions [13] . Further
measurements under preparation are : " Investigation of
neutral scalar mesons a o lfo [14] ; o 1`2easurement of q-
meson production in dd---->aq reactions close to thresh-
old [15] ; o Investigation of spin effects in the charge-
exchange deuteron-breakup reaction dp---~>(pp)n [16] .
During the year 2002 a new scattering chamber, devel-
oped at the ZAT of the FZJ, will be installed in the
target area of ANKE. This large chamber will, e.g.,
be used for storage-cell tests . Further technical devel-
opments comprise : o New target-near position sensitive
Si(Li) counters [7] . First test with such counters have
already been performed in 2001 . " The ANKE photon
detector [17] made of PbW04 crystals . First tests of Pro-
totype arrays will be performed at MAMI and ANKE.
New readout electronics for the ANKE MWPCs (ZEL,
FZJ) .
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Effects of Coulomb and kaon nuclear potentials an soft K+ production from nuclei .

M.Nekipelov, VKoptev, M.Büscher, W.Cassing, Z.Rudy, K.Sistemich, H.Ströher, C.Wilkin

K+-meson production in pA collisions is of utmost impor-
tance to leam about either cooperative nuclear phenomena
or high momentum components of the nuclear many-body
wave function . lf the incident beam energies are far below
the free nucleon-nucleon threshold, kaons are produced with
rather low momentum (G 600 MeV/c) . Therefore, for a]arge
part of the kaon momentum spectra consideration of the in-
medium Coulomb and kaon potentials becomes essential .
The importance of taking into account these potentials for
pion and kaon production in pA interactions has been dis-
cussed by several groups [l, 2, 3] . Since most of the mea-
surements resulted in high pion and kaon momenta, the ex-
perimental data are not very informative from the point of
view ofboth Coulomb and kaon potentials . This has changed
with ANKE, which is currently the only spectrometer which
is able to measure kaons with momenta down to 150 MeV/c .
Classically, if a particle with mass m is produced at the edge
of a nucleus of radius R, then as it escapes to infinity it must
aquire the energy T = V due to the repulsive potential V, so
that it must have a minimum momentum ofp��, - \12-mV. In
the absence of any nuclear kaon potentials, this momentum is
fixed by the Coulomb energy and yields p~1in ~ 130MeV/c
for a gold targct. The momentum shift for a carbon targct
is ~ 3 times smaller. This effect should be observed in the
heavy-to-light Cross-section ratios as a steep rise starting at
the pmin of the heavy target .
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Fig. 1 : Ratios of K+ production Cross sections for Au and C
measured at different energies as a function of kaon
momentum .

Ratios of kaon-production Cross sections measured at dif-
ferent energies and with several target nuclei are presented
in Fig . 1,2,3 . All ratios exhibit similar shapes, rising with
decreasing kaon momenta, passing a maximum and falling
down at low momenta . The position of the maximum is
practically independent of the incident proton beam energy
(Fig . 1), but varies with the mass of the target nucleus, giv-
ing 245, 230, 205 MeV/c for Au/C, Ag/C and Cu/C, respec-
tively (See Fig . 2) .
The ratios for Au/C are compared to calculations made
within the framework of the CBUU transport model, taking
into account different mechanisms of the kaon production,
rescattering effects andrealistic density distributions (Fig . 3) .
Without including the Coulomb and kaon potentials (shaded
area in Fig . 3) the ratio should exhibit a smooth momentum
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Fig . 2 : Ratios of the K+ production Cross sections for the dif-
ferent targets (measured at Tp = 2.3 GeV) as a func-
tion of kaon momentum .

References :
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i

0 - Au/C

O -Ag/C

" - Ce/C

200

	

400

	

VK (MeV/c)

Fig . 3 : Ratios of n+ and K+ production Cross sections for
Au/C at Tp -- 2.3 GcV as a function ofmeson momen-
tum . Thc dashcd linc is obtaincd from CBUU calcu
lations with Coulomb and baryon potentials included,
thc solid linc Shows thc rcsult with thc kaon poten-
tial includcd in addition, whilc thc shaded arca cor-
responds to calculations without Coulomb and kaon
potentials (width shows statistical thcorctical unccr-
tainty) .

dependence with a steady increase towards low momenta, re-
sulting fromthe stronger rescattering processes for heavy nu-
clei . This phenomenon is observed in pion production, where
the influence ofthe Coulomb potential is expected to Show up
below p1c ~2 80MeV/c . For kaons the Coulomb interaction
leads to a distortion ofthe momentum spectrum and provides
a maximum at p ~ 200 MeV/c for Au/C, which is still lower
than the experimental data . Finally, when the repulsive kaon
potential of 20 MeV is also considered in the calculations, a
reasonable agreement with the experiment is achieved (solid
curve in Fig . 3) . We expect that further analysis of the exper-
imental data and more detailed comparison with CBUU cal-
culations will permit us to measure the strength of the kaon
potential more accurately.

[1] J .F.Crawfordetal ., Phys.Rev.C 22, 1184(1980) .
[2] A.Sibirtsev, W.Cassing, Nucl.Phys.A 641, 476(1998) .
[3] S.Teis et al., Z.Phys.A 359, 297(1997) .
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Phenomenological Analysis of K+-Meson Production in Proton-Nucleus

M. Büscher, B.L . Ioffe° , L . Kondratyuka, V. Koptevb , M .

In a recent publication [1] wo analyzed whether the
differential Cross sections of K+-meson production in
pA collisions, sec Table 1, can be described as a func-
tion of (few) simple kinematical variables . It was shown

Table 1 : Data an K+-production in pA collisions at var-
ious beam energies Tp , kaon momenta pK and
emission angles OK obtained by several groups .

that the spectra follow an exponential scaling behaviour
when plotted as a function of the four-momentum trans-
fer t, which is illustrated in Fig .l . Apart from the data

ANKE, 0-12°, T=1 .0, 1.2, 2.0, 2.3 GeV
KAOS, 40 ° , T=1 .6, 2.5, 3.5 GeV
SATURNS, 40°, T=1 .2,1 .5, 2.5 GeV

-- CELSIUS, 90° , T=12 GeV
LBL, 15 - , 35 - , 60 ° , 80 ° , T=2.1 GeV

-3

	

-2

	

_,

	

-0 .5

	

t(GeV2)5
Fig . 1 : Invariant p`C ~ K+X Cross sections for as

a function of the four-momentum transfer t be-
tween the beam proton and the outgoing kaon .
The data from LBL [3], measured with a NaF
target, were scaled according to Ref.[1] .

taken with ANKE at T=1 .0 GeV all spectra cover the
range of negative t . The sharp fall-off of the Cross sec-
tions from ANKE towards positive values of t was ex-
plained [1] by the fast that the data were taken very
close to the kinematical limit for hyper-nucleus forma-
tion at t=0.145 GeV2 which is usually accompanied by
very small Cross sections . For t<0 the different data sets
Show exponential dependences like

d3 or

E- = co exp [bot],d3P
wich parameters co and bo given in Ref.[1] . It has been
speculated [1] that deviations from the exponential be-
haviour (sec, e .g ., the data from KAOS and SATURNS
[4] in Fig.1) reflect a dependence an the kaon-emission
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angles er, equivalently, the excitation cnergy of the tar-
get nucleus, Om=nnX -7nA (

,MX (m,1) being the mass
of the target nucleus before (after) the reaction proccss)
and the available c.m . cnergy s . Based an Regge phe-
nomenology the following formula has been suggested :

3

E3P oc f(t, mx) exp [bot - In (s/so)] .

	

(2)

Collisions*

3 .5

	

4
Am, (GeV/C2 )

Fig . 2 : Invariant p12C

	

K+X Cross sections as a func-
tion of the excitation energy Am of the target
nucleus . The data from LBL [3] (ITEP [6, 7])
were measured with NaF (Be) targets and were
scaled according to Ref.[1] .

Figure 2 Shows the invariant Cross sections devided by
an average t dependence using bo = 2.2 GeV-2 (indi-
cated by the dashed line in Fig.l) and so -- 100 GeV2 .
It can be Seen that all data follow the Same depen-
dence an the excitation cnergy mx as indicated by the
lines in Fig.2 corresponding to phasc space behaviour
IT a (mX)(37i/2-5/2) with n particles in the exit channel .
Thus wo suggest the following parametrization of
K+-production Cross sections in p12 C interactions :

the

3
P

	

No .E dsp = (To

	

mX

	

exp [bot - ln (s/so )] ,

	

(3)

with No=17, oro=25 nb GeV-3c3 sr-1 below the
free nucleon-nucleon threshold (TNnr=1 .58 GeV) and
No =9.5, Qo=1 pb GeV-3c3 sr-1 above threshold .
References:

[1] M.Büscher et al ., Phys . Rev . C 65, 014603 (2002)
[2] N.K . Abrosimov et al ., JETP 67, 2177 (1988)
[3] S.Schnetzer et al ., Phys . Rev . C 40, 640 (1989)
[4] M.Debowski et al ., Z . Phys . A 356, 313 (1996)
[5] A.Badalä et al., Phys . Rev . Lett . 80, 4863 (1998)
[6] A.V.Akindinov et al ., JETP Lett . 72, 100 (2000)
[7] M.Büscher et al ., Z . Phys . A 335, 93 (1996)
[8] V.Koptev et al ., Phys . Rev . Lett . 87, 022301 (2001)
[9] W.Scheinast et al ., Ann . Rep . 2000 FZR-319, 47

(2001)

° ITEP, Moscow, Russia
b PNPI, Gatchina, Russia
*Supported by : A.v.Humboldt foundation, BMBF,
DFG. RFFI and RMS

Tp (GeV) pK (GeV/c) OK (0 ) Meas . at
0 .842-0.99 total eross seetions PNPI [2]

2 .1 0 .35-0.75 15-80 LBL [3]
1 .2, 1 .5, 2 .5 0.5-0.7 40 SATURNS [4]

1 .2 0.165-0.255 90 CELSIUS [5]
1.7-2 .91 1 .28 10.5 ITEP [6]

2.9 0.545 17 ITEP [7]
1 .0 0.171-0.507 < 12 ANKE [8]

2 .5, 3 .5 0.3-1.05 40 KAOS, [9]
1 .2, 2 .0, 2 .3 0.171-0.507 < 12 ANKE, prelirn .



In a reccnt ANKE beam time (Jan./Febr. 2001) a first expcri-
ment an the production of scalar mesons in pp collisions was
performed . The goal of this experiment is to investigate the
charged ao(980) resonance, a candidate for the scalar meson
nonet, in the reaction pp --j daö .
The ao(980) is known to decay in KK, nil and 27 [1] . At
ANKE the deuteron in coincidence with the decay K+ or n+
can be detected . Kaons and pions are identified by the side
detection systcm (SD) [2] via thcir TOF and energy loss . The
TOF between the start and stop counters is shown in Fig . 1,
left side . The fastpions cause the leftpeak, protons the right.
To select pions it is sufficicnt to Cut an thcir TOF . Cutting an
energy loss in the AE Counter reveals a kaon peak an a back-
grounddistribution between the pion and proton peaks (small
inset) . This background is almost completely suppressed by
requiring a coincident deuteron in the forward detection sys-
tem (1713) . Deuterons are distinguished from other fast par-
ticles by their TOF relative to a pion or kaon in the SD .
The TOF of forward particles relative to pions detected in
the sidewall counters is shown in figure 1, right side . Two
bands from protons and deuterons are Seen . Cutting along
the deuteron band allows to investigate the aö with a missing
mass analysis .
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Investigation of the aö (980) Resonance at ANKE
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Fig . 1 : Identification ofparticles in the SD and FD of ANKE.

lf a deuteron and a K+ are detected from pp collisions at
T=2.65 GeV the missing particle must be aK due to energy
and strangeness conservation . In fact the missing mass dis-
tribution m(pp, dK+) of the coincident dK+ events (sec Fig .
2, left side) shows a clear peak around the K mass containing
about 600 events . There is only very little background from
misidentifiedparticles (<3%).

4fi0 480 500 520 540

	

950 1000 1050 1100 0 2350 2375

m(pp,dK) [MeV]

	

m(pp,d) [MeV]

	

-(pp"<

Fig. 2 : Missing mass distributions of pp ~ dK+Ko events .

In the missing mass distribution m(pp,d) the aö should be
seen (see Fig .2, middle) . However, the available phase space
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is limited by the K+K threshold (min-991 MeV) and the
COSY beam energy T=2.65 GeV(m��=1038 MeV) . There-
fore one can hardly distinguish whether the K+K0 events
originate from an aö decay or from non resonant production.
In any case the missing mass distribution wouldlook similar.
The dK+Ko events offer the possibility to investigate the dK
FSI which is supposed to be strong [3] . The corresponding
missing mass distribution m(pp,K+) is shown in figurc 2
(right side) . All mass distributions are not yet corrected for
detection efficiencies and acceptances . l t is assumedthatboth
corrections do not have a strong influcnce an thc distributions
except for m(pp, K+) .
The observed 600 dK+Ko events correspond to a total Cross
section of -40 nb . This value is still preliminary due to the
ongoing analysis .
For events with a coincident deuteron-pion pair the missing
mass distribution m(pp, dn+) shows a huge background dis-
tribution increasing with the mass (Fig.3, left side) . At 550
MeV a peak is visible due to dn+p events . The peak con-
tains about 2300 il mesons andhas a width of -16 MeV.
In the missing mass distribution m(pp,d) a shoulder at the
mass ofthe aä a background distribution is seen (Fig .3, right
side) . Assuming that background events left and right to the
il peak have the Same behavior as the background below the
peak this background can be subtracted . In the missing mass
histogram m(pp,d) only the shaded events survive with a
peak at the aö mass and a width of about 40 MeV
The result of this experiment will be determination ofthe to-
tal Cross sections of the reactions pp ---~ dK+K and pp
daö - dn+p at T--2.65 GeV. In February 2002 a second
beam time an aö production will be performed at higher
beam energies [4] corresponding to wider missing mass in-
tervals which seem to be essential to determine the ratio of
resonant and non resonant K+K pair production . Morcover
we hope to be able to determine the aö width, the ratio of
a- ~ K+Ko and a- ~ n-rl decays and to draw conclusions
an the dK FSI .
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Fig . 3 : Missing mass distributions ofpp ~ dn+X events .
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Near threshold production of ao-mesons in the
Is the ao (980) a qq state

In our recent paper [1] we have considered ao produc-
tion in the reaction 7rN ---~ a oN near threshold and
at GeV energies . An effective Lagrangian approach as
well as the Regge-pole model were applied to investi-
gate different contributions to the cross section of the
reaction zN ~ aoN . The results have been used in Ref.
[2] for an analysis of ao production in NN collisions .
Within the framework of the one-pion exchange approx-
imation the cross sections of the reactions pp ~ ppaoo,
pp - pna+ , pn - pnaö and pn ppa,-) were ex-
pressed through two independent amplitudes of the re-
action zN ~ aoN describing the channels with isospin
I =1/2 and 3/2 . It was found that near threshold the u-
channel exchange mechanism with intermediate nucleon
exchange gives the dominant contribution . This leads to
the specific prediction that due to the favorable isospin
Clebsh-Gordan coefficients the cross section of the reac-
tion pp -> pnaö is expected to be much larger than the
one of the reaction pp - ppaö .
The production cross section in each channel depends
an the cut-off pararneter AN for the virtual nucleon . In
Refs . [l, 2] we used for the nucleon propagator (i .e . for
the combined vertices aoNN and zNN) the form factor
FN(s) - An,/[AN+(s-rrcn,)2], which at large s behaves
als - s-2 - qN4 . For brevity let's denote it by monopole
form factor . In Ref. [l] we fixed AN in the interval 1 .2-
1.3 GeV for the monopole form tising experimental data
an the forward differential cross section of the reaction
PP ---~ daö at 3.8 : 6.3 GeV/c from Ref.[3] (see Fig .l) .
Since there is no strict rule for the power of the nucleon
form factor some authors (studying meson production in
rrN reactions) used a dipole form factor [FN-(8)] 2 . Here
we note that using a dipole form factor and readjusting
the cut-off to the data of Ref . [3] only slightly modifies
the results presented in Ref. [2] . In Fig . 1 we show the
sensitivity of the forward differential cross section for
the reaction pp ~ daö to the choice of the nucleon and
pion form factors . First of all, we see that an increase
of A,NN from 1 .05 to 1.3 GeV channes the cross section
by about 30 % or less (compare the corresponding thin
and bold curves) . For the monopole nucleon form factor
the Berkeley data from Ref. [3] can be reasonably fitted
using AN -- 1 .2-1 .24 GeV (solid curves in Fig . 1) . How-
ever, rohen employing a dipole FF with the same cut-off
AN , the predicted cross section will be lower than the
data by a factor ,., 5 or more (lower long dashed curves
in Fig . 1), which proves the cut-off to be inadequate in
this case . The description of the data is regained (for
the dipole FF) if we use AN - 1.55 - 1 .6 GeV (skort
dashed curves in Fig . 1) . Therefore, using the Berkley
data an the reaction pp ~ daö we can fix the cut-off
A,v for both cases : i .e . the monopole FF as well as the
dipole FF .
The relevant question now is, if the resulting cross sec-
tions for the ppaö and pnaö final states differ signifi-
cantly . In Ref. [2] we calculated the total cross sections
for four different channels of the reaction _NN ----> NNao
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reactions pp - ppK+K - and
or a threshold cusp?*
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PP pnK+Ko :

A,NN=1 .3 GeV

mon, A N =1 .2 GeV

_ _ _ _ - dip AN1 .2 GeV

_______________ dipAN155GeV,

piaä3.29 [GeV/c]

Fig . 1 : Forward differential cross section of the reaction
pp daö as a function of (Plab - 3.29) GeV/c .
The bold and thin solid curves are calculated at
A�NN=1.05 and 1 .3 GeV respectively. The solid
curves correspond to a monopole nucleon form
factor with AN - 1 .2 (thin) and 1.24 GeV (hold) .
The long-dashed and skort-dashed curves are cal-
culated using the dipole nucleon form factor for
different values of AN as shown in figure . The
experimental data are taken from Ref. [3] .

using a monopole nucleon FF with AN = 1.24 GeV.
If we take the dipole FF with the Same AN we again
find the cross section to be 6-10 times smaller for the
channels pp pnaö , pn - pnaö, prn ~ ppa, , rohere
the u-channel exchange mechanism is dominant and u-
s interference is not very important . If we increase AN
to 1 .55-1 .6 GeV (as dictated by the Berkeley data) the
cross sections are roughly the same as in the case of
the monopole FF wich AN - 1 .24 GeV (compare the
solid and dotted curves) . This behaviour of the cross
section (wich AN) is very similar to the case of the re-
action pp -> da, . Only for the channel pp -> ppa, we
find a slightly different cross section . For the dipole FF
the cross section becomes somewhat larger than for the
monopole FF, which is related to a strong destructive in-
terference of the s- and u- exchange mechansm. Due to
this large cancellation of amplitudes by interference our
predictions for the pp

	

ppaö channel have a larger (sys-
tematic) uncertainty than for the other channels . Nev-
ertheless, our basic result, that the ao production in the
reaction pp ~ pnK+Ko will be much more abundant
(by a factor of 10) than in the reaction pp ----> ppK+K-
holds also in case of the dipole FF . This is demonstrated
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Fig . 2 : Upper part : calculated total cross section for the
reaction pp pnaö pnK+Ko in compari-
son to the experimental data for pp --> pnK+Ko
(solid dots) from Ref. [4] as a function of Q =

The solid and long-dashed lines corre-
spond to the coherent sum of the contributions
from s(N) and u(N) channels with A = 1 .24
GeV and are calculated using monopole (solid)
and dipole (Iong-dashed) nucleon form factors ;
the short-dashed line is calculated using the
dipole form factor wich A -- 1 .6 GeV . Lower
part : calculated total cross section for the re-
action pp

	

ppa0

	

ppK+K- as a function
of Q -- -~I-s -

	

so in comparison to the experi-
mental data . The solid dots indicate the data for
pp

	

ppK0Ko from Ref. [4], the open square for
pp

	

ppK+K- from Ref. [5] ; the füll down tri-

in comparison to the experimental data. For the ao mass
distribution we used a Flatte formula with F�� ,,=70
MeV and BR(KK)=0 .187 . We note also that our pre-
dictions for the cross sections pp ~ ppao , ppK+K-
(using the dipole FF) do not exceed the upper limits
an this cross section imposed by the DISTO data at
Q - 100 MeV and COSY-11 at Q = 17 MeV as well as
by data at Q < 2 GeV . There is also no contradiction
wich the available data in other channels .
The structure of the lightest scalar mesons ao(980) and
fo(980) is still under discussion . Different authors in-
terpreted them as unitarized qq states or as four-quark
cryptoexotic states or as KK molecules er even as
threshold cusps . Experimental data an the ao produc-
tion in NN collisions might give new information an the
ao structure . According to Atkinson et al . [7] a rela-
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tively streng production of the ao (the same as for the
b1(1235)) in non-diffractive reactions can be considered
as evidente for a qq state rather than a ggqq state . For
example the cross section of ao production in -yp reac-
tions at 25-50 GeV is about 1/6 of the cross sections
for p and w production . Similar ratios are found in the
two-body reaction pp ~ dX at 3.8-6.3 GeV/c where
u(pp , da,) - (1/4 : 1/6)-(pp - dp+) [3] .
In our case we can compare ao and w production . Our
model predicts a(pp ---~ pnaö) = 30 : 70 yb at Q - 1
GeV (see Fig . 7 in Ref.[2]) which can be compared with
a(pp ~ ppa') - 100 - 200 Mb at the Same Q. If such
a large cross section could be detected this would be a
serious argument in favour of the qq model for the ao
meson .
To distinguish between the threshold-cusp scenario and
a resonance model one can exploit different analytical
properties of the ao production amplitudes . In case of
a genuine resonance the amplitude of T7-i and KK pro-
duction through the ao has a pole and satisfies the fac-
torization property. This implies that the shapes of the
invariant mass distributions in the qT and KK channels
should not depend an the specific reaction in which the
ao is produced (for Q > I'tot) . On the other hand, for
the threshold cusp scenario the ao bump is produced
through the zq final state interaction . The correspond-
ing amplitude has a square-root singularity and in gen-
eral cannot be factorized (see e.g . Ref . [8] where the fac-
torization property was disproved for pp FSI in the reac-
tion pp --> ppM) . This means that for a threshold bump
the invariant mass distributions in the r/7r and KK chan-
nels are expected to be different and will even depend an
kinematical conditions (i .e . initial energy and momen-
tuni transfer) at the Same excess energy, e.g . Q > I' .
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Measuring the life-time of ao-mesons by their excitation function in pN

E.L . Bratkovskayaa, V.Yu . Grishinab, °, L.A . Kondratyuk°,

The structure of the lightest scalar mesons ao(980) and
fo(980), which carry the quantum numbers of the QCD
vacuum, is still under discussion . They have been in-
terpreted as unitarized qq states, as four-quark cryp-
toexotic states, as KK molecules or even as vacuum
scalars (Gribov's minions) . Although it is possible to
describe them as ordinary qq-states, other options can-
not be ruled out up to now . There is no doubt that new
data an ao and a+/o,-/a~ production in 7rN and NN reac-
tions will help to shed light an the ao structure and the
dynamics of its production .
The ao production in NN

	

NNao reactions has been
studied recently in Ref. [1] (cf. Ref . [2] for 7rN ----> aoN
reactions) . Using an effective Lagrangian approach wich
one-pion exchange we have analyzed different contribu-
tions to the cross section corresponding to t-channel
diagrams with q(547)- and,fl(1285)-meson exchanges
as well as s and u-channel graphs with an intermedi-
ate nucleon . In Ref. [1] we additionally have considered
the t-channel Reggeon exchange mechanism . These re-
sults haue been used to calculate the contribution of
ao mesons to the cross sections of pp ~ pnK+Ko and
pp ---~ ppK+K- reactions . Due to the isospin Clebsh-
Gordan coefficients as well as rather strong destructive
interference of the s- and u-channel contributions our
model gives quite small cross sections for aä produc-
tion in the pp ----> ppK+K- reaction . The a+ production
cross section in the pp

	

pnaö

	

pnK+Ko reaction
should be larger by about an order of magnitude . There-
fore the experimental observation of a+ in the reaction
pp ----> pnK+Ko is muck more promising than that of
the aö in the reaction pp ---~ ppK+K- .
We have also analyzed invariant mass distributions of
the KK system in the reaction pp ---~ pNao ---~ pNKK
at different excess energies Q not far from thresh-
old . Our analysis of the DISTO data an the reaction
pp ---> ppK+K- at 3.67 GeV/c has shown that the aö-
meson is practically not seen in da/dM at low invari-
ant masscs, howevcr, thc fo-meson gives somc contribu-
tion . In this respect the possibility to mcasurc thc aö
meson in da/dM for the reaction pp ---~ pnK+Ko (or

dK+Ko) looks muck more promising not only duc to
a rauch larger contribution for thc a+ . but also duc to
the absence of the fo meson in this channel .
As shown in Ref . [l] the mass distribution of the final
KK svstem can be written as a product of the total
cross section for ao production (with 'running' mass M)
in the NN , NNao reaction (Q, (s, M)) and the Flatte
mass distribution function

daxK (s 'M)dm-

with rtot(M) = Fa � KFf(M) + ra ���,(M) . The partial
widths F �,KK(M) = g22"(87FM2), Fa0711011 ) -
g22()7r~g7r~/(8�rM2) are proportional to the center-of-mass
decay momenta qKK, q �~ . The coupling constant gao7rr7
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Fig . l : The total cross section for the reaction pp
pnaö

	

pnK+Ko calculated for different ao
widths in comparison to 3- and 4-body phase
space .

is defined by F��,(1Li1R), whereas the parameters CF
and ga~,xz~ are fixed by the unitarity condition and the
branching ratio Br(ao ----> KK) = 0.187 is in line with
Ref. [3] .
In Fig . 1 we show the total cross section as a func-
tion of the excess energy Q =

	

-

	

so for the re
action pp

	

pnaö

	

pnK+Ko calculated for different
ao widths (F = 1, 10, 70, 200 MeV) in comparison to
3- and 4-body phase space (normalized to the first two
experimental data points) . According to the quantum
mechanical uncertainty relation this cross section ap-
proaches the limit of 3-body phase for a long life time of
the ao (i .e . F = 1 MeV) . On the contrary, for very short
lived ao mesons or large ofl=shell contributions from the
ao propagator the excitation function follows approxi-
mately 4-body phase space as shown in Fig . 1 . Thus,
apart from a direct measurement of the ao width via in-
variant KK mass spectra the excitation function of the
resonant (via ao) KK cross section provides valuable
information an the ao life time .
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Efficiency of the second scintillator plane of the ANKE forward detector* .

P . Fedoretsa, M. Büscher, V . Chernyshev°, S . Dymovb , V . Komarov b

The aim of this work is to determine the efficiency of
the second scintillator plane of the ANKE forward de-
tector(FD) for the aö beam time (Jan./Feb . 2001) . We
used data from 4 runs 3347, 3348, 3350, 3352 obtained
with on-line "trigger 2", i .e . a signal from the first scin-
tillator layer of the FD. For track reconstruction the In-
formation of the FD MWPCs 1 and 2 was used and only
events with a single reconstructed track were accepted
for the analvsis .
For the suppression of scattered background (i .e . from
the vacuum pipe between D2 and D3) geometrical cri-
teria were applied [1] :

- Horizontal and vertical limitation of the track co-
ordinate an the D2 exit window .

- Vertical Cut an the target (Y'Y distribution) .

- Horizontal and vertical limitation for the track co-
ordinate an the scintillator surface .

Furthermore, events with only one Cluster per Bach wire
plane in FD-MWPCs 1 and 2 were selected . This allows
to reject multiparticle events with only a single recon-
stracted track .
The surface of the second scintillator plane was divided
into cells of 5x5 mm2 . The coordinate of the cross-
ing point was calculated from the MWPC information .
The criteria of the hit was the presence of time signals
from both photomultiplier tubes . If the crossing point is
closer than 6 mm to the edge, the possibility of a hit in
the neighbouring Counter was allowed (the accuracy of
the crossing point coordinate is about 5 mm and 1 mm
is the mean gap value) .
Figure 1 Shows the efficiency of the second hodoscope
plane . Over the whole surface it is close to 100% .
The spatial distribution of the events which are not de-
tected in the second scintillator plane is shown in Fig.2 .
There are the very few events an the Counter surfaces,
the four distinct Counter boundaries and the areas in
the upper and lower parts of the plot . The latter areas
are mostly connected with the differente in the vertical
acceptance between the first and the second hodoscope
planes . The coordinates of these areas are close or be-
yond the Counter edges .
In order to test the criteria near the Counter boundaries,
it was demanded that no hit was present in all second
plane Counters, which excludes all coordinate uncertain-
ties . The same areas as in Fig .2 are Seen .
From the runs 3347, 3348, 3350, 3352 a total of
390870 events were selected for the efficiency study.
384552 events have hits in the second plane . Thus
the average efficiency of the second hodoscope plane
is 98.4% . 6318 events have no hits . 3004 (47.5%) of
them belong to the boundaries between the scintillators .
1478(23 .4%) events belong to the upper and lower areas
of a certain Counter without a hit .
The determination of the first hodoscope plane efficiency
is not possible, because this plane was used to generate
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Fig . 1 : Efficiency of the second plane in the hodoscope .
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Fig . 2 : Spatial distribution of the events which are not
detected in the second scintillator plane

the trigger signal . However, the saure high efficiency can
be expected .
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Observation of the deuteron break-up pd - (pp)s +nbackward with forward emitted S-wave proton pair

S . Dymov°, A . Kacharavab-', V Komarovd, A. Kulikovd, V Kurbatovd, G . Macharashvili'id, A . Petrusd -+,
F. Rathmann, H. Seyfarth, Yu . Uzikovd�,++, S . Yaschenkob,d for the ANKE collaboration

The ANKE Experiment No . 20 [1] aims at a study of
the proton-induced deuteron break-up at high momentum
transfer to deduce information an the short-range nucleon-
nucleon interaction . Whereas later measurements will use
polarized protons stored in COSY to bombard a polarized
deuterium gas target, first experiments [2] have been per-
formed with unpolarized and polarized beams incident an the
deuterium-cluster jet target [3] . The process pd (pp)s+n
with forward emission of a fast S-wave proton pair and back-
ward neutron emission is a novel approach to study short-
range effects in deuteron break-up [4] . Its kinematics is simi-
lar to pd backward elastic scattering, whereby the interpreta-
tion is simplified, because the one-nucleon exchange mecha-
nism is expected to dominate the process . First results from
measurements with polarized beam are given elsewhere [5] .
Here results ofthe analysis of data are presented, which were
obtained in the first one-week beam time with unpolarized
proton beam in February 2001 .
The experiment was carried out (i) to investigate the two-
proton momentum resolution, achievable with the three
multi-wire proportional chambers (MWPC's in Fig . 1) of the
ANKE forward detector system (FD), and (ii) to measure the
energy dependence of the differential Cross section. A pro-
nounced minimum is predicted [6] around an incident beam
energy of T = 0.8 GeV, and a broad plateau for T > 1 .2 GeV.
In orderto study the energy dependence, measurements were
carried out at beam energies of 0.5, 0 .6, 0 .7, 0 .8, 0 .95, 1 .35,
and 1 .9 GeV.

Deuterium
Cluster
target

	

ANKE Dipole

Fig. 1 : Scheme of the ANKE FD system used in pd
(pp)s + n experiment .

The experimental setup at ANKE, used in the experiment, is
shown in Fig . 1 . Further details, e .g . about the FD wire cham-
bers, can be found in Re£ [7] . Track reconstruction provides
a complete determination of the kinematics for each event.
The obtained missing-mass spectra forthe process pd -> ppX
reveal a clear peak at the neutron mass at all beam energies .
Figure 2 shows an example . Events inside the missing-mass
peak exhibit a distribution ofrelative forward proton-pair en-
ergies predominatly below 3 MeV, as shown in Fig . 3 for a
beam energy of T,, = 500 MeV The shape of the spectrum
in this region is well reproduced by the Migdal-Watson ap-
proach for the S-wave FSI in the proton pair.
The obtainedresults confirm that the deuteron break-up reac-
tion, accompanied by high momentum transfer, is well iden-
tified by the ANKE FD system . The data are currently pro-
cessed in order to determine the Cross sections based an a
procedure of luminosity determination described in Re£ [8] .
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Fig . 2 : Example of the missing mass distributions for pd
ppX .
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Fig . 3 : Distribution of relative energies in proton pairs for
events inside the missing-mass peak of Fig . 2 .
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The absolute momentum values (pi and p2) of two particles
in any three-particle final-state process are strictly correlated
if they are emitted into fixed directions (61,01 and 6242) .
The correlations are to some extent conserved if the precise
directions are changed by some restricted solid angles . The
ANKE forward detector (FD) accepts the secondaries with
a polar emission angle from zero up to about 16° . However,
the angular range is substantially reduced forparticles of def-
inite momentum (See Fig. l, which presents the ejectile mo-
mentum p versus the projection of the polar angle 6, an the
median plane), and, moreover, it is limited to 5° for parti-
cles with full 2n azimuthal angle acceptance. Therefore, one
may expect the existence of a significant kinematical corre-
lation for particles recorded in this detector even without any
additional kinematical cuts . Fig .2 Shows the correlated mo-
mentum distributions for particle pairs produced in a hydro-
gen cluster target and both particles recorded in the FD . The
momenta of the two ejectiles were calculated from the infor-
mation an hit wires in the forward MWPCs . The correlations
well correspond to the one expected from simulation (Fig.3)
and are causedby the dominantprocesses with two positively
charged particles : pp -> pp7co , pp --> pnn+, pp --> dn+ . The
distributions are very useful for calibration purposes . They
give a good overview of the experimental conditions like
intensity of the main recorded processes, their momentum
ranges and possible overlaps, background, etc . The distribu-
tions with the deuterium target (Fig.4 and Fig .5) Show that
the saure processes as obtained with the hydrogen target are
clearly observable with the deuterium target in a quasifree
mode . As expected, some additional processes Show up with
deuterium .

Momentum correlation of particles recorded in the ANKE forward detector

Fig. 1 : FD angular-momentum acceptance

a IKP FZ-Jülich, Germany
h JINR, Dubna, Russia
Universität Erlangen, Germany

d HFPI TSU, Tbilisi, Georgia

S . Dymov", h, A . Kacharava' ,d, V Komarovh, S . Yaschenkoh�
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Fig . 2 : Momentum of the two particles detected in the FD
(experimental data, H2 target, Tp=6.7 GeV) .

Fig . 3 : Simulation for experimental conditions of Fig.2

Fig . 4 : Same as Fig.2 for D2 target and Tp=6.6 GeV.

Fig . 5 : Simulation for experimental conditions of Fig.4



S .Dymov, VKomarov", A.Petrus", S.Yaschenko

The three MW PCs of the ANKE forward detector (FD) pro-
vide the reconstruction of track and momentum of posi-
tively charged forward-emitted ejectiles in several experi-
ments . The Layout of the FD is shown in Fig . 1(a) . Each of
the chambers is made of two wire (X and Y) and two strip
planes, the latter being inclined under +18° to the vertical
axis, and separated by a thin supporting film from the corre-
sponding wire planes (sec Fig . l(b)) . The wire planes have 1
mm step (wire distance), and the strip planes ~ 3 mm.

Determination of the ANKE forward detector MWPC efficiency

(a)

	

(h)
Fig. 1 : Sketch of the ANKE forward detector and structure

of the MWPC.

For processing experimental data with the aim to determine
differential cross-sections and various polarization obscrv-
ables, it is ncccssary to know thc efficiency of particle rcg-
istration . The efficiency of proportional chambers demands
a spacial investigation, in contrast to scintillation countcrs
which usually have efficiency close to 100% . Furthermore,
the efficiency could be inhomogeneous over the sensitive
plane duc to the non-standard construction, c.g. a weakly
conducting supporting film, positioned between the wires
and strips .
In this connection, a procedure to determinate the cbamber
efficiency is developed . A particle Crack is reconstructed us-
ing the information from the other wire/strip planes, and only
events witb one cluster per each plane are considered . The
reconstructed Cracks are checked for coincidence with the
fired hodoscopes and must pass all background cuts . This al-
lows one to uniquely reconstruct particle Cracks as well as to
circumvent complications caused by multi-track events and
electronic noise . Tben the crossingpoint ofthe track with the
sensitive plane under study is determined and the presence of
a hit wire (strip) is checked in the area around the crossing
point. In order to determine the dependence of the cbamber
efficiency over area ofthe sensitive plane, the plane is divided
into cells . lf the crossing point of the track occurs inside a
cell, the event is regarded as belonging to the cell . A typical
efficiency distribution obtained by this method is shown in
Fig. 2 . Since the number of MWPC's used in data taking was
different during different beam times, various combinations
ofwire and strip planes were used for building tracks . In one
case all tbree MWPC's operated, and the wire planes oftwo
of them could be used to estimate the efficiency of the third
one . In the second case only two chambers operated, and one
had to use also a strip plane for reconstruction . A similar sit-
uation occured when only the first MWPC and the Y plane
ofthe second MWPC operated .
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Fig . 2 : Typical efficiency distribution over a wire plane.

These three situations lead to a significantly different spacial
resolution ofthe reconstructed tracks and effectiveness ofthe
track selection criteria . A comparison of the three methods
an the same data has shown a rather good coincidence ofthe
results for the efficiencies .
In order to check how well one can correct data for the
MWPC inefficiency we compared model and experimental
pp ~ pp angular distributions at Tb�,n = 2.65 GeV and a
HZ target, with one ejectile proton detected in FD . To ob-
tain the model distribution we used the differential cross-
section, calculated by SAID, and traced the particles through
the setup with a GEANT-based program . The experimental
events were selected from the momentum reconstructed dis-
tribution, in which this reaction yields a prominent peak at
the proper position . The efficiency correction was done by as-
signing a weight for each event according to the coordinates
of the Crack crossings with the MWPC's . In Fig . 3 distribu-
tions over the azimuthal angle are shown . The uncorrected
experimental histogram is scaled by a factor 2.5 for better
visual comparability.

3 4 5 6 7 8 9 10 11 12Thata, d®gre®
Fig . 3 : pp-clastic O distribution for MWPCI-MWPC3 : un-

corrected (thin, dash-dotted), corrected (thick solid)
experimental and model (thick dashed) .

One can sec that even in the chamber region with a strong
efficiency drop (small O) the correction allows one to repro-
duce the expected shape . We also used the data with all three
chambers in operation and found that the corrected results
are in a good agreement for the cases when the tracks were
reconstructed by MWPC1-MPWC2 and MWPC1-MWPC3
pairs .
This shows that the developed method can be used for effec-
tive reconstruction ofexperimental spectra .
" JINR, Dubna, Russia



Beam Polarization Measurement for the ANKE deuteron break-up experiment

F. Rathmann, S . Dymovt, A. Kacharava'-°, V. Komarovb , A . Kulikov b , V . Kurbatov b , B . Lorentz,
G . Macharashvilib °', A . Petrus b , H . Rohdjesa d , H . Seyfarth, D . Prasuhn, Yu.Uzikovb 'c, S .Yaschenko` b

The first polarization study at ANKE has been car-
ried out in Sept 2001 to measure the proton vector
analyzing power Ay of the deuteron break-up process
p + d --' (PP)S + nbackward [1] at a beam energy of 0.5
GeV . To that aim, the Münster deuterium cluster target
[2] was bombarded with polarized protons . The beam
polarization was measured with the EDDA detector [3]-
A calibrated measurement of the beam polarization at
EDDA is possible only at energies above zz~ 0 .7 GeV
(1343 MeV/c) . In addition, the employed polyethylene
targets do not tolerate beam intensities exceeding about
5 . 108 stored protons . Since initially, we wanted to per-
form a measurement of Ay at 0.5 and at 1.0 GeV, a
macro cycle was realized, which consisted of two flattops
at 0.5 and 1 .0 GeV (Fig . 1) . The beam polarization was
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Fig . 1 : Schematic picture of the cycle with two flattops,
at T = 0 .5/1 .0 GeV (1 .090/1.696 GeV/c) .

measured in separate cycles with appropriately reduced
intensity (micro-pulsing), but otherwise identical to the
data-taking cycles . At 0.5 GeV for instance data were
taken for 10 min, subsequently the beam was ramped to
a very short 1 GeV flattop . The beam polarization was
alternated from cycle to cycle . Polarization data with
EDDA were recorded once or twice per day, a) during
flattop at 1 GeV to monitor the polarization and b) dur-
ing the ramp, with modified flattop durations . Since be-
tween 0 .5 and 0.7 GeV the depolarizing resonances in
COSY are understood and compensated, this procedure
provides the beam polarization at 0 .5 and at 1 .0 GeV .
Since the polarization data recorded with EDDA did
not provide a continuous monitoring of beam polariza-
tion, the beam spin up/down (T, j) asymmetry of Pro-
tons scattered off the deuterium target was measured
with ANKE. Elastically and quasi-elastically scattered
protons between Blab -- 5 ° . . . 11 ° were registered in the
Forward Detector (FD) . At the Same time proton pairs
from the break-up process under study were recorded .
The relative luminosity GT/Gi was determined from in-
elastically scattered protons near zero degree, simulta-
neously detected in the FD . Online track reconstruction
provided information (angle and momentum) to select
the scattered protons . Both proton count rates and ob-
served asymmetry were sufficiently large to monitor the
beam polarization during the run . The resulting polar-
izations (EDDA) and asymmetries (ANKE)

NT/G~- NT/G~

NT/£i + N1/~1
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are shown in fig . 2 . The asymmetries from ANKE were
obtained for 2 h runs carried out right after the EDDA
polarization measurements . The data are quite stable in
time, thus averaging is justified and yields :

The measured asymmetries at ANKE are given below :
T [GeV]

	

I

	

s(T, j)

	

I

	

[s(T, T) + s(1, j)]/2
0.5

	

0.294 10 .006

	

-0.002 ± 0.009
Here s(T,1) and s(1, 1) denote false asymmetries by an-
alyzing cycles with the Same polarization direction . The
effective analyzing power of ANKE, given by the ratio
e(T,

j)/Pb
DDA i s thus Ayff - 0 .456±0.011 . The data at

0.5 GeV are currently processed to arrive at a first mea-
surement of the vector analyzing power in the break-up
process. Unfortunately, the low beam intensity during
the run did not permit to record deuteron break-up data
at 1 .0 GeV .

T [GeV]

	

PEDDA
beam

0.7

	

0.645 + 0.009
1 .0

	

0.577 ± 0.001

21109 22109 23109 24109 25109 26109 27109 28109
Date of measurement

Fig . 2 : EDDA beam polarization and asymmetry mea-
sured at ANKE. Filled circles denote the mea-
sured beam polarization at 0 .7 GeV at EDDA,
filled squares the 1 GeV flattop polarization .
Stars indicate the asymmetry of small-angle scat-
tered protons off the deuteron target, and the
open symbols correspond to the measured false
asymmetries [s(T, T) and s(1, j)] .

The first measurement with polarized beam at ANKE,
described here, became possible only through help from
the EDDA collaboration, which we hereby gratefully ac-
knowledge .
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Singlet-to-triplet ratio in the deuteron breakup reaction pd ~ pnp at 585 MeV

Yu. Uzikov°~b , V . Komarova, F . Rathmann, H . Seyfarth

Recent analyses of experimental data an 7r-meson pro-
duction, employing the largely model-independent ap-
proach of Ref. [1], Show that the formation of the fi-
nal spin-singlet np-pair is strongly suppressed in the
pp - Pn7r+ reaction at proton kinetic energies between
300 and 800 MeV (see [2, 3] and reference therein) .
The measured pion-production cross section in pp colli-
sions allows one to estimate the singlet-to-triplet (s/t)
ratio in the deuteron breakup reaction pd {pn}p,
when the quasi-bound {pn} pair is observed in the final-
state interaction (fsi) region at high momentum trans-
fer . If one assumes that the triangle diagram of one-pion
exchange with the subprocess pp ~ d-r+ [5] dominates
in the pd

	

{prn}p reaction at large scattering angles,
one would expect in this reaction a similar s/t ratio of a
few percent . For the A mechanism in the pd -> pnp re-
action, which dominates the one-pion exchange triangle
diagram, the product of spin and isospin factors yields
a s/t ratio of ä7 [6] . In contrast, one should expect the
s/t ratio of about s for the one-nucleon exchange mech-
anism of the deuteron breakup .
Available data an the formation of a singlet (np)s pair
were obtained in a few semi-inclusive measurements of
the reaction dp ~ pnp . The only exclusive pd ~ pnp ex-
periment has been performed in Virginia [7] at a proton
beam energy of Tp = 585 MeV and with a low relative
energy of the final neutron-proton pair (E� = 0 - 5
MeV) and a large scattering angle of the second pro-
ton (B��, - 90° ) . The data from Ref. [7] are shown in
Fig . 1 as a function of the momentum of the detected
proton. At energies Enp of about 1 MeV the cross sec-
tion is strongly influenced by the np fsi . The shape of
this peak is well described by the Migdal-tiVatson formu-
lae [4], which take into account the nearby poles in the
fsi triplet (t) and singlet (s) pn-scattering amplitudes

du, ( t ) = FSIS ( t ) (k)

	

- K . 1A, (t) 12 .

Here A,(t) is the production matrix element for the sin-
glet (triplet) state, K is the kinematical factor, and
FSI,(t) is the well known Goldberger-Watson factor .
Important new information an the mechanism of pd -
pnp and off-shell properties of the JVIV system is hidden
in the matrix elements A,(t), in particular in the ratio
= I As 12 / I At l2 . One can find the following parametriza-

tion for the full singlet plus triplet cross section

dos+t = C1 + (
FSI
FSI) dort ,

	

(t
where dut is the triplet cross section . The second term
in the brackets of Eq . (2) corresponds to the singlet con-
tribution .
Using the Fäldt-Wilkin extrapolation [1], which relates
bound and scattering S-wave functions in the triplet
state at short pn distances r G 1 fm, and by taking
into account the short-range character of the interaction
mechanism, one can find a definite relation between the
matrix elements of the pd ~ {pn}t p and pd ~ dp reac-
tions [1] . Thus, the triplet cross section can be calculated
in a largely model-independent way in terms of the large
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Fig . 1 : Experimental cross section (points) of the pd
pnp reaction from Ref . [7] at a beam energy 585
MoV and proton laboratory scattering angles
01 = 41 ° , 02 -- 61° as function of the momentum
of proton 1 measured at 01 in comparison with
our calculations . The pure triplet contribution is
calculated wich corrections taking into account
the experimental resolution (full line) and with-
out (dashed) . The upper scale shown the relative
energy of the pn pair for Br = 41° .

angle proton-deuteron elastic scattering . This approach
was employed in Ref. [8] to reanalyze the data of Ref.
[7] . The result is shown in Fig . 1 . After smearing over
the experimental resolution we obtain good agreement
both in the shape and in the absolute value between the
data and a pure triplet contribution of the final prn pair
with x2 = 0 .7 . A small singlet contribution, correspond-
ing to = 0.02, does not contradict the data (x2 = 0.9),
whereas the assumption of Ref . [7] about the statistical
weight of the singlet ( = s results in a too large cross
section in the vicinity of E�p = 0 .
The direct measurement of the singlet channel in the
reaction l"d , (pp)n is in progress at ANKE, COSY
(Exp . No . 20) .
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Apart from the füll there momentum determination of fast
ejectiles, the forward detection system l [1] provides direct
particle identification at ANKE. Protons, deuterons and even
pions with momenta around 1 GeV/c can be well separated
using their energy losses, due to a good resolution in the for-
ward scintillation hodoscope [1] . However, there is a strong
need to distinguish particles at higher momenta. E.g . in the
reaction : pd ----3 pspdco at threshold [2] one has to distin-
guish deuterons with ~ 2GeV/c momentum from a 100 times
larger proton background .
To allow deuteron and Proton separation under such condi-
tions, inclined Cerenkov counters have been installed [3] . As
the response of those detectors is strongly momentum de-
pendent, a dedicated procedure has been developed, to cali-
brate the Proton suppression and deuteron efficiency within
the momentum range ofinterest in order to equalise theirPro-
ton suppression factors [4] . The scatter plot in Fig. 1 was pro-
duced from data obtained during the above mentioned exper-
iment at 2.77GeV/c beam momentum after the suppression
ofprotons by Cerenkov detectors to less than 5% oftheir ini-
tial amount. Despite of the clear indication an the deuteron
band the contribution ofprotons is still significantly stronger.

8

6000

5000

U 4000

3000

öid
y 2000

1000

1400 1600 1800 2000 2200 2400

momentum [MeV/cl
Fig. 1 : Momentum dependent cut an the energy loss in the 1 St layer

ofthe forward hodoscope after 97% proton suppression; the
bands from protons anddeuterons can be approximatedwell
by functions of ß-2 .

lt is necessary to take into account, that at high proton-
suppression efficiencies by the Cerenkov counters also some
part of the deuterons are reiected. An optimal combination
of the AE-cut and the Proton-suppression factor providing a
negligible loss of deuterons was found by simultaneous vary-
ing the AE-cut level and the Cerenkov-efficiency level . Us-
ing the chosen suppression factor, Fig. 2 shows projections
along the ßd 2 -line of a plot as in Fig. 1 but for the 2nd ho-
doscope layer (dotted line). lf one applies the energy-loss cut
in the ls t layer (marked "dEcut" in Fig. 1), the contribution
ofprotons under the deuteron peak decreases already below
20%(solid line). Moreover, the remaining proton background
can be easily determined using the energy loss distribution of

lconsisting ofthreemulti-wire proportional chambers (MWPC), two lay-
ers of scintillators and 16 Cerenkov counters
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suppressedparticles (scaled)(dashedline) . To more than 95%
those events are protons.

1000 2000 .1000 1000

dE/ß" [arb . unitsl
Fig. 2 : Energy loss in the 2"d layer of the forward hodoscope

(scaledwith ßa2) using only C-suppression (dotted), dE-cut
in the first layer (solid), proton contribution extrapolated by
an active selection ofthese particles and scaled (dashed)

To apply this subtraction for otber physical observables, one
has to prove that the corresponding distributions for the back-
ground protons (to be subtracted) are not affected by the cuts
applied to select deuterons. As an example Fig. 3 sbows the
momentum and polar angle distribution with 60 and 90% ef-
ficiency for the proton identification in the Cerenkov coun-
ters . As the vast majority ofparticles selected by tbis method
are protons, one can treat them as background . The curves in
Fig. 3 scale with tbe efficiencies, but their ratios are constant
within the statistical errors .

and R. Schleichert

additional dE-eut in
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1400

1200

1000

800

600

400

200

5000

1.5

	

1.75 2.0 2.25

	

00- 2.5 5.0 7.5~ 10 .0

momentum [GeV/cl

	

polar angle [
Fig. 3 : Momentum and angular distributions of the background

(mostly protons) for 60% (dashed) and 90% (solid) proton-
identification efficiency in the Cerenkov counters ; the shape
does not change with the applied cut level.

Thus, deuteron identification at momenta around 2GeV/c
proves to be feasible with the ANKE forward-detection Sys-
tem alone. Also the remaining background of less than 20%
can be subtracted an a statistical basis.
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Model-independent analysis of the neutron-proton final-state interaction region in the pp ~ pn 7r+
reaction*

Yuri N. Uzikov° and C . Wilkin b

Inclusive pp

	

7r+X data in the 400 MeV to 1 GeV
range gcncrally Show two structurcs . Thcrc is a broad
peak duc to quasi-frcc production of thc A-isobar . Thcrc
is also an enhancement near the edge of phase space
arising from thc strong neutron-proton final-statt intcr-
action (fsi) in either the spin-triplet or singlet S-wave
which comes when the np excitation energy, Enp =k2/mN, is only a few MeV. Thc details of the fsi re-
gion are hard to investigate in a ringle-arm experiment,
where only the 7r+ is measured, because of contamina-
tion from thc rauch largcr two-body pp ~ d -z+ reac-
tion . This difficulty can be overcome by measuring the
exclusive pp - pn7r+ reaction . This har been studied
at ANKE where, at a beam energy of 492 MeV, both
the proton and 7r+ were detected close to the forward
direction [l] . Due to the good resolution of a fraction of
an MeV in the proton-neutron excitation energy Enp, a
clear fsi enhancement could then be identified .
One way to extract the spin-singlet fraction in the final
state of the ANKE data involves comparing the cross
scction with that for pp - d7r+ . Wc havc dcvclopcd a
formalism to accomplish this [2] and tested it an ex-
clusive differential cross scctions measured with poorcr
resolution at LAMPF [3] .
Starting from thc Fäldt-Wilkin cxtrapolation thco-
rem [4], we predict that the triplet contribution to the
laboratory five-fold differential cross section for the de-
tection of a pion at an angle 0, and a proton at an angle
OP should be

d5ut(pp ---~ pn7r+)

	

1

	

q*
dpp d9p d9, r	167,3 SPP

*1' 4) X
g7Td

27r rnN

	

d(T
at (k2 + at) d9~ (pp

	

d7r+) ,

where at = 0.232 frri-1 is deterrniiied by the deuteron
binding energy . The phase-space factor is

1PP7

	

.
Pomp Ep

1p2 En - p, pn E,

po is the beam momentum and the Ei and p-z are final
state laboratory energies and momenta .
The pion production angles in the laboratory (B,) and
cm ( 0* ) systems are related by

Eo E,r - po pT tos B,~ = so e, - qp q* tos e*

where s, (so) and q* are the energy of the pion (incident
proton) and 3-momentum of the pion in the overall cm
System and Eo is the total laboratory energy of the in-
cident proton .
The formula, which should be valid at low relative ener-
gies Enp , does not depend upon the details of the pion
production dynamics and automatically includes the fsi
in the triplet pn System .
Since our predictions reproduce most of the magnitude
of the fsi peak at this and other angles, this is streng
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Fig . 1 : Differential cross scction for the pp ~ pn7r+ re-
action at 800 MeV at fixed proton and pion labo-
ratory angles of (Bp, 0, r )

	

(15° , 20.8 ° ) as a func
tion of the measured proton momentum [3] . Thc
peak an the right is due to quasi-free A produc-
tion ; that an the left is a reflection of the strong
np fsi, which can bc calculatcd (solid curvc) from
the pp ~ d7r+ cross section. A scale is given
showing thc np excitation cnergy at thc gcomc-
try corrcsponding to thc ccntrcs of thc countcrs .

evidente that the vast bulk of the LAMPF data
corresponds to np triplet final states . The superior
ANKE data [1] tonfirm this at 492 MeV, where our
approach Shows that the singlet contribution must be
below about 10% . This agrees with an analysis in terms
of the shape of the fsi peak [1] .
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Pion production in the pp

	

~ pn ,,r+ reaction has been
studied at ANKE by measuring the proton in the side
wall and the pion in telescope #14 of the side detection
system . By comparing results obtained with C and CH2
targets, a clear neutron peak was seen with very little
background .
The published results [1] shown in Fig . 1 were obtained
using different angular cuts around the forward direc-
tion . The intrinsic resolution of our system for small np
excitation energies E�p is about 160 keV but, because
of limited statistics, this is worsened by summing over
angular ranges .
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Spin-triplet final-state dominance in the pp

	

' pn 7r+ reaction at 492 MeV

360 380 400 420 440
Proton momentuni (MeV/c)

Fig . 1 : Raw proton-momentum spectra of pp ~ pri7r+
events (points wich statistical errors), for events
with 0, < 2° . The relative np energy is indi
cated for protons and pions emitted at 0° . Fig
ure a) is for 0, < 2° and b) for 0, < 2.5° . The
dashed histogram is a Monte Carlo simulation
assuming pure spin-triplet final state . A statisti-
cal mixture of spin states, leads to the dotted his-
tograms with x2/ndf =151 .2/17 for a and X2/ndf
=178.2/17 for b .

Data were obtained for Enp < 3 MeV, which is the
region where the spin-singlet and -triplet final-state-
interactions give rise to strong peaking . Since the spin-
singlet peak is much narrower (g:~ 0 .5 MeV) than the
triplet (g:~ 2 MeV), the shape of the spectrum is sensi-
tive to the fraction of spin-singlet in the final state . After
taking the angular averaging into account, the data in
Fig . 1 are consistent with complete dominance by spin-
triplet np final states with the singlet contributiog at
most 10% .
The Same conclusion can be drawn from the magnitude
of the cross sections shown in Fig . 2 . The overall nor-
malisations of there were obtained by measuring the
pp ---~ d7r+ cross section in parallel . Here the deuteron
was not detected but events were selected where there
was no proton in the side detector . Using the Fäldt-

S . Dymovb ° , , M . Hartmannb , A. Kacharava',d , V.I . Komarov', V. Koptev° ,
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Wilkin extrapolation theorem [2] it was possible to es-
timate the Spin-triplet contribution to the pp - pn7r+
cross section in terms of that for pp ~ d7r+ in a largely
model-independent way [3] .

6o

s0

'v 40

30

0
340 3E0 380400 420440

Protor rvorrienturn (MeV/c}

Fig . 2 : Five-fold differential cross section for the pp ->
pn7r+ reaction as a function ofthe measured pro-
ton momentum for events with 0, < 2° . The np
excitation energy is indicated for protons and pi-
ons emitted at 0° . Figure a) is for 0p < 2° and
b) for 0p < 2.5 ° . The solid (dashed) curves cor-
respond to predictions for the spin-triplet con-
tribution to the fsi peak alter (before) averaging
over the resolution . The estimates are expected
to be only weakly model-dependent [3]

The -ood agreement to the data of Fig . 2 given by this
approach is consistent wich our claim that any singlet
contribution to the cross section is at most 10% and
probably much smaller.
The ANKE spectrometer is capable of simultaneously
measuring fsi effects in pp -~ pn7r+ and pp ---> ppzo at
different beam energies which would give even a more
direct measure of the small spin-singlet contribution to
the final state .
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The A-dependence of proton induced subthreshold K+-
production was studied at ANKE in experiments with strip
targets of C, Cu, Ag and Au [1] . lt is expected that for
targets of nuclear charge Z >_ 6 the lifetime of the
circulating beam is limited by Coulomb-scattering .
Scattering angles scale roughly with Z2. Thus the
luminostiy integrated over the beam life time should
decrease with Z as LT-_ ,( Ldt - 1/Z1. However in the
ANKE experiments a weaker dependence was observed :
LT-1/Z' 2 [2], suggesting that other particle-loss
mechanisms contribute . In order to accomplish optimal
accelerator conditions in future K+, K-experiments a better
understanding ofenergy loss in the target is needed .
Arough estimation of LT can be obtained from integral

formulae, which yield a Gaussian distribution of multiple
scattering through small angles and the mean energy loss
(Bethe-Bloch) . The calculation shows that for the relevant
COSY ring parameters and for a particle momentum
acceptance of Ap/p<0 .3% particle loss through energy
degradation may occur for targets of Z<_6 . Recently the
energy loss induced by the ANKE H2 clustertarget could be
measured directly [3] . Beam life times deduced fom the
integral formulae alone may differ significantly from reality
as the tails of the probability distributions (1/0 3 for the
scattering angle 0, l/AE2 for the energy losses AE) are not
reproduced. In particular the coupling of transversal and
longitudinal phase space is missing. Dispersion somewhere
in the ring reduces the accepted transversal phase space.
E.g . for a beam momentum shift dp/p=0.2%, a dispersion
D=20m, and a free beam tube diameter of 120 mm the
beam axis is shifted by 40 mm, which reduces for the x-
acceptance to 1/9 of the value relevant for dp/p=0 particles .

More precise luminosities are obtained through MC
simulations, in which the füll probability distributions for
energy loss and angular scattering for thin targets are
reproduced . Starting from routines which were used in the
design phase of ANKE for the study of the beam target
interaction [4] a C program has been developed in which
particle deflection by the target follows from the sum of
elementary scattering processes. The Coulomb cross section
is given by

6cv = 47u (Z, .Z2.e2 / p.c .ß .(x)2
with Z1, Z2 : nuclear charge numbers, p : particle momentum,
ß: particle velocity, a : atomic screening angle. Single
scattering angles O are deduced from a random numbers

RN (0<RN<l) through

	

O=a 1/RN-1 [5] . Energy loss
is chosen according to the Landau distribution [6] .

The calculations Show, that for typical thin solid state
targets (10 to 1000 pg/cmz) LT is independent of target
thickness and geometry . Therefore -for certain target and
ring parameters- LT can be determined through MC
calculations assuming a thin target of any geometry .

The following parameters were used for the heavy
target luminosity calculations :
-

	

beam energy : T- 1 GeV
-

	

beta functions at target : ßx=4m, ßy=5m
-

	

transv . accept. of COSY : Ax=50, Ay=167i-mm-mrad

Luminosities in ANKE experiments with heavy nuclear targets
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-

	

figure ofmerit [4] : FM=1/(ßx/Ax+ßy/Ay)=2.5
-

	

target thickness: 1 mg/cm'
-

	

injection : ring flled to transversal ring acceptance
-

	

acceleration : beam emittance shrinks with 1/p
-

	

momentum acceptance : Ap/p = 0.1 % or = 0.3%
-

	

compens. of mean energy loss in target : ON or OFF
The ANKE experiments were made with a coasting beam .
Thus energy loss was not compensated. Results of the
calculations are given in table 1.

Tab. 1 : Calculated integrated luminosities LT per
circulating particle for the ring momentum acceptance
dp/p=0 .3% with compensation of the mean energy loss for
each target crossing and for dp/p=0.1% without
compensation ofthe mean energy loss .

LT changes roughly as expected for Z>_6, if the mean
energy loss in the target is compensated (column 4) . If
energy loss is not compensated (coasting beam) and if the
momentum acceptance of the storage ring is low (0 .1 1/o)
luminosities are strongly reduced for Z=6 targets (factor of
4) and slightly reduced for Z=29 targets (factor of 1 .4,
column 5) . The luminosity obtained with an Au-target is
only reduced by a factor of 1 .16. The observed Z-
dependence of LT is roughly given by Z-1 .2 (column 6) .
The precise value of the exponent was not determined,
because it has no physics relevance. lt depends an COSY
beam optics which probably will change in different beam
experiments .

The conclusion of the present study is, that for
experiments with coasting beam energy loss in the target
must be taken into account for targets of Z<_29. In future
experiments energy loss compensation should be applied, if
maximum luminosity is desired .
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Luminosity determination via pp elastie seattering for

Proton-proton elastic scattering was used for the deter-
mination of the luminosity, of the ANKE experiment
an a0 production at a beam energy of T=2.65 GeV
with a H2 cluster-jet target . Only those events were
used for our analysis which were obtained on-line with
a single forward-detector (FD) trigger . The correspond-
ing efftciency (dead time) of the DAQ was taken into
account . The events belonging to pp elastic scatter-
ing reaction were selected from momentum spectra ob-
tained from the MWPC information in the region of
9 = (5.5 - 9°) [1] . The background in pp peak was fit-
ted and subtracted (see fig. 1) . The background level
in the pp peak was estimated as X10%. The accep-
tance from the azimuthal angle distribution is in a good
agreement with the GEANT simulations [1](see Fig 2) .
The tracks were reconstructed with forward MWPCs
(FD-MWPC 1 and 2) .
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Fig . 1 : pp-elastic momentum distribution after taking
into accout the FD-MWPC efficiency.
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Fig . 2 : Acceptance of the forward detection system for

the pp elastic events . The solid circles are the ac-
ceptances from the azimuthal angle distribu
tion, the empty circles are the acceptances from
GEANT simulations .

The data were divided into three groups according to
the monitor ratio criteria :

The efflciency maps for these chambers were calcu-
lated [2] for Bach run . Figure 3 Shows the average effi-
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Fig . 3 : FD-MWPC efficiency for the pp elastic events in

the aö beam time
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Fig . 4 : Luminosity in the aö beam time
ciency of the chambers 1 and 2 for the pp elastic events
during the January 2001 beam time .
The luminosity was calculated for Bach run (see Fig. 4)
and for all groups .
Run

	

luminosity (10315-1cm-2) .
3276-3310

	

2.73 :L0.55 :L0.55
3311-3324

	

2.95 :L 0.6 :L 0.55
3326-3369

	

2.69 ::L 0.55 ::L 0.55
The first error contains all statistical uncertainties, while
the second includes the systematical errors . The average
luminosity for the aö beam time is L = (2.70 f 0.55 f
0.55) x 1031 s-lcm-2 . A check of the luminosity de-
termination procedure (including aceptance calculation
and the chambers efficiency determination) can be done
at lower beam energies where the pp -> d7r+ reaction is
be compared with the pp elastic results [3] .
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The average luminosity during the last aö beam time
has been estimated using the pp elastic scattering re-
action at T=2.65 GeV with one Proton detected in
the ANKE forward detector (FD) . The value found is
L = (2.70 ± 0.55 ± 0.55) x 1031 s-l cm-2 [1] . It was pro-
posed to test this method by comparing with the lumi-
nosity deduced from the reaction pp ---> d7r+ at the same
beam energy. However, this is not possible yet, because
the two-track algorithm for the forward detection sys-
tem is under development (both particle-, d and 7r+,
must be detected in the ANKE forward detector at this
beam energy) . Therefore, the check of the pp elastic
method was done at T=500 MeV (run 2864, Septem-
ber 2000 beam time), where for the reaction pp --> dir+
only one particle (deuteron) is going into the forward
detector .
At this energy all three reaction- (pp elastic scatter-
ing, pp -> d(forward)7r+, pp -> d(backward)7r+) can be
clearly separated using the energy-los- distributions in
the forward hodoscope as a function of the particle mo-
menta (Fig . 1) .

Test of the luminosity determination procedure for the ANKE beam time an aä production* .

P . Fedoretsa, M. Büscher, V. Chernyshev°,
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Fig . 1 : Energy losses in forward hodoscope versus par-
ticle momentum at T=500 MeV

The background was subtracted using a fit of the mo-
mentum spectrum [1] . While the background level for
the pp elastic events was X19%, this correction was less
than 5% for the two branches of the pp --> dir+ process .
The acceptance for each process was calculated from
the azimuthal angle distribution as function of the scat-
tering angle B . For the luminosity calculation we se-
lected the region of 9 where the acceptance changes
smoothlv. The accepted region of 8 at 500 MeV for
the pp elastic events was 9 = (4.0-10.0°), for d(forwrard)
0 = (4.5-10.0°), for d(back) 0 = (1 .0-7.5°) . The kine-
matical limit for deuterons is 0�� = 10.7° .
In the September 2000 beam time FD-MWPCs 1 and 2
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were used for the track reconstruction . The FD-MWPCs
efficiencies for each process were deduced for events
with the corresponding energy losses in the forward ho-
doscope . It should be noted that the MWPC efficiency
maps for the three different process are almost identi-
cal . The inefficiency of the forward hodoscope counters
was neglected [2] . The cross sections at this beam en-
ergy were calculated with the SAID program . The DAQ
inefficiency was taken into account .
The luminosity results for 500 MeV beam energy are :
L = (0.49 f 0.08 f 0.08) x 10311 --1 cm-2 for pp elastic ;
L = (0.45 0.08 0 .08) x 10311 --1cm-2 for d(forward) ;
L =(0.41::L0.08±0.08)x 10 3°-- lcm-2 for d(backward) .
Thus within errors the different reaction- yield the Same
results for the luminosity, even if for a certain re-
action (e .q. pp) a eficiency map of a different one
(e.q . d(backward)) is used .
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Determination of Effective Target Thiclcness and Luminosity from Beam Energy Losses at the ANKE Cluster Target

The cluster target is one of the four targets in use or to be
used at the ANKE spectrometer facility . It provides a 12
mm long and 5 mm wide beam of hydrogen or deuterium
vertically crossing the p beam 300 mm in front of the D2
spectrometer magnet [l] The cluster target was first used in
Sept . 1999 . During the ao beamtime in Jan./Febr . 2001, the
hydrogen cluster target operated with a very high particle
density so that the energy loss of the p beam due to the
beam-target interaction was measurable with good accuracy
via the shift ofthe revolution frequency of the p beam .
This was possible because - at least up to now - ANKE
experiments are using a coasting beam without stochastic
cooling . Since the dispersion at the ANKE position can be
minimized due to a special lattice setting, the p beam does
not shift away from the target when the beam energy
decreases . The beam intensity, however, may fall off alter
some time when emittance growth and dispersion in the
arcs cause particle losses due to the acceptance limits . In
the Sept. 2000 run the 1 .97 GeV COSY beam could be used
in one-hour cycles with only 5% beam losses . In the ao run
in Febr . 2001 with 2.65 GeV beam energy the intensity
started to deerease rapidly already after 5 to 6 min, an
indication of very high target density [2] . The cycle time
was therefore reduced to 5 min . Due to the sufficiently low
vacuum pressure in the ring, mean value - 5 x 10 -9 mbar,
the beam losses with cluster beam off were not detectable .
The operational status ofthe cluster target showed up in the
vacuum pressure in the ANKE region, increasing from
about 10- ' up to almost 10-6 mbar . The pressure rise is
caused by hydrogen gas not completely trapped in the gas
catcher. Since the pressure rise in the beam tube is extended
over a distance of 10 to 20 m, its contribution to the energy
loss has to be examined .
The shift Af of the revolution frequency fo in the time
interval At, detected by a Schottky pick-up and analyzed by
a high-performance fast-Fourier transformer [3], is related
to the momentum shift Ap and the energy loss AT by the
two Eqs . (1) . The energy loss dT per a single target
traversal, divided by the stopping power and the mass of the
proton, Eqs . (2), yield the number n of hydrogen atoms
interacting with the proton beam .

For the case considered here the following numbers apply :

To	=2.650 GeV

	

the beam energy,
Po

	

= 3 .463 GeV/c

	

the beam momentum,
fo

	

= 1 .577 MHz

	

therevolution frequency,
- -0.13

	

the measured slip factor
y

	

= 3 .82

	

the Lorentz factor,
dE/dx = 4.1 McV .cm2 .g '

	

the stopping power [5],
mp

	

= 1 .67 x 10-24 g

	

theproton mass .

lt should be noted that due to the D = 0 setting in the
straight sections COSY is operating above transition

H.J . Stein, D . Prasuhn
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energy, T��s 1 .3 GeV . Therefore, the slip factor il is
negative and the frequency shift positive .
Figure 1 Shows the frequency shift measured at different
times during a 5 min cycle . The relation is linear yielding
Af - 198 Hz per 300 s and consequently n - 9.97 x 10 14
atoms/cmz .

200 - _

Referenees :

L- ipnT

-toe alter icljectio ;l (s)

L=(4 .4+0.8)x10 3 s' cm -2 .

fig. 11 : Revolution frequency shift Af due to energy loss of the p
beam in the hydrogen cluster target at ANKE.

As a systematic correction one has to subtract the fraction
of straying hydrogen atoms in the beam tube around
ANKE. The estimate based an the measured pressure rise
yields at most 10% . The l a statistical errors of the slope of
the Af (t) relation and of il are 5% . dE/dx may also have
5% error . All other error contributions are negligible . The
"effective " areal target density nT is then given as :

nT = (9 + 1) x 10 14	atomS/cm2
This value, also considering an incomplete beam-target
overlap, is more than a factor of 10 higher then expected
from earlier runs [1] . If the p beam current is known during
the time period of the frequency shift measurement, one
may obtain a rather reliable value for the luminosity
because nT contains only those target particles which do
interact with the p beam, no matter whether there is a
complete beam target overlap .

In the 5 min period of the reported Af measurement
3 .1 x 10� protons (ip = 4.9 x 10 16 p/S) where circulating in
the COSY ring (ANKE Run No. 3217), resulting in a
luminosity

The practical application ofthis procedure in a long running
experiment needs a continous recording and the evaluation
of the p beam current and a typical target monitor rate in
order to take into account p beam or target beam intensity
variations .

[11 H.-H . Adam et al ., IKP Annual Report 1999, Jül-3744, p.20 .
[21 H.J . Stein, ANKE Collaboration Meeting 2001 .
[31 A. Schnase et al ., IKP Annual Report 1997, Jül-3505, p. 188.
[41 Physical Reference Data, see http ;//physics .nist .goN .
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During the pd breakup beam time (February 2001) experi-
mental data were obtained with deuteron cluster target at in-
cidentproton beam energies of600, 700, 800, 950, 1350, and
1900 MeV. The luminosity was calculated using pd forward
scattering at low transferred momenta with one proton regis-
tered in the ANKE Forward Detector (FD) .
The pd scattering cross section is composed of elastic and
inelastic contributions . It is not possible to separate them ex-
perimentally in ANKE FD, due to the very similar kinemat-
ical parameters of forward scattered protons and the limited
FD momentum and angular resolution . Therefore, theoreti-
cal calculations of differential cross sections were carried out
[l] in Glauber-Sitenko diffraction theory approximation . The
calculations are within 10% with existing experimental data .
The event selection ofpd forward scattering was done among
single track events in the data taken with FD trigger. (Mul-
tiple track events are rare .) For track reconstruction the first
and third FD MWPC were used . The horizontal and verti-
cal limitations ofthe track coordinate an the exit window of
the D2 magnet and the FD scintillation counter were applied
together with a vertical cut an the targetposition [2] .
The particle type selection was done by particle mass calcu-
lated using energy losses in two planes of FD scintillation
counters and the particle momentum . In Fig . 1 a the particle
mass in the first plane ofthe scintillation hodoscope is plotted
vs the mass in the second plane .
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Luminosity determination for the deuteron breakup experiment
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Fig . 1 : Particle mass calculated from energy loss in the first
layer of FD hodoscope vs mass calculated from en-
ergy loss in thc second layer (a), FD angular accep-
tance (b) .

After selection of protons from energy loss vs momentum
for different polar angle intervals (1 degree bins) for 01ab =
5 . . . 10°, the data were fitted by the sum of a gaussianand an
inclinded line . Events were selected within 26 from the fitted
average momentum value . In Fig . 2a an example of such a fit
is shown .
The determination ofthe efficiency ofthe FD MWPCs is de-
scribed in [3] . For each event the track efficiency was cal-
culated and a correction to the analyzed momentum was ap-
plied .
The FD acceptance was calculated using a GEANT-based
simulation program . The events with pd elastic kinematics
were generated within the polar angle range of 0-20 degree
of the forward emitted proton, with ~ randomly distributed
over 27c . The probability to hit the FD was obtained as a
function of polar angle (Fig . lb) . The limiting values of 0
coincide well with the experimental data.
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Fig . 2 : Momentum distributions of protons from pd forward
scattering (a) and deuterons from pd backward scat-
tering (b) .

The luminosity was calculated for individual polar angles . In
Table 1 the mean values of the luminosity averaged over all
angles is listed . The errors correspond to rms value . Errors
of this type are one source of systematics . A second source
is the accuracy ofthe theoretical calculation ofthe cross sec-
tion, estimated to be ~2 10% . The statistical errors are negli-
gible in comparison with the systematic ones .

Table 1 . The luminosity determined using pd forward and
backward scattering .

The method was tested by comparing the results with the
luminosity determined from the pd ----> dp process with the
deuteron registered in the ANKE FD. After track and energy
loss selection, clear peaks in the momentum spectra are Seen
for beam energies of 600, 700, and 800 MeV (Fig. 2b) . Us-
ing existing experimental data [4] and calculations similar to
those described in [5] . The luminosity was detennined for
these energies (third column of table 1) . The results are in
good agreement with results obtained from the pd forward
scattering process .
Referenees :

[1] Yu. Uzikov, ANKE Intemal report, 2001 .
[2] S . Dymov et al., ANKE Intemal report, 03 .2001 .
[3] S . Dymov, ANKE Intemal report, 10.05.2001 .
[4] E .T. Boschitz et al ., Phys . Rev. C6, 547 (1972), E.

Winkelmann et al., Phys. Rev. C21, 2535 (1980) .
[5] Yu. Uzikov, Elem . Partie] . and Nuclei, 29, 1405

(1998) .
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1350 (0.39910.010)10'
1900 (0.516 f 0.019)-16'
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Diffraction theory of hadron-nucleus scattering at high
energies (see [?] and references therein) is used here to
calculate the cross section of pd-scattering in forward
direction at energies 0.6-2.5 GeV . This cross section can
be used to determine the luminosity in experiments with
a deuteron target at ANKE, rohere for beam energies
T, =0.6-2.5 GeV the forward detector system registers
protons with scattering angles of 0��, = 10° - 20° .
The pd-scattering cross section dQ"/d9 consists of elas-
tic (d(Tel/dQ) and inelastic (dorinel/dQ) terms . The gen-
eral expression for dorre/d9 was obtained in Ref. [?] in
closure approximation, which includes the rum over the
complete set of final pn states . Final-state pn-interaction
(fsi) is properly taken into account in this approach . The
cross sections dQ"/d9 and du"/d9 are written in [?]
in terms of the deuteron elastic form factor S(q), the
deuteron wave function o(r) and the pN-scattering am-
plitudes fpN(q),

In the numerical calculations presented here we use for
the deuteron nuclear density, (i) the one-gaussian ap-
proximation, (ii) the renormalized S-component of the
Reid soft-core (RSC) wave function, and (iii) the three
gaussian (ABB) form factor from Ref. [?] . The parame-
ters of the pN-scattering amplitudes are taken from Ref.
[?] .

E

20 40 60 60 100

0.-

Fig. 1 : Experimental data [?] an the elastic pd ----> pd

cross section vs scattering angles 0�� at Tp =
1 .016 GeV in comparison with those obtained
from Glauber theory with (i) the one gaussian
w.f. (dashed line), (ii) the renormalized S-wave
RSC w .f. (dashed-dotted), and (iii) the ABB-
forinfactor from [?] (solid) . The inelastic cross
section calculated with the ABB form factor is
showm by the dotted line .

Diffraction pd-scattering at COSY energies
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Examples of the numerical results are shown in Figs . ??
and ?? . The füll set of calculated cross sections, cov-
ering the COSY beam energies, can be found elsewhere
[?] . The calculated elastic cross section at c.m . scattering
angles 0�� <30' is in a good agreement with the data at
energies available at COSY (Fig . ??) . The experimen-
tal data an the inelastic cross section of pd scattering
(pd ~ pnp) at 0.95 GeV [?] are also in a reasonable
agreement with the present calculation (Fig . ??) . As
shown in Fig . ??, the elastic and inelastic cross sections
are comparable at scattering angles 0��, r., 10° - 20° .
We found that the inelastic cross section from Eq . (2)
coincides with that obtained an the basis of the approx-
imation from Ref. [?] . According to an explicite formula

Fig . 2 : Experimental data [?] an the inelastic pd - prip
cross section at Tp = 0.956 GeV in coniparison
wich the Glauber calculations using (i) the RSC
form factor (füll thick), (ii) the ABB form factor
(füll thin), and (iii) according to approximation
from [?] with the ABB formfactor [?] (dashed) .

for dor2nel /d9 from Ref. [?], the inelastic cross section
vanishes at zero transferred momentuni due to orthogo-
nality of the deuteron bound state and the pn-scattering
wave function in the sein-trielet state . This feature is
not taken into account in the Born approximation (or
spectator model), which leads to a wrong result in the
fsi region .

References:
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The polarized atomic beam source (ABS) [1] will be utilized
in future experiments at the magnetic spectrometer ANKE to
feed a storage cell gas target .
lnvestigations of the polarized atomic beam intensity have
been carried out under various conditions using a compres-
sion tube located such as to match the position of the storage
cell feeding tube (10 mm diameter, 100 mm length) in future
experiments . The obtained absolute beamintensity as a func-
tion ofthe nozzle temperature is shown in Fig. 1 . The max-
imum of (6.9 f0.3) _ 10 16 H atoms per second is achieved
around 72 K at primary H2 flow of 1 mbar-1/s, OZ admix-
ture of 0.1% and 300 W dissociator power. The measured
slope is reproduced well by the result of a trajectory cal-
culations [5], which assumed a constant degree of dissocia-
tion, verified through earlier measurements. The discrepancy
at lower temperatures may be explained by increasing intra-
beam and rest-gas scattering, which is not taken into account
in the simulations . The present results are compared with
the maximum intensities given for the sources operated at
HERMES (DESY) [2], PINTEX (IUCF) [3], and the polar-
ized ion source at tandem accelerator in Munich, Germany
[4] . In addition to the absolute beam intensity the atomic

M. Mildrtytchiants l , R. Emmerich2, R. Engels2, H. Kleines-3 , V Koptev4, P. Kravtsov4, J . Ley2, B. Lorentz,
S. Lorent5, M . Nekipelovl , V Nelyubin4, H. Paetz gen. Schiecke, F. Rathmann, J . Sarkadi3,

H. Seyfarth, E. Steffens 5

Nozzle temperature, K

Fig. 1 : Absolute beam intensity as a function of the noz-
zle temperature . For comparison, data from the HER-
MES ABS (O) and PINTEX (o) ABS and Munich ion
source (o) are shown an the figure . The solid line rep-
resents results ofsimulations (scaled) .

beam profile has been measured. These studies were carried
out with a compression tube of 5 mm diameter and 50 mm
length at two positions : 300 mm (1) and 337 mm (2) behind
the last magnet. Figure 2 Shows the xy-distribution of the
pressure in the compression volume measured 300 mm be-
hind the last magnet . Both measured distributions (1) and (2)
can be reproduced by assuming gaussian beam profiles with
a1 = 2.85 f0.42 mm and a2 = 2.95f0.43 mm, respectively.
A medium and a weak field rf-transition unit (MFT, WFT)
have been designed and built at the University of Erlangen
[6] . The MFT is currently being tested and an efficiency of
0.90 :L 0.05 has been measured for the 2-3 transition with the
compression tube .
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Fig. 2 : xy-distribution ofthe pressurc in thc compression vol-
ume measured with a narrow (5 mm diameter) com-
pression tube 300 mm behind the last magnet.

For future experiments at COSY with polarized intemal tar-
gets a Lamb-steift polarimeter has been designed, built and
tested at the University of Cologne [7] . In order to complete
the commissioning ofthe polarimeter with a polarized beam,
it has been installed at the ABS. Measurements of the nu-
clear polarization of the atomic hydrogen beam, produced
by the MFT unit, yield a value of Pz = 0.889 :L 0.009 . A first
measurement ofthe vector and tensor polarization ofthe deu-
terium beam has been performed.
The work was supported by BMBF (contracts RUS 99/686
and 06 ER 831), by DFG(contract 436 RUS 113/430), by FZ
Jülich (FFE, contract 41149451), and by the Russian Min-
istry of Sciences .
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The Lamb-shift Polarimeter for the Polarized Gas

R. Engels', R . Emmerich', P. Kravtsovb, J . Ley', M . Mikirtytchiants, H . Paetz gen .
F . Rathmann, H. Seyfarth,

The Lamb-shift polarimeter [1] was tested with an
unpolarized beam of protons and deuterons at the Uni-
versity of Cologne and, since the beginning of 2001, at
the Forschungszentrum Jülich with the polarized atomic
hydrogen and deuterium beams from the atomic beam
source of the polarized gas target for ANKE [2] .

The polarimeter is based an measuring the ratios of
Lyman-a transition intensities after Stark quenching of
spinfilter selected Zeeman hyperfine states (HFS). The
nuclear polarization of the atomic beam is deduced by
applying a series of correction factors . For the polarized
beam these values could be determined by varying the
operating conditions :

1 . Unpolarized protons from the residual gas in the
ionizer reduce the measured peak ratios . The cor-
respondig correction factor kl is - 1.005 .

2 . The Same effect by unpolarized protons, produced
from recombined H2 molecules in the ionizer re-
sults in a correction factor k2 - 1-095-

3 . The magnetic flux density in the ionizer is B =
133 mT = 2.6 - BeT;t . . Thus the conservation of the
polarization is only 93.5% for the Zeeman states 2
and 4 (k3 = 1.07) .

4 . The magnetic field in the Wienfilter is not per-
fectly homogeneous . Therefore the spin rotation
is not the saure for different trajectories of the pro-
tons (k4 = 1-008)-

5 . The magnetic flux density in the Cs cell is B=
55 mT=9 - B� it . resulting in k5 = 1 .005 for all
metastable Zeeman states .

6 . The transmission of the metastable atoms through
the spinfilter is not the Same for the different Zee-
man states (ks = 1 .002 for HFS 2/3 and k5 =
0 .998 for HFS 1/4)

The total correction factor amounts to between 1.1
and 1 .2 depending an the occupation numbers of the
hyperfine states .

The nuclear polarization of atomic beams of hydro-
gen (Fig . 1) and deuterium (Fig. 2) is determined with
an accuracy of <_ 1% within a few seconds for beams of
- 3 . 1016 atoms/s in one hyperfine state . Its error is
dominated by the systematic errors of the various cor-
rection factors and will be lowered to ~ 0.5% using a
recently developed new ionizer .

The sensitivity of the polarimeter is such that even
for a beam intensity reduced to 10%, the polarization
could be determined reliably. The new ionizer will lower
this sensitivity limit to <_ 3% = 1015 atoms/s . With this
sensitivity it appears feasible to measure the polariza-
tion in the planned storage cell of ANKE by extracting
a small fraction of the atoms .

0 3 -10 6

A . Vassiliev b

Fig . 1 : Lyman-a spectrum of a polarized hydrogen
beam . The polarization of the atomic beam was
pV = 0 .889 ± 0.009 .
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Fig . 2 : First Lyman-a spectrum of a polarized deuteron
beam measured with a preliminary setup .

In an ISTC-project the Lamb-shift polarimeter will
be used to measure the polarization of H2 and D2
molecules after the recombination of polarized atoms in
a storage cell [3] .

[1] R . . Engels, Entwicklung eines universellen Lamb-
shift-Polarimeters für polarisierte Atomstrahl-Tar-
gets wie an ANKEICOSY, PhD thesis, Universität
zu Köln (2002) .

[2] R . . Emmerich et al ., contribution to this report .
[3] H . Seyfarth et al., contribution to this report .

' Institut für Kernphysik, Universität zu Köln,
Zülpicher Str . 77, D-50937 Köln
b High Energy Physics Dept., St . Petersburg Nucl.
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Nuclear Polarization of Hydrogen Molecules from Recombination of Polarized Atoms

T. Wise", J . T. Balewskih , J . Doskowb , W . Haeberli", B . Lorentz, H . O . Meyerb , P. V Pancella`, R . E. Pollockh ,
B . v. Przewoski b , P.A . Quin", F. Rathmann, T. Rinckelb, Swapan K . Sahad , B . Schwartz", T. G . Walker", A .
Wellinghausen b

The question to what extent the nuclear polarization of atoms
is preserved after recombination is interesting . A recent mea-
surement with deuterium [1] reported that molecules par-
tially retain the tensor polarization of the atoms (fraction po-
larization retained - 0.81 ±0.31) . The present report is about
a first measurement with H atoms, carried out by PINTEX at
IUCF [2] . The idea of the experiment is to compare the nu-
clear polarization Pat of atoms from an atomic beam source
to the nuclear polarization P,nol ofmolecules when the atoms
are allowed to recombine an a copper surface . The nuclear
polarization is measured by passing a 203 MeV Polarized
proton beam through a target cell (Fig . 1) containing the gas
to be analyzed. The beam ofPolarized H atoms (state 1, ml

7

Fig . 1 : Schematic scale drawing of recombiner volume and
target cell . (1) tapered Teflon-coated entrance tube for
polarized H atoms ; (2) 203 MeV Proton beam; (3)
Teflon-coated Al target cell ; (4) pneumatic valve ac-
tuator ; (5) Teflon valve, (6) copper recombiner; (7)
superconducting current loop . Figure from ref. [2] .

1/2, mj- 1/2) enters a recombination cell through a tapered
entrance tube . In the recombiner, which is made of copper,
atoms encounter enough wall collisions to lead to almost
complete recombination . The HZ molecules diffuse out ofthe
recombiner into a thin-walled Al target cell through which
the Proton beam passes . The recombination cell is separated
from the target cell by a remotely operated valve . To mea-
sure Pal the valve is closed, in which case the atoms from the
polarized beam source diffuse into the target cell with neg-
ligible loss in polarization, because they encounter only the
Teflon-coated surfaces ofthe recombiner valve and the target
and entrance tubes, which are lmown to strongly inhibit de-
polarization and recombination. The present measurements
determine the polarization P,nol of the HZ molecules, rela-
tive to the polarization of the atoms before recombination,
R = P,ni/Pat . The magnetic field is provided by a supercon-
ducting coil (Fig . 1) which produces fields up to 0.66 T at
the recombiner. Thus the available field is large compared to
the critical field ofthe hyperfine interaction in H of 50.7 MT.
To avoid the large distortion of the proton closed orbit that
a transverse B-field would have entailed, B was chosen lon-
gitudinal (z-direction) . Forwardwire chambers and scintilla-
tors detected protons from pp elastic scattering at lab angles
in the range 30° - 60° . Event identification depended an de-
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tection of two protons in coincidence, with the requirement
that they be coplanar. Parity conservation requires the longi-
tudinal analyzing Power tobe zero . Consequently, to measure
the longitudinal target polarization, one needs to resort to a
spin correlation measurement (polarized beam and Polarized
target) . The number of observed pp coincidences for lon-
gitudinal beam polarization p and target polarization P can
be written as Y = kt(a) [1 +pPA,(0)] where the dependence
of Y an Proton beam current was removed by dividing the
observed number of counts by the integrated beam current
obtained from a current transformer. In the above equation,
target pol arization P stands for either Popen or Pclosed, depend-
ing an whether the recombiner valve is open or closed, and
the constant k contains factors like the pp cross section and
detector efficiencies . The spin correlation coefficient AZZ [3]
is near 1 inthe vicinity of01"b °45°. Exaet values ofp and AZZ
are unimportant here because they cancel in the ratio Popen /
Pelosed . The target thickness t(a) is a function ofthe degree
of dissociation of the target gas because the conductance de-
pends an the mass of the target particles .

R

0.5 .

11,4

B(Teslal

Fig . 2 : Fraction R of Proton polarization of the H atoms that

The fraction R of polarization retained in the molecules
Shows a strong dependence an magnetie field B applied to the
recombiner and target cell (Fig . 2) . As the magnetie field is
varied from 5 mT to 0.66 T, the nuclear polarization retained
by the molecules rises from near zero to R - 0.42 ±0.02 .
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is retainedin the HZ molecules afterrecombination an
a room temperature copper surface in a magnetic field
B . The error bars are probable errors that include the
uneertainty from statistics as well as the systematic
uncertainty from the incomplete knowledge of aopen
and aelosed (see text) .
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During the past decade, polarized atomic H and D gas targets
have been successfully applied at storage rings . In order
to increase the target thickness over that obtained with an
atomic jet, the beam from a polarized atomic beam source is
directed into an open storage-cell ruhe in which the atoms
make several hundred collisions before they escape from the
target tube [1] . However, a fraction of the polarized atoms
recombines in the wall collisions. Tbc nuclear polarization,
of the molecules is not directly accessible with a Breit-Rabi
polarimeter (as used at HERMES), only the polarization
of the atoms extracted from the cell can be measured . In
order to overcome the resulting systematic uncertainty in
the total overall nuclear polarization of the target gas, in
an earlier measurement [2] the nuclear tensor polarization
in recombined D2 molecules in spite of the high statistical
uncertainty was found to be retained partially (fraction
0.81±0.31) . Tbc nuclear polarization of recombined H2
molecules was recently studied in a separate experiment
[3, 4] . A high value has been found for a strong extemal
magnetic holding field .

In the framework of an ISTC project [5, 6], additional
investigations of polarized hydrogen and new studies of
polarized deuterium molecules are being prepared . Tbc
scheure ofthe set-up, which is developed, built, and tested in
Gatchina

	

andthen will be transferred to Jülich, is shown in

The Nuclear Polarization of Molecules from Recombined Polarized Hydrogen and Deuterium Gas Atoms
- New Measurements in the Framework of an international Science and Technology Center Project

correction coils

öa
electrode
with the carbon
foil (0 .Ollxm)

Fig. 1 : Schematic drawing of the set-up, being developed in
Gatchina in the framework of the ISTC project, in its
position between the polarized atomic beam source
and the Lamb-shift polarimeter after the transfer to
Jülich .

Fig. 1 . Tbc storage cell will be fed by the H or D beam
from the polarized atomic beam source (ABS, [7]), built for
the polarized gas target of the ANKE/COSY spectrometer
and to be used for the present studies between the beam
times . Following a suggestion by W. Haeberli [8], H(D)+
and H(D)2 ions are produced from atoms and molecules in
the storage-cell by electron bombardment, which are then
accelerated to 50 keV a the strong longitudinal magnetic
holding field (up to 5 T) onto a thin carbon foil . There, still
in the strong field, the H(D)2+ ions are stripped, leaving two
protons of 25 keV each, contrary to the protons from atomic
hydrogen whose energy is 50 keV Appropriate choice of
the electric potentials of the electron gun, the cell, and the
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electrode supporting the carbon foil yields either protons
from gas atoms or protons from gas molecules of 500 eV
required for the analysis by the Lamb-shift polarimeter.
In the first mode the protons from molecular dissociation
cannot reach the polarimeter, in the second case the protons
from atomic hydrogen ofabout 25 keV cross the polarimeter
essentially without interaction in the Cs charge-exchange
region of the Lamb-shift polarimeter. Tbc polarimeter has
been developed, built, and tested at the Universität zu Köln
[9, 10] . For the final commissioning it has been installed at
the polarized atomic beam source for ANKE.
Tbc studies will focus the dependence of the nuclear
polarization, maintained in the recombined molecules, an
the cell-wall material and temperature and an the strength
of the magnetic field an the cell . Effects from variation of
the average number of wall collisions can be studied by
changing of the cell ditnensions . Most itnportant will be to
investigate the difference in the recombination process for
H and D. For hydrogen the lowest ortho-molecular state is
the J=1 rotational state, whereas for deuterium it is the J-0
rotational ground state . Tbc present status of the project is
described in ref. [111 .

Tbc authors and all the members of the project group
acknowledge the valuable help by G. Lincks and R . Wagner
(FZ Jülich), by D . Gambier and H . Ihssen (European
Commission, Brussels), by G . Kulikov and U . Meyer (ISTC
Moscow) in establishing and starting the project) .
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Hydrogen droplet production with the ANKE pellet target*

V. Balanutsa l , W. Bor-s, M . Büscher, A. Bukharov2 , V . Chernetskyl , V . Chernyshevl , M . Chumakovl ,
P. Fedorets' .A . Gerasimov l , V . Goryachev l , L . Gusevl , Z . Khorguashvili3 and S . Podchaskyl

The main goal of the pellet-target activities during the
year 2001 was to achieve stable production of liquid
hydrogen jets and to break up these jets into micro-
droplets of about 50 /im diameter by acoustical excita-
tion . First attempts into this direction were made al-
readv in the beginning of 2000 at ITEP, and skort-term
injection of hydrogen jets into the target cryostat [1] was
achieved [2] . These results could be reproduced in Nov .
2000 and in the beginning of 2001, during test runs with
the target cryostat at the test setup in the COSY hall .
During the first tests short pulses of hydrogen jets and,
consequently, only the production of single droplets was
observed . It was concluded that adequate temperature
and pressure conditions inside the triple-point chamber
(TPC), needed for the production of hydrogen droplets,
were reached, but that the stability of these parameters
was insufficient . These Problems could be solved in May
and Dec . 2001, and stable production of hydrogen jets
was achieved . Simultaneously, a sonic generator for the
breakup of the jets into droplets was tested .
Both, the cryogenic nozzle for jet production as well as
the sonic generator were developed and tested at MPEI.
These tests were performed with water instead of hydro-
gen : it is expected that hydrogen jets can be broken into
droplets at the same generator Power since the surface
tension of hydrogen is lower than that of water . Our
test confirmed this expectation and it could be shown
that droplet formation from water and hydrogen takes
place under similar conditions . The operation frequency
during all tests was around 3 kHz .
For the test runs with hydrogen a nozzle having an injec-
tion hole of 60 pm diameter was used . Fig . 1 shows the
break-up of the hydrogen jet into droplets of - 70 pm
diameter . Stable droplet production, as shown in the
figure, was achieved over long time periods of several
hours . From the picture the jet and droplet velocities
can be estimated . The former depends an the pressure in
the supply channel for the liquid hydrogen . In order to
decrease the distance between individual droplets, the
generator frequency must be increased (and, simulta-
neously, to guarantee stable droplet production the jet
velocity) . Systematical investigations of frequency and
velocity boundary conditions for stable droplet produc-
tion are foreseen for future tests . During the test runs in
Dec . 2001 it could also be verified that with the existing
target cryostat it will be possible to produce droplets of
liquid nitrogen .
In order to achieve stable hydrogen-jet production the
temperatures and Pressures inside the cryostat must be
stabilized an a level of not worse than 5%. New tem-
perature and pressure control systems have been de-
veloped for this purpose. Currently, the temperatures
are measured at 8 points wich silicon diode sensors DT-
470 and DT-471 (Cryophysics) . They provide an average
accuracy for the temperature measurements of about
10 mK . The pressures are measured at 12 points with
APR260, TPR260 and PKR250 sensors and MaxiGauge
controllers (PFEIFFER) . The data from all sensors can
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Fig . 1 : Stroboscopic picture of liquid hydrogen-droplet
production in the triple-point chamber (TPC) of
the ANKE pellet target . The temperature (pres
sure) in the TPC were T = 14 K (p = 100 mbar) .

be transfered to a PC-based visualizing system using
LabView for further analyses .
During the year 2001 the target cryostat has been sub-
stantially modified . In order to decrease the temperature
gradient along the gas condensation system a new, more
effective, heat eschange head was installed . To allow for
more precise measurements of the temperare and Pres-
sures, sensors were installed inside the hegt exchange
lines of the hydrogen and helium flows . This required to
design and build special housings for the temperature
sensors and of capillars for the pressure sensors. For a
better control of the gas flows, low Power heaters were
installed in the hydrogen and helium supply lines .
The main tasks for the target development during the
year 2002 will be :

A fast, high-resolution diagnostic system will be
installed allowing to measure the size and velocity
of the produced droplets and/or pellets .

Production of frozen pellets from the droplets .
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Study of liquid hydrogen jet properties close to triple-point conditions*

V. Balanutsa l , W. Bor-s, M . Büscher, A. Bukharov2 , V . Chernetskyl , V . Chernyshevl , M . Chumakovl ,
P. Fedorets l . A . Gerasimov l , V . Goryachev l , L . Gusevl , Z . Khorguashvili 3 and S . Podchaskyl

The goal of our measurements was a study of bound-
ary conditions for stable hydrogen-jet production in the
ANKE pellet target . The experiments were performed
at the test Set up of the pellet target in May 2001 . Jet
modifications in dependence of pressure deviations from
the triple-point value (- 100 mb) were studied .
A photo camera and a strobe light source were used to
observe the jet inside the triple-point chamber (TPC),
with equal frequencies of the light source and the droplet
generator . The liquid hydrogen jet was produced with a
nozzle of 60 pm diameter[1] . During our measurements
the jet velocity was stabilized at a level of about 1 m/s .
To fix the gas temperature inside the TPC, the tem-
perature of the nozzle and the liquid hydrogen chan-
nel were measured and stabilized with an accuracy of
about 10 mK. The temperatures were measured with
silicon diode sensors DT-470 (Cryophysics) . One Sensor
was mounted at the nozzle, a second one was placed
an the generator flange . The gas pressures were mea-
sured at 12 points of the target system with APR260,
TPR260, PKR250 sensors and MaxiGage controllers
(PFEIFFER) . To stabilize the gas pressure, MKS pres-
sure and flow control Systems 640A, 641A, 1359C, 647
were used . The stabilization of the hydrogen flow and
pressure during our tests was not worse than 5% .
A stable hydrogen jet is generated in the target chamber
only close to triple point conditions, T = 14 K and p =
100 mbar [1] . The jet is broken into droplets with the
help of a sonic generator .
A pressure decrease to 85 mbar leads to unstable jet
movements . The gas evaporation from the liquid surface
increases and the skin of jet and droplets is cooled in-
tensively. Thus, the jet position in the TPC is no longer
stable and a part of the droplets freezes at the bottom
of the TPC . If the pressure in the TPC is decreased
further to 75 mbar, the surface of the jet is completely
frozen, but a liquid jet is still moving inside the solid
hydrogen . This process is shown in the upper photo of
Fig . 1 . Intuitively, this operation of the target has been
called "macaroni mode" .
The hydrogen jet freezes completely at a pressure of
about 50 mbar and spontaneous growing of hydrogen
icicles is observed . The onset of this process is shown in
the lower photo .
The performed measurements and observations are very
important for understanding of solid hydrogen pellet
production processes from liquid droplets . These studies
are progress at the ANKE pellet-target test setup .
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Fig . l : Hydrogen-jet production in the TPC of the
ANKE pellet target under different conditions .
The surface of the hydrogen jet freezes at T =
14 K and p = 75 mbar (upper photo) . At T =
14 K and p = 50 mbar spontaneous growing of
hydrogen icicles is observed (lower) .
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The identification and tracking of low energy protons
allows to use deuterium as an effective neutron target.
Once the polarized Atomic Beam Source ABS [1] will be
installed at the ANKE spectrometer, also polarized proton-
proton and proton-deuteron collisions can be studied .
Especially the polarized deuteron gas of the ABS allows to
study reactions ofthe type pn -> pnx orpn -> dX .
For this purpose a vertex detector based an double-sided
silicon strip detectors inside the vacuum of the COSY ring
is under development [2] . Its barrel region will be based an
modular silicon tracking telescopes that provide

" AE/E proton identification from 2.5 up to
40MeV. The telescope structure of
65/300/300/5500pm thick double-sided Si-strip
detectors, read out by high dynamic range
electronics [3], allows AE/E particle
identification over a wide dynamic range .
self-triggering capabilities. The telescopes
identify a particle passage within <_ 100ns and
provide in combination with the self-triggering
chips a fast hit pattern recognition [3] .

"

	

particle tracking over a wide range of energies,
either 2.5MeV spectator protons or minimum
ionizing particles.

"

	

high rate capability with a read-out pitch of
-200pm .

Fig. l : The ASiST telescope arrangement of the double-
sided silicon-strip detectors : Two 65~um thick
detectors as inner layer, two and four 300ium thick
detectors as middle layers' and four 5500gm thick
Si(Li) detectors as outer layer . Protons will be
tracked and identified from 2.5MeV up to 40MeV.

The basic detection concept of a telescope is to combine
proton identification and particle tracking over a wide
energy range . The tracking ofparticles is accomplished by
the use of double-sided silicon strip detectors . Measuring
the energy loss in the individual layers of the telescope
allows to identify stopped particles by the AE/E method .
The minimum energy of a proton to be tracked is given by
the thickness ofthe most inner layer . l t will be detected as
soon as it punches through the inner layer with a minimum

1 The 3rd laver is optional to guaranty redundancy in the case of
multiple track events .

The ANKE Silicon Spectator Tracker ASiST
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energy loss in the second layer . The maximum energy of
protons to be identified is given by the range within the
telescope and therefore by the total thickness of all
detection layers . Especially the recent development ofvery
thick (_5mm) double-sided micro structured Si(Li) [4] and
very thin (<_651un) double-sided Si-detectors provides the
use of the telescopes over a wide range of particle
energies . The self-triggering capability of all detectors
introduces the options to start a read-out an a particle
passage and to Set fast timing coincidences with other
detector components of the ANKE spectrometer . Figure 1
Shows the principle arrangement of the detectors within a
single telescope .
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Fig.2 : 12 telescopes are arranged around the 40cm Jong
storage cell ofthe polarized atomic beam source .

12 of these telescopes are foreseen to cover the barrel
region of the ANKE vertex detector. Figure 2 shows a
possible arrangement of these telescopes around a 40cm
long ABS storage cell.
The assembly of the UHV compatible read-out boards for
the ASiST telescopes is described in [5], first
measurements are reported in [6]
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Current status ofthe photon-detector project for ANKE/COSY

VHejny, J .Bacelar l , M.Büscher, V.Chemyshev2 , M.Hoek3 , H .R.Koch,
H.Löhnerl, H.Machner, A .Magiera 4 , R.Novotny3 , H.Ströher, A .Wronska4

In November 2000 the proposal forbuilding a dedicated pho-
ton detector for COSY [1] has been accepted by PAC . Since
the requirements an the setup are very stringent, various ac-
tivities are currently going an in order to find the best suited
components for this device .

Scintillator material
Although it became clear quite early that PbW04 is the only
material, which meets our requirements in density and radia-
tion length, it was questionable for some time whether crys-
tals of the appropriate sizes could be manufactured in one
piece . While the crystals for CMS at CERN are produced
with cross sections of about 2x2cm2 , the very compact de-
sign for ANKE requires apronouncedtrapezoidal cross sec-
tion with an inner radius of - at least - 3 .2x3 .2cm2 at the
outer end surface of the detector ball (sec below) . This has
been settled recently, when crystals with an even larger diam-
eter have been grown at the Bogoroditsk Technical Chemical
Plant (Russia) [2] . For further tests we already have received
18 crystals of size ] 2x3 .2x3 .2cm2 .

Photon sensors
The strength of the stray magnetic field of the ANKE dipole
magnets in the target region has triggered the discussion
whether Avalanche Photo Diodes can be used as it is done
for CMS. This has been ruled out due to the available sizes
and the problems Conceming stability and high noise level .
Therefore, the final solution will be based an fine-mesh photo
tubes, most probably Hamamatsu R5505 . However, there are
also investigations an an equivalent type of multiplier pro-
duced in Russia .
The necessity of shielding the transverse component of the
magnetic field (with respect to the photomultiplier axis) re-
quires the use of shielding tubes (sec fig . 1) . While initial
tests at ANKE have already shown that soft-iron tubes with
a wall thickness of 3mm are sufficient, more detailed studies
and optimisation have startedrecently at ITEP, Moscow . The
size ofthe shielding tubes will finally determine the geome-
try ofthe crystals .

PbW04

12 cm

PbW04

Mal

LightGuide

Ma!

LightGuide

Fig . 1 : Tentative geometry ofone test module including crys-
tal, photo tube and high-voltage base (upper part) . As
discussed in the text a light guide might be addedbet
ween photo ruhe and crystal . Rather than quadratic,
the final setup will have a trapezoidal cross section
and, in addition, the crystals will be tilted (lower part) .
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In the final layout the tubes have to extend the photo cathode
by at least a few millimeters to provide a proper shielding of
the magnetic field . This problem has been solved, for exam-
ple, in the TAPS spectrometer by using BaF2 crystals with
a cylindrical endcap . Unfortunately, the mechanical proper-
ties of PbW04 do not allow processing to have a cylindrical
extension an the backward end of each crystal . Therefore a
thin light guide between multiplier and crystal is forseen as
shown in Fig . 1 .
Conceming high-voltage dividers for photomultipliers, sys-
tems from two different companies are under investiga-
tion : iseg Spezialelektronik GmbH, Rossendorf, and HVSys,
Dubna, Russia. Those made by HVSys are in use at the
WASA detector at CELSIUS/Uppsala. Both systems pro-
vide active high-voltage generation in the base by means
of Cockroft-Walton devices and remote control over serial
lines . Currently, conditions for the production of prototypes
are discussed .

Further activities
In summer 2001 the particle response of PbW04 has been
tested at COSY using a secondary target behind the TOF
setup . Results are presentedin [3] .
One reaction, which was proposed to be measured with the
photon detector at ANKE, is charge symmetry breaking in
dd ---~ 4Heno [1] . A proposal to measure dd ---~ 4Heq at
ANKE will be prepared for the PAC in April 2002 [4] . Be-
sides the physics output this experiment will give us the op-
portunity to study the background conditions for the no mea-
surement.
Currently, the 18 crystals are assembled in the University of
Gießen in 2 separate arrays (3x3 modules each) using Hama-
matsu R5505 photo tubes and magnetic shieldings . One of
the test arrays will include light guides to test the feasibility
of such a design . The arrays will be tested first at the tagged
photon facility ofthe electron accelerator MAMI (University
of Mainz) to check the response function and energy resolu-
tion ofthe complete setup (January 2002) . The next step will
be a parasitic test in the experimental environment of ANKE
during one of the beam times in 2002 .
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As part of the development for the Photon Ball at
ANKE the response of PbW04 (PWO) to charged parti-
cles has been investigated . In a parasitic experiment be-
hind the TOF experilnent at COSY an external proton
beam of 1.2 GeV kinetic energy was hitting an aluminum
target . Elastically and inelastically scattered protons as
well as charged secondary reaction products were de-
tected with a PWO-matrix comprising 25 individual
crystals, which was set up in a distance of 2.9 m behind
a start-detector for particle identification via time-of-
flight measurement . The detector system was positioned
at a scattering angle of � z:~ 8° with respect to the beam
axis (see Fig . 1) . For each module, which is individually
read-out with a photomultiplier tube, time and energy
information were recorded . In addition, cosmic rays were
detected to provide a relative energy calibration . The
required trigger of the start counter, a fast plastic scin-
tillator, excluded automatically neutral particle events .

,i1'
cosmics

f
distance 2,89 m

Fig . 1 : The experimental set-up .

The absolute energy calibration relies an the position of
the minimum ionizing peak caused by fast protons . The
absolute value of 160 MeV was taken from GEANT3
simulations . The time-of flight was calibrated via the
known geometry and particle kinematics . The charged
particle identification was based an the correlation be-
tween time-of-flight and kinetic energy, which Nolds true
for all particles being completely stopped in the crystal
(length 15 cm).
As shown in Fig . 2, protons, deuterons, pions and kaons
are distinctly separated . For protons with kinetic euer-
gies up to 365 MeV, which deposit their energy com-
pletely within the PWO-matrix, an energy resolution of
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was extracted .
The results between 50 MeV and 250 MeV are com-
parable to previous measurements carried out with
the Same PWO-matrix at MAMI (Mainz) detecting
electromagnetic showers due to prtotons up to 850 MeV
[l] as illustrated in Fig . 3 .
These results, obtained for the first time . establish

the applicability of PWO even as charged particle
detector in the medium-energy regime . However, fig . 2
indicates a strong discrepancy of the energy calibration

Detection of charged particles with PbW04
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Fig . 2 : Measured kinematical correlation between time-
of-flight and deposited energy. The lines Show
the calculated correlations for different parti
cles based an the applied energy calibration (see
text) .
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Fig . 3 : Energy resolution for protons in comparison to
the results for electromagnetic probes .

when applied to charged pions . The detailed analysis
leads to a streng quenching of the scintillation light for
hydrogen isotopes compared to pions, which requires
further investigations .
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An Improved Gas Mixture for the Side-Detector Wire Chambers at ANKE

In an attempt to make the operation of wire chambers of the
ANKE side detector more stable we have made
investigations which aim at the improvement of the gas
mixture . Multiwire proportional chambers have to be filled
with a proper gas mixture which guarantees sufficient gas
amplification, fast response of the chamber and stability
against high-voltage break downs . Furthermore, possible
ageing effect deine additional boundary conditions for
chambers operated in an high-rate environment .

For the ANKE side detector large multi-wire proportional
chambers have been built at Forschungszentrum
Rossendorf. Usually they are continously flushed with the
standard gas mixture of 70% Ar and 30% CO, at a total
flow rate of 200 ml/minute . The advantage of this gas is
that there are no ageing effects . However, in particular at
instantaneous high counting rates under beam conditions
there is a strong tendency for high-voltage break downs
during which sometimes wires break resulting in a short
curcuit and failure ofthe chamber .

We have added to the standard gas mixture in various
quantities isobutane or let a fraction ofthe gas flow through
liquid pentane or hexane in order to investigate their
quenching properties . When the chamber is irradiated with
Sr-90 ß-particles the total current increases to a good
approximation exponentially due the increase of the gas
multiplication . In Fig . 1 . the current is normalized to the
current measured with the standard gas mixture and it is
presented as a function of the operating voltage. When
allowing part of the gas to flow through liquid hexane then
the current increases Aleady at low concentrations . This
increase in the gas amplification is probably due to the
Penning effect in which excited Ar atoms deexcite in
collisions with Hexane molecules thereby releasing
electrons . Hexane in larger concentrations absorbs photons
more efficiently thus reducing the current which is due to
photoelectrons .

Sitnilar but less pronounced effects are observed with
pentane and i-butane admixtures to the gas . The
backbending effect towards the highest voltage and the
increase of the gas amplification at intermediate voltage is
strongest for hexane . Both effects are desirable since they
allow operation ofthe chamber at reduced voltage and limit
the current at high ionization density . Therefore hexane is
considered to be the best admixture to our standard gas . A
gas mixture with 70 ml/min . out of the total gas flow of200
ml/min . passing through liquid hexane is chosen as the
optimum. This corresponds to a flow of gaseous hexane of
11 ml/min.
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Fig . 1 : The current flowing through the wire chamber under
irradiation with a Sr-90 source . The base gas mixture is 140
ml/min . Argon and 60 ml/min . C0 2 . The gas flow which passes
through liquid hexane is given in the legend . The current is given
in units of the current which is measured with the Standard gas
mixture .

The effect of the gas composition an the detection
efficiency is examined for a similar chamber, see Fig . 2 .
This chamber is smaller and it is equipped with 20 ltm
anode wires instead of 25 ltm like the chamber mentioned
before . Already small admixtures of hexane shift the
characteristics to lower voltages . For the standard gas the
efficiency decreases seemingly near the end of the plateau.
This effect is due to events with several clusters of wires
firing upon the passage of a single particle . The
corresponding events are rejected during the data analysis
since no unambigous assignment of the hit position is
possible . The reason for the phenomenon are afterpulses
due to electrons released by photons . Hexane reduces this
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effect by absorbing photons in the ultraviolet region .

Fig . 2 : The detection efficiency of the small ANKE Side-detector
wire chambers . The standard gas mixture with a total flow of 200
ml/min . is used while the flow given in the legend is bypassed
through liquid hexane .
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The wires in multiwire proportional chambers have to be
held under proper mechanical tension which is in large
chambers usually close to the limit defmed by the tensile
strength ofthe wire . Too a low tension leads to deviation of
the wires from the ideal position which results in changes
of the gas amplification of the chamber thereby affecting
the detection efficiency and it reduces the high-voltage
stability of the chamber. Ort the other hand, too a strong
tension can pull the wires out of the joints which hold them
in place or break the wires

Usually the wire tension T is derived from the resonance
frequency fof the wire via the relationship :

with L being the length ofthe wire and pL the wire mass per
length unit . The oscillations are usually excited with a low-
frequency AC current which is driven through the wire in
the presence of a magnetic field . This requires access to
both ends of each wire which is in most cases only possible
when the chamber is disassembled .

In order to make routine checks of the wire tension while
the chamber is in operating condition we applied a
technique which is schematically described in Fig . l .

HV in

T=4 f2L2 .PL

7T/777

	

/77777

Fig . 1 : Circuit for the measurement of the wire resonance
frequency . In the upper part of the scheme DC high voltage is
modulated with a low frequency signal which is fed into the
chamber. The wires under measurement are coupled with a high-
frequency resonance circuit in the lower part ofthe scheure.

Access is needed only to single wire ends . Mechanical
oscillations of the wires are excited with a low frequency
(typicaly 200 - 300 Hz) high-voltage signal which is
applied to a pair of neighbouring wires one of them being
grounded . This signal with amplitudes up to 1500 Volt is
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generated with a HV transistor in the upper part of the
scheme . The resonance of the wire is identified via changes
of the capacitance between the wires which is modulated
with the frequency of the oscillating wire . This capacitance
is made part ofa high-frequency resonance circuit which is
shown in the lower part of Fig. 1 . lt is excited with a low-
voltage signal the frequency of which is close to the Hf
resonance of the circuit of about few MHz . Mechanical
oscillations of the wire result in a spread of the hf
amplitude which is largest at the wire resonance. The
resonance condition is made visible an an oscilloscope . The
setup is schematically shown in Fig. 1 .

We have systematically investigated the side detector
chambers of the ANKE spectrometer which have been
build at Forschungszentrum Rossendorf. For these the
precise information about the wire tension is particularly
important sinee the chambers are large and had to be built
with fairly narrow frames due to space limitations at the
experiment . As a consequence the frames are deformed
under the force of the wires and have to be pre-bent before
the wires are mounted . Fig . 2 Shows as an example the
results for one of the large chambers at ANKE. The actual
values of the wire tension are rather close to the design
value of 0.8 Newton which indicates that high precision has
been achieved in the winding and production process ofthe
chamber.

-50 150 350 550 750

Wire Number in Plane 1 of StoPChamber 2

Fig . 2 : Wire tension in a plane with vertical wires . Only every
16th wire is shown

a JINR Dubna, Russia
b Forschungszentrum Rossendorf



Investigation of the ~-meson production in pp and pn collisions at ANKE

M. Hartmann, R . Koch, Y. Maeda, J . Haidenbauer, A.A . Sibirtsev

The Okubo-Zweig-lizuka (OZI) rule states that processes
with disconnected quark lines in the initial or final state
are suppressed. Accordingly, the production of ~-mesons
from initial non-strange states is expected to be substan-
tially suppressed relative to the cu-meson production . The
cross-section ratio for 0- and co-meson production under sim-
ilar kinematical conditions should then be in the order of
6 O/6,-R=tan2 av=4 .2 x 10-3 [1, 2], where aV=3.7° is
the deviation from the ideal ~-co mixing angle [3] . How-
ever, existing experimental data show an apparent excess of
the cross-section ratio over the OZI estimation R and thus in-
dicate apossible violation ofthe OZI rule . This couldbe due
to an intrinsic ss component in the nucleon, which would
manifest itself in a ~ production cross section significantly
exceeding the Limits given by the OZI rule .
Data an the reaction pp-->~~iz o from the LEAR facility show
a strong dependence an the initial spin state of the proton-
antiproton system. Specifically the production rate from the
spin-triplet state is 15 times larger than the one from the spin-
singlet state [4] . It has been argued that the largerproduction
rate of the spin-triplet state can be explained by a negatively
polarized intrinsic ss component in the nucleons through a
rearrangement process [5] . Such a situation could also oc-
cur in the ~-meson production in nucleon-nucleon collisions
in the threshold region . In case of the reaction pp~pp~ the
entrance channel becomes a pure spin-triplet state close to
threshold. Thus if the negatively polarized strangeness hy-
pothesis is correct, the ~/co ratio in pp collision should be
increased .
There is only one experiment for pp~pp~ at low excess en-
ergy (s=83 MeV) and the reported ~/co ratio is enhanced
by about a factor 5 over the estimation from the OZI rule
[6] . Furthermore, the fraction of initial spin-triplet states is
only around 7080% due to contributions from higher par-
tial waves . Therefore, a measurement ofthe total cross sec-
tion at excess energies much closer to threshold would be
very useful to map out the energy dependence of the ~/co
ratio and, in particular, could provide important information
about the origin of the strange sea quarks as well as the OZI
violation .
In addition, the ~-meson production in pn collision, i .e . the
reactions pn~pn~ and pn~d~, could also be sensitive to the
intrinsic strangeness . Close to threshold the proton-neutron
entrance channel contains both spin-triplet and spin-singlet
channel whereas in pn~do case only a spin-singlet state
is present . Therefore, following the arguments of Ref. [5],
a cross section ratio a..-p.Ol6pp-ppa ~0.5 is expected
and in addition ßpn-d~/ßpp-ppo should be strongly sup-
pressed according to the negatively polarized strangeness
hypothesis . In contrast, meson exchange models predict
ßpn-pn~/6pp-ppo-5 [7] and also the ratio ßpn-d$/ßpp-ppa
was foundto be sizable [8] . Experimental data an those ratios
close to threshold would allow to discriminate between those
theoretical models .
At the ANKE facility the measurement of the total cross sec-
tion for pp~pp~ will be carried out at the proton beam
energies of 2.65 GeV($=18.5 MeV) and 2.70 GeV($=34.6
MeV) . The energy dependence of the ~/co ratio can then
be obtained by utilizing available SPES-111 results [9] of co-
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meson production at comparable excess energies . The K+K-
pair fromthe ~-meson decay is detected . Simulated invariant
mass spectra of the K+K- system are shown in Fig .1 . For
details, sec ourproposal [10] .
For 0-meson production in pn collision, the pn~d~ reac-
tion can be identified by detecting the fast deuteron in co-
incidence with the K+K- pairs from the 0 decay using the
deuterium target [11, 12, 13] . First measurements are fore-
seen at the end of 2002 .
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Fig . 1 : Expected invariant spectra of the K+K- system
at the beam energy of 2.70 GeV The dotted lines
show the contribution of the nonresonant process
(pp---~>ppK+K-) . The solid and dashed lines show the
total spectra with and without final-state interaction
ofprotons, respectively. Figures (a) and (b) show the
simulated result without and with the ANKE accep-
tance, respectively .
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Y.Maeda, M.Hartmann, A.A.Sibirtsev

At ANKE the total Cross-section for the pn~do reaction will
be measured using deuterium target [11 . Nonresonant K+K-

production, i .e . the pn~dK+K- reaction, will be the main
background . Therefore, the magnitude of this cross section
determines whether the resonant peak can be identified. The
total Cross-section for the pp~ppK

+K- reaction was mea-
sured at low excess energies of E--17 MeV [2] and 114 MeV
[3], respectively. In the following, the total Cross-section for
the pn---~dK+K- reaction is deduced from the experimental
data for pp---->ppK+K- taking into account the S-wave final-
stateinteraction ofthe spin-singletpp state and-tripletd(pn)
state (pn denotes the scattering state) . According to Re£[4],
if the reaction process is dominated by short-range effects
(r<1fm), the scattering wave function of the final nucleons
at short distance can be factorized from the total amplitude .
Thus the ratio ofthe scattering amplitudes for the spin-singlet
and -triplet state is proportional to the ratio of the final-state
wave functions (~) with relative momentum (k), i .e. :

~.,1 «g(k)= 1 sin S,(1 -rbla,) lCl
I~id Isinöt(1 -rb/at)l

The Cross-section estimate for non-resonant K+K- production in pn collisions

where a ., and a t shows the scattering length of the spin-
singlet and -triplet state, respectively and 8i is the phase shift
as a function of k. C is the Coulomb penetration factor [4] .
We set rh -1 fm . Following the arguments of Re£[5], the
spin-triplet scattering wave function at short distances is ap-
proximated by the bound state wave function . Thus by us-
ing eq.(1) the total Cross-section for the final pp-, pn- and
d-states are determined by the d-state amplitude (Md)

where pn and f are n-body phase-space and flux factor, re-
spectively [6] . h(k) = 27[mly/[a t (k 2+a?)], at=0.232 fm
and mN is twice the np reduced mass [5] . A is a parameter,
which gives the relative magnitude of the spin-singlet and -
triplet state amplitude . Our model is applied to single meson
production (n=3), i .e . NN~NN(d)iz, 11 and co, at lower ex-
cess energies E<100 MeV The results are shown in Fig .1 .
In the case ofn and TI production, data for the final pn- and
pp-state are fitted by using egs.(2) and (3), while the total
Cross-section for the final deuteron state is evaluated using
eq.(4) . In case of co production, there are no data available
for the final pn-state as well as d-state . Therefore the ampli-
tude IMd1 2 is obtained by fitting eq .(3) to the pp data with
fixed A= y assuming that the production mechanism is dom-
inated by isovector interaction . The result for the d-state is
compared with theoretical calculations [7, 8] . Our model is
in qualitative agreement with measured and predicted cross-
section for the final d-state .
The kaon and pion exchange mechanisms give a satisfac-
tory description of pp~ppK

+K- data [9] . We assume that
these mechanisms also dominate for pn->dK+K- . In a
model independent way we deduce the total Cross-section
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for pn---~dK+K- from each pp--->ppK+K- data point in-
dependently . The expected upper limit of the total cross-
section at the beam energy of 2 .69 GeV ($=66.4 MeV) is
6 -0.04ub . Ort the other hand, the predicted total cross-
section for pn---~d~ at this beam energy ($=34.6 MeV where
the pp ---~pp~ reaction will be measured at the same excess
energy [1]) is 0.3-0.6ub [7, 8] . Therefore we conclude that
the resonance peak can be identified an top of a low back-
ground of non-resonant K+K- production (Fig.2(b)) .

Fig . 1 :
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Fig . 2 : Expected invariant mass spectra ofthe K' K- system .
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Simulations of the dd- arl

A. Wrofska", V Hejny, A. Magiera", H. Ströher, C. Wilkinh

Deuteron acceleration in COSY has been achieved success-
fully during the year 2000 . The tests showed that both quality
and intensity of the deuteron beam were similar to the proton
case [1 ] . This opens new fields for research at COSY, among
others investigation of 11-meson production in the dd ~ arl
reaction . So far only near-threshold data for the total cross
section of this reaction are available [2, 3], information an
angular distributions and data for higher Q values are miss-
ing (see Fig. 1) . Currently used values for the a--q scattering
length - crucial e.g . in the discussion about il-nucleus bound
states - were extracted under the assumption ofpure S-wave
production . The goal ofthe proposedinvestigation is to study
the contribution ofhigher partial waves in the near threshold
region and, in partieular, to determine the energy, at which
the P-wave channel opens (c.m . angular distribution becomes
anisotropie) . Thus, this measurement will test the validity of
the S-wave approximation .
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Fig. 1 : Extracted reaction amplitudes for pd , 3 Herl and dd ~
4 Herl . The curves taken from [3] follow from a combined
S wave optical model fit. In case of pd _ 3Hetl, new
data show a deviation from this fit starting at pq,a .m .

0.15GeV/c [4]

To check the feasibility of such a measurement using the
ANKE detection system, Monte Carlo simulations have been
carried out. For a beam momentum of 2.35 GeV/c (pd,thr .
2.335GeV/c) a total cross section of 13 .5 nb and a lumi-
nosity of 5 .1030 CM-2S-1 (deuterium-cluster jet target) were
assumed. The background, which is considered to be mainly
2-pion production (6t�t ~ 2,ub), was generated an the basis
of parameterised data from [5] . Only the a particle will be
detected in ANKE, the 7l will be reconstructed by a missing-
mass analysis .
Figure 2 presents the results containing statistics for 2 days
of beam time expected under the conditions listed above. In
the left picture the 11 peak in the missing-mass spectrum is
clearly visible an top ofthe background . Thus, the resolution
of the forward multiwire chambers is sufficient to identify
the 7l meson in the proposed measurement. The right pie-
ture, showing the transverse momentum distribution of the
produced a-particles with a cut an the rl missing mass, will
serve for the q c .m.-momentum determination independent
from the beam momentum information provided by COSY.
Using ANKE a resolution of Ap�, . �� ~ ±5 MeV/c can be
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Fig. 2 : Results of the simulations for dd ~ arl at a beam mo-
mentum of 2.35 GeV/c. Left :missing mass speetrum ; right:
transverse momentum distribution with a cut an missing
mass (m > 0.54 GeV/c) . The dotted histogram indicates the
signal, the dashed one shows the background from 2-pion
production .

achieved . This corresponds to an uneertainty ofthe beam mo-
mentum of Apd/pd ~ ~1 - 10-3 .

At the investigated beam momentum all a-particles from the
reaction dd ~ all can be detected in the forward detector
of ANKE . The hardware trigger will be based an the for-
ward hodoscope response . Since the mean energy losses of
a's in the hodoscope are 8 times larger than those ofprotons
and 4 times larger than those ofdeuterons ofthe same rigid-
ity, high threshold settings will reduce the trigger rate to a
level, which can be handled by the ANKE DAQ. In off-live
analysis events with an a-particle in the exit channel will be
selected by a combined energy loss - momentum cut. The re-
action dd -aq will be identified - as shown above - by the
missing-mass method.
The discussed method of the dd

	

all measurement at
ANKE does not require the installation of any additional de-
tectors . However, such a possibility has been taken into con-
sideration as well . Namely, it is possible to take advantage
of the near-target vertex detector which is going to be con-
structed . As the final setup ofthis detector has not been fixed
yet, several different, preliminary layouts were checked, that
could be built and installed an a short time scale. In the opti-
mal setup (4 silicon detectors, 5cmx6cm each), demanding
an a in the forward detectors together with no other charged
particle in ANKE or the vertex detector, this would lead to a
further background supression : the signal-to-background ra-
tio would improve by a factor of 1 .5 .
In view of the presented results we decided to apply for a
beam time in the second half of 2002 . The proposal will be
submitted for the PAC meeting April 2002 .
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Spin Effects in the Deuteron Charge-Exchange Break-up reaction

V Glagolev", A . Kacharavahx, V. Komarov°, G . Macharashvili"~`, M. Nioradze`, F. Rathmann, H . Seyfarth

We consider the possibility ofusing the ANKE spectrometer
to investigate the spin structure of the elementary np ~ pn
charge-exchange (CE) process by measuring the deuteron
CE break-up reaction : dp ~ (pp)n . Following the math-
ematical formalism developed in [1], the reacton between
the effective cross sections of this reaction and the elemen-
targ np , pn charge-exchange process in the framework of
the impulse approximation can be written as a sum of spin-
independent (index 1) and spin-dependent (index 2) parts of
the elementarg np ~ pn process : (dßldt)dp-(,i,)n = [1 -
S(t)](d6/dt), + [l - 1 /3S(t)](d6/dt)2, where t is the mo-
mentum transferred to the neutron and S(t) is the deuteron
form-factor. At zero momentum transfer from the target pro-
ton to the neutron (d6/dt)dp-(,p) n = 2/3(d6/dt)2 . Thus,
this reaction in forward direction is completely determined
by the spin-dependent part of the elementary np ~ pn pro-
cess . A first attempt to measure the spin-dependent part for
the amplitude ofthe np ---~ pn reaction was made in a Hydro-
gen Bubble Chamber experiment [2] at a deuteron beam mo-
mentum of3.34 GeV/c. The results showed an important role
of spin effects in the np -- pn process at small scattenng an-
gles . At present an experiment, STRELA [3], is in progress at
the Nuclotron deuteron beam in Dubna . The STRELA set-up
can detect a proton pair with small relative momentum close
to 0° . However, this is not sufficient to observe the dynamics
ofthe differential cross section change near 0° . To clarify the
different behaviour of the deuteron CE and direct break-up
(DIR) reactions at low momentum transfer, the result from
ref.[2] is presented in Fig . 1 . The differential cross section is
shown for events, when both protons are emitted in a narrow
3° forward cone (shadedhistogram) . Here t is the momentum
transfer from the target-proton to the recoil nucleon . A clear
peak can be seen around t ~ 0, whereas the differential Cross
section for the direct break-up, when aproton-neutron pair is
emitted inthe Same forward cone, vanishes at low t . As a first
step we intend to use the unpolarized deuteron beam . Both
fast protons, emitted into a narrow forward cone with typi-
cal momenta around half of the deuteron beam momentum,
will be detected by ments of the forward detector (FD) of
the ANKE spectrometer. For estimation of the FD efficiency
in registration and for studying the background, a simula-
tion based an data from [2] as GEANT event generator was
carried out. The angular-momentum acceptance of the FD is
shown in Fig . 2 . lt presents the ejectile momentum p versus
the projection ofthe polar angle an the median plane 0, of
ANKE. The curves Show the kinematical locus for protons
and deuterons from several processes . The label dp ~ ppn
denotes the deuteron CE break-up with emission ofa forward
proton pair with zero relative momentum . The acceptance re-
gion is centered at 0, - 0° in a polar angle range of -4° to
+4° . Simulation results show that the main count rate in the
FD is expected from one-proton events . However, even if all
inclusive protons are registered, the count rate is not larger
than 220 per two-proton event, when the selection aperture
is 3° . Background of two proton events is left only from the
channel dp -~- ppnno , but an unambigous identification of
the reaction is possible using a missing-mass criterion . One
can conclude that the ANKE spectrometer is well suited to
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study the deuteron CE break-up reaction at small momentum
transfer and allows one to measure the spin-dependent part of
the amplitude of the np - pn process . Further development
of this investigation is connected with polarization experi-
ments, which allows one to estimate the two spin-dependent
terms in the amplitude of the np ~ pn process under 0° and
their relative phase .

Fig . 1 : Events from the bubble chamber experiment [2], in-
terpreted as due to charge exchange (CE) and direct
(DIR) deuteron break-up .

Fig . 2 : FD angular-momentum acceptance for a 3 .34 GeV/c
deuteron beam as used in ref.[2] (a and B denote
ANKE-operation parameters) .

References :
1 . N.W . Dean Phys . Rev . D5 (1972) 1661 ; D5 (1972) 2832 .
z . B . Aladashvili et al . Nucl . Phys . B86 (1975) 707 .
3 . V Glagolev et al ., Research Program JINR-LHE-0941-1
(1999) 29 .

" JINR, Dubna, Russia
n Universität Erlangen, Germany
HEPI TSU, Tbilisi, Georgia

P, =3.34 = 5.9° B= 1 .56 T20

v 15

10 -

5 - .,

O

-s
I

_10

-15

-20
0 0.5 1 1 .5 2 2.5 3 3.5 4 4.5

p, GeV/c



82



1 .2

	

Experiments at External Facilities



84



The aim of the ATRAP experiment [ATR97] at the Antipro-
ton Decelerator AD at CERN is a high precision test of the
CPT theorem when comparing observables from hydrogen
and antihydrogen. lf the frequency ofthe meta stable IS-2S
two photon transition could be measured an the antihydro-
gen with a similar precision as an a beam of cold hydro-
gen atoms, i .e . 1 .8 . 10 14 [MPQ00], this would be by far the
most accurate test of the CPT invariance using a combined
baryon/lepton system .
In the first phase of the experiment - being in operation -
the formation of antihydrogen in a Penning ion trap situated
in the bore of a 6 Tesla superconducting magnet is aimed
for. Two most promising schemes for producing antihydro-
gen atoms, the Pulsed Field Recombination [AMS00] and
Three Body Recombination, were studied [ATROla] . In the
next year the Laser Induced Recombination method will be a
further part of the investigations .
Successful trials of the recombination as well as losses of
particles during the recombination procedure are observed
by a set of Jülich scintillation detectors consisting of a
fiberdetector [ATR99] andlarge area scintillation paddles . As
sketched in figure 1 the recombination trap is surrounded by
three layers of scintillatiog fibers which indicate in coinci-
dence with the scintillator paddles around the magnet (not
shown) the charged pions from an antiproton annihilation
with a proton of the atoms of the trap material supressing
most effectively the physical background coming from cos-
mics, background radiation in the experimental area, and Sin-
gle noise signals.
In the second phase [ATROOa] which is presently under con-
struction a magnet with a bore diameter as large as 0.5 m
will be used so that a gradient field loffe trap can be added
for holding the once formed neutral antiatoms .
After a successful start of first measurements in fall 2000
[ATROOc] that resulted in the first ATRAP publication about
positron cooling [PLBO1] the ATRAP-Experiment used the
beam period during 2001 for refining and optimizing the
trapping of antiprotons and positrons and systematical Stud-
ies oftheir interaction [ATRO1 a] .
Accompanied by simultaneous improvements ofthe antipro-
ton beam of the AD, i .e . a higher intensity and smaller emit-
tance of the extracted beam, the trapping rates could be in-
creased to values of regularly 15000 antiprotons every 110
sec . Another important step towards an efficiency increase
ofthe experiment was the new procedure allowing to fill an-
tiprotons from the AD and positrons from the Na22 source
simultaneously what was before only possible in sequent de-
laying steps . For this pur-pose a ball-valve [PLBO1] between
the positron- andthe antiproton trap (figure 1) was employed
which was closed during the loading ofboth antiprotons and
positrons andwhich was opened when bringing the positrons
and antiprotons together.
Once trapped a lot of effort was put into the understanding
of the manipulation and shifting of both small numbers of
particles as well as of big particle clouds between the elec-
trodes ofthe trap, shown together with the inner detectors in
figure 1 . Using the fibrr charged particle detector a map of
particle velocities transition times andrates oflaunching and

ATRAP an the way to cold Antihydrogen

T. Götz, D . Grzonka, W Oelert, G . Schepers, T . Sefzick
for the ATRAP-collaboration
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recatching of the particles between the different (in location
and type) electrodes was achieved. Furthermore, with help
of the special ball-valve that has a small opening diameter of
0.5 cm compared to the ring electrodes with 1 .2 cm inner di-
ameter the properties of the particle clouds could well be ex-
amined. Driving the antiprotons through this valve and back
cleaned the cloud considerably so that thereafter no losses
were observed. Free of background conditions without an-
tiproton losses during the trapping periode are crucial for any
recombination experiments .

References :

Fig . 1 : Sketch of the inner setup ofthe ATRAP-Experiment
(Phase 1)

As described in the last years progress report [ATROOc] the
light guides of the BGO detector for the measurement ofthe
2 x 511 keV gammas from the positron annihilation showed
a low light output and had to be improved . New light guides
were constructed and built inthe mechanical workshop ofthe
IKP-Jülich . Tests of the new BGO detector (sec [ATROlb])
performed in Jülich and in place at the experiment showed
the strong improvement ofthe light output .

[ATR97] Proposal of the ATRAP collaboration, CERN-
SPSC 97-8/P306 .

[ATROOc] ATRAP, alterhalf a year ofoperation, Annual Re-
port 00

[ATROl a] ATRAP Studies ofinteractions between ö and e+,
this Annual Report

[ATROlb] Studies an the Bismuth-Germanate-detector of
the ATRAP-experiment, this Annual Report

[ATR99] Jülich fibre detector, Annual Report 99
[ATROOa] ATRAP 11, Annual Report 00
[MPQ00] M.Niering et al ., Phys . Rev. Lett. 84, 5496 (2000) .
[AMS00] C.Wesdorp et al ., Phys . Rev. Lett . 84, 3799

(2000) .
[PLBO1] G.Gabrielse et al ., Phys . Lett. B 507, 1 (2001)



Studies an the Bismuth-Germanate-detector ofthe ATRAP-experiment

T. Götz, D . Grzonka, H. Hadamek, W. Oelert, G. Schepers, T. Sefzick
for the ATRAP collaboration

The ATRAP [11 collaboration focuses its attention to the
great challenge of comparing hydrogen and antihydrogen
to high accuracy . The current assumption, that reality is
invariant under CPT transformations, is based in large
part upon the success of quantum field theories, which
themselves rely an reasonable presumptions as causalilty,
locality and Lorentz invariance . Theoretical investigations
of possible CPT violations are discussed in the context of
string theory [2] .
The studies at the ATRAP-experiment require the simul-
taneous identification of antiprotons and positrons . The
antiproton annihilates with a proton to multi pion events,
whereas the signature of a positron is given by the two 511
keV gammas when annihilating with an electron . Since in
practice the antiproton annihilation an a copper nucleus of
the trap material produces numerous secondary particles,
including the generation of positrons in the interaction
cascade, a unique identification of the primary positron
through the detection ofthe 511 keV photons is not possible .
Thus the identification of an antihydrogen event an the base
of a single event is not feasible . The antihydrogen detection
is only possible an a statistical basis with an event sample .
Various studies have been done in order to optimize the
performance of the BGO-detector of ATRAP-1, consisting
of 12 BGO crystals readout with light guides an PM's .
Basic measurements regarding the light coupling have been
performed, in which parameters like surface structure, light
guiding and temperature dependence of the light emission
were studied . Conceming the surface of the BGO crystals,
polishing and painting with white reflective colour improves
the light output by a factor of 3 .2 .
The optimized BGO-detection system allows a clear Sep-
aration of the 511 keV photon line from noise . An energy
resolution of6 = 17 .3% was obtained, which is certainly not
outstanding but could not be improve due to the limitation
given for the light guides .
The studies of the temperature dependence Show, that the

Fig. 1 : Time distribution of the recorded BGO Signals, each
with a time axis of20us . In the left part the histogram
at room temperature (T = 298.9 K) is shown, the right
partpresents the distribution at 91 .3 K . The y-axes are
scaled in arbitrary units .

decay time of the scintillating components in the BGO in-
creases drastically (see Fig . 1) with decreasing temperature .
As an example the ADC gate width has to be set to 3 us, in
order to achieve at temperatures of 100 K a light intensity,
which is comparable to the one at a temperature of 300 K
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(See Fig . 2) .
The photon detection system of ATRAP-11 was studied

References :

Acknowledgements :

Fig . 2 : Left: Fraction of the detected light versus ADC gate
width for different temperatures . Right : Light Out-
put depending an temperature for different ADC gate
widths using the data of [3] for the temperature de-
pendent light output .

with the help of Monte Carlo simulations . Based an the
experience of ATRAP-1 a new detector configuration with
BGO-bars as used but with a ~-segmentation of 32 is
sufficient . Thereby the height determines via the coverage of
the solid angle the detection efficiency.
Both, the amount of the registered single photons in the
511 keV peak as well as the amount ofcoincidently detected
photons of the positron decay can be used for the detection
of antihydrogen. Regarding the photon detection system
independently of the system for the charged particles single
photon and coincident photon identification are comparable.
Ideally 45 antihydrogen events are sufficient for the case of
single photon detection of the production of antihydrogen
with a probability of99.73% (3-6-effect), whereas detecting
the photons coincidently requires 75 antihydrogen annihila-
tions .
Considering additionally the information of the position of
the annihilation resulting from the tracks of the charged
particles, the Situation gets drastically improved . Via an
event selection through the distance between the position of
the antiproton annihilation and the connection line of two
photon events the amount of the necessary produced antihy-
drogen atoms is reduced to 8 for a comparable probability .

We would like to thank D. Protic and his laboratory team for
the extensive help and lots ofSupport during the experiments.
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Tbc ATRAP collaboration at the new antiproton decelerator
(AD) at CERN aims for comparing observables ofhydrogen
to those of antihydrogen . Tbc first observation of positron
cooling of antiprotons, the closest approach yet to the pro-
duction of cold antihydrogen, has been publisbed by the col-
laboration [1] . During the year 2001 considerable progress
has been achieved with respect to the manipulation ofthe an-
tiproton - and positron clouds and the studies to their interac-
tion . Here we present a systematic investigation ofthe cool-
ing of antiprotons with positrons which in principle is similar
to electron cooling ofhadrons in general . By Coulomb colli-
sions the motional energy of the trapped antiprotons is trans-
ferred to the lighter trapped positrons which cool rapidly via
synchrotron radiation .
A sysematic potential well containing electron-cooled an-
tiprotons and positrons in a nested well structure is shown in
Fig . 1 . These overlaying clouds ofthe two species of antihy-
drogen were allowed to interact for different time intervalls
before opening the potential well . Tbc energy distribution of
the trapped antiprotons was registered by a scintillation de-
tector arrangement when slowly lowering the potential bar-
rier as indicatedby the arrow in the figure . When no positrons

Fig . 1 : Schematical view of the potential distribution for an-
tiprotons in a trap together with positrons .

are present in the nested trap, as shown by the top spectrum
ofthe 14 spectra presented in Fig . 2, the antiprotons had lci-
netic energies distributed around 33 eV With increasing in-
teraction time the antiprotons cool further and seem to group
during the time intervall from 535 ms to 910 ms at around
21 eV whereas after 910 ms suddenly a strong yield for an-
tiprotons with kinetic energies around 17 eV is observed.
This is the lowes kinetic energy expected due to the potential
hight for the positrons - as shown in Fig . 1 - which might
be slightly diminished by the space charge of the positively
charged positrons .
Surprisingly enough a further cooling was observed down to
kinetic energies of about 10 eV ofthe antiprotons after an in-
teraction time of more than 2000 ms . This observation might
be explained by evaporation cooling where two antiprotons
with similar kinetic enegy scatter and distribute the kinetic
energy unequally .
In further experiments the collaboration investigated both
the field-induced - [2] and the three body recombination .
Still, some substantial simulations of the experiments are
going an and no final conclusion can be given here .
However, it might be possible that cold Rydberg antihydro-
gen has been produced but the collaboration is not yet ready
to claim that such states have been observed and have been

ATRAP Studies of interactions between p and e+

D. Grzonka, W. Oelert, G . Schepers, T . Sefzick
for the ATRAP-collaboration
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Positron Cooling of Antiprotons
with~1.9x10 5 e + @-15 Volt
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Fig . 2 : Variation of the cooling time for antiprotons in a trap
together with ~ 1.9 x 10 5 positrons in a nested trap
of - 15 Volt depth .

distinguished from a cold neutral plasma of antiprotons and
positrons .
In any case, the ATRAP collaboration achieved at least
to produce and observe a kind of cold neutral plasma of
antiprotons and positrons which is a very promissing base
for forming cold antihydrogen . Furthermore, it is difficult
to sec how to prevent the formation of cold antihydrogen
in such a neutral plasma and certainly the environment is
ready for investigations with laser induced recombination
and cooling of antihydrogen . This is the aim for the research
of the next year.
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The new pionic hydrogen experiment [1,2] at PSI has
started with a detailed study ofthe pressure dependence
of the ground-state shift in the pionic hydrogen atom .
The aim of these measurements is to identify or exclude
molecular effects which falsify the shift value attributed
to the strong interaction.
Molecular effects an level energies may come from
excited np systems bound into complex structures
forming [(7ipp)p]. molecules [3] . Radiative decay from
such states - with binding energies decreased by up to
4 .5 eV - leads to reduced X-ray energies . Only rough
estimates for the formation rates exist at present and
though deexcitation is expected to occur dominantly by
Auger emission, even low-intensity satellites can cause
a center-of-gravity shift of the line that is noticable at
the envisaged accuracy of the experiment . Finally, the
new experiment aims for an improvement by a factor of
about 5 compared to the previous one [4] .
The nH(3p-1s) transition (Fig. 1) was measured in the
pressure range equivalent to 4 bar up to liquid by using
a cryogenic target . This experiment was the ferst
observation ofX-ray emission from liquid hydrogen .
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Figure 1 . 7cH(3p-Is) transition with a peak-to-back-
ground ratio of 40 to 1 at a count rate of 15 per hour for
the hydrogen line . One channel correponds to 60 meV.

At low density the energy calibration live n'60 (6h-5g),
which is not affected by the strong interaction, was
measured simultaneously with the nH line as described
in [1] . At higher hydrogen densities the measurement
was performed alternately with pure hydrogen gas and a
mixture of helium and oxygen (80%/20%) at higher
temperature . Helium is needed to reduce self absorption
of the X-rays in oxygen . The oxygen fraction itself was
a mixture of 160 and 180, which allowed to check the
angular dispersion of the crystal spectrometer (Fig.2).
The spectrometer response was determined from TcC
(Fig . 3), because 7z0 transitions are Doppler broadened
by Coulomb explosion [5] . Coulomb explosion is
negligibly small for molecules like CH 4 because the
hydrogen atoms are weakly bound and the mass ratio
C/H is large . The measurements were performed with a
spherically bent quartz crystal cut along the 10-1 plane .
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Figure 2 . The n0 reflections from the 160 and ' 80
mixture are used for energy calibration .
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Figure 3. Crystal spectrometer response function .

No pressure dependence was found for the energy of the
7cH(3p-1 s) transitions . The preliminary result for the
hadronic shift is also in agreement with the value of the
previous experiment performed at 15 bar equivalent
density [4] . Evidence for an increased line width,
however, was observed for liquid hydrogen which
points to a strength for Coulomb deexcitation even
beyond the predictions from cascade calculations [6] .
The forthcoming high-statistics measurement in summer
2002 will yield an improved value for the hadronic shift .
Liquid hydrogen will be remeasured to confirm the
increased line width .

[ 1 ] 1KP annual report 2000, p . 71
[2] PSI exp . R-98 .01 ; http ://pihydrogen .web .psi.ch
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The mass of the negatively charged pion has been
measured with pionic atom X-ray transitions by using a
new calibration method . The experiment uses the fact
that the muon mass is known to an accuracy of 0.05ppm
[1] . Energies of the (5-4) transitions in pionic nitrogen
and muonic oxygen are 4.055 and 4.023 keV and,
hence, differ by only 32 eV . This allows the
simultaneous measurement of both lines with a
reflection-type crystal spectrometer . Such a set-up
reduces substantially the sources for systematic errors
arising from instabilities during long measuring periods .
Nitrogen and oxygen targets are used in gaseous form,
which leads to a well pronounced X-ray cascade. The
line yield ofthe (5-4) transitions is about 40% and most
of the intensity is collected in the circular transitions
(5g-4f) (Fig. 1) . In gases, screening effects from
remaining electrons are negligibly small, thus avoiding
systematic uncertanties caused by the use of solid
targets [2] .

1000

Figure 1 . Simultaneously recorded reflections of the
pionic oxygen and nitrogen (5-4) transitions measured
with an OZ/N2 gas mixture . The Bragg angles are 52.8
and 53 .4 degrees, respectively . One channel
corresponds to 2 CCD pixels of 40 ium or 102 meV .

The pion beam of the 7cE5 area at PSI was injected into
the new cyclotron trap . The gap between the magnet
coils of the new trap is almost a factor of 2 wider than
the one of the previously used device . This allows to
stop about one order of magnitude more muons which
stem from the decay of slow pions inside the trap .
However, the low count rate for muons is one of the
limiting factors of the experiment . In the set-up
optimized for pions up to 250 X-rays per hour were
achieved for the 7u(5-4) transition .
The second limitation originates from a large Doppler
broadening of the 7cN and iu0 transitions due to
Coulomb explosion . The acceleration of the charged
ions during the separation of the molecules - for the
First time directly observed by this experiment [3] -
doubles the line widths as expected from the

Precision Determination of the Charged Pion Mass

D. F . Anagnostopoulos a , G . Borchert, J .-P . Eggerb , D . Gotta, M. Hennebach,
P . Indelicato`, Y.-W . Liud, B . Manil`, N . Nelmse, L . M. Simonsd

spectrometer resolution of 500 meV . Consequently, a
factor of 4 higher statistics is required to achieve the
same accuracy for the line positions .
X-rays emitted from the target were reflected in second
order by a spherically bent silicon crystal cut along the
110 plane . For a bending radius of 3 m, the p0 and nN
reflections are separated by 25 mm . They were
measured in a ]arge area X-ray detector built up of six
25 mm x 25 mm CCD chips set up for this experiment
[4] . The gaps between the chips were determined from a
mask with high precision slits and irradiated with
2.3 keV sulphur X-rays excited in a target at about 4 m
distance by means of an X-ray tube [5] .
For the simultaneous measurement an oxygen/nitrogen
gas mixture of 90%/10% at 1 .4 bar was used yielding a
count rate of 15 per hour both for the p0 and the nN
(5g-4f) transition . More than 8000 events were recorded
in each of the circular transitions . The error for the
value of the pion mass is dominated by statistics for the
measurement with the OZ/N2 gas mixture . lt amounts to
Uppm for 75% of the total statistics analyzed up to
now . The systematic contributions to the error are small .
From the curvature of the reflections an uncertainty of
± 0.lppm arises . Temperature and bending corrections
are both of the order of 0 .lppm only because of the
small difference of the Bragg angles . The uncertainty
stemming from the determination of the gaps between
the CCDs with the slit mask is at present 0.5ppm, but
will be negligible after a remeasurement with improved
statistics .
A second energy calibration has been performed for
consistency reasons by using the copper fluorescence
radiation . The method follows the live as described in
our preliminary experiment of the pion mass [6] . An
accuracy ofabout 2ppm is expected here .
To summarize, the pion mass has been remeasured by
comparing the wavelengths of pionic and muonic X-ray
transitions . Finally we expect an accuracy of about
1 .5ppm for the new determination of the pion mass . The
final value will be available after a precise calibration of
the spectrometer dispersion early in 2002 .

[1] D.E.Groom et al . (PDG), Eur . Phys . J . C 15 (2000) 1
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Alignment measurement of the CCD array installed at the PSI crystal spectrometer

D. Gotta, M . Hennebach, P. Jonesa , B . Leonib, L . Simonsb

In the recent precision measurement of the mass of the
charged pion (m,) at PSI [1], a 2x3 array of CCD detec-
tors [2] was used. Tbc crucial measured value is the position
difference between the lines of the 5g~4f transitions in pi-
onic nitrogen (irN) and in muonic oxygen (u0) . Since these
lines are positioned an different columns of the CCD array,
the gaps between individual CCDs must be considered when
calculating the position difference . These gaps are mainly
caused by a 5-pixel-wide "dead zone" at the CCD edges .
Furthermore, the CCDs are not perfectly aligned mechani-
cally, which means there are slight rotations in addition to
the gaps . To reach the envisaged accuracy of -1 ppm for m,
the relative CCD positions must be known better than 4 ,um
or 1/10th of a pixel .

200 400 600 800 1000 1200
Fig. 1 : Tbc 3 x 2 CCD array with mask data (not in scale) .

Rotation and translation corrections are already ap-
plied .

Tbc experimental approach for this alignment measurement
is to place a mask with several horizontal, vertical and diag-
onal slits over the detector array . Tbc mask has a thiclmess
of 1 mm, the slits are wire eroded with a width of 0.1 mm.
Tbc detector array, shielded by the mask, is irradiated with
X-rays from a sulphur fluorescence target, which produces
mainly 2.3 keV X-rays, an energy low enough to keep
charge splitting effects small. Tbc target (activated with an
X-ray tube) was placed as far away as possible (3 .3 m) to
reduce distortion of the mask image by parallax effects . A
collimator with a diameter of 5 mm was put in front of it to
provide a point-like source . After optimizing the X-ray tube
for rate and a good peak/background ratio, about 30 hours
of data taking followed . In total, about 600 000 events were
collected, the final data is displayed in Fig . l .

Changes to the Software forprocessing and displaying the de-
tector data had to be made to representthe rotation and trans-
lation of individual CCDs . Basically, the position of each
event within a pixel is determined randomly before it is ro-
tated and translated . Tbc process for extracting the CCD po-
sitions from the mask data is as follows :

1 . Get the individual rotations ofthe CCDs from linear fits
to the mask slits by comparing the inclinations for the
same slit an different CCDs . Tbc fit is done by calculat-
ing the center of gravity (COG) for each CCD row (or
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Fig . 2 : Mask detail before and alter position corrections
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column for fitting a horizontal line) and then making a
linear regression through them . Tbc error ofthe COGs is
based upon a rectangular distribution with a width equal
to the width ofthe slits ofthe mask. WithN as the num-
ber of events and w as the slit width, Ox=

	

tz-v'W .

2 . After correcting the differences in the relative rotations,
make new linear fits to find the crossing points of each
mask slit with the CCD edges . Tbc horizontal and ver-
tical offsets ofthe CCDs follow from the condition that
each slithas to continue without ajump from one CCD
to an adjacent one (See Fig . 2) .

Tbc final results for the individual CCD positions are given in
Table 1 . Note that the crucial values, the x offsets for CCDs
4-6, all have an accuracy of roughly 4/100th of a pixel or
-1 .6um . This level of precision is already near to what is
achievable with optical methods, which would have required
dismantling and transporting the detector. Tbc result pre-
sentedhere is, in principle, accurate enough not to contribute
noticably to the systematic error in the measured pion mass,
but another mask measurement will take place in early 2002
to confirm these values .

CCD

	

x/y-Offset [pixel]

	

Rotation [mrad]

Table 1 : CCD position corrections (relative to CCD 3)

a Dept . ofPhys . and Astr. . Univ. of Leicester, England
b Paul-Scherrer-Institut (PSI), Villigen, Switzerland
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1 -2.585(26) / 22.535(92) 0.094(110)
2 -0.990(17) / 10.904(64) 0.343(56)
3 0/0 0
4 -14.545(46) / 21.108(95) 1 .861(109)
5 -14.637(42) / 12.225(70) 2.984(91)
6 -16.410(39) / 1 .270(22) 6.660(93)



Observation of deeply bound pionic states in Sn isotopes

A. Gillitzer, M . Fujita", H . Geisselb , H . Gilg', R.S . Hayanod , S . Hirenzaki", K . itahashi', M . Iwasaki', P. Kieme',
L. Maier`, M. Matosb, G . Münzenbergb, T . Ohtsubof, M. Sato', M. Shindod, K . Suzukid, T. Suzukid, H . Weickb,
M. Winklerb, T. Yamazakig, T. Yoneyama'

An experimental study of the 201Pb(d,3He) reaction at the
GSI Fragment Separator (FRS) had led to the discovery of
the deeplyboundpionic states 2p and ls in 207pb [1] . These
states are inaccessible in electromagnetic cascades subse-
quent to the capture of stopped negative pions . In this first ex-
perimentthe 2p state was observed as a distinctpeakwhereas
the ls state, populated with smaller strength, was only visible
as a bump at the shoulder ofthe 2p state in the excitation en-
ergy spectrum . The poor separation of the two pionic states
waspartially due to the 3P112 - 3p3/2 doublet structure in the
neutron hole spectrum in 2o7pb.
In a following experiment pionic states in 205Pb were pop-
ulated in the 206Pb(d,3He) reaction . 206Pb was purposely
chosen as a target because in this case a much smaller
3p1/2 contribution was expected from shell model system-
atics . Together with an improved energy resolution of -
300keV, this allowed a clear separation of the pionic 1 s
state from the 2p state in the excitation energy spectrum .
The data analysis of this experiment was completed and pi-
onic binding energies and widths Bl,, = 6 .768 ±0.061 MeV,
Fls - 0.778±ö.iäoMeV, B2p = 5 .110 f 0.045MeV, and r2p =
0.371 f 0.060MeV were deduced for the ls and the 2p state,
respectively [2] .
Since the pionic ls binding energy and width is almost exclu-
sively determined by the s-wave pion-nucleus potential, the
central potential Vo can be deduced to be - 27MeV (repul-
sive) [2], which indicates a significant additional repulsion as
compared to the value deduced from the free irN scattering
lengths. The experiment does however not allow to decide
whether this additional repulsion is due to the isoscalar or the
isovector part of the interaction . In order to experimentally
separate both parts, one has to compare deeply bound pionic
states in nuclei with different neutron to proton number ra-
tio . In this respect the study of pionic states in Sn isotopes
was consideredparticularlypromising, an expectation which
was supported by theoretical studies [3] . Sn has the advan-
tage of having both a long chain of stable isotopes ranging
from A = 112 to A = 124 and a well-suited neutron level
schcmc with low-lying 3s 1/2 ncutrons . This opcns thc possi-
bility ofpopulating quasi-substitutional configurations where
the s l / 2 neutron is replaced by a negative pion in the ls state .
These configurations are prcfcrcntially formcd at vanishing
momentum transfer, a condition which is achieved in (d, -'He)
transfer reactions at a deuteron incident kinetic energy close
to 500 MeV
In a beam time in May 2001 the population of deeply bound
pionic states in Sn isotopes was studied at the FRS at GSI in
the (d, 3 He) reaction . The Sn isotopes A = 112,116,120,124
were irradiated with a d beam at Td = 503 .388 MeV . One
of the prerequisites for the experiment was a high qual-
ity of the d beam, which was delivered from SIS with an
intensity of 1 .5 - 10 11 per spill (average intensity - 0.5
10 11 /s), a momentum spread Sp/p = 3 . 10-4 , and a hor-
izontal beam spot bx - lmm . In order to achieve the as-
pired energy resolution of 300 keV, thin strip targets of
1 .3 mm width and 20 mg/cm2 were used. The -'He energy at

9 1

the FRS focal plane was calibrated by using the non-pionic
>>2.116 .120.124Sn(d,3He)111 .115,119,123In reactions, andin-
dependently by using the p(d,3He)7i0 reaction from a thin
mylar layer attached to the down-stream surfaces of the Sn
targets . Fig . 1 Shows the observed energy spectra (acceptance
corrected) of 3He in the 11611201124Sn(d,3He) reactions . The
three distinct peaks in the middle part correspond to the ls
states in 1151119,123Sn, respectively . The large skewed peaks
close to 371 MeV arise from the p(d,3 He)7u o reaction, and
are subject to a large kinematical steift and broadening . They
not only assured that there was no long term drift in the ex-
periment but also provided an independent energy calibration
which tumed out to be consistentwith the calibration with the
Sn(d,3He)In reactions . Further analyses to deduce the bind-
ing energies, widths, isotope shifts and cross sections are in
progress .
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Fig . l : Acceptance corrected 'He kinetic energy spectra
measured in 116,120,124Sn(d,3He) reactions at Td =
503.388 MeV . See text for further explanation .
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Simulations an a general purpose detector to be used at the High Energy Storage Ring at GS1

VHejny, S.Ganzhur l , O.Hartmann 2 , U . Lynen2 , J .Ritman', C.Schwarz2

During the last year a Conceptual Design Report has been
worked out presenting the plans for a major new interna-
tional research facility at GSI Darmstadt, Germany [1] . The
proposed facility consists of a 100/200 Tm double-ring syn-
chrotron and a system of associated storage rings for beam
collection, cooling, phase space optimization and experimen-
tation. One major topic is the study of hadronic matter at
the sub-nuclear level with beams ofantiprotons in the energy
range of 1 GeV to 15 GeV. They will be stared in the High-
Energy Storage Ring (HESR) for in-ring experiments, which
will be used for charmonium spectroscopy, for the search
ofhybrids and glueballs, the interaction of hidden and open
charm particles with nucleons and nuclei, experiments with
strange hypernuclei and CP violation studies .

ER

Fig . 1 : Top view of the general purpose spectrometer. The
detector is divided in a target spectrometer (solenoid
section) and a forward spectrometer (dipole section) .

Simulation techniques
For the main part ofthe programm a general purpose detector
will be provided (Fig . 1) . The detector design has to incorpo-
rate most recent technologies to reach the required perfor-
mance criteria with regard to mass, momentum, and energy
resolution, hit resolution, particle identification and solid-
angle coverage. Therefore, it is a basic requirement to inves-
tigate the detector properties using a füll Simulation already
at the planning stage . Forthe simulations the 00-based pack-
age Geant4 [2] has been chosen, together with PLUTO++ [3]
for primary event generation and ROOT [4] for further data
analysis . Geant4 and ROOT libraries have been combined
successfully in order to transfer the output into ROOT data
structures directly from the Simulation . The output files are
processed in separate ROOT sessions performing track and
shower reconstruction and particle identification .
Currently, the components ofthe target spectrometer arefully
implemented in the Simulation . The target is surrounded by
4 diamond or silicon start detectors (each 20x30 mm2) fol-
lowed by 5 layers of a silicon micro-vertex detectors . Start-
ing from a radial distance of 12 cm from the beam line, up to
42 cm, 15 double-layers of crossed straw tubes are arranged
as a barrel, that extends from 40 cm upstream to 110 cm
downstream of the target. At a radial distance of 45 cm a
layer of DIRC Cherenkov detectors is placed surrounded by
an electromagnetic calorimeter . This calorimeter consists of
PbW04 crystals which are read out with avalanche photodi-
odes (APD) . In the region between the calorimeter and the
end cap there are 2 sets of mini drift chambers (MDC) with
6 active planes each . The TS is contained in a 2.5 m long and
80 cm radius solenoid. Behind the return yoke scintillating
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Fig . 2 : View of the inner detectors . The tracks Show an event
oftype PP ~ 4)d) .
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strips for muon identification are used . Code development
for the forward spectrometer has not yetbeen started .

Only a fewresults obtained from the Simulation can be shown
here for illustration . The tracking of particles in the inner
detectors of the target spectrometer is depicted in Fig . 2.
The four tracks - bent in the field of the solenoid magnet
of 2T - represent the final state of the reaction pp --> (D(D -
K+K-K+K- . This momentum information in combination
with particle identification in, for example, DIRC or RICH
can be used to reconstruct the invariant mass . The resolu-
tion for a (P ----> KK- invariant-mass spectrum is shown in
Fig . 3 together with one for the decay J/yr -->

,u-,u
. A more

detailed discussion of Simulation results and the general de-
tector properties can be found in [1] .
References :
[1] "An International Accelerator Facility for Beams of

Ions and Antiprotons", Conceptual Design Report, GSI,
2001, (http://www.gsi.de/GSI-Future) .
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[4] sec http://root .cem.ch, LERN .
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W. Gast, L . Mibailescu, R.M . Lieder

Introduction
Gamma-ray imaging devices based an the Compton-camera
principle theoretically couldprovide the highest detection ef-
ficiency, since they do not require any kind of collimation
or masking. However, until now the large volume detectors
needed for good efficiency, the high granularity needed for
precise localization ofthe Comptoninteractions, and the high
energy resolution needed for the reconstruction of the scat-
tering angles made them incompetitive for practical imple-
mentation with respect to other approaches . With the advent
ofa new technical concept, the gamma-ray tracking detector,
this situation changes . The tracking detector is a large vol-
ume high resolution semiconductor detector with relatively
low granularity, but combined with advanced digital signal
processing methods it is able to provide an effective posi-
tion sensitivity being two orders of magnitude higher than
that given by the physical granularity . The signal processing
employs the WPC (Wavelet transform - Pattern recognition -
Correlation analysis) method which decomposes and extracts
multiple interactions occuring in the detector by analyzing
the features ofthe digitized detector segment signals . Apply-
ing Based an the knowledge which we collected during the
development of a coaxial, segmented tracking detector we
studied the relevant eriteria for a Compton- camera design
based an tracking detector prineiples with planar Ge diodes .

Compton Camera Design
The basic concept ofa Compton camera comprises a detector
system made oftwo parts, a scatterer and an absorber. The di-
rection of incident'Y-rays, Compton-scattering from the scat-
terer to the absorber, is reconstructed by analysing the inter-
action positions and deposited energies in both detectors, i .e .
by extracting the scattering angle, and applying the Compton
formula. Hence the most relevant design criteria are :
* Maximize the probability that the incident y-rays scatter by
just a single scattering interaction from the scatterer to the
absorber and that they are absorpt in the latter. This deter-
mines the total detection efficiency and hence the sensitivity
ofthe Compton camera .
* Minimize the uncertainty with which the positions and en-
ergies of the y-ray interactions are determined and maximize
the distance between scatterer and absorber. This maximizes
the accuracy of determining the scattering angle and hence
optimizes the resolution of the Compton camera .
lt is obvious, that these are partly conflicting requirements,
and careful optimizations an the basis of Monte-Carlo simu-
lations had to be made .
The best choice for the scatterer appears to be a planar de-
tector, since its thickness can be easily varied . The thickness
and the material of the scatterer detector, as well as the en-
ergy of the incident y-ray determine its probability of under-
going a single forward scattering . Figure 1 shows the abso-
lute number out of 100 000 Monte Carlo simulated events,
which scatter frontward only once whithin a planar detector
volume, as function of detector thickness for three different
y-ray energies (180, 511, and 1000 keV) and detector mate-
rials (CdZnTe, Ge, and Si), respectively. According to this, a
Ge detector of 2.0 cm thickness appears to be a good choice

Gamma-ray Imaging with Segmented Tracking Detectors
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Fig . 1 : Efficiency ofa scattercr detector (sec text)

for a broad range of energies . In addition Ge provides an ade-
quate energy resolution, and the technical possibility to build
planar detectors as thick as 2.5 cm with full depletion at a
reasonable bias potential (approx . 2000V) .
Ideally the absorber should be as big and efficient as possi-
ble . Since Ge offers the best price per volume and efficiency
and a planar geometry the most favourable sensitive area-to-
thickness ratio, and because of design simplicity and other
reasons, which become clear later, we chose a stack of two
2.0 - 2 .5 cm thick planar Ge detectors as absorber .
The ultimate resolution achievable for such a Compton cam-
era is limited by the Compton profile, which reflects the fact
that the y-rays are scatteed by electrons, which are not at
rest, but moving in an unknown direction, and by the finite
spatial distribution of the charge carriers, which are created
during the ionization process by the recoiling electron . Both
put natural limits an the energy and position resolution re-
quirements being meaningful for our technical realization of
the camera, i .e . energy resolutions better than 3 keV and 3D
position resolutions better than 1 mm' is overkill . However,
an optimal design should approach these limits .
Concerning the energy resolution our choice of a planar Ge-
diodejust provides the right order of magnitude . Conceming
the 3D position resolution and taking a rectangular planar
detector of 80x80x20 mm as an example, it means, that we
have to provide an effective granularity of 128000 voxels per
detector!
For a planar detector, we can consider the x,y coordinates
(surface) and the z coordinate (depth) separately, when we
discuss, how to achieve this granularity. The x,y granularity
usually is obtained by segmenting either one or both elec-
trodes into either pixels or orthogonal stripes, respectively.
For a 1 mm raster this would mean 80x80 segments in case
of a pixel detector and 80+80 segments in case of a strip de-
tector. But even choosing the more economic strip detector
as basis for our design, both solutions are unrealistic, con-
sidering, that each segment has to be equipped with a high
resolution signal processing and data acquisition channel .



The advanced digital pulse shape analysis developed in the
framework of the TMR project "Development of Gamma-
Ray Tracking Detectors for 4pi Gamma-Ray Arrays" offers a
solution to that problem . It allows to provide an effective Po-
sition sensitivity being two orders of magnitude higher than
that given by the physical granularity of the detecor by ana-
lyzing the features ofthe digitized "real charge" and "mirror
charge" signals of the irradiated detector segments, and their
neighbours with only influenced charges, respectively .
In this approach the signal-to-noise (S/N) ratio ofthelow am-
plitude induced current "mirror charge" signals, which are
crucial for the x,y position identification, represents an im-
portant limiting factor, especially if a Position resolution of
the order of 1 mm for energies of < 100 keV should be guar-
antied . Assuming a given noise the S/N ratio improves with
increasing signal Power. Amplitudes and shapes of the in-
duced current signals depend an the profile of the weight-
ing field along which the charge carriers drift, which field
in turn depends mainly an the segment size, i .e . strip width .
Figure 2 represents the profies ofthe weighting fields along

0.005 0.01 0.015 0.02 0.025
z (detector thickness) [m]

Fig. 2 : Profile of the weighting fields at different strip widths
for a planar Ge strip-detector of 20 mm thickness .

the virtual charge carrier drift path placed in the middle of
the first neighbouring segment with respect to the one whose
weighting field is considered . Smaller segments create better
featured induced signals, but would also give rise to an in-
creased number of segments . However, for segments smaller
than ~5mm, the stepp variations might not be evident exper-
imentally due to the limited bandwidth of the preamplifier
and detector capacitance . A further reduction ofthe segment
size would therefore bring no advantage in terms of a better
profile of the induced signal anymore . With our y-ray energy
range of interest in mind we deduced a strip width of 8 mm
as reasonable compromise between Performance and price.
The depth of interaction, i.e . the z-coordinate ofthe 3D Posi-
tion identification, can only be obtained by pulse shape anal-
ysis, preferably by analysis of the real charge signals of the
irradiated segments . lf the above discussed limiting criteria
for the mirror charge signals are fulfilled, the real charge sig-
nals have enough Power to allow easily an extraction of the
z-coordinate with at least 1 mm precision.
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Pulse Shape Analysis
As in the case of the coaxial tracking detector the use of
advanced digital signal processing and pulse shape analysis
methods is the key to obtain highposition sensitivity for large
volume, planar semiconductor detectors . Taking the output of
the preamplifier as signal source the signal processing starts
by conditioning this non-ideal output signal for the analog-
to-digital converter (ADC) via an anti-aliasing filter to fulfil
the Nyquist theorem, and a differentiator to maintain the dy-
namic range at high rate . The resolution and sampling speed
of the ADC itself has to be carefully selected to convert all
the information contained in the analog signal into its digital
representation without losses .
The pulse shape analysis system consists of three main pro-
cessing steps : Wavelet transform + Pattern recognition +
Correlation analysis (WPC) . First the sampled signals are
preprocessed using a specially designed wavelet transform.
This processing has the important property of isolating and
emphasizing the signal features, making their recognition
less dependent an the noise level, and in the Same time mak-
ing a decomposition of multiple interactions possible .
The output of this transform, the wavelet coefficients, repre-
sent the data which are used in a Pattern recognition system
which determines the positions of interaction . This means
that a data base has to be constructed which has to cover the
various expected classes, i .e. signal types corresponding to
a particular interaction position, and the recognition system
has to identify to which class the experimental data pertain .
Due to the not negligible probability of observing multiple
interactions the Problem is even more demanding, since then
not only a single class within the experimental data, but a su-
perposition of different classes with different weights has to
be identified.
Therefore, and since an interaction in one segment will actu-
ally induce transient signals in all neighbouring segments,
another important ingredient for a correct positioning is a
correlation analysis, which correlates the Pattern identifica-
tion results of an irradiated segment with its neighbouring
segments . In particular the x,y coordinates of an interaction
are obtained from this analysis .
The WPC pulse shape analysis system is described in detail
in ref. [1] . The average 1mm Position resolution obtainedus-
ing the WPC method fulfills the requirements for efcient
y-ray imaging . This Position resolution corresponds to the
targeted effective granularity of 128000 voxels for a planar
detector with the dimensions 20 x 80 x 80 mm3 , while in fact
a physical segmentation into only 10 + 10 = 20 segments is
needed.

This work is partly supported by the EU in the framework
of the TMR program under the contract ERB FMR XCT
970123 .

Referenees :

[1] L . Mihailescu, PhD Thesis, FZ-Jülich, (2001);



R.M . Lieder and the TMR Gamma-Tracking Detector Collaboration

In order to carry out high-precision y-ray spectroscopy using
radioaetive ion beams (RIB) or high-spin spectroscopy with
stable beams with a sensitivity which is ~ 100 larger than
that of EUROBALL a new 7-ray detection system utilizing
the concept of 7-ray tracking is required . For RIB applica-
tions stringent design criteria for a new 7-detector array are
imposed. They result from limited beam intensities, a wide
range of recoil velocities (up to v/c = 50%), high 7-ray and
particle backgrounds and 7-ray multiplicities up to My = 30 .
A 4n 7-ray array with highest efficiency, selectivity and en-
ergy resolution is required which is capable of high event
rates . The main properties for Ey= 1 MeV and v/c < 50%
can be summarized as follows :
Photo-peak efficiency Pph(My = 1) = 40%
Photo-peak efficiency Pph(My = 30) = 25%
Peak-to-total ratio P/T (My = 1) = 65%
Peak-to-total ratio P/T(My = 30) = 50%
Angularresolution AOy (AE/E <_ 1%) < 1°
These features can only be achieved with a close-packed
arrangement of Ge detectors, i .e ., a 4n shell consisting of
7-ray tracking detectors . This new generation of Ge detec-
tors has been developed in the framework of the TMR Net-
work Project "Development of Gamma-Ray Tracking De-
tectors for 4n Gamma-Ray Arrays" (contract nr. ERBFM-
RXCT970123) . They consist ofhigh-fold segmented Ge de-
tectors and a front-end electronics, based an digital signal
processing techniques, which allows to extract energy, tim-
ing and spatial information an the interactions of a y ray in
the Ge detector by pulse shape analysis ofits signals . Utiliz-
ing the information an the positions of the interaction points
and the energies released at each pointthe Cracks of tbe y rays
in a Ge shell can be reconstructed in three dimensions an the
basis ofthe Compton scattering formula .
In order to achieve a large tracking efficiency the positions at
which the y rays interact inside the detector volume, should
be determinedwith an accuracy of 1-2 mm. This corresponds
to an effective granularity of approximately 30000 voxels per
Ge detector. It is impossibleto achieve such a granularity by a
physical segmentation ofthe detector. However, pulse shape
analysis methods have been developed, which can provide
this position accuracy together with high resolution energy
and time information . These methods require a medium level
segmentation ofthe outer detector contact. The segments are
read out via individual preamplifiers and can be considered
as separate detectors .
The design ofthe Advanced Gamma Tracking Array AGATA
with the properties defined above has been carried out [1] .
The geometry of AGATA is based an the geodesic tiling of
a sphere with twelve regular pentagons and 180 hexagons .
For this design three slightly different irregular hexagons are
needed . Owing to the geometry these three hexagonal de-
tectors can be mounted in a common cryostat and the 180
hexagonal detectors can be arranged in 60 equal cryostats .
Each Ge detector is encapsulated and has 36 segments . The
total solid angle covered by Ge material is close to 80% .
The total number of segments in the array is 6780 . Together
with pulse shape analysis, this provides unprecedented posi-
tion sensitivity . A key feature of AGATA is the high preci-
sion for detennining the emission direction of the deteeted

Design of the Advanced Gamma Tracking Array AGATA
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7 quanta of < l ° corresponding to an effective granularity
of > 5 -104 . This ensures an energy resolution better than
0.5% for transitions emitted by nuclei recoiling at velocities
as high as 50% of the speed of light. This value is only a
factor of two bigger than the intrinsic resolution of Ge de-
tectors . With respect to EUROBALL the improvement under
these conditions is a factor of 10 .
The 36-fold segmented Ge detector of AGATA with six
azimuthal and six longitudinal segmentations has a cirular
shape at the rear side with a diameter of 8 cm and ahexagonal
shape at the front face . The length of the detector is 10 cm.
An AGATA module is a cryostat containing three segmented
Ge detectors.
The preamplified detector signal has to be digitized with at
least 12 bit resolution and at a speed of at least 40 MSPS
(million samples per second) in order to preserve all relevant
features ofthe signal in its digital representation . l t is thetask
of the digital processing electronics to digitize the pream-
plifier signal using a sampling ADC and to provide digital
signal processing hardware powerful enough for on-line pro-
cessing of the signals . Under optimum conditions the whole
information should be reduced to only five values per interac-
tion : Ey, ty and the three coordinates of the interaction point.
Methods for a determination of the interaction positions of
7-rays in segmented Ge detectors have been developed. They
take into account the shapes of the induced "real" and "mir-
ror" signals . Real signals are measured at the electrodes of
the segment, in which an interaction takes place . Mirror sig-
nals are measured an the electrodes ofthe neighbouring seg-
ments, where no interaction takes place and are due to a
capacitative coupling between these segments and the mov-
ing charges . With a pattern recognition system based an the
wavelet transform of the preamplifier signals a position res-
olution ofthe order of 1 mm3 for single events was obtained.
Multiple hits may be resolved if they lie more than 2 - 3 mm
apart. The position resolution depends an the noise . The limit
of the position resolution is the dimension of the charge car-
rier cloud produced in an interaction, being �:2 1 mm.
Tracking requires powerful computer algorithms that takes
into account the physical characteristics of the y-ray inter-
actions in the detector. The development of such algorithms
follows two successful lines. In the so-called "clusterization"
mthod a preliminary identification of interaction-point clus-
ters is followed by a comparison of all possible scattering an-
gles within a cluster against the Compton-scattering formula.
The second approach starts from those points likely repre-
senting the last interactions and goes back, step by step, to the
origin ofthe incident 7rays . This "backtracking" method al-
lows, in principle, to disentangle theinteraction points oftwo
7rays which enter the detector very close to one another. Fur-
thermore, long-range scattering such as backscattering across
the target region may also be recovered . The optimal tracking
algorithm may be a combination of both methods including
features such as pair production and neutron rejection . These
tracking algorithms achieve a reconstruction efficieny of up
to 60%, depending an the assumed accuray for the determi-
nation ofthe interaction positions .
References :
[11 AGATA Proposal, GSI Darmstadt (2001)
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To deduce the critical input angular momenta Lcr für the
114Cd(36S xn)144,145,146Gd (E-182MeV) and looMo(48Ti xn)
143,144,145Gd (E=215 MeV) reactions a global fit of experi-
mental fold spectra [l ] has been carried out. The calculation
procedure is briefly described in [1-3] . Three values of Lcr
for each reaction, viz. 48, 53, 58 iC for the' OOMo + 48 Ti reaction
and 53, 61, 69 h for the 114Cd + 36S reaction have been chosen.
For each residual nucleus experimental fold spectra have been
fltted and the optimum value of the parameter Smr, defmed in
[1], has been deduced. After a subtraction of the unstretched
transitions of statistical and mixed interband nature for each
case the value %Ml = stretched Ml/stretched M1+E2 contri-
butions has been found. Since the location of the entry state
population distributions are close for' 44Gd and 145Gd, respec-
tively, in the 114Cd+36S and 1o0Mo+48Ti reactions the parame-
ters, representing the relative population probability for mag-
netic rotational bands, should also be close. Based an this hy-
pothesis the parameters %Ml have been evaluated for 144Gd
and 145Gd (Fig 1 . Top) . Subsequently it was possible to evalu-
ate Lcr independently for each nucleus and both reactions . For
each reaction the Lcr values obtained in the analysis ofthe fold
distributions for 144Gd and 145Gd agree with each other, but the
sensitivity for the case of 145Gd is higher due to the larger an-
gular momenta of the entry states as compared to the 144Gd

case . The results are presented in Tabl. 1 . An indirect evidence
for the validity of the deduced parameters Lcr and %M1,

Evaluation ofcritical input angular momenta in the "4Cd+36S and'°°Mo+48Ti reactions from fold spectra

98

responsible for the population and deexcitation of the entry
states in case of the 114Cd(6S,bn)145Gd reaction, is the
agreement of the calculated time distribution for the popula-
tion of the yrast superdeformed band at high spins with the
experimental value for the effective side feeding time [3] . In
case of the 48Ti+looMo reaction the value obtained for Lcr
seems to be close to the data obtained for the 5"Ti + 1 ' 8Sn and
94Zr + 74Ge reactions leading to the 168Hf compound nucleus
[4, 5] . In spite of indirect arguments for the validity of our
analysis the difference in Lcr obtained for our reactions (61 h
and 53h, for 114Cd+36S and 1OIMo+48Ti respectively) seems to
be unexpectedly large .

The work was partly funded by the Russian-German Coop-
eration in Science and Technology project RUS-99/191 .

1 A.F . Ioffe PTI, RU-194021, St.-Petersburg, Russia
2 INFN, Sezione di Padova,1-35131 Padova, Italy
3 1NFN, Lab. Naz. di Legnaro,1-35020 Legnaro, Italy
4 Warsaw University, PL-00-681, Warsaw, Poland
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Figure 1 . Top - Smr vs . %M1 dependences for 144Gd and 145Gd as measured in the 114Cd+36S and 1o'Mo+48Ti reactions
144 145an

Tabl . 1 . Results offold spectra analysis . Lcr and Tv2�x - positions at halfmaxima ofthe input and entry state spin distri-
butions , M.- - multiplicity data with respective indices, M1 sm -unstretched Ml transitions (statistical and mixed) .

1 evaluatlon of%Ml for the , Gd nuclel . Bottom -Evaluation ofLcr for both reactions from the %M I results .
Reaction Gate, keV L_ hi2m Smr Msum M EZ ME1 Mmlsm Mmisv %Ml sh.

1mMo(4s Ti,5n) 143Gd 1023 (19/2-) 53 46 0.04 18 .6 9.6 3.0 1 .4 4.6 32
114Cd( S,6n)144Gd 715 (11+) 61 50 0.10 20 .7 9.3 3.3 1 .4 6.7 42

10uMo(4s Ti,4n) 144Gd +1017(12+) 53 50 0.10 24 .2 11 .0 3.8 1 .4 8.0 42
114Cd(336S,5n) 5Gd 1553 61 55 0.07 27 .1 15 .7 3.4 1 .6 6.4 29
Mo( Ti,3n) 145Gd (13/2+) 53 54 0.07 29 .4 17 .1 3.7 1 .6 7.0 29

114Cd(36S,4n)146Gd , 1579(3+) , 61 , 60 , 0.09 1 32 .7 1 19 .7 , 3.7 1 .7 7.6 28
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Side feeding pattern calculations including stretched Ml cascades and superdeformed bands in the continuum

A.A . Pasternak', R.M . Lieder, W. Gast, E.0 . Podsvirova' and D . Bazzacco 2

Our previous work [1] an side feeding pattem calculations has
been extended . In the calculations using Monte-Carlo methods
all possible side feeding cascades starting from the entry states
region are taken into account assuming that side feeding is not
only defined by the competition between stretched E2 bands
(including the rotational damping effect) and statistical El
transitions but that additional mechanisms can play important
roles . Now the side feeding pattern calculations have been
considerably improved both for DSAM applications (time
dependence of the side feeding population probability) and for
calculations of other measurable quantities lüce suin energy
spectra and multiplicity distributions .
The improved Monte-Carlo code takes typically 10 6 entry
state events, simulated by the code COMPA [2] taking
into account the formation and decay of compound nuclei,
and simulates the side feeding cascades between the entry
states and the considered levels . The standard level den-
sity parameterization has been used [3] . Additionally to
the stretched E2 bands and statistical E1 transitions statis-
tical Mland E2 transitions as well as Mland E2 transi-
tions between mixed bands have been included in the cal-
culations . For the case of the near-magic nuclei 142-146Gd
several special hypotheses have been made which allow to
consider the influence of superdeformed bands (SDB) and
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the existence of a large amount of particle-hole excitations
in the entry state region which generate magnetic rota-
tional bands with shears effects [4] . The mechanism to
form shears bands in the continuum region as well as re-
sults of the calculations of effective side feeding times in
case of the investigated 114Cd(6S,5n) 145Gd reaction [5]
are presented in Figs . 1, 2 . Parameters for the calculations
have been taken from the analysis of multiplicity distribu-
tions [6] .

The work was partly funded by the Russian-German Coop-
eration in Science and Technology project RUS-99/191.

A.F . Ioffe PTI, RU-194021, St.-Petersburg, Russia
2 INFN, Sezione di Padova, I-35131 Padova, Italy
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Figure 1 . Left-Formation of shears bands in the continuum . Each band is tangential to the yrast line . All possible values of
K are taken into account . Right-y-transitionprobabilities for different types ofy-radiation versus excitation energy U above
the yrast line.
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Side-feeding time-distributions for the 26+level of 144Gd populated in the 114Cd(6S,6n) reaction at E =182 MeV

R.M . Lieder, A.A . Pasternak l , W . Gast, E.0 .
G . de Angel i S 3 ,

A new approach for the investigation ofcontinuum y-ray cas-
cades has been developed . It is based an Monte-Carlo simula-
tions of entry-state population distributions and the deexcita-
tion ofthe entry states using a few Parameters for the simulta-
neous fltting of different types of experimental data, e.g ., sta-
tistical distributions of y-ray cascades like y-multiplicity, dis-
tributions and DSA y-lineshapes, being sensitive to the time-
distribution of side-feeding cascades . For the case of the
"4Cd(6S,6n) 144Gd reaction at E = 182 MeV, studied with the
y-spectrometer GASP at the LNL, Italy, the Parameter, respon-
sible for the relative density of stretched magnetic bands as
compared to that of the E2 bands (Surr = 0.08±0.02) and a
critical input angular moment (Lcr = 61±) have been found
from a fit ofexperimental fold distributions [1-4] . Side-feeding
time distributions have been calculated for different values ofa
third parameter, viz . Sb being the relative density of stretched
E2 bands for a normal deformation (Qo = 4 eb) as comparedto
the füll density including SD bands (Qo = 14 eb) in the high
spin region (I > 26 h) where the yrast SD band crosses the
normal deformed yrast states (Fig . l a .) . The experimental value
ofthe parameter Sb has been evaluated by the DSA lineshape
analysis of the 837 keV y-line, corresponding to the E2 transi-
tion from the 26+ state in 144Gd which is to 70% populated by
side feeding. Unfortunately it is in this case impossible to
evaluate the lifetime (i) of the 26+ state independently since
the Population of the band at high spins is too weak for a line-
shape analysis using the "gating above" technique [5] or the
"narrow gate an transitions below" procedure [6], which al-
lows to bypass the side-feeding problem . Besides, at least three
background lines contaminate the Doppler-broadened y-line of
interest (Fig 1b) .

825 830

114Cd(36S 6n) 144Gd, E=182 MeV
Population of 26 + level

, ,835 840

Ey, keV
845

Podsvirova l, D . Bazzacco2, S . Lunardi2, R . Menegazzo 2 , C . Rossi Alvarez2,
D . Napoli 3 , T . Rzaca-Urban and W. Urban

44
Gd

gate755
900

26+ - 24+ 836 .6 keV

850 , 855

100

Therefore, the Parameter Sb and the lifetime i were evaluated
by the analysis the difference spectra obtained by subtracting
the spectra measured wich backward ring detectors from those
of the corresponding forward ring detectors . In this case the
unshifted components ofthe lines of interest as well as all un-
shifted background lines are removed and the lineshape be-
comes anti-symmetric around a zero mean value (Fig. 1 c) . The
fmal lineshape, suitable for ftting has been constructed by
summing the negative left and positive right components of
this line alter two subsequent reflection operations (Fig .l d).
The preliminary result is that up to an excitation energy of U
-1 MeV above the SD yrast line a large number of (about
80%) SD continuum bands contribute. A lifetime of ti = 0.38 f
0.09 ps has been obtained for the 26+ state in '44Gd .
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taining the 837 keV line measured at 90 ° ; arrows mark contamination lines . c) Spectrum obtained by subtracting the spectrum for
the 144 ° ring from that ofthe corresponding 36° ring . d) Fit ofthe lineshape to a spectrum obtained by two subsequent reflections .



R.M . Lieder, A.A . Pasternak',W. Gast, E.0 . Podsvirova', D. Bazzacco 2 , S. Lunardi 2, R. Menegazzo2, C. Rossi Alvarez2,
G. de Angelis3 andD. Napoli3

On the basis ofhigh statistics Monte-Carlo simulation calcula-
tions of the formation of entry state distributions [1] and their
y-ray de-excitation taking into account shears bands [2], multi-
plicity distributions have been calculated for the
n4Cd(36S xn)14,1-1,16Gd (E°182 MeV) and lo0Mo(4xTi,xn) 14s-
14sGd (E=215 MeV) reactions . Experimental fold distributions
for the 3n -6n reaction chamiels have been obtained from data
measured with the spectrometer GASP by gating an transitions
characteristic for the respective final nuclei . For the compari-
son of calculated multiplicity and experimental fold distribu-
tions a deconvolution ofthe measured fold distributions using
the response function of the BGO ball of GASP for high-
multiplicity events is required . But since the parameters ofthis
transformation depend an the y-ray energy this procedure is
not accurate enough as the cascades contain E2 (l MeV), E1
(~2-3 MeV) and Mi (0.5 MeV) transitions . Therefore, the
multiplicity distributions have been folded with the calibration
response function to obtain fold distributions, which can be
compared with the experimental results.
The main factors, important for the reproduction of the ex-
perimental fold distributions, are the critical input angular
momentum Lcr [1] defming the position of the entry state
population distribution in the E vs . I plane and the multiplic-
ities of the stretched M1 cascades. The evaluation of Lcr is
described in [3] . The multiplicities of the M1 cascades de-
pend an the relative density of stretched magnetic bands as
compared to that ofthe E2 bands. As an input parameter to
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Analysis offold distributions in the 114Cd(
6s,xn)144-146Gd and 100Mo(QSTi,xn)143-14'Gd reactions
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define this multiplicity, the suppression factor Smr =
R(Mlrot)/R(Mlrot.�) was used - being the relative prob-
ability for the first y-transition to populate a Ml cascade as
compared to the maximal possible value, calculated under the
assumption that for each point of the entry state population
distribution all possible values ofKcan be realized.
As an example in the left portion of Fig. 1 experimental and
calculated fold distributions for the 1ooMo(48Ti,4n) 144Gd reac-
tion are shown. The experimental fold distributions were ob-
tained by gating an the 1017 and 715 keV transitions feeding
the l0+ isomer, the 395 keV 18+ - 17+transition in the strongest
dipole band and the 755 keV20+ - 18+transition member ofthe
strongest quadrupole band . With one parameter set it is possi-
ble to reproduce rather well all experimental fold distributions .
In the right portion of Fig. 1 the corresponding multiplicity
distributions are shown.
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K. Nakayamaa), J . Speth,

The production of q mesons in NN collisions is thought
to occur predominantly through the excitation (and de-
excitation) of the Sll (1535) resonance, to which the 7l
meson couples strongly. However, the excitation mecha-
nism of this resonance is currently an open issue . Some
authors [1, 2] find the p exchange to be the dominant ex-
citation mechanism of the Sll (1535) resonance . In par-
ticular, it has been claimed [1] that p meson exchange is
important for explaining the observed shape of the an-
gular distribution of the pp -> pA reaction . Other au-
thors [3] have found that both the 7r and 7j exchanges are
the dominant excitation mechansm. They have, how-
ever, considered only the pp --> pp7i reaction . In contrast
to these findings, in Ref.[4] it is found that the dom-
inant contribution arises not from the Sll (1535) reso-
nance current, but from the shorter range part of the
nucleonic currents . Here, we report an another possible
scenario for exciting the Sll (1535) resonance that re-
produces both the pp --> ppri and pn -> pn7i reactions
and discuss a possibility to disentangle these reaction
mechansm.
Our investigation of NN -~ NNi) reaction is based an a
relativistic meson exchange model of hadronic interac-
tions . The reaction amplitude is calculated in the Dis-
torted 'Wave Born Approximation . Details of our model
may be found in R,ef.[5] . In order to examine the differ-
ences between our model and previous works, we show in
Fig . 1 t11e results from the calculations keeping only t11e
Sll(1535) resonance(solid curves) contribution . Within
our model, this resonance excitation is due to the ex-
change of 7r, ri, p, and w . To see the relative importance
between these different meson exchange mechansm, we
also show in Fig 1 the results from 7r exchange(dashed
curves), 77 exchange( dash-dotted curves), and p ex-
change(dotted curves) . The w meson contribution is neg-
ligible . As can be seen, the dominant contribution is due
to the 7r exchange followed by 7) exchange . The p ex-
change is very small in contrast to Refs.[1, 2] because
we use a gauge invariant pNN* vertex rather than a
gauge violating y� y5 vertex . In Fig 1 the nucleonic and
mesonic currents are not included ; their contribution to
the total cross section is very small compared to that due
to the S11(1535) resonance . However, their interference
with the resonance current result in an angular distribu-
tion similar (although less pronounced) to that given by
the p exchange dominante mechanism for exciting the
S11(1535) resonance .
From the above considerations, we conclude that, at
present, the excitation mechanism of the S11(1535) res-
onance in NN collisions is still an open question . It is
therefore of special interest to seek a way to disentan-
gle tllese possible scenarios . In this connection, spin ob-
servables may potentially help resolve this issue . As an
example, we present in Fig. 2 the analyzing Power at
Q = 10 MeV (upper panel) and Q = 37 1-7eV (lower
panel) . The predictions of the present model are shown
as the solid curves, whereas the predictions assuming
the vector meson exchange dominante for exciting the
Sll(1535) resonance as the dashed curves . The different

A study of 77 meson production in NN collisions
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and T.-S . H . Leeb)

Q (hiev)
Fig . 1 : Sll (1535) resonance contribution to the total

cross sections for the pp -> pp-77 (upper Panel)
and pn -~ pnq (lower panel) reactions as a func-
tion of excess energy within our model .

features exhibited by the two scenarios for the excita-
tion mechanism of the S11(1535) is evident . The dotted
curve in Fig . 2 corresponds to the case of p exchange
dominante according to Ref.[1] .
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Fig . 2 : Analyzing Power for the reaction pp -~ pp71 as a
function of enlission-angle of 7l in the c.m. fraane
of the total system .
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The incoherent il photoproduction an the deuteron
close to threshold provides a very good scenario
to investigate the final state interactions between
the outgoing neutron-proton-,q system . In Ref. [1]
we calculated the reaction yd -> np71 and included
the dominant Sll (1535) resonance and the neutron-
proton (np) final state interaction . For photon euer-
gies around 680 MeV and higher the impulse approx-
imation (IA) reproduces the q photoproduction Cross
section and the angular distribution of rl-mesons in
the photon-deuteron c.m . system quite well .

Neutron-Proton Final State Interaction in Incoherent Photoproduction of il mesons from
Deuterium near Threshold

E,=630-650 MeV

A . Sibirtsev, Ch . Elster, J . Haidenbauer, J . Speth

Figure 1 : Angular distributions of the q mesons in
the photon-deuteron c.m . system for different photon
energies E� . The dashed line gives the IA calculation,
while the solid line represents the result with the np
FSI from calculated from the CD-Bonn potential [2] .

At lower energies the consideration of the np FSI be-
tween the outgoing nucleons is essential to describe
the relative enhancement of the Cross section data
with respect to the impulse approximation . It turns
out that the magnitude of there np final state inter-
actions is practically the Same for different nucleon-
nucleon forte models considered .
Though the np FSI accounts for a large part of the
observed enhancement, our analysis [1] suggests that
there still remains a small discrepancy with respect
to the data for very small excess energies . This dis-
crepancy is of a similar size as found in the 7~ produc-
tion in nucleon-nucleon collisions and may be taken
as signature of the 7JN final state interaction close to
threshold .
The angular distributions of the 71 mesons in the
photon-deuteron Center-of-mass (c.m.) system are

108

U

0

E,=630-650 MeV

References :

10

E,=670-689 MeV 1100

50

E,=650-670 MeV

_E,=708-726 MeV

O ii,

	

i ,

	

, i
100 200 0 100 200

p (MeV/c)

Figure 2 : Momentum distributions of the il-meson in
the photon-deuteron c.m . frame for different photon
energies E, . The dashed lines Shows the IA calcu-
lation, while the solid line represents the result with
the np FSI from calculated from the CD-Bonn poten-
tial [2] . The arrow indicates the largest kinematically
allowed momenta of the q-meson .

shown in Fig . 1 . The momentum distributions of the
7] mesons in the photon-deuteron c.m . system are
shown in Fig . z . Both figures clearly indicate the en-
hancement through the np FSI with respect to the
impulse approximation for photon energies close to
the reaction threshold . We would like to emphasize
that the theoretical results in Figs . 1 and 2 repre-
sent an average over the finite energy interval indi-
cated in the figure . This is done in order to make the
predictions comparable to experiments [3, 4], where
likewise an averaging over energy bins is made .
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Effects of contact terms in OBE NN potentials

G. Caia, J.W . Durso, Ch. Elster, J . Haidenbauer, A. Sibirtsev, J . Speth

We examine the effects of inclusion of the con-
tact terms that arise in one-boson exchange models
based an time-ordered perturbation theory. In covari-
ant perturbation theory one starts with a Lorentz-
invariant Lagrangian density, from which one derives
the Hamiltonian density and, from that, the Hamil-
tonian . For Lagrangians with scalar er pseudoscalar
mesons without derivative coupling, the interaction
part of the Hamiltonian density is just the negative
of the interaction part of the Lagrangian density. For
Lagrangians with derivative coupling or with vec-
tor mesons, however, non-covariant `'contact" terms
arise in the Hamiltonian density. These terms are
necessary to cancel the non-covariant terms in the
meson propagators so that, in any order of perturba-
tion theory, the resulting amplitude is covariant [1] .
From a procedural point of view, this means that
in the Feynman rules one simply drops the contact
terms and the non-covariant parts of the propaga-
tors .
In TOPT, however, one does not use particle prop-
agators . They are effectively supplied by the ver-
tex functions and energy denominators in the time-
ordered diagrams . In order to obtain covariant results
in TOPT starting from a Lagrangian density with
derivative coupling, or with vector mesons, one must
include the contributions of the contact interactions
in the Hamiltonian in the appropriate order of the
perturbation expansion . Therefore, for single pion
exchange with pseudovector coupling in NN scatter-
ing, i .e ., in second order in the coupling constant, one
must include not just the meson exchange diagrams,
but also the four-point nucleon-nucleon contact in-
teraction (similarly for vector meson exchange) . Only
then will the result agree with covariant perturbation
theory when all external particles are an their mass
shells .
In order to make the comparison of different treat-
ments of pseudoscalar meson exchange explicit, we
will focus an two one-boson exchange (OBE) mod-
els of the NN interaction . One model will consider
a pseudovector coupling of the pseudoscalars rr and
rl, the other will use pseudoscalar coupling for them .
All other mesons will be identical in both models,
namely vector mesons p and w, and scalar mesons u
and B . Gauge terms arising in the polarization sttm
in vector meson exchange in TOPT will be retained .
Results for some selected NN partial waves are
shown in Fig . 1 . The solid line corresponds to the
model with pseudovector coupling and involving the
contact terms (PV) and the dashed line are the
phase shifts for the model with pseudoscalar cou-
pling (PS) . Evidently, both prescriptions yield a
comparable and overall satisfactory description of
the NN phase shifts . We should mention, however,
that in both case the usual parameters of one-boson-
exchange models (coupling constants of the Keavier
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mesons, cutoff masses at the vertex form factors [2])
have been properly adjusted . In order to demonstrate
the effect of the different coupling schemes we also
present results were the pseudovector coupling (for
the rr and n-meson exchange) is replaced by pseu-
doscalar coupling, but without re-tuning the param-
eters . The corresponding phase shifts are given by the
dotted line . Obviously, the coupling has basically no
influence an P waves, neither an other higher partial
waves [3] . This is simply a consequence of the short-
ranged nature of those additional contact terms aris-
ing in the pseudovector coupling scheme . Not unex-
pected the strongest effects are seen in the mixing
parameter Ei . This quantity is primarily determined
by the tensor force generated by the 7r exchange and
here the two coupling scheme lead indeed to signifi-
cant differentes . At the saure time the So , where this
tensor force does not contribute remains essentially
unchanged .

Figure 1 : Phase shifts for some selected NN partial
waves . The solid line represents the calculation with
pseudovector coupling . The dotted line shows the re-
sults if pseudoscalar coupling is used . The dashed
line are results for pseudoscalar coupling after refit-
ting some of the model parameters .
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Fürther development of the

A.M . Gasparyan l , J . Haidenbauer, C.

The existing Jülich 7rN model [1, 2] is based an the
meson-exchange picture and contains five coupled chan-
nels, namely zN, qN, and three effective 7r7rN chan-
nels (uN, joN, and zA) . The potential consists of a
set of t-channel diagrams (e.g . z, p, a exchanges), u-
channel pole graphs (nucleon and A exchanges), and
also s-channel pole diagrams corresponding to the reso-
nance contributions from the A(1232) and ofthe N* res-
onances Sll(1535), Sll(1650), D13(1520) . This model
yields a quite satisfactory description of the 7rN phase
shifts and inelasticities as well as of the r)N differential
and total Cross sections in the energy range from the zN
threshold up to about 1600 MeV .

The natural way to extend this model to higher ener-
gies is to include also other channels like KA, KE, and
wN which open at Center of mass energies within the re-
gion 1600-1700 MeV. However, to do so one first has to
apply some modifications in the zN rector of the model,
because a direct extrapolation of the present scheme to
higher energies produces results incompatible with the
zN data (see [2]) - independently of whether additional
channels are included or not .

In this work we report an the improvements of the
model of Ref. [2] . First of all we added several pole
contributions which are needed to describe the reso-
nance structures in various partial waves, in particular
we added the S31(1620), P13(1720) and D33(1700) res-
onances, that are also known to play an important role
in the pion induced strangeness production (c .f. [3, 4]) .
The nonresonant part of the potential or the background
had to be suitably changed to describe the data far away
from the position of the resonances . Our new results for
the phase shifts are displayed in fig .l . Shown are the
S31, P13, and D33 partial waves . The contributions
from the background are given separately (dashed line) .
The results of the original Jülich 7rN model are shown
by the dotted lines .

We also adopted a different treatment of the Sll res-
onances . The main problem which occurred in the orig-
inal model was a dominant influence of the N*(1650)
resonance an the near threshold region . To eliminate
this we changed the zNN* vertex structure from the
scalar one used before to gradient coupling . It corre-
sponds to the effective Lagrangian of the form

_.fN*N�

~~~

	

T ,, ~~

	

auf

	

+ h .c .
m,r

This structure leads to a stronger suppression of the cor-
responding resonance graph at small momenta . How-
ever the main S-wave low energy contributions (p, v
exchanges) are fixed in our model by the dispersion re-
lation technic . Therefore one has to introduce an addi-
tional S-wave piece to compensate for the absente of the
resonance term at low energies . We solved this problem
introducing a nonzero subtraction term in the dispersion
relation in the or channel .

The presented results are preliminary. Some work
has yet to be done to incorporate strangeness channels
as well as wN channel .

Jülich zN model

Hanhart, and J . Speth
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Fig . 1 : 7rN phase shifts for S31, P13, and D33 partial waves .
The dashed lines show the background contribution .
Solid lines represent the total results . The dotted
lines are the results of the original Jülich model [2] .
The data are from [5] .

[l] C . Schütz et al ., Phys. Rev . C 57, 1464 (1998) .
[2] O. Krehl et al ., Phys. Rev . C 62, 025207 (2000) ;

O. Krehl, Jülich report, No. 3692 (1999) .
[3] R_D . Baker et al ., Nucl.Phys . B 126, 365 (1977) .
[4] D.J . Candlin et al ., Nucl.Phys . B 238, 477 (1984) .
[5] SAID, current solution, Nov . 2001 .

l also at : Inst . of Theoretical and Experimen-
tal Physics, 117258, B.Cheremushkinskaya 25,
Moscow, Russia



We evaluate the pQCD two-gluon (2G) contribution
to the elastic pion-pion scattering . We treat the pion
as the quark-antiquark state . A calculation of Born
amplitudes in the non-relativistic approximation for the
target and beam pions (--an be found elsewhere [1] . In
the present communication we report results for elastic
pion-pion scattering based an a relativistic light-tone
description of the pion [2] .

Making use of the Sudakov technique [3], one readily
obtains the Impact factor representation ofthe pion-pion
scattering amplitude

A(qO - is 2_ 1 f 8dz ~; g2 (Ni)g2(N2)9

	

(27r) 2
1
',r-+~ (4

	

7F

	

71(f)
1

	

1
(4/2 + i7)2 (f/2 - j)2

	

(1)

where (D is the two-gluon pionic Impact factor, iZi1z -

A . Szczurek l , N .N . Nikolaev and

± i; are the ex(-gluon momenta, which are2
purely transverse, 2/9 is the QCD color factor and gs is
the QCD strong charge l .

There are four different diagrams how 2 gluons may
couple to the pion . In general, both gluons inay couple
to the saure quark/antiquark or to quark and antiquark .
This leads to 16 2G exchange amplitudes for pion-pion
scattering .

The anatotny of the 2G exchange amplitude is shown
in inore detail in Fig .1 where we present the cross sec-
tion calculated in the case where gluons couple only to
the saine quark/antiquark (Impulse approximation) and
in the case where gluons couple only to different con-
stituents of both pions . We shall cal' the later com-
ponents Glauber-Gribov-Landshoff (GGL) terms . The
IA colnponents dominate at sinall to moderate values of
111 G 0 .5 GeV2 , where the nonrelativistic and light-(.one
amplitudes are nearly identical . A comparison of the NR
and LC cases Shows clearly a substantial suppression of
the GGL contribution by the q- z correlations inherent
to the LC case . The G G L mechanism dominates at lt 1 >

1 .0 GeV where the light-tone amplitude decreases faster
than the nonrelativistic one . One should note, however,
that even at 'arge Itl - 4 GeV2 due to interference effects
all contributions inust be included .
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The understanding of the onset of hard pQCD
regime requires evaluation of the'arge-111 tail from soft
non-perturbative interactions . In the nonperturbative
region of Small transferred mornenta in baryon-baryon
and meson-baryon elastic scattering one is bound to the
Regge phenomenology [l, 2] .

In the rase of pion-pion scattering the soft pomeron
exchange misst be supplemented by the subleading
isoscalar (f) and isovector (p) reggeon exchanges . Here
we resort to the simplest Regge-inspired phenomenolog-
ical form :

i CIp (s/s()arplt) FIP(t)
-'7f (t) Cf '

(s~su}ar(t) . Ff (t)

-701) C,,

	

FP (t)

	

(1)

where 7i f and 77� are somewhat simplified signature fac-
tors :

1p, = exp(ioR(t)) ,

	

(2)
with the phase depending an the reggeon signature .

In the ilnupulse approxilnation, the Regge pole con-
tributions to different scattering processes are related
by the Regge factorization . In our case of 7r7r scattering
residues at t = 0 can be evaluated from those for 7rN

and NN scattering as :
(C,N)2

C = L~Nnr
,

for each reggeon i = IP,f,p . Then the correspond-
in .' Regge phenomenology of 7rN and IV lti scattering [3]
glves CIp = 8 .56 mb, Cf = 13.39 mb and C, = 16 .38
111b .

Here for example we shall discuss the total cross sec-
tion for both opposite-sign and the saure-sign pion-pion
scattering . In Fig . 1 we compare our predictions with the
quasi-data from [4] . While the opposite-sign pion-pion
total Cross section depends strongly an energy, the same-
sign pion-pion total Cross section is almost independent
of energy . In the Spirit of duality, the near cancella-
tion of contributions from crossing-even and crossing-
odd Regge exchanges in the 7r+ 7r+, 7r- 7r- channels is not
accidental and is consistent with the absente of isoten-
sor s-channel resonances, in close analogy to the flatlless
of the pp total Cross section .
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Fig . 1 : Total Cross section for 7r+7r- and 7r+7r+ or 7r - 7r-
scattering as a function of Center-of-mass energy
W Tbe experimental data for r+7r

	

scattering (left
panel) were extracted from 7r+p -~ XO++ (open cir-
cles) and from 7r+n ---> Xp (fall circles) . The ex-
perlnlental data for 7r - 7r- scattering (rlgbt panel)
were extracted from 7r-p ---> XO++ (open circles)
and from 7r-n ---> Xp (fall circles) . The single IP
and subleading reggeon exchanges are given by the
dashed lines . The solid line includes absorption cor-
rections to be discussed in the next contribution .



Absorption corrections to single reggeon+pomeron
exchange have been studied actively in the past (see
for instance [1] and referen(-es therein ; a more recent
dicussion can be found e.g . in [2]) . One usually resorts
to the so-called eikonal approximation . Here we restrict
ourselves to the dominant double-scattering corrections
which read

A) =

	

a

	

f dzkldzkz Jz(

	

- ki -

	

z)327r2s

References :

Multiple scattering effects in pion-pion scattering

A . Szczurek l , N .N . Nikolaev and J.Speth

Ai

	

(s, Zl) Aj') (s, Z2) .

	

(1)

In genegal, the single scattering amplitudes 11(') in (1)
are not restricted to soft reggeon exchanges and hard
two-gluon exchanges should be in(-luded too . Conse-
quently in the following we shall include the (soft
soft), (soft 0 hard)+(hard (D. soft) and (hard C.) hard)
double-scattering amplitudes . The last three double-
scattering contributions are expected to bc small, at
least at forward angles, compared to the leading (soft
(~) -oft) absorption correction . In the (hard (D hard)
case the eikonal amplitude sums only a certain subset of
possible four-gluon exchange amplitudes, but this con-
tribution is entirely negligible .

For example, in Fig .l we compare differential cross
sections for single-exchanges and those including the
double-scattering terms . Again one can observe rather
different pattern for thc opposite-sign (left panel) and
the snge-sign (right panel) pion-pion scattering . The
dip tninima for opposite-sign pion-pion scattering is
due to strong destructive interference of the single- and
double-scattering terms . To illustrate this better, by the
dotted line we show seperately the cross section corre-
sponding to the double-scattering amplitude alone . As
can be seen froin the figure the ininima in the total
cross section (solid) occur in the position where the cross
sections corresponding to single-scattering (dashed) and
double-scattering (dotted) are identical .
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Fig . 1 : The effect of the absorption corrections an the
t-dependence of the elastic zT cross sections for
opossite-sign pions and saure-sign pions for W = 4
GeV . In this calculation the slope parameter B =
4 GeV -' . The cross section for single-exchange is
shown by the dashed line, while the cross section
which includes double-scattering effect by the solid
line . By the dotted line we show the cross section cal-
ctAated from the double-scattering amplitude alone .



ao -fo mixing in the reaetion i')n --+ rlao with polarized proton beam

A. Kudryavtsev*, V. Tarasov*, J . Haidenbauer, C.' . Hanhart, J .

The nature of the lightest, virtually mass-
degenerate, scalar mesons ao (980) (IGJPC - 1-0++)
and fo (980) (0+0++) is an itnportant problem ofhadron
physics . The quark structure of these mesons is not well
established at present time . This duestion is also closely
related to a very interesting problem of ao-fo mixing .
The dynamical mechanism of this mixing close to KK
threshold was suggested around 20 years ago in Ref. [1] .

In a previous paper [2] we pointed out that the study
of the reaetion

pn-~ da,

near the threshold provides a promising opportunity to
observe the ao-fo mixing effect, which should manifest
itself in a forward-backward asymmetry" of the outgoing
ao mesons in tbe CM System of the reaetion . According
to Ref. [2] tlie asymmetry A, defined as

0-+ - 0-_

	

_ do-

	

_

should be of the order of 10% .
Let us discuss now what kind of effects induced bv

aö - fo mixing one may observe in the reaetion (1) with
polarized initial protons . As it will be shown below, the
generalized asymmetry A(9, cp) defined as

A(9, f) _ 0-(g' SP) - O-(7r - 0, ~O + 7r)
0-(9,5^)+O-(7r-0,yc+7r)'

0-(9, 0 -
da-
da-

(0,('),

	

Z = cos 0 ,

where 9 and cp are the polar and azimutal CM angles of
aö-meson escape with the polar z-axis ColnC1 1 wich
the initial beam, gives additional information an isospin-
breaking (ISB) effect in the reaetion (1) . This informa-
tion is cotnpleinentary to what Gould be obtained from
the asymmetry ~/1 (2) . The transformations 9 -> 7, - 9
and cp -~ cp + 7r correspond to the inversion for the di-
rection of CM momenta of the outgoing ao meson and
the deuteron .

To obtain the expression for A(9, (p) let us Start from
the general form of the aö- and fo-production atnpli-
tudes Ma and 1VIf . Here Al. corresponds to the reae-
tion (1) and 1vlf to the reaetion

pn->dfo,

respectively . Tn the near-threshold region of these reac-
tions we ma,y" write /tila a,nd ]flf as

a (p S) (k'E *)+ b(p k) (S - E* )
c (k

	

S) (p

	

E* ) + d(p

	

S) (p - E*) (k ~ p) (5)

Mf=f(S'E*) +9 (P-S)(P'E*),

	

(6)

where a, b, c, d, f and y are independent scalar ampli-
tudes which can be taken to be constant near thresh-
old ; p and k; are the initial and final CM momenta ;
S = 0?0-1-Q~2 is the spin operator of the initial NN
System, where 01,2 are the spinors of the nucleons ; E is

where

Speth

the deuteron polarization vector . The atnplitudes (5)
and (6) are obtained under the following assumption :
The ao and fo mesons are produced in p and s waves,
correspondingly, with respect to the deuteron, as re-
duired by selection rules [2] .

The differential Gross section of the reaetion (1) when
the ao - fo mixing process (4) is also taken into account
can be presented in the form

-(9,~')=- (0,~')= p

1 ~1,
2,M=IK,+~Mf, (7)dQ 647rs

where II is the total amplitude and 5 is the ao -fc) mix-0
ing parameter [2] .

The general features of 11(9, 4') as a function of the
polarization S of the initial proton (0 <_ ~ <_ '1) are
discussed in Ref. [3], Here we only wart to Show some
specific Gases . For example, in forward direction (9 Z--
0') and for unpolarized beam « = 0) we get

A9=Oo
Cl

Co + C2 '

Co = 1 (lall + 1 , 1 2 ) p2k2 + (1f12
+ 1 lf

+p2g12~

	

I¬ 122

	

2 ,

C1=pkRe([(a+b+c+ P2d)*(f+p29)+2b*f]

	

)

C2 = paka[lbl2+2lb+padl2+Re(a*c

+

	

(a +
c)*

(b
+p2

d))]

	

(9)

On the other hand, at 9 = 90' and

	

54 0 we get

A(9 = 90°, ~0) =

2( pk Im ([a* f - c* (f + p29)] ~) sin y,

(lall + IC1
2

) p20+ (21f1 2 + I f +p 2 91 2 ) hIz
(10)

Comparison of the expressions (8) and (10) Shows that
the ISB effect for different angles 9 and cp is expressed
in terms of different invariant atnplitudes . Note that in
the model of ao-meson prodllrtlon dlscnssed in Ref . [2],
which was based an the impulse approximation, it
should be A(90° , cp) - 0, because a = c = 0 in that
model . Tbus, tlie study of the asymmetry (3) witli po-
larized beam provides independent information about
the lnvarta,ilt amplltndes a,, b, (;, d, f and !g of the a,o-
and fo-production reactions . Furtliermore, 4 miglit al-
low to get additional information about the ao - fo mix-0
ing amplitude [31

.
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77-meson production in nucleon-nucleon collisions

V . Baru*, A.M . Gasparian, J . Haidenbauer, C . Hanhart, A. Kudryavtsev*, and J . Speth

We have performed a microscopic calculation of the
reactions pp -~ p1w7, pn -> pn7), and pn -> d77 in the
near-threshold region [1] . The production mechanisms
which have been included consist of rescattering terms
with M = p, T, 7~, or meson exchanges and the direct il
production. Efects of the final (FSI) and initial state
interaction (ISI) between the nucleons are fully taken
into account . For the NN interaction we utilize a ver-
sion of the Bonn NN model (CCF of Ref. [2]) . The
main novelty of our calculation lies in the employment
of a realistic model for the AIN -~ qN transition am-
plitudes . They are taken from a coupled-channel model
of the 7rN System developed in Jülich [3] .

The results for the reactions pp -~ pp7l, pn -~ pnU
and pn --> dq are represented in Fig. 1 by the dashed
curves . As one can observe from this figure, for the ppil
case we get an overestimation by approximately 30%
whereas for pn -> pn77 the calculation underestimates
the experimental data by about 40-50%. As a conse-
quence, the experimentally observed ratio of the cross
sections [4, 5] is underestimated by a factor of about 2 .

It is interesting to See whether our results can be
improved if we slightly extend the MN model by intro-
ducing some additional graphs . E.g ., the original MN
model does not contain any tree-level contributions to
the pN -~ 7)N transition . Certainly, the pN --> 77N
transition T-matrix is not equal to zero due to coupled
channel effects but, in principle, tree level Born dia-
grams should be included as well . Since we are inter-
ested in the 77-production in NN collisions near thresh-
old, which is characterized by a strong influence of the
N* (1535) Sll resonance, it is a natural choice to add
the pN -~ N* (1535) --> 77N, oN, 7rN potentials to the
model . In fact, Since the 7rN --> N*(1535) -> qN tran-
sition potential is included in the original MN model,
the coupling of the N* (1535) to the other MN channels
should be taken into account anyway, for consistency
reasons .

Indeed, extending the model of Ref . [3] by including
these diagrams with a negative gp7VN` coupling constant
allows us to achieve a better agreement for the TN in-
elasticity g in the Sll partial wave while staying as close
as possible to the results for the Sll phase shift and the
TN -~ 7)N transition cross section as predicted by the
original model [1] .

Interestingly, the pN ---> qN and 7rN ---> ilN transi-
tion T-matrices, and, in particular, their relative phase
changed somewhat as well . In case of the original MN
model the amplitudes of the T- and p-exchange contribu-
tions are almost orthogonal to each other . Thus, there is
practically no interference between these contributions .
The additional diagrams which we introduced into the
MN model yield a slight modification of the orientation
of these amplitudes in the complex plane and, as a conse-
quence, now interference effects do occur . Specifically,
we observe a destructive interference for the isotriplet
channel (I = 1) and a constructive interference for the
I = 0 case leading to a very good agreement with the
experimental data for all reaction channels, cf. the solid

curves in Fig . 1 .
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Fig . 1 : Total cross section for the reaction pp -> ppg, pn -~
np',q and pn ---> d77 . The dashed curve is the result
using the original MN model [3] whereas the solid
line is based an a modified MN model, cf. text . The
data points are taken from Refs . [4] and [5] .
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During the last decade the development of quark-
model based interactions for the hadronic force has led
to nucleon-nucleon (NN) potentials that provide a fairly
reliable description of the on-Shell data . As a conse-
quence of the internal structure of the nucleon, such
interaction modeln are characterized by" the presence of
nonlocalities . These nonlocalities are reflected in the
of Shell properties and emerge from the underlying dy-
namics in a natural way .

The relevance and/or necessity of considering the
nonlocal parts of nucleon-nucleon potentials in realis-
tic interactions is still under debate . Indeed, over the
past few vears several studies have appeared in the liter-
ature which stress the potential importance of nonlocal
effects for the quantitative understanding of few-body"
observables and, specifically, for the triton binding en-
ergy" [1, 2, 3, 4, 5] . However, the majority of there in-
vestigations [1, 2, 3, 4] explore only nonlocalities arising
from the meson-exchange picture of the NN interaction .
The effects of nonlocalities resulting from the quark sub-
structure of the nucleon have only been addressed once
so far [5] and more systematic studies are lacking alto-
gether .

In this work we study the triton binding energy" for a
nonlocal quark-model potential, derived by means ofthe
resonating group method [6] . The specific chiral quark
cluster model for the NN interaction that is utilized in
the present investigation has been widely described in
the literature [7, 8, 9, 10] . Therefore we refrain from
repeating this here but refer the reader to the pertinent
references .

The triton binding energy" is obtained by performing
a five channel Fadeev calculation including the 1 So and
3 S l -3Dl NN partial waves as input . Note that since in
our model there is a coupling to the NA system, a fully
consistent calculation would require the inclusion of two
more there-body channels . However, their contribution
to the 3N binding energy is known to be rather small
[11] and therefore we neglect them for simplicity reasons .

To solve the there-body Faddeev equations in mo-
mentuin space we firnt perform a separable finite-rank
expansion of the NN(-NA) rector utilizing the EST
method [12] . Such a technique har been extensively
studied by one of the authors (J.H.) for various realis-
tic NN potentials [13] and specifically" for a model that
also includes a coupling to the NO System [14] . In those
Works it was shown that, with a separable expansion of
sufficiently high rank, reliable and accurate results an
the there-body level can be achieved . In the present case
it turned out that separable representations of rank 5 -
for So - (SDn) and for 3Sl - 3Dl - are sufficient to get
converged results .

Results for the triton are summarized in Table 1 . It
is reassuring to nee that the predicted triton binding
energy is comparable to those obtained from conven-
tional NN potentials, such as the Bonn or Nijmegen
models . Thus, our calculations Show that quark model
based NN interactions are definitely able to provide a
realistic description of the triton . The results also give

Quark niodel study of the triton bound state

B . Juli4-Dfaz*, F . Fernändez*, A . Valcarce*, and J . Haidenbauer

Table 1 :. Properties of tbe tbree-nucleon bound state .

support to the use of such interaction model for further
few-body calculations . One should not forget at this
point that the number of free parameters is greatly re-
duced in quark-model based NN interactions like the
present one . In addition, the parameters are strongly
correlated by the requirement to obtain a reasonable
description of the baryon spectrum .
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EB (MeV)
Quark model

-7.72
Nijrn 11
-7.65

Bonn B [13]
-8 .17

PS (%) 91 .49 90.33 91 .35
PS, (%) 1 .430 1.339 1 .368
PP (%) 0.044 0.064 0 .049
PD (%~) 7.033 8.267 7.235



We have developed a new model for the hyperon-
nucleon (AN, EN) interaction, derived within the
meson-exchange framework . The model incorporates
the Standard one-boson exchange contributions of the
lowest pseudoscalar and vector meson multiplets with
coupling constants fixed by SU(6) symmetry relations
[1] . In addition - as the main new feature of the model -
the exchange of two correlated pions or kaons [2], both
in the scalar-isoscalar and the vector-isovector channels,
are included . In the scalar channel those contributions
provide the main part of the intermediate-range interac-
tion between two baryons, thereby eliminating the need
for the fictitious sigma niesen, which has been an un-
avoidable element of effective one-boson-exchange de-
scriptions .

Besides replacing the conventional (7 and p exchanges
by correlated zz and KK exchange, there are in addi-
tion several new ingredients in the present YN model .
First of all, we now take into account contributions
from ao(980) exchange . The ao meson is present in
the original Bonn NN potential [3] and for consistency
should also be included in the YN model . Secondlv,
we consider the exchange of a strange scalar meson,
the s, with mass - 1000 MeV. Let us emphasize, how-
ever, that these particles are not viewed as being mem-
bers of a scalar meson SU(3) multiplet, but rather as
representations of strong meson-meson correlations in
the scalar-isovector (7r77-KK) [4] and scalar-isospin-1/2
(7rK) channels, respectively . In principle, their contri-
butions can also be evaluated along the lines of Ref. [2],
however, for simplicity in the present model they are ef-
fectively parameterized by one boson exchange diagrams
with the appropriate duantum numbers . In any tage,
these phenomenological pieces are of rather short range,
and do not modify the long range part of the YN inter-
action, which is deternnined solely by SU(6) constraints
(for the pseudoscalar and vector mesons) and by" corre-
lated 7r7r and KK exchange .

In Fig . 1 we compare the integrated cross sections for
the new YN potential (solid eurves) with the YN --->
Y'N scattering data for the channels Ap and E-p.
The agreement between the predictions and the data
is clearly excellent . Also shown are the predictions from
the original Jülich YN model A [1] (dashed curves) . The
main qualitative differentes between the two models ap-
pear in the Ap -~ Ap channel, for which the Jülich model
[1] (with standard o- and p exchange) predicts a broad
shoulder at pl ab ,:; 350 MeV/c . This structure, which is
not supported by the available experimental evidente,
is due to a bound state in the SO partial wave of the
YEN channel . It is not present in the new model.

The description of the other channels of the YN
interaction is equally good, if not better, for the new
motlel [5] . Further results and more details about the
model (.an be found in Ref. [6] .

A nieson exchange model for the YN interaction

J . Haidenbauer, W. Melnitchouk*, and J . Speth
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Fig . 1 : lntegrated cross sections for the reactions Al) and
The solid lines are the result of our new Y N

interaction . The dashed curves Show the predictions
of the model A of Ref . [1] .
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Complete next-to-leading order calculation for pinn production in nucleon-nucleon collisions at threshold
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Fig. 1 : Nextto-leading order contributions to s-wave pro-
duction. A solid (dashed) line denotes a nucleon
(pion) .

Due to their nature as pseudo-Goldstone bosons the dynam-
ics of pions is largely constrained by chiral symmetry. In
the literature there are now several publications carried out
within the framework oftree-level chiral perturbation theory
(CHPT) including dimension two operators for neutral pion
production as well as for charged pion production [1] . In ad-
dition, one loop calculations where performed for the pro-
duction of neutral pions [4] . These tumed out to be larger by
at least a factor of two compared to the tree level diagrams .
Consequently, several authors questioned the convergence of
the chiral expansion for the meson production reactions in
nucleon-nucleon collisions [2] . On the other hand, the chiral
expansion seems to Show convergence in case of the produc-
tion of p-wave pions [3] .
However, contrary to the kinematics of traditional chiral
perturbation theory, in the meson production in nucleon-
nucleon collisions an additional large scale enters, namely
the initial nucleon momentunipi - MNm� , wherem� (Mv)
denote the pion (nucleon) mass . It was argued in Ref [3] the
the counting rules have to be adopted to the appearance of
the large scale . In doing so it becomes clear that some loops
get pulled down in their order . In the modified counting the
loops shown in Figure (1) even appear an orderbelow the tree
level rescattering diagrams . In this work for the first time we
perform a complete loop calculation for the s-wave pion pro-
duction using this new counting . In addition, for the firsttime
the loops relevant for the charged pion production where cal-
culated as well .
We find for the amplitude

where x = gä and in contains the isospin structure for the
particular channel n.
The first observation is that theNLO contributions are of the
order ofmagnitude expected by power counting, since

The power counting proposed in Refs . [3] is thus indeed ca-
pable of treating the large scale inherent to the the NN -~
NNn reaction properly . However, the loop contributions are
subject to large cancellations . Explicitly, as shown in table 1,
the loop contributions for the neutral pion production cancel
exactly at leading order.

Table 1 :

	

Results

	

for

	

the

	

different amplitudes

	

shown
in Fig . 1 . The results are given in units of
gÄlFc3 {dl) (MNm.l128F� ), where (aj) is a short
hand notation for the spin matrix elements .

In Ref. [2] some pion loops were calculated fully relativisti-
cally. This calculation included diagrams la and b and one
diagram of higher order. It is a straightforward task to ex-
pand this result, which is given analytically in eq.(16) ofRef.
[2] in powers of x, defined in eq . (3) . This exercise was al-
ready carried out in the cited reference . The leading term is
a constant that does not vanish in the chiral limit. We find
that the next term exactly agrees with our result for the cor-
responding diagrams, which is an important Cross check of
our calculation. Also, if we neglect the constant term, the
fully relativistic loop calculation, that in addition to includ-
ing the nucleon kinetic energy exactly contains higher order
diagrams, tums out to be nearly saturated by the leading or-
der result. This is a clear indication that a fully relativistic
calculation is unnecessary here .
Another successful check of ourresults was done via extract-
ing the leading nonvanishing pieces from the calculations
given in Ref. [4] .
In summary, we have demonstrated that the chiral expansion,
when adopted to the appearance ofthe large scale inducedby
the large inital momentum, converges for pion production in
nucleon nucleon collision .
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Constraints an high energy phenomena from low energy nuclear physics

U . Langenfeld*, H . Dreiner*, C . Hanhart, D . Phillips t, and S . Reddy+

The "standard model" of supernovae does an exceptionally
good job of predicting the duration and shape of the neu-
trino pulse from SN1987a . Any mechanism which leads to
significant energy-loss from the core ofthe supernova imme-
diately after bounce will produce a very different neutrino-
pulse shape, and so will destroy this agreement-as demon-
strated explicitly in the axion Gase by Burrows, Brinkmann,
and Turner [1] . Studies of this type showed that supernovae
are extremely powerfull laboratories to deduce constraints an
the coupling strength of exotic particles [2] .
In any analysis of this type the first step is the calculation
of the emissivity of the exotic. In our work we follow the
method developed in ref. [3] . It is based an the observation
that, if the radiation is soft, the production rate can be ex-
pressed in terms of the on-shell nucleon nucleon scattering
data directly-the process is dominated by radiation off ex-
ternal legs . The leading term in such an expansion in terms
ofthe radiation energy can be calculated for any kind of radi-
ation model . If the radiation couples to a conserved current,
however, even the next order in the expansion is fixed . This
is well known for the vector current and was applied to the
radiation ofgravitions in ref. [4] . Obviously the kinematic re-
quirement is best fulfilled in degenerate nuclear matter as it
occurs inthe late cooling phase ofa PNS . Itwas shown in ref.
[3] that our model independent approach leads to rates for
neutrino-anti-neutrino bremsstrahlung that are significantly
smaller than those used so far. The separation of scales is not
that clear when we move to the physical conditions present
in the first 20 s after the collapse . With temperatures of some
tens of MeV and densities of several times nuclear matter
density, matter should be expected to be neither degenerate
nor non-degenerate . However, the investigations of ref. [4]
suggest, that the relevant expansion parameter, namely the
radiation energy in units of the average nucleon-nucleon en-
ergy, still is smaller than one even here . Using this approach
emissivities where already calculated for axions [3] as well
as gravition only extra dimensions (GODs) [4] . In addition
the latter results where used as a basis for bounds derived an
the ground of cosmological arguments [5, 6] .
The methods descibed above are currently applied to derive
a bound for the masses of the lightes neutralinos [7] . Super-
symmetry does not prohibit a situation where they appear as
pure binos and thus do not couple to the Zo . For those kinds
of supersymmetric particles no bound can be derived from
current experimental data [8] .
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Fig . 1 : Diagram considered
in the present investigation .
The dashed line denotes the
mesons, the Single solid line
the nucleon whereas the
double line denotes the ex-
change of a heavy sigma
meson. The three body cut
is indicated by the dashed-
dotted line.

In recent years high quality data became available for the re-
aetion NN -> NNx close to the production threshold, where
x spans the range from the lightest meson iT up to mesons as
heavy as the 11' . Most of the theoretical work so far concen-
trated an pion production and, although there are still open
questions, at least the production of charged pions is under-
stood . Unfortunately, this can not be Said for the production
ofheavier mesons where the theory is still in its infancy. Most
ofthe studies so fardid neither considerthe initial state inter-
action between the incoming two nucleons, nor the influence
of the necessarily occurring three particle cuts in the tran-
sition operators . The latter occur whenever an intermediate
3-particle state can go on-Shell . The purpose of this work is
to study the effect of there cuts . In this first investigation we
minimize the numerical complications by working within a
toy model . Note, that the gross features ofthe impact of the
cut should not depend an the details of the interaction.
Recently a toy model suited for the present study was for-
mulated in Re£ [1] . It is based an two distinguishable nu-
cleons that can interact either through exchange of a scalar
"pion" field or through exchange of a scalar "sigma" parti-
cle . The coupling of the latter is assumed to be weak that
it only needs to be included in leading order perturbation
theory . The meson-nucleon couplings are given by Yukawa
couplings . In addition, the pion can interact with one of the
nucleons through a seagull interaction . The diagram included
is shown in Fig. (1) where the three body cut is indicated by
the dashed-dotted line .
For the numerical evaluation we use a pion mass of 139 MeV
and a sigma mass of 600 MeV In order to prevent the sigma
propagator to introduce an additional singularity we use a
static propagator for the sigma exchange .
To demonstrate that the three body cut induced by the pion
exchange indeed has a potentially large impact an the to-
tal cross section even close to the production threshold of
heavier mesons, in Fig. (2) we Show a comparison of the
füll calculation with one where the pion exchange is treated
in a static approximation as well . The figure Shows the to-
tal cross section in arbitrary units for a fixed excess energy
Q = \,7s- - srh, as a function of mx, the mass of the meson
produced . Naturally, if we employ a static propagator the mx
dependence enters mainly through the energy dependence of
the two nucleon cut . Consequently we find a weakmx depen-
dence . In case of the füll calculation, however, the three par-
ticle cut--omitted by hand in the calculation with the statie
propagator-leass to a contribution that scales with the three
body phase space that is available for the 7iNN state. Thus,

The influence of three body cuts an the reactionNN -~ NNx
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Fig . 2 : Comparison ofthe result ofthefüll calculation (solid
line) to the widely used static approximation (dashed
line) for the pion propagator The calculation is car-
ried outfor afixed excess energy Q=5MeV

the influence ofthe three body cut is getting larger and larger
as the mass oftheproduced meson is inereased : was the static
propagator for the pion a good approximation for mx = mit
(20 % accuracy), at mx = 10m, the approximation is offby a
factor of more than 20 .
It should be clear that the effect ofthe cut is maximized by
considering the diagram of Fig . (1) only, since no cut occurs
in the diagram where the sigma exchange occurs in the final
state instead of the initial one . In addition : in reality chiral
symmetry suppresses the Impact of the cut at least close to
the pion production threshold, as was already pointed out in
Re£ [1] . Further study in this direction is certainly necessary.
For the production ofheavy mesons near theirthresholds one
expects meson exchange currents to be important [2] . Thus,
we expect the results of the present study to be relevant for
those reactions . It should be stressed that simultaneously to
improving the treatment ofthe three particle cuts in the pro-
duction operator a mieroscopic nucleon-nucleon interaction
that is capable of describing the elastic scattering data up to
center of mass energies ofseveral GeV should be developed,
for a reliable initial state interaction is essential to get quan-
titative predietions .
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In Refs . [l, 2] the reaction 7i-p ---> con was measured at ener-
gies close to the nominal co production threshold. In Re£ [3]
it was claimed that these experiments were interpreted incor-
rectly. In this work we reinvestigate the experiments using
an event-by-event simulation as well as an analytical calcu-
lation. The purpose of this manuscript is two fold: Besides
studying, if the reaction kinematics was treated properly in
Refs . [1, 2], we also take the oportunity to discuss in detail
the method proposedin Re£ [ 1, 2] for the nearthreshold pro-
duction of narrow resonances, for it might prove usefull for
upcoming experiments at COSY and GSI .
Cross sections close to threshold depend strongly an the to-
tal energy of the reaction due to the quickly growing phase
space . On the other hand secondary beams, like a z--beam
needed for the 7tip _~ o)n reaction, always have a sizable en-
ergy spread. To solve this discrepancy the authors of Re£ [1]
suggested to run the experiment with a variable initial en-
ergy, however, keeping the final state momentum fixed in an
interval of size AP around a central momentum P* . This pro-
cedure removes the dependence an the o) spectral function
from the equations . Therefore, the 7i-p--~con cross section is
given as (for details c£ Ref. [4])

with

6(P*, AP) -1s [P_

	

*2 + 12 (AP)2] IM1 2 ,

_ 1 _ahnx

	

27LE

	

) ,

	

(2)
ngrz~ ( am2

where En=~P* 2 + m,2, and s denotes the invariant collision
energy evaluated for the productionof a stable co-meson with
center ofmass momentum P' .
The expression given in formula (1) agrees to eq . (10) ofref.
[ 1 ] for anideal detector andbeam . Thus, at this stage it seems
as if the experiments ofrefs . [1, 2, 5] where analysed prop-
erly. However, from what is written in Refs . [2] one can get
the impression, that it is 6,p, defined through

6(P* , AP) = 2M, ( am2) ß,'p(P*)
.

that is given in the data tables and not a proper cross section
to be defined below.
Thus one may consider two options . Either the kinematics
was treated properly in the experimental analysis of Refs .
[ 1, 2, 5] . Then the strong energy dependence as shown by the
solid dots in Fig. 1 is physical .
Or the experimental data were analysed improperly, namely
only the Jacobian that connects the Lab-frame was included
and not the terms that take care ofthe final resolution of the
detector.
In what follows we investigate the consequences of the sec-
ond option . In other words, we study the implications of the
assumption that it was ß�,p defined in eq . (3) that was given
in the experimental papers [2] .
We can now define an effective two-body cross section ße.o

in terms ofthe cross section 6.,p measured in Ref. [2] :

elf =

	

~P*
6

	

p* 2 +(Ap)2/12 6exp

The reaction nN--~coN revisited : the co-N scattering length

C. Hanhart, A. Sibirtsev, and J . Speth
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Fig . 1 : The matrix element extracted from the data of
Re£ [2] . The opaque circles denote the corrected ma-
trix element using Eq . (4) whereas the filled circles
Show the uncorrected result. The small error bars are
those from the data only, whereas the large error bars
include the uncertainty in P*, given by AP=20 MeV
The solid lines are polynomial fits to the data .

Therefore, the effective cross section 6e.ff is the n-p--~con
total reaction cross section taken under the assumption
that the produced ü)-meson is stable with the fixed mass
Mw=781.94 MeV
Finally we deduce for the imaginary part of the spin av-
eranged scattering length

3awy > (0.24±0.05) fm .

50 100 150 200
P* [Mev]

As can be seen from Fig . 1, the value for the corrected
squared matrix element at threshold changed by more than
an order of magnitude . Since the lower limit for 3a.N scales
linearly with the squared matrix element, ourbound naturally
is significantly stronger than those present in the current lit-
ersture . For instance, in Ref. [6] a value 3al,N>0.02 fin is
given (Note : in Ref. [6] the scattering length was deduced
including the iT-p channel only. To include the non isotopic
channel the result ofRef. [6] was multiplied with the isospin
factor 3/2 to allow comparsion to our value) . This change, if
correct, will have a huge impact an models relevant to study
the omega meson in the medium as well as omega nucelus
bound states .
To resolve the problem we propose to study the reaction
n-p -~ Con with the HADES experiment at GSI .
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In the aftermath of a core collapse supernova we find a Sys-

tem described by extreme parameters : densities of several
times nuclear matter density with simultaneous appearance
oftemperatures of several tens ofMeV Indeed, the matter is
that dense and bot that even particles interacting as weakly
as neutrinos-the by far most efficient conventional cool-
ing mechanism-get trapped . Therefore, the cooling of the
nascent proto-neutrnn star (PNS) has to happen an diffusion
times scales of tens of seconds . It is this delayed cooling in
the Standard scenario that makes core collapse Supernovae
one ofthe most effieient elementary partiele physics labs pos-
sible : any additional cooling mechanism will influence the
time structure of the neutrino signal as long as its interac-
tion with the medium is not too strong that it gets trapped as
well [1] .
To make this kind of an argument more quantitative several
ingredients are in principle necessary: first one needs a reli-
able method to ealeulate the primary emission rates ofthe ex-
otic under discussion in the inner core. The calculated emis-
sivities are then to be fed into a simulation eapable of de-
scribing the first several tens of seconds of a nascent PNS .
The results ofthere simulations carried out for different cou-
pling strengths ofthe additional cooling mechanism are the
to be compared with the data and analyzed with the appro-
priate statistical method. This leads then to bounds an the
coupling strength of the exotic studied. The chain of argu-
ments is illustrated in figure (1) . Also indicated in the di-
agram there is a possible short eut, here labeled as Raffelt
criterium . This particular criterium [1] is one of a group of
criteria meant to allow to read a constraint off the emissivi-
ties directly. Although useful to get a very rough estimate of
the allowed strength of an exotic one should keep in mind
thatthe emission rates ofparticles in the nuclear medium are
strongly temperature and energy dependent. The core tem-
perature in the supernova, however, depends an whether or
not there is an additional cooling mechanism present . Thus it
is difficult ifnot impossible to fix a fudieial temperature and
density to be used in the criteria that is valid for all kinds of
particles (note that the temperature dependence of a particu-
lar production process depends an the energy/momentum de-
pendence ofthe fundamental coupling vertex ofthe exotic to
the medium and thus depends ofthe properties ofthe partiele
studied) . Thus, to get a reliable bound, a detailed simulation
is required after all . The method to calculate the emission
rates of the exotic in a model independent way is described
in Ref. [2] . Here we focus an the likelihood analysis. Onee
the emissivities are derived we have to quantify their influ-
ence an the neutrino signal of SN1987A . To do so the new
energy source is implemented into a simulation of the early
PNS that takes Gare ofthe neutrino diffusion [4] . Having neu-
trino emission rates at hand we now have to compare to the
data and develop a tool that quantifies the agreement . Thus
we need to define a Likelihood function . Following ref. [5]
we use

L({data}ja, x, I) = 11
D

	

I i=I

Supernovae as partiele laboratories-a probability study
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dND(tn) At I eND

dt

	

'

where ND is the total number of observed neutrino arrivals,

122

xotie x

Raffelt
criterium

Lilcelihood
analysis _ i

.dl. s~a«c~ms ,
data 1

Fig . 1 : The structure of the analysis. Between input (fi^amed
in rounded boxes), calculated quantities (boxes) and
analysis tools (ellipses) is explicitly distinguished.

and tD, t° . . . . are the times at which neutrinos actually ar-
rived inthe detectorD. ND(t) is the total number ofneutrinos
that the model with assumptions I, parameters x, and exotie-
coupling a predicts will have arrived in the detector D up
until the time t . At can be any interval small enough that the
probability of detecting more than one count in any one bin
can be taken to be negligible . Ultimately it will be absorbed
into an overall normalization constant . To actually derive a
bound we now integrate (or "marginalize") over all possible
values ofM and T~, using appropriate weight functions (for
details c.f. ref. [3]) .
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Possible odderon discovery at HERA via observation of charge asymmetry in the diffractive 7r+rr-
production

The odderon, 0 (the object corresponding to the
conjectured j-plain singularity with C = -1 and the
intercept ao ~ 1), has been the goal of a large num-
ber of dedicated searches, but despite all attempts it
still remains elusive . On the other hand, the odderon
is an integral feature of the QCD motivated picture of
high energy scattering . Therefore, the experimental dis-
covery of the odderon is crucial for the QCD theory of
streng interactions .

Given the experimental fact that the odderon cou-
plcs to hadrons rather weakly and, therefore, the Cross
sections of odderon-induced reactions are Small, wo pro
pose to shift attention to high-energy processes that can
proceed both via Pomeron and odderon exchange, and
extract the Pomeron-odderon interference terms in the
differential Gross section . This signal of the presence of
the odderon should be strenger - and therefore easier
to See - than in the purely odderon-exchange processes .

To be specific, wo propose [1] to investigate the
high-energy diffractive photoproduction of 7r+7r- pairs
yp ---> T+7r-X in the resonance region (i .e . with di-
pion invariant mass MT+,- - 1 GeV) . This reaction
can occur via Pomeron or odderon exchange . Due to
the definite C-parity of the initial photon, the Pomeron
produces 7r+z- pair in C-odd state, while the odderon
creates the C-even dipion . Obviously, these two mech-
anisms do not interfere in the total Gross sections, but
the interference is present in the differential ones . So,
our aim will be to present a method to extract this in-
terference and to establish whether the Signal obtained
in this way can be statistically significant at HERA.

Since the Pomeron-odderon interference term is in-
trinsically C-odd, the effect, which wo are looking for
and which will be the definitive signal of the odderon,
is the presence of charge asymmetry in the differential
Gross section . This readily suggests a method how to de-
tect the interference : find the charge asymmetric quan-
tities and calculate the asymmetries (Gross sections in-
tegrated with a certain charge asymmetric weight) . Wo
identify two asymmetric variables, e and v, which are
related to the longitudinal or transverse internal motion
in the 7r+T- system .

The C-odd 7r+7r- spectrum in the invariant mass
region around 1 GeV is saturated by resonance, the P-
meson being the most prominent of them . In the C-odd
T+T- spectrum a similar picture takes place, the promi-
nent resonances being scalar fo and tensor f2 mesons .
Therefore, it is sufficient for us to treat the dipion pro-
duction in a factorized Regge-vector-dominante manner :
that is, the Pomeron or odderon exchange produces a
corresponding meson, which subsequently decays into
T+T- pair . If we focus an the region around 1200 MeV,
only p and (2(1270) meson can be taken into account .
In this approach the amplitudes have form

Aù =AaRDR(MZ
)EJ' aR , .40 - i'4X" DR(M2)~J,AR .y

	

R

	

y

Here AÄR devote the production amplitudes of the cor-
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responding resonances R. Their form Gould be written
immediately, if the helicity properties of y ---> R were
known. The factors DR(M 2

) describe the propagation
of the resonance formed, for which we took the simple
constant-width Breit-Wigner form . Finally, angular fac-
tors tä,AR correspond to RJ,IR --> rr+rr- decay and can
be written in terms of spherical harmonics .

The presence of extra Breit-Wigner phases is a cru-
cial point here . Without them, the Pomeron and odd-
eron amplitudes would be almost orthogonal due to ex
tra i, stemming from the signature of the odderon . As
a result, our interference effect would occur only if the
Pomeron and odderon intercepts were distinct, possess-
ing thus small factor sin(T(ap - ao)/2) (See [2]) . How-
ever, the final state interaction lifts this orthogonality
and significantly enhances the Signal . Such an effect can
be viewed as an example of severe breaking of parton-
hadron duality.

In the subsequent calculations wo verified that the
Pomeron-odderon interference indeed possesses longi-
tudinal er transverse asymmetry. The asymmetries in
Gross section, defined as
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a(v > 0) - O-(v < 0) ,

were found to be quite significant . Within the invariant
mass region 1.1 < M < 1 .4 GeV the charge symmetric
background Gross section is Qbkgd = 670 nb, while the
longitudinal asymmetry is AuL = 64 nb . With and
additional momentum transfer squared Gut ,A Z >_ 0.1
GeV2 imposed, the background Gross section reduces to
0bkgd = 250 nb, while the transverse asymmetry equals
to ,O1 = 24 nb.

Both effects should be within the reach of HERA . Wo
proved that no other mechanism can mimic the odderon
signal at high energies, so the observation of the any
type of charge asymmetry in this process would be a
streng evidente for the presence of Odderon .
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A meson-theoretical model for two-pion production in
the pion-nucleon reaction has been developped and ap-
plied in the vicinity" of the reaction threshold . Both bary-
onic and mesonic intermediate resonances have been
considered explicitly . In a first step, the model has been
formulated strictly at the tree level . This version of the
model Gould reproduce the total Gross sections in the
iminediate vicinity of the threshold, but for kinetic en-
ergies of the incident pion above 250 MeV, the Gross
sections were overestimated, in particular for the reac-
tion T+P -> 7+T+n which is dominated by the A33-
resonance . Therefore, a proper two-body unitarization
had to be implemented . In a second step, we have ex-
tended our model by replacing the sigma- and the rho-
meson by correlated two-pion states which reproduce
the two-pion phase shifts in the required partial waves .
For the A33-resonance we kept the non-relativistic spin-
3/2 projector only . In this second version of the model,
we are able to describe four of the five 7rN ---> 7r7rN

reaction channels up to T,r = 400MeV .
The decomposition of the total Gross sections into con-
tributions from specific Glases of intermediate states is
shown in Fig .1 . As expected, the -r+P -~ T+7F+n re-
action is entirely dominated by processes involving an
intermediate A33-resonance . The 7r - p -> 7r ° 7r°n rection
is dominated bv the decav of the intermediate correlated
two-pion exchange in theVscalar-isoscalar channel . In the
vicinity" of T,l = 350lIeV, both the intermediate A33-
and the Roper-resonance begin to make non-negligible
contributions .
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Fig . 1 : Total Gross sections for the reaction 7rN -~, rr7rN as a
function of the Lab-energy of the incoming pion . full
line: ft l model ; long-dashed line : only inteianediate
A-3 diagrams ; short-dashed line : only inteianediate
Roper diagrams ; dashed-dotted Eile : only intermedi-
ate correlated two-pion states .

The angular correlation function W is defined as the fol-
lowing ratio between triple and double differential Gross
sections :

d'a

ylT(Ol, (h l ) = 47r ds2 1d2 2 d'T2
dza

	

(1)

d2 2 dT2
In ref . [1], experimental angular correlation functions are
shown for the reaction 7r-p ---> 7r+7r- n. at a center-of-
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Fig . 2 :

	

Angttlar correlation functions for the reaction
7r 1) -> 7r+7r-n as a function of the angle (P,- . full
line : full model ; dashed line : oitly intermediate cor-
related two-pion states.

mass energy -~7s- = 1 .301GeV" . These data are compared
with our model in Fig . 2 .
The explicit inclusion of meson resonances in our model
allows to understand the shape of the distributions qual-
itatively : for a fixed angle 0, l _, the angular correlation
is maximal for the angle (D,_ = 180 ° . The coordinate
system is chosen such that (D, 1 + = 0° . This means that
the two produced pions tend to separate predominantly
back-to-back in the xy-plane . We can interprete this
finding as follows . Close to threshold, the intermedi-
ate meson-resonances p and cT are almost at rest in the
center-of-mass frame . Therefore the produced pions are
indeed expected to be emitted back-to-back . WC ( .an test
this interpretation by" sitnply including only those dia-
grams with intermediate meson resonances . The contri-
bution of only these diagrams indeed reproduccs most
of the experünental Gross section . There is some devia-
tion between the dashed line and the full model because
the data of ref. [1] were taken for a kinetic energy of the
incident pion of T,r_ = 0.284GcL" which is largo enough
to excite the A noticeably.
The model prcscnted here is the second step in the de-
velopment of a microscopic model for the one- and two-
pion decay of the resonances of the nucleon . We feel
cncouraged to implement a simple treatinent of three-
body unitarity as a next step to be able to investigate
the actual resonance region .
References :
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Chiral dynamics and the reactions pp --+ dK+K° and pp --3 dor+ii

The reaction pp --~- dIi+K° is presently the subject
of experimental study by the ANKE collaboration
at the Cooler Synchrotron COSY at Jülich with the
aim (atnong others) of learning about the nature and
properties of the a°(980) resonance [1] . Triggered by
this, we have performed a study of the reactions
pp ---> dK+K° and pp -~ d7r+i7 [2] . `Ve have ern-
phasized the relevante of the final state interactions
which is quite important in the present rase due to
the proximity of the K+K° system to the a°(980)
resonance and the K° n system to the A(1405) reso-
nance . We found that the consideration of those in-
teractions has important consequences both in the
shape and strength of the invariant mass distribu-
tions . `Ve also studied the interaction of the two final
states K+ KO and T+q by means of a coupled chan-
nel chiral unitary approach which generates both the
a°(980) and A(1405) resonanees . Given the freedom
in the primary production amplitudes we parameter-
ize them in terms of three types of structures involv-
ing f = 1, L = 0 and .f = 0, L = 1 for the K+K°
channel and the only allowed e = 1, L = 1 for 7r+77
production . This left us with two independent pa-
rameters (up to a global normalization of one total
cross section) together with a subtraction constant
with an expected uncertainty of about 25%.

MeV

Figure 1 :

	

for the whole range of
available 1117 in the reaction pp -> dK+K ° with

= 2912 .88 MeV . The thick (thin) solid line is the
füll result with aKN = -1 .84 (-1 .34) . The dashed
line corresponds to including only meson-meson FSI,
the dashed-dotted one includes only K°d FSI and the
dotted live includes no FSI with a P"d factor for the
modulus squared of the amplitude .

The sensitivity of the shapes of the K+K0 and K°d
distributions to those parameters was investigated
anticipating that the measurements of these quanti-
ties could serve to fix them . This would allow us to
make absolute predictions for 7, +,g production due
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to the dynamics of coupled channels generated in the
chiral unitary scheine followed here . Other quantities
which might be measured could also be predicted in
that case . Furthermore, we observed that the 7r+77
production was dominated by the a°(980) resonance
and that a clean signal for the relevante of the 1Cd
FSI would be the observation of a peak towards low
K°d invariant masses in the K+K° invariant mass
distribution, see fig .l . On other hand, we have also
pointed out that the a°(980) would not be clearly" vis-
ible in the data for do-,+� ldlhli because of the ~p"d

12

factor due to the P-wave character of the reaction
which distorts the shape of the resonance . Yet we
found that the shape of the resonance was regained
by" dividing do-T+,,ldItiI7 by" lp"d12,

See fig .2 .
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Figure 2 : do-(7r+ q)IdlvI7 . Solid line, füll result, dotted
line does not include FSI, with a factor Pd froin the
modulus squared of the amplitude . The thin solid
line corresponds to the füll result but divided by p"d
Limes 250 2 McV2 (to normalize the curve to the füll
result at the KK threshold) .

Finally, we have also provided general expressions to
take into account the FSI derived in this paper for
any other more specific model of the primary pro-
duction mechanism .
The study done here clearly Shows how the mea-
surements performed or planned with those reactions
provid( basic information an the strong interaction
underlying the meson-meson and meson-baryon dy-
namics and should produce complemcntary and valu-
able information to the one obtained from other pro-
ccsscs .
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In [1] we have tackled the problem of establishing
a chiral effective field theorv in nuclear matter with
explicit pions fields . `Ve have made use of the re-
sults of ref. [2] where the generating functional for
the in-medium chiral SU (2)xSU(2) Lagrangian has
been derived . We have svstematically studied sev-
eral low-energy= QCD Green functions Vup to next-to-
leading order . The novel results obtained here can be
summarized as follows :

(2) We have also established the relevant scales of
the problem when restricting ourselves to the
C T , and C,rN Lagrangians . In the vacuum, the
pertinent scale is Av - 1 GeV- 47, f, . In the
medium, one has two new scales . These are :
V'67rf, - 0.7 GeV and 6Z2 f2 /27nv - 0 .27
GeV, in case that the Standard or the non-
standard counting rules apply . We point out
that in case of P-wave interactions, these scales
are reduced by factors 1/g4 and 1/g', respec-
tivelv .

(4) We have considered the propagation of pions
in the medium obtaining the pion propagator
up to O(p5) . In this way we have established
that chiral svmmetrv can account for the ob-
served shift of the mass of the negative pion in
deeply bound pionic states in 217Pb, our nu-
merical result Alkl,- = 18 f 5 MeV is compat-
ible with the experimental number (from GSI),
AM,- = 23 - 27 MeV within errors .

In-medium chiral perturbation theory beyond the mean-field approximation

In contrast to tnost previous works we have es-
tablished a systematic in-medium chiral count-
ing . The counting scheme is depending an the
energy" flowing into the nucleon lines . This
leads one to consider the Standard and the
non-Standard case (i .e . vanishing energy flow) .
The chiral expansion of pion properties in the
medium Starts with terms at O (p4) and next-
to-leading order corrections appear at O(P5),
quite different to the in-vacuutn power count-
ing .

We have studied the quark condensates and re-
derived from the effective field theory point of
view known results in svmmetric nuclear mat-
ter, and have further extended them to the non-
svmmetric case .

The wave function renormalization of the
pion fields corresponding to the calculated in-
medium action f dxZ has been established
making use of first principles .

We have also studied the coupling of pions
with axial-vector and pseudoscalar sources . In
particular, it is shown that in-medium correc-
tions up to O(p5) do not spoil the validity
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of the Gell-Mann-Oakes-Renner relation . We
have also found a decrease with increasing den-
sity" for both the quark condensates and the
temporal component ofthe pion decav constant
ft . Both effects seem indicate a partial chiral
symmetry restoration with increasing density .
'4Ve remark again that a systematic study of
the in-medium order parameters still has to be
performed . A drastic quenching with density"
has been also obtained for the spatial compo-
nent of the pion decay constant f, . To O(p5) we
have checked the QCD Ward identity relating
both the temporal and spatial components of
the axial-vector currents with the pseudoscalar
ones and quark masses .

A rapid decrease with density" of the coupling
of a photon to two pions, particularly in the
threshold region, has been found . The derived
vector current amplitudes coupled to two pions
fulfill the requireinent of current conservation .
Furthermore, we have established the absente
of in-medium renormalization up to O(P5) of
the anomalous pr o ---> 'Yy decay amplitude .

(8) On the other hand, 7r7r scattering has been
studied as well up to O(p3) since in this case
the non-Standard counting occurs . This implies
that the in-medium corrections start at lower
orders than in the Standard case, here already
at O(p3 ) . In addition the scale, below which
the perturbative expansion is applicable, de-
creases . As a result the in-medium corrections
increase very rapidly with density and already
at k_ - 200 MeV, er at a density of just

0 .4p o , they are 100% with respect to the low-
est order CHPT results .

As future challenges one should include inulti-
nucleon contact interactions which are enhanced
because of the largeness of the S-wave scattering
lengths related to the presence of shallow NN bound
states as well as to calculate sinrultaneously pion
loops necessary to determine the fall O(p6 ) contri-
butions . On the other hand, some non-perturbative
scheme that allows one to recover the scale VI-6--,rf r
even in the case of the non-Standard counting or
when the multi-nucleon local interactions are in-
cluded, should be pursued .
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Watson's

Susan

A detailed understanding of the eich phenomenol-
ogy of K ---> 7r7r decays has remained elusive despite
decades of effogt . Although pgogress has been made,
the dynamical origin of the AI = 1/2 rule, as well
as the strength of CP-violating parameter Re (E'/E),
is not yet clear . Another, presumably related, puzzle
stems from the apparent violation of Watson's final-
state theoreiii . Watson ' s theorem elnerges froh unl-
tarity and CPT-invariance, in concert with isospin
symmetry, and implies that the strong phase in K -r

7r7r decay ought be given by" that of 7r7r scattering .
flowever, the S-wave 7rz phase shift differente So -S,
extracted from the K ---> 7r7r decay modes, using
physical massec in the phase-spare integrals, is about
57 ° , whereas its value from 7r7r scattering data, with
the help of chiral perturbation theory and dispersion
relations, is about 45° with an uncertainty ofroughly
10% . The assumed equality of these quantities is a
consequence of isospin symmetry, so that the resolu-
tion of the discrepancy has been sought in the com-
putation of isospin-violating effects . Isospin violation
ran be genegated by" both strong (up-down quark
mass differente) and electromagnetic (virtual pho-
ton) interactions, and its effects have been recently
studied in great detail by" various groups . While mang
interesting results have been obtained and tnany oth-
ers are forthcoming, the gap between the phase-steift
differente obtained from K ---> 7r7r decay and 7r7r scat-
tering has thus far eluded a detailed explanation . In
the framework of chiral perturbation theory, which is
the appropriate theoretical tool in this context, many
new low-energy constants appear in the most general
Lagrangian of Goldstone bosons coupled to virtual
photons and external sources, making certain numer-
ical predictions difficult . It is thus important to ex-
plore whether Watson's theorem ran be extended in
the presence of isospin violation . In Ref . [1] Watson's
theorem was shown to persist through leading order
in the up-down quark mass differente, so that the
phase shifts from K -> 7r �r decay and 7r7r scattering
ought be equal to 0((md ~Vere the phase
shifts from K -~ 7r7r decay and 7r7r scattering equal,
the empirical phase-steift discrepancy" could never-
theless be resolved, for it could be interpreted in
terms of an additional amplitude in K -~ 7r-r de-
cay, of IAII = 5/2 in character [1] . In the isospin-
perfeet limit, the K ---> 7rz transition in O(Gp) ran
be of IAII = 1/2 or IAII = 3/2 . In the presence
of isospin violation, a IAII = 5/2 transition ran be
realized from md :~ m, effetts in concert with a
IAII = 3/2 weck transition or from electromagnetic
effetts in concert with a IAII = 1/2 weck transi-
tion . The empirical enhancement of the IAII = 1/2
weck transition suggests that the lauer mechanism
is of greater importance . The empirical IAII = 5/2
amplitude required to resolve the phase-steift discrep-
ancy is cotnpatible with that expected from electro-

theorem and electromagnetism in K -+ 7r7r decay
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magnetic effects [1], yet it is significantly larger in
magnitude than and of opposite sign to that indi-
cated by explicit estimates [2] . Moreover, including
the estimated phase-steift differente from electromag-
netism [2] exacerbates this discrepancy. These diffi-
culties prompt the consideration of Watson's theo-
rem in the presence of electromagnetism, in order to
realize what constraints may exist an the strong and
electromagnetically induced phase shifts in K -~ 7r7r

decay . This was the aim of investigation presented in
[3] . We have considered the unitarity constraints an
the strong and electromagnetically induced phases
in K ---> 7r7r decays . Assuming that the (7r+7r-^ i) fi-
nal state is the only inelastic channel, and working
in O(Gu), we have derived the constraints between
the decay amplitudes AI for K --~- (7r7r)i decay (for
isospin I = 0, 2) and 14.E for K ---> T+7r-y . The torre-
sponding S-matrix is characterized by three mixing
paraineters ; we choose two angles 01, 9 and one phase
S . The angle Ol is chiefly responsible for the channel
couplings (7r+7r- y) H (7r7r)i, whereas S describes the
strong isospin violation effects due to the light quark
mass differente, as well as any "direct" electromag-
netic coupling between the (7r7r)o (-+ (7r7r)2 states .
From the genegal 4 x 4 S-matrix for K ° decays into
these three final states, one ran derive a set of uni-
tarity constraints . Most remarkably, it ran be shown
that the explicit coupling of the (7r+7r- ^,/)-channel is
irrelevant to the differente between the T-conserving
7r7r phases measured in 7r7r scattering and extracted
from K -> 7r7r (and K ---> 7r+7r- ^y) decays . `Ve have
also argued that in the presence of isospin viola-
tion, the parametrization for the complex-valued de-
cay amplitudes AI- ought be modified ; we Illuminate
the sources of isospin breaking which give rise to the
genegal parametrization of Ref. [1] . As a next step, it
will be interesting to work out the numerical conse-
quences of these constraints an the determination of
the IolI = 5/2 amplitude in K 7r7r decay, as well
as the Impact an the Standard Model prediction for
the CP-violating parameter Re (E'/E) .
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Near threshold neutral pion photoproduction of protons

V. Bernard (Strasbourg), N . Kaiser (München), Ulf-G . Meißner

Neutral pion photoproduction off protons and
deuterons (which gives access to the elementary neu-
tron amplitudes) belong to the premier processes to
test our understanding of the chiral pion-nucleon dy-
nainics for essentially two reasons . First, over the last
decade fairly precise differential and total cross sec-
tion data have been obtained at MAMI and SAL . A
further experiment involving linearly polarized pho-
tons was performed at MAMI, which not only im-
proved the differential cross sections but also gave
the first determination of the photon asymmetry [1] .
Second, the S-wave amplitude Eo+ is sensitive to a
particular pion loop effect . In the threshold region,
the fourth order heavy baryon chiral perturbation
theory calculation (HBCHPT) (which involves the
sum al+a2 oftwo low-energy constants) agrees with
what is found in the multipole analysis of the data .
In addition, the rather counterintuitive prediction for
the electric dipole amplitude for pr o photoproduction
off the neutron, IEö+nl > IEo+I translates into a
threshold deuteron amplitude Ed that was verified
by" a SAL experiment within 20% . Moreover, in [2] it
was also shown that there are two P-wave low energy
theorems (LETs) for the P1,2 nrultipoles which Show
a rapid convergence based an the third order calcu-
lation . While the LET for P, could be tested and
verified from the unpolarized data, only the recent
MAMI measurement of yp -~ To p allows to disen-
tangle the contribution from the P2 and the P3 mul-
tipoles (the latter being largely determined by the
LEC bp at third order) . It has been frequently argued
that contributions from the delta isobar, that only
appear at fourth order in the chiral expansion for
Pl and P2, will not only spoil the rapid convergence
of the P-wave LETs but also lead to numerically
different values . This is witnessed e .-, . in an effective
field theory approach including the delta as an active
degree of freedom in which one counts the nucleon-
delta mass Splitting as another Small parameter . A
third order analysis in that framework seeins to in-
dicate indeed large corrections rendering the agree-
inent of the prediction for Pl at threshold with the
value deduced from the differential cross sections as
accidental .
In this the work [3], we have completed the fourth or-
der (complete one loop) analysis based an HBCHPT
by evaluating the corresponding corrections for the
three P-wave nnlltipoles . We have used this frame-
work to analyze the new data from MAMI, which
confirms and sharpens previous findings concerning
the electric dipole amplitude Eo+ and sheds ne3v light
an the convergence issue of the P-wave LETs . The
pertinent results of this investigation can be sulnlna-
rized as follows :

(i) «'e have given the fourth order corrections
(loops and counterterlns) to the three P-wave

128

multipoles P1 , 2 , 3 . Two new low-energy= con-
stants appear, one for Pl and the other for P, .
We have also given analytic expressions for the
corrections to the low-energy theorems for the
P-wave slopes P1 , 2 = PI lq,1 .

(ü) We have analyzed the new MAMI data [1] first
in the Same approximation as it was dope in
previous Works (i .e . the P-waves to third order
only) . Using a realistic two parameter model
for the energy" dependence of the electric dipole
amplitude Eo+ , we have extracted the strength
of the unitary cusp which agrees with the pre-
diction based an the final state theorem .

(iii) Using the full one loop amplitude, one can fit
the cross section data and the photon asymlne-
try . The combination of S-wave LECs is stable
and agrees with previous determinations, lead-
ing to Eo+(wrhr) _ -1 .1 . 10 -3122+ . Two of
the three P-wave LECs are not well determined
because of strong correlations . More photon
asymmetry data are needed to eure this Sit-
uation .

(iv) We have analyzed the new LECs in the frame-
work of resonance saturation in terlns of (dom-
inant) A-isobar and (sinall) vector meson exci
tations . The isobar contributions depend only
an the strength of the NA transition magnetic
moment . We have shown that for reasonable
values of this constant, the 25°10 fourth order
loop corrections to the P-wave LETs are al-
inost completely cancelled by the isobar terms .
This solidifies the third order LET predictions,
which are in excellent agreeinent with the data .
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The generalized GDH surr rule at

V. Bernard (Strasbourg), T.R . Hemmert

The spie structure of the nucleon has received lots
of attention from the experimental as well as the
theoretical side during the last few years . Measure-
ments over a large range of photon virtualities of
polarized electron-proton (neutron) scattering have
been performed and are underway, e .g . at JefFerson
Lab . The starting point for the theoretical investiag-
tions of these processes is the spin-dependent forward
Colrnpton amplitude,

TMI' = i f d4 .~ezq .f( .'V (p,s)IT(J"(5)J"(0)jN(p� ))

which can be parameterized by" two functions, the
forward spin-amplitudes SI (v, Qz) and Sz (v, Qz) of
-y*N ---> with v = p - q/ml . In the Jeep Eu-
clidean region, these are related to the spin struc-
ture functions 91 ,2 . At low virtualities, they can be
calculated in baryon chiral perturbation theory . The
pioneering third order calculation of [1] in the rel-
ativistic (using dimensional regularization) and the
heavy baryon formalism led to a prediction for the
slope of the generalized GDH surr rule at the photon
point,

hr v
in terins of the helicity 1/2 and 3/2 photon-proton
cross section . This integral can be expressed in terms
of the Born term subtracted amplitudes Si as SI -
Q'S2 . Kote, however, that to third order only S2 is
non-vanishing . The chiral corrections to these ampli-
tudes at fourth order were calculated in [2] employ-
ing the heavy baryon formalism . This led to sizeable
corrections and a rauch more rapid Q2 variation of
the generalized GDH integral as expected from naive
dimensional analysis, casting doubts an the conver-
gence of the chiral expansion . Of course, it is well-
known that the integrals IGDII for the proton and the
neutron are build up not only from the pion cloud
but also from resonance contributions . In the differ-
ence, however, these resonance contributions should
cancel to a large extent . Triggered by the results of
ref .[2], we have started a systematic reevaluation of
the forward spin-amplitudes in a manifestly Lorentz
inavriant formulation of baryon CHPT, also called
IR regularization . In this formalism, all recoil cor-
rections are summed due to the use of the relativis-
tic Dirac propagator, elilninating one possible source
of the slow convergence of the heavy baryon formal-
ism (as it is known already for the case of the elec-
tric form factor of the neutron) . `Ve have performed
the calculation to complete one-loop accuracy, i .e . to
fourth order, in the IR regularized approach [3] . The
prelitninary results of this study can be summarized
as follows :

(1) To third order in the chiral expansion, we have
completed the calculation of SI - Q 2 S2 and
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low photon virtualities
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S2 for the proton and the neutron . We find
sizeable differences to the third order results of
heavv baryon CHPT or even to dimensionally
regularized relativistic baryon CHPT, as shown
e.g . for the proton GDH integral I� (Qz) shown
in the figure .
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Figure 1 : GDH integral for the proton . The dashed
and the solid lines refer to the dimensionally and IR
regularized relativistic calculation,respectivelv .

For the neutron, we have completed the fourth
order calculation of the spin-dependent ampli-
tudes . Within the IR scheine, the fourth or-
der corrections to S2 are well behaved for vir-
tualities Q2 <_ 0 .5 GeV' . Both for S, and S2
the IR result differs markedle from the corre-
sponding heavy baryon prediction, which (-an
be obtained by" letting the nucleon mass be-
come very large in the IR formulation . The
somewhat more elaborate calculation for the
proton is close to being finsihed .

tiVe have also calculated the polarizabilities a
and /3 and the forward spin-polarizability yo
in this framework . For a precise preccliction of
yo we Show that it is mandatory to retain the
terms of order 1FI' and 1FI I ln VI2 .

`Ve are also working an thc calculation of the
delta contribution to the various observables
based an a systematic effective field theory ap-
proach of the coupled NA-y system .
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Rescattering and chiral dynamics in B -+ o7r decay

Measurements at SLAC and KEK of the time-
dependent CP-violating asymmetry in B(B)
OK� yielding sin(2~), have conclusively established
the existente of CP violation in the B meson sys-
tem . The results found are consistent with Standard
Model expectations, so that establishing whether the
CKM matrix is the only source of CP violation in na-
ture, as in the standard model, or not requires the
einpirical measurement of all the angles of the uni-
tarity" triangle .
In the work [1] we consider the determination of
a through a Dalitz plot analysis of the decays

p7r ---> 7r+7r- 7r ° under the assumption
of isospin symmetry. Ten parameters appear in the
analysis, and they can be determined in a fit to the
data . nevertheless, the assumption of p dominante
in B ---> 37r decays har no strong theoretical basis so
that the contributions from other resonances in the
p7r phase spare inay" be important . We discuss how
the isospin analysis can be enlarged to include the o-7r
channel as well . The o- or f° (400-1200) "meson" is a
broad .J = I = 0 enhancement, close to the p meson
in mass, so that the o7r channel (-an potentially popu-
late the 37r phase spare associated with the p-r chan-
nels . The o7r final state contributes preferentially to
the p ° 7r ° final state . In the context of the isospin anal-
ysis, such contributions are of conseduence as they
invalidate the underlying assumptions of the isospin
analysis and thus mimic the effect of isospin viola-
tion . Our considerations are inspired in part by re-
cent studies of D- -~ 27r- z+ decay : the E791 collab-
oration find that the pathway D- -~ 7r - o- -> 27r-7r+
accounts for approximately half of all D- -> 27r-7r+
decays . In [2] is was argued as a consequence that
the B --> o-7r channel contributes significantly to the
p7r phase spare in B --> 7r °7r+T- and modifies the ra-
tio B(B) ---> p+7rf)/L3(B - ---> p° 7r - ) to yield better
agreement with experiment [2] . The scalar form fac-
tor, which describes the appearance of the o- in the
7r+7r- final state, enteis as a crucial ingredient in the
assessment of the size of these effects . The scalar forte
factor cannot be determined directly from exper-
itnent ; nevertheless, ample indirect constraints ex-
ist, permitting us to describe its features with confi-
dence [3] . `Ve follow Ref. [3] and adopt an unitarized,
coupled-channel approach to final-state interactions
in the 7r7r-KK system, and match the resulting scalar
form factor to chiral perturbation theory (CHPT) in
the regime where the latter is applicable . The result-
ing forte factor, in the 7r7r channel, is strikingly differ-
ent froin the relativistic Breit-Wigner form adopted
bv the E791 collaboration in their analysis of the o-
in D+ -~ 7r+ ;r+7r- decay - the latter form factor is
also used in Ref . [2] . The differentes are particularly
lange as ls- -~ 2111� so that the relativistic Breit-
Wigner form is at odds with CHPT in the precise
region where it is working . This casts doubt an the
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recent conclusions, prompting new analyses incorpo-
rating a suitable scalar form factor . The generation
of the o- resonance via strong rescattering effects, as
in the approach we adopt, indicates that OZI ef-
fects in the scalar rector are significant . Moreover,
the "doubly" OZI-violating form factor (OIssI7r7r) is
non-trivial as well ; such a contribution is needed to
fit the 7r7r and KK invariant mass distributions in
0 ---> g7rT(KK) decay [3] . These observations give
new insight an rescattering effects in hadronic B de-
cays, generating a new mechanisin of factorization
breaking in n >_ 3 particle final states . Such effects
are important for studier of CP violation because
rescattering effects ran potentially yield large streng
phases .
The contribution of the B ---> o7r channel to the B
p ° 7r phase spare (-an also modify the inferred empiri-
cal branching ratios in these channels . Coinbining the
CLEO results Br(B- _+ p ° 7r- ) = ( 10 .4 ±3.4 ± 2.1)
10-6 and Br(B ° --> pf 7r+) = (27.6 ±7.4 ± 4.2) -10- (3
with the BaBar result Br(B ( ' _~ pf7r+) = 28 .9 f
5 .4 4.3 yields, adding the errors in quadrature and
ignoring corrclations,

Br(B° -~ p+7r} )'7Z=

	

2 .Br(B - ~ p°7r-)
= 2.7 ± 1 .

This ratio of ratios is roughly 6 if one works at tree
level and uses the naive factorization approximation
for the hadronic matrix elements . The inclusion of
penguin contributions ran alter this result, and po-
tentially yield better accord with theory and experi-
ment . However, our focus will parallel that of Ref . [2] :
we wish to examine how B -~ o7r -~ 37r decav, -Wen
a particular scalar form factor, can effectively modify
the theoretical prediction of the ratio '1Z . It is appar-
ent that B -~ o-7r is of greater impact in B --+ 7r ° 7r de-
cay, so that the inclusion of such contributions ought
alter the ratio of ratios . In fact, treating the various
decays as two-body ones, we find '1Z = 5.8 (5.5) for
the rase of no (with) penguin diagrams . Proper in-
clusion of the final-state interaction (3-body decays)
and adding the p and the o- contribution, which are
based an the use of the consistent scalar and vector
form factors, leads to

'r-2 .5,

rauch improved compared to the number given in [2]
and consistent with the data . The theoretical uncer-
tainty is a,bout 20%, but this needs to be sharpened .
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Three nucleon systems with consistent three-nucleon forces from chiral efective field theory

E . Epelbaum, H. Kamada, A . Nogga (Tucson), H . Witala (Krakau), W . Glöckle (Bochum), Ulf-G . Meißner

Chiral effective field theory can be applied succes-
fully to the pion and the pion-nucleon systems . For
processes involving more than one nucleon, the ap-
pearance of shallow nuclear bound states requires
an additional non-perturbative resummation . Wein-
berg suggested to apply power counting to the two-
nucleon (NN) potential, generating bound and scat-
tering states from the Schrödinger or Lippmann-
Schwinger (LS) equation . In [1] it was shown how to
modify this power counting to generate an energy-
independent hertnitean potential by means of the
FST-Okubo projection formalism . In addition, the
so constructed wave functions are fully orthonormal .
The NNLO np potential was constructed in [2] and
shown to reproduce most np phase shifts to good
precision up to pion production threshold . For that,
the LS equation was solved using a momentuni-space
regulator in harmony with the underlying symme-
tries . Typical cut-off values range from 500 MeV to
1 GeV . In particular, the two S-waves are cut-off
independent and as precisely given as in the so-
called realistic potentials . With no parameter tun-
ing, the deuteron properties can be described fairly
accurately . A complication arises due to the appear-
ance of deeply bound virtual states, which can be
traced back to the very streng and singular TPEP.
Therefore, in [3], we constructed the NNLO* poten-
tial which also describes the phase shifts very well
but is free of these bound states . These states are of
no consequence to the NN, but to the 3N and 4N
systems . In a series of works [4], we have considered
3N (and 4N) systems and a systematic calculation
of the NNLO three-nucleon forces . Our findings are :

(i) The NLO np potential was applied to to sys-
tems of three and four nucleons [5] . At this order,
one has no three-nucleon forces (3NF) and thus ob-
tains parameter-free predictions . For changing the
cut-off between 540 and 600 MeV, the 3H and 'He
binding energies vary between -7.55 . . . - 8.28 and
-24.0 . . .-28 .0 MeV, respectively . 3N scattering (-an
be solved exactly . We have considered elastic nd scat-
tering at 3 and 10 MeV . While for the cross section
(and also the tensor analyzing powers T2k) the results
using the chiral force are in agreement with what is
found for high precision potentials like CD-Bonn, we
find a clear improvement in the analyzing power A y .

(ü) `Ve have then applied the NNLO and NNLO*
potentials to the saure processes without including
the 3NF. We find that the theoretical uncertainty
decreases and is not larger than the band for the var-
ious realistic potentials . For NNLO* , the triton bind-
ing energies variees between -8.18 . . . - 8 .38 MeV .
We have also shown that the NNLO* potential (-an
even describe data at 65 MeV with good accuracy.
However, the description of Ay worsens, leading to
the conclusion that 3NF's are needed . For the NNLO

scenario, the 3NF forces must be much strenger since
the 2N contribution to the binding energy is sizeably
reduced .
(iii) We have shown, contrary to what was believed
before, that the leading 3NF is given in terms of two
para-niete-rs only, one related to the exchange of a pion
between a 4N vertex and a single nucleon (~ dl)
and the other to a genuine 6N interaction (~ el) .
With a combination of these parameters, we fit ex-
actly the triton binding energy . Varying the other
within bounds derived from naturalness, we find an
improved description of Ay, but there is still some
strength missing, see the figure . At N3L0, the 3NF
is described by new terms with however fixed pa-
rarneters . `Ve are working an the inclusion of these
operators .

[3]
[4]
[5]

Figure 1 : Maximum of 11y at E,1 = 3 MeV (upper
panel) and En = 10 MeV (lower panel) . Chiral force
at NNLO* : no 3NF (double-dot-dashed), d i = 2
(dotted), dl = -1 (dot-dashed) and CD-Bonn (solid
curvc) .
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The NN potential constructed in effective field the-
ory (EFT) based an Weinberg Power counting be-
comes increasingly singular in coordinate space with
increasing number of pion exchanges . In the attrac-
tive channels, this leads to the appearance of deeply
bound virtual states . These states are well outside
the lünits of applicability of the effective field theory
and are expected to appear an general grounds . In
a simple quantum inechanical System, the behaviour
of such singular potentials has recently been stud-
ied by" Beane et al . [1] . It was also shown in [2] that
in the pionless EFT the renormalized these-nucleon
forte H(A) (with A the tut-off) Shows an interest-
ing periodic behaviour in ln A, which is known as a
limit cycle . In the work [3] we have studied such phe-
nomena for the NN interaction in the pionfull theory.
Starting point are the D-waves, which Show a strong
tut-off dependence at NNLO, but can be made cut-
off independent by" N'LO counterterms of the form

with p(p') the nucleon cms momenta and 0 the scat-
tering angle . One can now ask the question what
happens if one lets the tut-off nun and, in particular,
what happens as A -~ oo? The running of the 3D,
counterterm calculated at NNLO with A is shown in
fig .1, at each point where the curve approaches +oo
and reappears from -oo, the number of bound states
in this partial wave increases by one, i .e . in the limit
of an infinite tut-off one has an accumulation of an
infinite number of virtual bound states at very large
energies . This is exactly a limit cycle behaviour . This
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Figure 1 : Running of the 3D2 counterterm with A .

can also be Seen in corresponding Phase shift . If we
fit ot the data for El ab G 100 MeV, the phase shift
at higher energies can be predicted . This is shown
in fig .2 for the phase 3D2 for A - 0 .6, 1 ., 2 ., 3 . and
5 .Gev (from bottom to top) . It clearly Shows that
the Phase shift converges to a limiting value, inter-
estingly, this limiting value is very close to the data
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z

Figure 2 : Prediction of the 3D2 phase at NNLO for
various valus of the tut-off as described in the text .

(or the phase shift analysis) . This behaviour is also
observed at NLO, but the running of the countert-
erms is much weaker . This can be understood from
the fact that the two-pion exchange potential at NLO
does not involve the lange dimension two low-en(rgy
constants ei and is thus weaker (but still Singular) . In
fact, we have shown that this phenolnenoln happens
in all partial waves, including the coupled channels .
To our knowledge, that is the first time that this
intriguing phenomenon has been studied for such
cases . Of course, these are only the first steps for
an exact renorinalization scheine based an `Feinberg
Power counting, in fact, it is not yet clean how this
limiting procedure of an infinite tut-off should be
understood in such a framework . A related question
stelns from the observatlon that olle needs (at least)
one counterterm in each partial wave, which seeins
to strongly limit the predictive Power of such an ap-
proach . More work, also in relation to conventional
renormalization group treatments, is clearly called
for .
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The creation and detailed study of Buse-Einstein
condensates has created novel interest in precise and
systematic many-body calculations . Recently, there
has also been experimental Progress in creating and
measuring dilute low-temperature Fermi systems, al-
though these experiments are not yet sensitive to
interactions . Besides that, the dilute Fermi gas has
often served as a benchmark many-body" Problem .
Using effective field theory (EFT), one can rederive,
extend and put an firmer theoretical grounds many
of the successful many-body techniques developed in
the Aast . The prototype for such a System consists
of non-relativistic fermions with a purely repulsive,
spie-independent interaction of characteristic range
R = 1/A. If these interactions are of natural size,
the corresponding expansion Parameter is kF R, with
kr the Ferini-momentuin . The density is related to
kF via p = gkF/(67r 2), with g the spie-degeneracy
factor . EFT provides a model-independent descrip-
tion of finite density observables in terms of Param-
eters that can be field froin scattering in the vac-
uurn, with no off-Shell ambiguities (as they appear
in many-body (-alculations based an potentials or
pseudo-potentials) . Since the systein is probed with
low resolution, all vertices are contact interactions,
thus exchange contributions vanish .

Such a System at zero temperature has been svs-
tematically investigated by Hammer and Furnstahl
[1] . They have Set up a transparent power count-
ing scheme based an a renormalization procedure
employing dimensional regularization and minimal
subtraction . Consequently, any Hugenholtz diagram
contributes to a single, well-defined order in the low-
density expansion . In particular, the ground-state en-
er-, v per particle was rederived up to terms of or-
der (kpa9 )'ln(kpa 9 ), with a s the S-wave scattering
length . This last terms is due to logarithmic diver-
gences in there-to-three scattering, which (-.an most
easily be obtained using renormaliztion group meth-
ods [2] . Such inethods (-an also be applied to obtain
further (ln kF)' terms with n. >_ 2 . It is important to
stress that such there-body contributions (and higher
ones) are inevitable . Neglecting such terms leads to
the unphysical offShell dependence when employing
pseudo-potentials . The Power counting underlying
the EFT analvsis further reveals that the often used
hole-live expansion for the low-density natural Fermi
gas is only an artefact of a subtraction scheme that
does not remove Power divergentes . In the EFT ap-
proach using minimal subtraction, particle-particle
and particle-hole graphs contribute at the saure or-
der in kF and are numerically comparable .

Since mach more can be learned about the analvti-
cal structure of such many-body systems, we calcu-
lated [3] the complete order (kras)' contribution to
the ground-state energy, which is rauch more compli-

Effective field theory for dilute Fermi systems
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cated than the calculations in [1] due to the angular
dependence appearing in the numerators . This re-
sult is new in that it was not calculated previously.
We have also obtained the corresponding occupation
nuinber densities, which can simply be obtained from
the Hugenholtz diagratns underlying the ground-
state energy . Furthermore, based an the imaginary
part of the particle self-energy, we have studied the
systematic expansion of the single particle lifetime,
recovering and extending results obtained from con-
ventional many-body techniques .
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The pion-deuteron scattering length in baryon chiral perturbation theory

S.R . Beane (Seattle),V . Bernard (Strasbourg), E.Epelbaum, Ulf--G . Meißner, D .R . Phillips (Ohio)

There has been remarkable recent progress in de-
veloping the effective field theory (EFT) relevant to
multi-nucleon systelns . Ainong the advantages of this
formalism is a quantitative inethod for estimating
theoretical errors, and the use of field theory tech-
nology, which allows one to treat scattering processes
involving different nuinbers of nucleons in a rigor-
ous and unified manner . The non-perturbative ef-
fects responsible for deuteron binding are accounted
for in the EFT power counting, with a lneaningful
quantification of the theoretical error . The multi-
nucleon EFT relevant to inomentuin transfers of or-
der the pion mass is a straightforward generaliza-
tion ofsingle-nucleon baryon chiral perturbation the-
ory . Nucleon-nucleon phase shifts and deuteron prop-
erties have now been computed to hext-to-hext-to-
leading order in this expansion .
The 7r-deuteron (7r-d) scattering length is a gold-
plated observable in nuclear physics . Recent experi-
inents with pionic deuteriumn allow an extraction of
the 7r-d scattering length with an accuracy which is
remarkable at the level of strong interaction physics .
The Neuchatel-PSI-ETHZ (NPE) pionic deuterium
measurelnent gives [1] a,r d = [-0.0261(±0 .0005) +
i 0.0063(±0.0007) ]Ihh~ l . On the theoretical front,
local operators which contribute to 7r-d scattering
enter at high ordern in the EFT expansion and are
therefore highly suppressed . That these contribu-
tions are verv small is crucial to the predictive power
of the EFT, as the coefficients which determine the
strength of these operators are unknown, and need
therefore be determined from a seperate nuclear ob-
servable, or, at soine time in the distant futurity,
from lattice QCD. This suppression of local oper-
ators has an additional benefit : the 7r-d scattering
length is sensitive to low-energy constants which con-
tribute to the 7r-nucleon scattering amplitude . These
paraineters are fit from various partial wave analyses
of 7r-nucleon scattering and give a rather large spread
of values, 7r-d scattering provides an additional con-
straint an these parameters [2] .
In baryon chiral perturbation theory the 7r-d scatter-
ing length can be written

(1 + h,)

	

(a.n + a..) + a(boost)
(1 +u/2)
a,'3-body) + i Iln a7,d ,

where ia - hl,/in. This was evaluated in [3] to fourth
order in the chiral power counting . The firnt two
terms refer to the scattering off a single nucleon,
with the bogst correction appearing firnt at fourth
order . It depends an the low-energy constant c2 that
can be determined from 7, -N scattering . We levee the
isoscalar 7r-N scattering length a �� + a.r = 2a+ as
a free parameter . The there-body contributions have
a third order piece first calculated in [4], as shown
in the fig . 1 . To fourth order, there are 15 topologi-
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Figure 1 : Leading 3-body corrections to 7r-d scatter-
ing .

cally different diagrams which, however, completely
cancel . At this order, there are no local four-nucleon-
two-pion operators with unknown coefficients . Eq . (1)
thus allows to get an improved bound an a+ by" using
the experimental number for Re a,d as input . Using
the NLO and NNLO* wavefunctions from chiral ef-
fective field theory and varying the cut-off appear-
ing in the regularized Lippmann-Schwinger eqaution
within reasonable bounds and also varying the low-
energy constant c, as determined from various fits to
7r-N scattering, we obtain very stable results for a+

not
Re a,d . These values are slightly larger in magni-
tude than the ones found in [2] . Tbc srnaller Tange
at Llle higher order reflecLs Lhe convergence of Lhis
particular calculation .

We have also calculated some fifth order corrections
in [3] . It was shown that the multiple rescattering
corrections appearing at that order contribute in-
significantly to Re a�d and that the imaginary part
of the scattering length, which is firnt appearing at
this order, is in rough agreement with the elnpirical
nuinber . This reflects the usual problem of chiral per-
turbation theory" related to the perturbative treat-
ment of unitarity . Finally, we have also discussed the
subtleties arising in the presence of deeply bound vir-
tual states that can appear in EFT treatments (using
simple regulators) .
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One of the cleanest processes to test our understand-
ing of the symmetry breaking pattern in the presence
of strange quarks is clastic pion-kann (7rK) scatter-
ing near threshold . This reaction is interesting for a
variety of reasons . First, it is very similar to 7r7r scat-
tering in the two-flavor sector but also different in
that the duark mass difference 7n u -7nd (-an appear at
leading order in the 7rK scattering amplitude . Sec-
ond, these exist abundant data from inelastic pro-
cesses which allow one to extract low-energy char-
acteristics of the 7rE scattering amplitude by means
of dispersion theory. The existing determinations of
the S-wave scattering lengths are, however, plagued
by" large uncertainties, Third, the DIRAC collabora-
tion intends to measure the lifetime of zK atoms at
LERN which gives direct access to the isovector S-
wave scattering length . To also pin down the isoscalar
S-wave scattering length, one would have to measure
the 2P-2S level shift, similar to what has been done
for the pion-nucleon system at PSI . The precise rela-
tion between the 7rK atom lifetime and the scattering
length (the so-called modified Deser formula) can be
worked out bv means of an effective field theory for
hadronic bound states .
In this work [1, 2], we have considered isospin viola-
tion in pion-kaon scattering near threshold . To sys-
tematically account for such ef ects due to the light
quark mass difference as well as electromagnetic in-
teractions, we have made use of SU(3) chiral pertur-
bation theory in the presence of virtual photons . The
pertinent results of this investigation can be summa-
rized as follows :

Already at tree level, one has streng as well
as electromagnetic isospin violation . VVe have
considered all physical channels and found that
these effects are in general small (at most two
percent) . In particular, the relative corrections
are smaller than in the comparable case of 7r7r
scattering where isospin violation at tree level
is a purely electromagnetic effect . We have also
stressed that considering one particular source
of isospin violation only can ensue very mis-
leading results .

(2) Because of its relevance to the lifetime of 7rl
atotns, we have considered the one-loop cor-
rections to the S-wave scattering length for
the process 7r - K+ -~ 7r oKo . The fourth-
order isospin symmetric corrections are mod-
erate and the isospin violation effects at this
order cancel to a large extent (for the central
values of the low-energy constants used here) .
The uncertainty " in these isospin violating con-
tributions is mainly due to the poor knowledge
of the electromagnetic LECs Ki . This uncer-
tainty is comparable to the one in the isospin

Isospin violation in pion-kaon scattering
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symmetric amplitude induced by" the variations
in the strong LECs Li .

We have also considered the radiative process
7r- K+ -~ We have explicitly demon-
strated the cancellation of the infrared diver-
gences . The remaining radiative cross section
is strongly suppressed at threshold so that the
properly redefined (finite) scattering length ac-
quires no significant correction .

(4) We have also given the one-loop corrections
for the effective range bo and the P-wave scat-
tering length a l for this channel . The isospin
violating corrections are somewhat more pro-
nounced than for the S-wave scattering length .

We have analyzed the charged channel
7r- K+ -> 7r- K+ by subtracting the direct
photon-ex(hange diagrams fron the fall am-
plitude, T = TS +T, . The strong amplitude TS
still contains the Coulomb pole . We therefore
define the scattering length ao as the regular
part of the amplitue TS at threshold . The so ex-
tracted S-wave scattering length ao(7r- K+ ->
7r- K+) = a+ + an is affiieted by a sizeable un-
certainty (16%) due to the appearance of the
isoscalar contribution . Even when isospin vio-
lation is included, this uncertainty dominates
the error for the prediction of this quantity.
If, however, the aim is to extract the sum of
isovector and isoscalar scattering lengths from
the measurement of the streng level shift, the
corresponding uncertainty in the electromagen-
tic corrections amounts to only 3%, which is
reasonable in comparison to the expected ex-
perimental accuracy .
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Effective chiral Lagrangians can be used to investi-
gate the dynamics of pion, pion-nucleon as well as
nucleon-nucleon interactions . In all cases, one has
to consider two distinct contributions, namely tree
and loop diagrams, which are organized according to
the underlying power counting . To a given order, one
has to consider all local operators constructed from
pions, nucleon fields and external sources in har-
mony with chiral symmetry, Lorentz invariance and
the pertinent discrete symmetries . Beyond (er even
at) leading order in the chiral expansion, these op-
erators are accompanied by unknown coupling con-
stants, also called low-energy constants (LECs) . In
principle, these LECs are calculable from QCD but in
practice need to be fiedd by a fit to some data or us-
ing some model . While in certain cases sufficient data
exist allowing one to pin down the LECs, often some
reliable estimate for these constants bevond naive
dimensional analysis is needed . In the meson sector,
the ten LECs of the chiral Lagrangian at next-to-
leading order (NLO) have been determined and their
values can be understood in terms of masses and cou-
pling constants of the lowest meson resonances of
vector, axial-vector, scalar and pseudoscalar charac-
ter, may be with the exception of the scalar sector
with vacuum quantum numbers . This is called res-
onance saturation, it has been used e .g . to estimate
LECs at next-to-next-to-leading order (NNLO) or
for the extended chiral Lagrangian including virtual
photons as dynamical degrees of freedom . A simi-
lar svstematic analysis exists for the finite dimen-
sion two couplings of the pion-nucleon effective La-
grangian, where it was demonstrated the LECs are
saturated in tertns of baryon resonance excitation
in the s- and u-channel and t-channel meson res-
onances . Much less is known about dimension three
and four couplings, but for certain processes reso-
nance saturation has been shown to work duite well,
e.g . in neutral pion photoproduction off photons .
The situation is verv different concerning few-
nucleon systems, where a new type of operators wich
2.4 nucleon fields appears (for reactions involving
A >_ 2 nucleons) . Only recently, a complete and pre-
cise determination of the four S-wave and five P-
wave (LO and NLO) LEC's in neutron-proton scat-
tering has becoine available [1], thus it was manda-
tory" to ask the question whether the numerical val-
ues of these four-nucleon coupling constants can be
understood from some kind of resonance saturation .
This was the topic of the paper [2] . Our main findings
can be summarized as follows :

(1) «'e have determined the LECs for the NLO
and NNLO potentials, including the dominant
charge-dependence effect from the pion mass
differente in the one-pion exchange . To avoid
the unphysical bound states at NNLO, we have
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argued that one has to subtract the A res-
onance contribution from the dimension two
ploll-Illlcleoll LECs. This is in agreeinent with
two-boson-exchange models, where the two-
pion-exchange contribution is cancelled largely
by irp graphs .

We have shown how to deduce similar type of
contact operators from boson,exchange mod-
els in the limit of large meson masses . This al-
lows to calculate the LECs in terms of meson-
nucleon coupling constants, meson masses and
(unobservable) tut-off masses . In a similar
manner, one can examine the so-called high-
precision potential models . `~'e have found that
in all cases, the LECs determined from these
models are close to the values found in EFT,
which can be considered as a new form of res-
onance saturation .

We have shown that with the exception of
one dimension zero coupling (the LEC C7-), all
LECs are of natural size . The smallness of CT
is due to Wigner's spin-isospin symmetry, as
was already pointed out for the case of a theory
with pions integrated out er treated perturba-
tivelv .

Clearly, these findings have further-reaching conse-
quences . On one side, they might allow to further
constrain models of the nucleon-nucleon interaction
applicable at energies where the EFT description (-an
not be used . On the other hand, in case of external
sources (like e .g . photons) er multi-nucleon opera-
tors (as they appear e .g . in the description of the
three-body forces), these considerations will allow
to at least estimate novel LECs that will appear .
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Elastic electron-deuteron scattering in chiral efective field theory

A new era of nuclear physics calculations was started
by" Weinberg in 1990 applying effective field theory
(EFT) inethods and chiral Lagrangians to systems
of two and more nucleons . It is by now established
that at very low energies, one can perform very ac-
curate calculations using a theory of non-relativistic
nucleons, whose interactions are glven in terins of
A-nucleon terms (A= 4,6 . . . . ) with the pions in-
tegrated out, the so-called pionless theory . Going
to higher energies, the inclusion of pions becomes
of prime importance and it has been shown that
Weinberg's original proposal of constructing an irre-
ducible N-nucleon (N- 2, 3 . . . .) potential and iterat-
ing it in a Schrödinger (Lippmann-Schwinger) equa-
tion can give a precise description of nucleon-nucleon
(NN) scattering as well as static and dynamic prop-
erties of these- and four-nucleon systems . Of course,
mann results found in nuclear effective field the-
ory haue previously been obtained in more conven-
tional meson-exchange approaches . These, however,
cannot be fortnulated in a truly systematic fashion
and cannot be linked simply to the svinmetries of
QCD, as it is the case of the chiral effective field the-
ory employed here . In [1], we have considered elas-
tic electron-deuteron scattering based an a Hainilto-
nian approach to Weinberg's fortnulation . The cen-
tral object is the (unpolarized) scattering Cross sec-
tion, which in case of the deuteron is given in terms
of two structure functions,

do- = (do)

	

[11(q?) + B(q') tau
B
z]

	

, (1)
NTott

with q2 =
-Q2

< 0 the invariant momentum trans-
fer scluared, 0 is the scattering angle in the centre-of-
mass frame, and the QED (Mott) Cross seetion has
been separated . Alternatively, one (--an parameterize
the response of the deuteron to an external vector
current in terms of these form factors, Fc (Charge),
F,v, (magnetic) and FQ (quadrupole) . In our ap-
proach we construct the current operators and the
wave functions si-multavieously froin the saure Hainil-
tonian . Furthermore, we study the interplay of nu-
clear and Ilucleon dynainics . Finally, this study is to
be understood as the first step in a systematic in-
vestigation of the electromagnetic properties of light
nuclei as an EFT inethods with non-perturbative pi-
ons .
We have performed our caaculations at next-to-
leading and hext-to-hext-to-leading order . At NLO,
no meson-exchange currents or four-nucleon-photon
operators contribute . At NNLO, only one magnetic
photon-four-nucleon operator appears, the corre-
sponding coupling constant can be determined from
a fit to the deuteron magnetic moment . The pre-
dicted static deuteron properties are collected in the
table .
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Table 1 : Static properties at LO and NLO . Here, Ed,

lad and Qd denote the deuteron blndlng ellergy, its
magnetic and its quadrupole moment .

The NLO and NNLO predictions for the electric
and the quadrupole form factors coincide at NLO
and NNLO because one is not yet sensitive to the
NNLO wave function corrections . The EFT predic-
tions at LO, NLO and NNLO for the structure func-
tion B(QZ) are shown in the figure . One clearly ob-
serves convergence, not only does the description im-
prove at higher orders but also the relative correc-
tions become smaller .

ö
m

References :

Q[GeV/c]

Figure 1 : B(Q2) from nuclear EFT compared to the
data . The dashed, dot-dashed and solid lines refer to
LO, NLO and NNLO .

The accuracy of the description of the nucleon form
factors limits the applicability of the effective field
theory approach to the deuteron structure to mo-
mentuin transfer of about Q - 0 .4 GeV . Thus an
lnlproved description of these slngle Ilucleon observ-
ables has to be obtained to extend these considera-
tions consistently to higher photon virtualities . Ob-
viously, as next steps one has to consider N'LO cor-
rections to the process discussed here (since only at
that order sufficiently many additional contributions
appear, like e.g . meson-ex(hange currents) as well as
electron scattering of ihre(-- and four-body systems .
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M. Walzl and Ulf-G . Meißner, Phys . Lett . B513
(2001) 37 .

LO NLO Exp .
jEdl [MeV] 2.224 2 .224 2.22456612(12)
Prl [Nw] 0.828 0 .852 0 .8574382284(94)
Qd [Tm 2 ] 0.265 0 .276 0.2859(3)
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The possible modification of nucleon properties in
the nuclear medium is currently a much discussed
topic in low energy hadron physics . One way to con-
sider such problems is to describe the nucleon as a
topological soliton and then study the influence of
baryonic matter an the properties of such solitons,
making use of the independent particle picture which
has been so successful in describing lnany proper-
ties of nuclei . There exist already some works rohere
nucleons described as Skyrme-type solitons embed-
ded in infinite nuclear matter have been considered .
The results of there studier were in qualitative agree-
ment with experimental indications and with results
of other authors using different approaches . On the
quantitative level, however, there is a too large renor-
malization of the nucleons' effective hass in nuclear
matter . The quantitative value of this renormaliza-
tion is about - 40 °10 for the normal nuclear matter
density. It is therefore difficult to relate this modifi-
cation of the nucleon seif-energy in the medium to
the nucleon mass in free space because such calcula-
tions consider only the special case rohen a nucleon is
placed in the Center ofthe heavy nucleus . The infinite
nuclear matter approach allows one only to consider
properties of nucleons placed near the Center of heavy
nuclei rohere the density is constant . One (-an expect
that taking into account non-spherical effects, i .e . de-
formation ofthe skyrmion in the finite nucleus, would
improve the results also an the quantitative level .
Density changes plag an important role rohen the nu-
cleon is placed at sufficiently large distances from the
Center of nucleus . In [1] we consider properties of the
deformed nucleon embedded in light, medium-heavy"
and heavy nuclei . Deformation effects are introduced
by" the distortion of the profile function of the chiral
field under the action of the external field (which
paralneterizes the baryonic density within a given
nucleus) . Nucleons and deltas emerge as quantized
solitons after performing an adiabatic rotation in co-
ordinate and isospace which takes into account the
axial symmetry of the System (leading to two differ-
ent moments of inertia, Iz 54 I,, = Ij . In contrast
to most previous investigations, we do not consider
a constant nuclear density as appropriate for nuclear
matter but rather the distance-dependent density as
given for finite nuclei . `fe calculate the modifications
of the nucleon properties in finite nuclei, and their
dependence an the distance between the topological
Center of the skyrmion inside the nucleus and the ge-
ometrical Center of the nucleus under consideration
will be considered . The main results of this studv (-an
be summarized as follows :

(i) The density dependence of the nucleon mass
Shows a more realistic behavior than in the case
of a uniform density" as e.g . for homogeneous
nuclear matter . The effective nucleon mass has

Nucleon properties in finite nuclei
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its minimum at the Center of the nucleus and
approaches its free space value at the surface
of the nucleus .

(ü) The nucleons in finite nuclei are weakly
deformed . They acquire a sinall intrin-
sic quadrupole moment which, however, is
strongly dependent an the distance froh the
Center of the nucleus, e.g . the proton (neutron)
deformation changes from a oblate (prolate) to
a prolate (oblate) form as it is inoved toward
the surface of the nucleus .

(iii) Similarly, there is a direction-dependent
swelling of the isoscalar and isovector root-
mean-square radii . V4'e have stressed that the
concept of a uniform swelling factor is too sim-
ple a concept to apply to real nuclei .

AS f',nnSeglleilf',e of tbe axial syinlnetrv of tbe
System, tbe 1J31 = 1/2 A states (A °, +) and tbe
IJ31 = 3/2 ones (A-,++) have sliglitly different
nasses in finite nuclei .

A typical result for the mass, radius and deformation
parameter dependence of a nucleon embedded in two
particular heavy nuclei is shown in the figure .

Ah,

a,r"
Figure 1 : Effective mass (1), nuclear density" (2),
isoscalar radius change (in %) (3) and deformation
parameters (4,5) for `Au (solid) and z°sPb (dashed
lines) .
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In QCD, the hass terms for the three light quarks
u,d, and s can be measured in the so-called sigma-
terlns . These are matrix elements of the scalar quark
currents my gq in a given hadron H, (H~mygglH),
with H e.g . pions, kaons or nucleons . Since no ex-
ternal scalar probes are available, the determina-
tion of these matrix elements proceeds by analyz-
ing four-point functions, more precisely Goldstone
boson-hadron scattering amplitudes in the unphysi-
cal region, ¢(q)+H(p) -r q(q')+II (p') (note that the
hadron can also be a Goldstone boson) . The deter-
lnination of the sigma-terms starts froh the generic
low-energy theorem for the isoscalar scattering am-
plitude A(v, t) [1],

F 2:1(t, v) = F (t) + ql�q"
9'pv ,

where F(t) is the pertinent scalar form factor, F(t) =
(I-I (p') 197zy gq 1 Il(p», (t = (p' - p)2), which at zero
momentuni transfer gives the desired sigma term,
F(0) = 21VIH o- � -u, for appropriately normalized
hadron states . Furthermore, rw is the so-called re-
mainder, which is not determined by chiral symme-
try . However, it has the saure analytical structure as
the scattering amplitude . To determine the sigma-
term, one has to work in a kinematic region where
this remainder is small, otherwise a precise deter-
mination is not possible . By definition, the point
where the remainder takes its smallest value is the
so-called Cheng-Dashen (CD) point, which e.g . for
pion scattering off other hadrons is given by" t =
211j,2 ,

	

v = 0, which clearly lies outside the phys-
ical region for elastic scattering but well inside the
Lehmann ellipse . The most studied reaction to deter-
mine a sigma-term is certainly elastic pion-nucleon
scattering TN ---> 7rN, but the best understood pro-
cess is low energy pion-pion scattering 7r7r -> 7r7r (for
a beautiful sigma-term analysis for that case, see [2]) .
Much less is known for processes involving kaons . It
is mandatory to understand the simplest process in-
volving strange quarks, i .e elastic pion-kaon scatter-
ing . This reaction has been attracted rauch recent
interest, mostly triggered by the intended lifetime
measurelnent of 7rK atoms at CERN, but also as a
theoretical laboratory to study the question whether
the kaon can be considered as a heavy particle, see
e.g . [3] . Therefore, we have analysed the sigma term
in pion-kaon scattering . This is done in [4] in two
ways . First, we use standard three flavor chiral per-
turbation theory, treating the pions and the kaons
as (pseudo) Goldstone bosons of the spontaneously
broken chiral symmetry of QCD . Then, we analyze
the sigma in the heavy-kaon framework, which helps
to understand the results obtained in SU (3) CHPT.
In SU (3), there is an ambiguity in the choice of the
decay constant F 2 appearing in the LET, i .e . one
can set F 2 = F,2r, F 2 = F,Fff or F2 = F2, with
Fis/F, - 1 .2 . We have shown that for the first
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choice, the remainder at the CD-point is remark-
ably" small (about 2%) . This can be considered a true
SU(2) theorem within SU(3) . It can be understood
in the heavy kaon framework, in which the kaon is
essentially frozen and the light pion scatters off this
heavy" source . Even though these one-loop corrections
are small, it is known that higher order corrections
in the scalar channels can be substantial . We have
employed the dispersive machinery set up in [5] to
calculate the two-loop corrections to the real and
imaginary part of the 7rK scalar form factor . The
appearing subtraction constants were fixed from the
one-loop scalar 7rK radius and the fact that the form
factor has to be well defined in the chiral limit, i .e .
by" applying RGE methods . For the central values
of these parameters, the tree, one-loop and two-loop
results for the normalized form factor FTlj(s)/F �, (0)
are shown in the figure . At the two-pion threshold,
the two-loop corrections are fairly slnall, they only
become important at higher energies .

2

0 .5

5 10 15 20 25
s[M 2

1

Figure 1 : Real part of the normalized scalar
pion-kaon form factor . The dotted, dashed and solid
lines refer to the tree, one- and two-loop result, in
order .
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Complete and consistent analysis of isospin violation in pion-nucleon scattering

Pion-nucleon scattering (zN) is one of the prime
reactions to test our understanding not only of the
spontaneous and explicit chiral syminetry breaking
QCD is supposed to undergo, but also of isospin syin-
metry" violation . The pion-nucleon System is partic-
ularly" well suited for such an analysis, since chiral
syminetry breaking and isospin breaking appear at
the saure chiral order . The analysis of isospin viola-
tion in 7rN scattering proceeds essentially in three
steps . First, one ignores all isospin breaking effects,
i .e . one sets c = 0 and rau = mi . This is the ap-
proximation an which the analysis in refs . [1, 2] was
based . It is obvious that one needs a precise descrip-
tion of the large isospin syminetric "background" of
the scattering amplitude in order to be able to pin
down the Small isospin violating effects . The quality
of the results obtained in refs . [1, 2] makes us feel
confident that we have a sufficiently accurate start-
ing point . In the second step, one should include the
leading isospin breaking terms encoded in the pion
and nucleon mass differentes . The mass splitting for
the nucleons amounts to about 1 MeV, whereas the
charged- to neutral-pion mass differente is of the or-
der of 5 MeV . To the accuracy we are working (the
third order in Small inoinenta and charges) one has
to consider such effects . The strength of chiral per-
turbation theory now lies in the fact that one can
consistently take into account only the effect from
those isospin violating low-energy constants which
enter the particles' masses . This is the approximation
which was considered in [3, 4] . In a third step, one
has to include all virtual photon effects and directly
fit to cross section data to pin down the novel electro-
magnetic low-energy constants . In the work [5] such
a coinplete analysis was achieved . CHPT does not
leave anv doubt about the correct definition of the
hadronic masses of pions and nucleons, and allows to
extract the streng part of the scattering amplitude in
a unique way . After determining the unknown low-
energy constants by a fit to experimental data, (for
pion lab momenta below 100 MeV), we switch off all
electromagnetic interactions and describe QCD with
unequal up- and down-quark masses and c2 = 0 .
The so-determined streng phase shifts agree with
those of Matsinos et al . [6, 7] in the P-waves, but we
find a sizeably different behavior in the S-waves . tiVe
trace this differente back to the inclusion or oinission
of non-linear photon-pion-nucleon couplings (a typ-
ical diagramin of this type is d) in the figure) . tiVe

a)

	

b)

	

c)

	

d)

Figure 1 : Electromagnetic corrections to 7rN scatter-
ing . See text .
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address the question of isospin violation by study-
ing the usual triangle relation involving elastic Tfp
scattering and the charge exchange reaction . An im-
portant advantage of the CHPT calculation lies in
the fact that we (.an easily separate dynamical from
static isospin breaking . Dynamical isospin breaking
only occurs in the S-wave and is very" Small, - 0 .75%.
Static effects do not increase the size of isospin vio-
lation in the S-wave significantly ; by no means (-an
we account for the reported 6 - 7 %, isospin break-
ing [8, 9] . tiVe have found large error bars an our
paraineter values . In order to improve this situation,
we would like to fit to more experimental data . How-
ever, a third order CHPT calculation allows to de-
scribe scattering data for pion laboratory momenta
not rauch higher than 100 MeV, a region where the
data Situation is not yet as good as one would hope .
A fourth order calculation would certainly allow to
fit to data higher in energy, but, an the other hand,
would also introduce mang more unknown coupling
constants . Since isospin breaking effects are expetted
to be most prominent in the energy region we con-
sider in this work, we do not judge it very promising
to extend the analysis to full one-loop (fourth) er-
der . Additional data for pion-nucleon scattering at
very low energies would be very helpful in this re-
spect . Also a combined fit to several reactions involv-
ing nucleons, pions, and photons, e .g . pion elettro-
and photoproduction, as well as 7rN -> 7r7rN, would
help in pinning down the fundamental low-energy
constants more precisely .
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The nucleon as probed with the weck axial cur-
rent (-an be parameterized in terms of two form fac-
tors, the axial, G4 (t), and the induced pseudoscalar,
Gp(1), one :

(N(p') ~A' I N(p)) =

u(p) 1G,4y~

	

(t) + (P, 2m )M Gp(1) 1 ,

	

2 a (P)

with t = (p' - p)2 the invariant momentum transfer
sduared and 1n = (vn7, + 171�,)/2 the nucleon mass .
In the review [1], we have shown that precise the-
oretical methods based an the symmetries of QCD
exist for extracting these fundamental observables
from experiment . The axial form factor (,an be well
described by a dipole, G4 (t) t/d'pä)-2 . The
dipole mass IUIA (-an be translated into an axial root-
mean-square radius of

(rä)l/? = 0.67 f 0.01 fm.

This value is consistently obtained from (anti) neu-
trino scattering Off protons (or light nuclei), com-
pare fig . 1, and charged pinn electroproduction Off
protons, compare fig . 2 . Clearly, more precise elec-
troproduction data in the threshold region would be
welcome to further pin down this quantity .
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Figure 1 : Axial mass ~WA extractions from (quasi)
elastic neutrino and antineutrino experiments . The
weighted average is IVIA = (1 .026 f 0 .021) GeV .

The induced pseudoscalar form factor is dominated
by the pion pole, but the small corrections to this
leading Order result have been calculated . Existing
data from ordinary muon capture are consistent with
these theoretical expectations but have too large
error bars to cleanly test the chiral dvnamics of
QCD . We have argued that the result V of the pi-
oneering TRIUNIF radiative muon capture experi-
ment should be taken culn grano salis due to some as-
sumptions in the analysis that are inconsistent with
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Figure 2 : Axial mass My_, extractions from charged
pion electroproduction experiments . The weighted
average is MA = (1 .069 f 0 .016) GeV .

the power counting underlying the effective field the-
ory of the Standard Model . However, it is fair to
say that more theoretical as well as experimental ef-
fort is needed for drawing a final conclusion . The
momentum-dependence of the induced pseudoscalar
form factor is dominated by the pion pole which has
only been tested in one electroproduction experiment
so far .

Also, a better determination of strong kaon-hyperon-
nucleon coupling constants grxAN and gKEN would
allow for an additional stringent bound an the light
to strange duark mass ratio, based an the derivations
from the octet Goldberger-Treiman relations .

All this Shows that precision experiments in hadron
and nuclear physics indeed help to unravel the mys-
teries of QCD at energies where one really has to
deal with strol2g interactions . Therefore, more pion
and kaon electroproduction as well as lnuon capture
experiments are called for .
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Rescattering and chiral dynamics in B -+ o7r decay

Measurements at SLAC and KEK of the time-
dependent CP-violating asymmetry in B(B)
OK� yielding sin(2~), have conclusively established
the existente of CP violation in the B meson sys-
tem . The results found are consistent with Standard
Model expectations, so that establishing whether the
CKM matrix is the only source of CP violation in na-
ture, as in the standard model, or not requires the
einpirical measurement of all the angles of the uni-
tarity" triangle .
In the work [1] we consider the determination of
a through a Dalitz plot analysis of the decays

p7r ---> 7r+7r- 7r ° under the assumption
of isospin symmetry. Ten parameters appear in the
analysis, and they can be determined in a fit to the
data . nevertheless, the assumption of p dominante
in B ---> 37r decays har no strong theoretical basis so
that the contributions from other resonances in the
p7r phase spare inay" be important . We discuss how
the isospin analysis can be enlarged to include the o-7r
channel as well . The o- or f° (400-1200) "meson" is a
broad .J = I = 0 enhancement, close to the p meson
in mass, so that the o7r channel (-an potentially popu-
late the 37r phase spare associated with the p-r chan-
nels . The o7r final state contributes preferentially to
the p°7r° final state . In the context of the isospin anal-
ysis, such contributions are of conseduence as they
invalidate the underlying assumptions of the isospin
analysis and thus mimic the effect of isospin viola-
tion . Our considerations are inspired in part by re-
cent studies of D- -~ 27r- z+ decay : the E791 collab-
oration find that the pathway D- -~ 7r- o- -> 27r-7r+
accounts for approximately half of all D- -> 27r-7r+
decays . In [2] is was argued as a consequence that
the B --> o-7r channel contributes significantly to the
p7r phase spare in B --> 7r°7r+T- and modifies the ra-
tio B(B) ---> p+7rf)/L3(B - ---> p° 7r- ) to yield better
agreement with experiment [2] . The scalar form fac-
tor, which describes the appearance of the o- in the
7r+7r- final state, enteis as a crucial ingredient in the
assessment of the size of these effects . The scalar forte
factor cannot be determined directly from exper-
itnent ; nevertheless, ample indirect constraints ex-
ist, permitting us to describe its features with confi-
dence [3] . `Ve follow Ref. [3] and adopt an unitarized,
coupled-channel approach to final-state interactions
in the 7r7r-KK system, and match the resulting scalar
form factor to chiral perturbation theory (CHPT) in
the regime where the latter is applicable . The result-
ing forte factor, in the 7r7r channel, is strikingly differ-
ent froin the relativistic Breit-Wigner form adopted
bv the E791 collaboration in their analysis of the o-
in D+ -~ 7r+ ;r+7r- decay - the latter form factor is
also used in Ref . [2] . The differentes are particularly
lange as ls- -~ 2111� so that the relativistic Breit-
Wigner form is at odds with CHPT in the precise
region where it is working . This casts doubt an the
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recent conclusions, prompting new analyses incorpo-
rating a suitable scalar form factor . The generation
of the o- resonance via strong rescattering effects, as
in the approach we adopt, indicates that OZI ef-
fects in the scalar rector are significant . Moreover,
the "doubly" OZI-violating form factor (OIssI7r7r) is
non-trivial as well ; such a contribution is needed to
fit the 7r7r and KK invariant mass distributions in
0 ---> g7rT(KK) decay [3] . These observations give
new insight an rescattering effects in hadronic B de-
cays, generating a new mechanisin of factorization
breaking in n >_ 3 particle final states . Such effects
are important for studier of CP violation because
rescattering effects ran potentially yield large streng
phases .
The contribution of the B ---> o7r channel to the B
p°7r phase spare (-an also modify the inferred empiri-
cal branching ratios in these channels . Coinbining the
CLEO results Br(B- -+ p ° 7r- ) = ( 10 .4 ±3.4 ± 2.1)
10-6 and Br(B ° --> pf 7r+) = (27.6 ±7.4 ± 4.2) -10 -(3

with the BaBar result Br(B ( ' _~ pf7r+) = 28 .9 f
5 .4 4.3 yields, adding the errors in quadrature and
ignoring corrclations,

Br(B° -~ p+7r} )'7Z=

	

2 .Br(B - ~ p°7r-)
= 2.7 ± 1 .

This ratio of ratios is roughly 6 if one works at tree
level and uses the naive factorization approximation
for the hadronic matrix elements . The inclusion of
penguin contributions ran alter this result, and po-
tentially yield better accord with theory and experi-
ment . However, our focus will parallel that of Ref . [2] :
we wish to examine how B -~ o7r -~ 37r decav, -Wen
a particular scalar form factor, can effectively modify
the theoretical prediction of the ratio '1Z . It is appar-
ent that B -~ o-7r is of greater impact in B --+ 7r °7r de-
cay, so that the inclusion of such contributions ought
alter the ratio of ratios . In fact, treating the various
decays as two-body ones, we find '1Z = 5.8 (5.5) for
the rase of no (with) penguin diagrams . Proper in-
clusion of the final-state interaction (3-body decays)
and adding the p and the o- contribution, which are
based an the use of the consistent scalar and vector
form factors, leads to

'r-2 .5,

rauch improved compared to the number given in [2]
and consistent with the data . The theoretical uncer-
tainty is a,bout 20%, but this needs to be sharpened .
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Bascd an measurcmcnts of thc S-wavc intensity for thc
charge exchange reaction n-p -~ nenon by [1, 2] Anisovich
et al . argued againstthe interpretation ofthe fo (980) as a KK-
moleculc . [4] In thcir paper thc t-dependence of the intensity
distribution was modcllcd using only onc production mccha-
nism (n-exchange) and two intcrfcring resonances, onc broad
and soft and the other hard and narrow. As Achasov et al . al-
rcady mentioned, this intcrpretation will lcad to a rather pe-
culiar t-dcpcndencc of

which then should show a dip in the region of momentum-
transfers t around -0.15 GeV 2J5] In equation (1) m� de-
notes the invariantmass ofthe two exiting pions, t the square
ofthe momentum transfer onto the nuclcon and the integra-
tion limits could be chosen as ml = 0.8GeV, mh = 0.9GeV

Data : 0.01 < Itl < 0.1 GeV2 Model : Itl = 0.03 GeV2
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Fig . 1 : Comparison of the S-wavc intensity distribution in
m,�, for different momentum transfers t to the nu-
clcon . The squares show the experimental results of
[1] and the lines show the results of our calculation :
The füll line includes boththe al- and the 7z-exchange
as means of production . The dotted line shows the
production via al and the dashed line the production
via7c .

In our approachto the reaction n-p-> 7i 07cOn we uscd the al-
exchange as well as the n-exchange as a production mech-
anism, which are close to non interfering since they have
different spin structures . Therefore the peculiar behaviour
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dcsribcd abovc is avoidcd. Furthcrmorc wc uscd thc on-shcll
T-matrix of the extended Jülich meson-exchange-model to
generate the final state interaction ofthe two outgoing pions .
In this model wc uscd dispcrsion rclations for thc form fac-
tor in thc t-channcl to rcmovc thc frccdom introduced to thc
old model which uscd independent form factors for both S-

and t-channel.[6] As already described in [3] this model still
gcneratcs thc h(980) as a KK-molcculc.
Using cxponcntial form factors at thc nuclcon vcrticcs wc
were able to reproduce the t-dependence of the integrated
intensity in figure 2. This half logarithmic plot with its two
asymptotic slopcs itsclf was already very suggestive inthc di-
rection of two competing production mechanisms . Also the
t-dependence of the s-wavc intensities (Figure 1) is repro-
duced . The intensity lacking in the low t plot (Figure la) is
due to the 4n-vertex and the f~(1370)-resonance which so
far have not been included in our model. Comparing the two
plots in this figure onc sees nicely how the dip becomes a
peak when the production via pions decreases and the pro-
duction via al takcs ovcr.
We conclude that there is no need for a genuine J'0(980) res-
onance or "hard component" to account for the results ofthe
GAMS and BNL E852 experiments, but a dynamically gen-
erated fo(980) together with n- and al-exchange as means of
production can reproduce the data .
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Fig . 2 : Intensity distribution integrated over the füll range of
m �, (Equation 1) . The + indicate the experimental
results of [1] and the line shows our result. The pa
rameters for the exponential form factors at the pnTc-
and pna 1-vertex are indicated .
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Incoherent photoproduction of 9 mesons close to the re-
action threshold can provide a good scenario to investi-
gate the final state interaction in the outgoing neutron-
proton-77 system . In Ref. [1] we presented a model for
the reaction yd-->np7l, where the dominant 71-production
mechanism is provided through the Sll resonance . If
one only considers the tree level contribution (i .e . the
impulse approximation (IA)) then the production Cross
sections are well described for excess energies larger than
40 MeV above the production threshold, corresponding
to photon energies around 680 MeV [2] .

yd -->r7np ot EY=643 MeV

wnIIIIIdIIIIII IIII

Fig . 1 : Dalitz plots and invariant mass spectra for the
reaction yd--~npil, with an incident photon en-
ergy of 643 MeV. The upper left panel Shows the
Dalitz plot for the calculation where the NN and
qN final state interactions are taken into account,
the lower left panel Shows the Dalitz plot calcu-
lated only from the contribution of the Sll reso-
nance. The upper right panel give the invariant
91-p mass Spectrum, the lower right panel the in-
variant np mass Spectrum . The lower line in the
two left figures represents the calculation with
the Sll contribution alone . All units are MeV.

However, for smaller excess energies, the consideration
of the final state interaction (FSI) between the outgoing
particles is necessary to describe the experimental pro-
duction Cross section . In Ref. [1] we found that although
the FSI in the np system provides the dominant contri-
bution to the enhancement to the Cross section close to
threshold, the FSI in the 77N system is also important
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to describe the data very close to threshold . In our cal-
culation of the np FSI effects we employ the CD-Bonn
NN potential [3] . The 77N FSI is given by the Jülich
meson-baryon model, whose parameter are fixed by zN
data [4]-
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Fig . 2 : Dalitz plots and invariant mass spectra for the
reaction yd -~ np77, with an incident photon en-
ergy of 681 MeV. Same description of curves as
in Fig . 1 .

To extract more detailed informations about the con-
tribution of the FSI close to threshold, it is illuminat-
ing to plot the corresponding invariant mass spectra . In
Figs . 1 and 2 we Show the spectra for two different pho-
ton energies, and include in the figures the calculation
based an the impulse approximation alone for compari-
son . Fig . 1 clearly Shows that at the small excess energy
the FSI dominates the invariant mass spectra . At the
higher photon energy, cf . Fig . 2, the FSI becomes less
important compared to the contribution from the Sli
resonance . In fact, the resonance even dominates the
Spectrum for higher values of the invariant np mass.
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Flavor symmetry is presentey understood an the basis of
QCD and the structure of the quark mass matrix . In the zero
quark mass limit, the right flavor sector of QCD acquires
a three flavor chiral symmetry U(3)L x U(3)R which at the
level of hadrons is assumed to be realized in the Goldstone
phase. The associated Goldstone bosons are identified with
the lightestpseudoscalar mesons .
The first problem one encounters in that scheme is the large
mass of the q' . The way out of this problem is to take into
account quantum corrections which spoil the conservation of
the singlet axial current. Particularly relevant to this problem
is the existence of Euclidean solutions with non-trivial topo-
logical properties (instantons) which also break the U(1 )A
symmetry. In fact, the most appealing explanation of the
problem of the large q' mass is provided by the instanton
inducedquark-quarkinteraction [1] .

The second problem concems the different symmetries for
pseudoscalar and axial vector mesons, an the one side, and
vector and tensor mesons, an the other side .
isoscalar vector mesons closely follow the flavor basis struc-
ture : 0 = W~sy = -ss and co =gk�,y = (uu +dd)/vf2-.
This contrasts the singlet-octet pattern followed by the
isoscalar axial vector and pseudoscalar mesons . To explain
this dilemma, the Okubo-Zweig-Iizuka (OZI) rule [2] was
invoked that forbids the mixing of of quarkonia made of u
or d quarks with quarkonia made of s or c quarks . In the
absence of symmetry breaking terms one can freely use any
basis for the generators ofthe group . The physically interest-
ing basis is the one whose generators still reflect a residual
symmetry of the system in the presenee of symmetry break-
ing terms . In that regard, we have three sources of breaking
U(3)L x U(3)R symmetry. The first one is the UA(1) sym-
metry breaking by quantum effects . Although the instanton
induced interaction is suppressed at high energies due to the
factor exp(-8n2 /g2), it is always present and even becomes
decisive at low energies . The second source is the sponta-
neous breaking of chiral symmetry occurring at the scale
i<.x ,: 4nf, The third source is the non-vanishing quark mass
matrix that explicitly violates three flavor chiral symmetry.

The problem of the conflicting flavor symmetries of the
anomalous- and anomaly-free meson sectors was addressed
e.g . in Ref. [3] . There, the (three) flavor symmetry for
hadrons was concluded from the conserved vector current
rather than from mass relations and shown to be SU(2).d 0
SU(2), 0 U(l,d,) in the limit of heavy spectator c quarks .
In the present paper [4], we have investigated the relevance
of the instanton-induced determinantal 't Hooft interaction
to the q-nucleon coupling gfl ,vN within the framework of a
three-flavor linear sigma model in the OZI-rule-respecting
basis {(ss)712= (üu 4dd)} . Instantons, in combination with
the spontaneous breaking of chiral symmetry, are shown to
provide the major mechanism for the ideal mixing between
pseudoscalar strange and non-strange quarkonia . As long as
't Hooft's interaction captures most of the basic features of
the axial QCD gluon anomaly, we identify the anomaly as
the main culprit for the appearance of octet flavor symme-
try in the anomalous sectors of the pseudoscalar (and axial
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vector) mesons . Especially, the wave function of the physi-
cal -q meson induced by the determinantal instanton-induced
't Hooft interaction is such that the -q meson is close to the
octet state . Within this context, unitary spin is shown to be
an accidental symmetry due to anomalous gluon dynamics
rather than a fundamental symmetry in its own right .

The modelpresented has the advantage that it allows for pos-
sible generalizations to non-ideal mixing angles and differ-
ent values of the meson decay constants in the strange and
non-strange sectors, respectively . lt also allows to study con-
sequences for the qNN coupling . In two independent calcu-
lations, one based an the conventional derivative coupling of
the flavor-eigenstates to the nucleon, andthe otherbased an a
careful study ofthe axial vector coupling including anomaly
contributions (resulting from the 't Hooft interaction) to the
nucleon, we obtained the magnitude of grIN1v . We found it,
within error bars, to be stable against changes in the Input
parameters and in addition, to be be close to the ordinary
SU(3) results .

Though we find the -q-nucleon coupling constant gl,vN to
obey a Goldberger-Treiman like relation, the latter does not
take its origin from a (massless) pole dominance of the in-
duced pseudoscalar form factor of the octet axial current.
Rather it appears as a consequence of a subtle effect of of
instanton induced flavor-mixing during propagation of the
isoscalar pseudoscalars .

In having clarified the role of the axial gluon anomaly (as
mimicked by 't Hooft's effective instanton induced interac-
tion) for manufacturing the octet way, we have established
the limits beyond which one has to extendthe model in order
to describe possible deviations of the grINN value from its
octet-Goldberger-Treiman-value . Among the possible can-
didates for such effects we emphasize the direct meson-
instanton coupling and subleading K(*)K(x) loops ofthe type
discusscd in Re£ [5] .
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lt is well known that the gravitational interaction is nonrenor-
malizable, meaning that there exists no consistent scheme to
handle all the divergences which arise in a quantum version
ofthe theory. However, if one is willing to work look only at
the long distance, i . e., low momentum component ofthe the-
ory, then quantum gravity is fully realizable and has a form
which is required by the fact that it is a quantum field theory.
Gravity couples to the energy momentum tensor T� of a
particle . We have calculated the energy momentum tensor
in a Power series in a, using usual Feynman diagram tech-
niques . These calculations are straightforward applications
of QED[1] . The result is expressed in terms of form factors
F(q2 ) of the various allowed Lorentz structures in the ma-
trix element of T� . . The form factor is the momentum space
description ofthe structure ofthe particle . Because the mass-
less photon couples to gravity, this form factor has features
not common in most other form factors . Normally, form fac-
tors can be expanded in a Power series in q2 around q2 = 0,
with the coefficients being related to the structure of the par-
ticle . For example, the coefficient of the term linear in q2 is
related to the "charge radius squared" ofthe particle, i .e .

G r2 >=6
d

dq2F(q2 ) 1,2=0

However, in the gravitational case, photonic diagrams yield
non-analytic terms in the expansion oftheform factor. In par-
ticular, we will find square-root and logarithmic non-analytic
terms, i .e .

2
F(q2 ) = l+aag2

m

2

	

2
+ bam2 log(-q2)+cam2 + . . .

	

(2)

where a,b,c are constants . These non-analytic terms cannot
be represented by effective Lagrangians and can only arise
from the Jong range propagation of massless particles . Note
thatthey imply thatthe gravitational charge radius is infinite,
which reflects the fact that the energy in the electric field
extends out to infinity . These non-analytic terms generate the
effects that we seek
The spatial distribution of energy, and bence the metric, will
be recoveredby a Fouriertransformationto coordinate space .
Generically the Position dependent terms in the metric will
be

metric - Gm 1
r
1 + au + ba-h + c 2

8 ; (x) + . . .~
mr 2 m2r3 m2

The leading piece in the form factor yields the usual "Newto-
nian" component ofthe metric . The analytic term in the form
factor yields a delta function - i .e . no effect atlarge distances .
However, the two non-analytic terms produce the effects that
we are interested in. The square-root generates the classical
correction in the metric of order a . We have shown that this
produces precisely the terms required by Einstein's Equa-
tion . The logarithm generates something new which was not
present in the classical solution - a term oforder Ga-hlm~ .
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Photon-Hadron and Photon-Photon Physics in Ultraperipheral Relativistie Heavy Ion Collisions

In central collisions at relativistic heavy ion col-
liders like RHIC at Brookhaven and LHC at
CERN/Geneva one aims at producing and detect-
ing a new form of hadronic matter, the Quark Gluon
Plasma . In [1] a complementary aspect of these col-
lisions is discussed: the ultraperipheral ones . Due
to coherence there are streng electromagnetic fields
of short duration in such collisions . They give rise
to photon-photon and photon-hadron collisions up
to invariant mass regions hitherto unexplored ex-
perimentally. Together with the experimentalists S.
Sadovsky and Yu . Kharlov a review was written for
Physics Reports [2] to discuss these questions .
The Relativistic Heavy Ion Collider RHIC is new in
operation in Brookhaven . A dedicated program ex-
ists to study these peripheral collisions [4] . The as-
pects of ultraperipheral collisions at RHIC with first
experimental results was reviewed in [6] . Most recent
references can be found in the proceedings of the
Erice workshop an Electromagnetic Probes of Fun-
damental Physics,October 2001 [3] .
It was suggested to use the CMS detector at LHC for
photon-hadron and photon-photon physics at LHC
[7, 8] . Some aspects of this were also discussed in
connection with the Letter of Intent for FELIX [9] .
These relativistic heavy ion colliders are also vec-
tor meson factories [10, 1, 6] . At RHIC the invariant
mass region is similar to the one at HERA . A new
energy regime will be entered at LHC.
In Fig. 1 we show differential cross sections for
fermion pair production and hadron production in
yy-collisions .
Bound-free e+e- pair production was studied in [11] .
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Figure 1: Cross section for fermion pair pro-
duction as well as total hadron production at
the LHC for Ca-Ca collisions . A luminosity of
(L = 4x10 3°cm-2 s-1 ) was assumed. The process
yy hadrons is also shown. A "(heavy ion)year"
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This work can be found in [1] . The problem of e+e-
pair production by the collision of highly relativistic
nuclei has attracted a lot of interest during the past
few years . From the theoretical side, the result that
the Dirac equation can be solved exactly in the elec-
tromagnetic background field created by two nuclei
in the limit where the two nuclei are 'ultrarelativis-
tic' [2, 3], seemed to lead to the unexpected conse-
quence that the single pair cross section is equal to
its Born value . The term 'ttltrarelativistic' is used
here for the limiting rase where the Lorentz factor y
becomes large (y -> oc), i . e . the velocity of the col-
liding ions approaches the speed of light . In connec-
tion with the relativistich heavy ion colliders it was
found that the impact parameter dependent proba-
bility in perturbation theory can become larger than
one, which was shown to result in multiple pair pro-
duction [4, 5, 6, 7, 8] .
A series of papers an the same topic [9, 10, 11, 12]
showed that there must be an error in the interpre-
tation of the results found in [2] . It was shown by
Baltz et al . [13] that the expression for pair produc-
tion derived from the results in [2] describes the total
number of produced pairs, and not the single pair
production . Additionally, the importance of taking
into account the vacuum-vacuum transition ampli-
tude where going over from wave mechanics to the
füll external field problem with quantized electron
field was pointed out, as was already discussed in
[7, 8] . A recent work which treats the structure of
Coulomb and unitarity corrections to the single and
multiple pair production is [14] .
We will derive in this paper the main results obtained
in [13] in a very compact way using [15] . The correct
expression for the multiplicity can be derived indeed
in a very straightforward manner from the funda-
mental equations which define the S-matrix for the
external field problem .
We establish the connection between the single-
particle matrix elements from the solution of the
Dirac equation and the pair production in a füll
many-body theory . The important point is discussed
in the textbooks see e.g . [15, 16] . The (free) propa-
gator of the Dirac equation is e.g . given in Ch .2 - 5
of [16] . We look for a kernel K(x2 ,x,) of the Dirac
equation such that

'Y (t2,

	

2) -

	

dsxiK(t2,

	

2;tt,A)7° l'(ti,mal)

for t2 > tl

This is the retarded kernel . The hole theory (which is
mainly of historic interest)suggests a different Green
function, the Feynman propagator, see e.g . [16, 17] .
This appears in a natural way in the quantized rela-
tivistic field theory.

References:

Electron-positron pair production in external fields

A .Aste*, G .Baur, K . Hencken*, D. Trautmann*, and G. Scharf**

148

[2] B . Segev, J.C . Wells, Phys . Rev . C 59, no . 5,
2753 (1999)

[4] G . Baur, Phys. Rev . A 42, no . 9, 5736 (1990)

[6]

[7]

[8]

[9 ]

A . Aste et al . submitted to Eur . J.Phys . C, hep-
ph/0112193

A. J . Baltz, L . McLerran, Phys . Rev . C 58, 1679
(1998)

K . Hencken, D. Trautmann, G . Baur, Phys .
Rev . C 59, 841 (1999)

M. J . Rhoades-Brown, J . Weneser, Phys . Rev . A
44, 330 (1991)

C . Best, W. Greiner, G . Soff, Phys . Rev . A 46,
261 (1992)

K . Hencken, D. Trautmann, G . Baur, Phys .
Rev . A 51, 998 (1995)

D .Yu . Ivanov, K . Melnikov, Phys . Rev . D 57,
4025 (1998)

[10] D.Yu . Ivanov, A. Schiller, V.G. Serbo, Phys .
Lett . B 454, 155 (1999)

[11] U . Eichmann, J . Reinhardt, W. Greiner, Phys .
Rev . A 61, 062710 (2000)

[12] R.N. Lee, A.I . Milstein, Phys . Rev . A 61,
032103 (2000)

[13] A.J . Baltz, F . Gelis, L . McLerran, A. Peshier,
Nucl . Phys . A 695, 395 (2001)

[14] R.N. Lee, A .I . Milstein, V.G . Serbo, hep-
ph/0108014

[15]

	

G. Scharf, Finite quantum electrodynamics : the
causal approach (Springer, New York, 1995)
(second edition)

[16]

	

C. Itzykson, J.-B . Zuber, Quantum Field The-
ory (McGraw-Hill, 1980), p . 89

[17]

	

J.D. Bjorken and S . Drell Relativistic Quantum
Mechanics

*Institut für Theoretische Physik, Universität Basel
** Institute for Theoretical Physics, University of
Zürich



Target-elastic and target-inelastic electromagnetic
Cross sections for pionium seattering off various tar-
get materials are studied in [1] and [2] . Accurate pre-
dictions for this quantity are needed as a theoretical
input in the analysis of the ongoing DIRAC experi-
ment at CERN . This experiment aims at measuring
the pionium lifetime, an important check an chiral
perturbation theory [3] .
To describe the excitation of the pionium atoms
through the electromagnetic interaction with the
target atoms we use the semi-classical approxima-
tion (SCA) . In the rest-frame of the pionium, the
mach heavier target atoms move past with almost
the Speed of light an a straight-live trajectory R =
{b, 0, vt} and are treated classically, whereas the pio-
nium atom is situated at the origin of the coordinate
system and is treated quantum-mechanically.
The von-relativistic Hamiltonian describing this Sys-

tem is

H=Ho+Hint ,

	

(1)

where the first part,Ho, describes the pionium atom,

where

e 2

Ho =
2w

-
r

where Et is the reduced mass and rthe relative coor-
dinate . The second term in (1), Hint, describes the
interaction between the pionium and the target atom

For the calculation of the higher order corrections
only Hscalar will be considered, as it yields the main
contribution to the Cross-section . The effect of the
magnetic interaction Hmag (and of relativistic cor-
rections) are found to be much smaller than 1% [4] .
The transition amplitude afi(b) from an initial state
i = {ni, li, mi} to a final state f = {nf, l f, mf},
where n, l, and m devote the principal, angular, and
magnetic quantum numbers, respectively, is given in
the sudden (or Glauber) approximation by

af (b)=fd37'~f(rl [1- exp(iX(b,il)]~,i(rl, (5 )

T.A . Heim*, K. Hencken* , M. Schumann*, D. Trautmann*, and G. Baur
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Hint (b,7 t)dt .

	

(6)

The results for the breakup probabilities are shown
in Fig . 1 as a function of the impact parameter b . The
applicability of the Glauber theory is also tested by
showing the differente of the first order results with
and without taking the finite value of w into account .
The importance of higher order corrections increases
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Figure 1 : Comparison of the breakup probabilities
for the transition 1s-2p of the pionium due to the
Coulomb interaction with a Nickel (Z=28)atom. The
slow convergence of 2zblafi(b)1 2 (solid line) is clearly
visible, whereas the higher order terms (differente
between first order (Born) and Glauber approxima-
tion, dotted line) are limited to small b . Also shown
is the relative differente between the probabilities in
first order with and without a finite w . Whereas this
differente increases with b, it is small in the region
of b, where the Higher order terms contribute appre-
ciably.

with the Charge number Z . For heavy nuclei they can
be as large as 20% of the Born result [6] .
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Hint = Hscalar + Hmag , (3)

where the scalar interaction is given by

Hscalar = e f~b(r12) - ~b(-r12)] (4)



Coherent Coulomb excitation of relativistic nuclei in aligned crystal targets

There were several proposals [1, 2, 3, 4] of Experiments an
coherent Coulomb excitation of relativistic nuclei in crystal
targets, A7 -~ A*. The central idea has been that crystals pro-
vide a periodic perturbation a frequency of which, v, can be
boosted by the Lorentz factor to the nuclear level splitting
AE = El -Eo, so that the level populations would exhibit
quantum beats . Specifically, a probability of excitation P(N)
was claimed to grow as P(N) - N2 , up to the crystal thick-
nesses N = Lla - 104 - 105 , where a is the lattice spacing.
This conclusion is based, however, an an evaluation of the
transition amplitude in the plane wave Born approximation .
In a more consistent treatment of coherent A --> A* transi-
tions one needs to include distortions due to the initial state
Coulomb interactions (ISI) of the nucleus A and final state
Coulomb interactions (FSI) ofthe excited nucleus A* . Tech-
nically, the inclusion of distortions are reminiscent of the
well known Glauber-Gribov shadowing effect [5, 6] and en-
tails an attenuation ofthe coherentexcitation amplitudes with
growing crystal thickness . In our analysis we follow our early
work an coherent transitions in crystals [7] .
Consider the Small-angle Coulomb scattering of ultrarel-
ativistic nucleus (the mass number A, the charge Zl and
the four-momentum p) moving along a crystal axis . The
projectile-nucleus undergoes a correlated series of soft col-
lisions which give rise to diagonal (A --+A, A* -~- A*) and
off-diagonal (A -> A*, A* _~- A) transitions . The interatomic
distances, a - 3 - 5°A, are large, compared to the Thomas-
Fermi screening radius r - 0 .468Z2 1/3°A, where Z2 is the
atomic number of the target atom and a = 1/137 . The rel-
evant impact parameters, b, satisfy b« a, so that scattering
by different atomic strings is incoherent .
Follwoing [3, 1, 2], we look for the electric dipole exci-
tation 1 /2+ -~- 1/2- in the 19F nucleus . The helicity-ffip
Born amplitude tB(gl) in the nucleus-atom collision is of
theformte(g l)= vadZ2glez0/(q2 +

;~
2),wherea, 2 =u 2+

x2 and u = 1/r . The longitudinal momentum transfer x -
(2MAAE +q2 )12p, defines the coherency length l,. - K-' .
Summation of multiple Coulomb scattering ofultrarelativis-
tic particles can conveniently beperformed in the eikonal ap-
proximation, in which

t(ql) =I&dZ2;£e"1 bdbJ1(glb)K1(;~b) exp[ix(b)],(1)

where J1 (x) and Ko 1(x) are the Bessel functions and the
screened Coulomb phase shift function is X (b) = -ßKo(ub),
where ß = 2aZ1Z2 . Here we treat an excitation to a lowest
order in the perturbation theory which is justified for all the
practical purposes . Decays of excited state inside the target
can safely be neglected .
Then, in the static lattice approximation, the füll transition
amplitude an a string ofN identical atoms reads [7]

T (ql) = VadZ2XS(gl)e'mI(gl),

	

(2)
where

I(ql)= f bdbJ1(glb)K1(Äb)exp[-ißNKo(ub)]

	

(3)

In eq.(2) S(ql) is the structure factor of the lattice

S(ql) = sin(i-Na/2)/sin(xa/2) .

	

(4)

VR.Zoller*
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A careful inspection ofthe relevant parameters Shows that co-
herent enhancement is present only in the contribution from
the Small impact parameters b < r . Here stationary phase ap-
proximation is applicable and yields

Thus, for ql »,ußN one finds no attenuation effect . At a
larger ql the structure factor of a crystal enters the game .
The final result for the excitation cross section reads

and pn = aMAE/2nn. For instance, for the Wtargetone finds
only a modest enhancement, N, - 30, for the diamond target
the enhancement is stronger, though: N, - 300 .
We conclude that not only the ql-dependence of the coher-
ent transition amplitude differs dramatically from the early
predictions [2, 3], but the effect ofthe coherent enhancement
is much weaker than predicted from Born approximation in
[1, 2, 4] .
The author thanks J . Speth and FZ-Juelich for hospitality and
DFG (grant 436 RUS 17/119/01) for Support. Partial support
from INTAS (grant 97-30494) is gratefully acknowledged .
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a = Idq2 1 T(ql) 12 - N2 log(N/N,,), (7)

where
1/3

Ne «Nn
4,7 p,

- [ aP2ß2 (8)

I(ql) U- --1
exp [-ZßNIog +2i(P] , (5)

where

exp[2iq] =r(1 +ißN/2)/r(1-ißN/2) . (6)



The present work [1] that had quite some echo in in news-
paper articles [2] and bulletin boards [3] reports about a
so far unknown force that acts an Buckminister fullerenes
or buckyballs (soccerball-type molecules made of carbon-60
molecules), when they are immersed in liquid mercury. The
force is explained by the fact that buckyballs or other par-
ticles flowing in mercury restrict the (quantum mechanical)
freedom ofmovement ofthe conducting electrons of the liq-
uid metal which could normally pass unhinderedthrough this
metal . Thus these is a formation and superposition of stand-
ing waves between the cavities, in case the conducting elec-
trons are interpreted as matter waves . In this way the elec-
trons exert a quantum pressure an and between the immersed
particles, and the resulting change in energy can be perceived
as a force between the particles that can be attractive orrepul-
sive depending an their relative separation and orientation .

lndeed, this effect resembles the traditional Casimir effect
that describes the attractivn between two parallel, narrowly
spaced metallic mirrors in vacuum. The latter force was pre-
dicted by the Dutch physicist H.B . Casimir in 1948 [4] and
has only recently been quantitatively confirmed in experi-
ment (for the altered system of a sphere and a plate) [5] .
Because of Heisenberg's uncertainty relation the vacuum is
not really empty, but contains fluctuating fields . Between the
mirrors, however, only fluctuations are allowed with half-
wave-lengths shorter than the distance between the mirrors .
In this way an inequality between the fluctuating fields in-
side and outside the two mirrors is produced and the above
described Casimir force results - a macroscopic manifesta-
tion of the laws of quantum mechanics .

In the present work this effect has been generalized to the
interactions between cavities (literal empty regions ofspace)
immersed in the background ofnon-interactiog fermion mat-
ter fields . In fact, the Casimir energy is interpreted as energy-
weightedintegral ofthe geometry-dependent part ofthe den-
sity of states built from the modes of the corresponding fluc-
tuating or real quantum fields . This topic is relevant to the
physics of neutron star crusts (nuclei embedded in a neu-
tron gas), to inhomogeneous quark-gluon plasma, to dilute
Bose-Einstein-condensate bubbles inside the background of
a Fermi-Dirac condensate, to the above-mentioned bucky-
balls in liquid mercury etc . In contrast to the Standard effect,
the new form of Casimir energy is neitber attractive nor re-
pulsive in character, but it changes depending an the relative
arrangement and distances of various scatterers . As stated
above, this effect can qualitatively be explained by the for-
mation and superposition of standing matter waves between
scatterers, where those waves dominate which have a wave-
length comparable to the Fermi length . For more than two
scatterers the pattern of possible standing waves becomes
rather complicated. The simplest standing wave forms be-
tween two scatterers only. However a wave can scatter first
off one scatterer, then off a second one and a third time off
a third scatterer before coming back to the first scatterer and
closing the cycle . The actual Casimir energy is given by a
coherent sum over the effects of all possible matter waves
among all scatterers . In this way one arrives at an extremely
curious and somewhatunexpectedpicture . The matter filling

How Empty Spaces Can Exert Forces an Each Other

A. Bulgac * and A. Wirzba

up the space between the voids - even when it is nothing else
but an ideal quantum gas and thus with no interactions of any
kind- leads to an effective interaction between the empty re-
gions of space .

While the evaluation of the Casimir energy for complicated
geometries can be rather involved, the calculation simpli-
fies for a system of non-overlapping cavities, since it can be
mapped onto the quantum mechanical problem of the scat-
tering of a point-particle of a fixed, but tunable initial en-
ergy from the very same cavity-geometry. With the help of
Krein's trace formula [6, 7], the Casimir energy can then be
extracted from the delay time of the scattered point parti-
cle, summed over all relevant initial energies . Altbough the
cavity-systems can be very complicated, such that the scat-
tering pattern for a classical particle would be totally chaotic,
the calculations of this work Show that the Casimir interac-
tion energy in the case of more than two scatterers can be
evaluated quite accurately as a sum of pairwise interactions
between these scatterers [1] . As is known from Bohr's cor-
respondence principle, for large initial energies the quantum
mechanical scattering calculation can be very well approxi-
mated by the interference ofperiodic orbits running between
and being reflected offthe cavities . The effective interaction
of the empty regions of space thus decreases with distance
roughly for the same reason why in a game of billiards it is
very difficult to make a long shot : long trajectories are very
unstable . The increased instability of relatively long periodic
orbits bouncing off more than two scatterers is what makes
the these or more body interactions rather skortranged .
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4. NUCLEAR PHYSICS AND OTHER
TOPICS
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In the present study we address the question of a possi-
ble emergence of the effects of order in the two-body ran-
dem ensembles of random matrices . One principal directly
observable characteristics of such effects is the appearance
of energy gaps at the edges of the spectrum . The model
to be quantitatively explored here in this connection con-
sists, similarly as in ref. [1], of six identical particles (all
single particle energies are Set to zero) operating in the sd-
shell . From the nuclear spectroscopy point of view this cor-
responds to the 220 nucleus . The statistics is collected from
one thousand of RQE samples of two-body matrix elements .
The resulting central result of our related investigations is
shown in Fig . 1 . Here the distribution of the ground state
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Energy gap effect in the Shell model with random two-body interactions
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Fig. 1 : Distributions of ground state energy gaps for succes-
sive J's .

(Ej) energy gaps sJ = (EZ -E~)IDI, für different J-sectors
is shown . In this expression & denotes the average global
level spacing among the remaining states, characteristic für a
given J, Dj =GEj~ - Ej > IMF . In view of the results pre-
sented in our previous contribution it seems quite natural to
sec that there is a significant probability of nonzero ground
state energy gaps relative to Dj . This can easily be traced
back to the different distributions of states corresponding to
the RQE relative to GOE (Gaussian-like versus semicircu-
lar) . However, and this is very interesting, there is a nonzero
probability for appearance of even very large (- 10) gaps
and that the large ground state energy gaps are more prob-
able in the higher J-sectors (J = 2 - 4) than in the J = 0-
sector. That this indicates more orderly ground states in the
J = 2 - 4 sectors turns out consistent with their localization
length which can be quantified in terms of the information
entropy Ki = - ya'-i Iai a121n Iaia I2 of an eigenstate labeled
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by 1 fromthe J-sector. The coefficients ala denote the eigen-
vector components in the basis Ial . Each KI is normalised
to its GOE limit, KJGOE = V(Mi/2 + 1) - yr(3/2), where W
is the digamma function . Within our model the so-calculated
and RQE ensemble averaged quantity for all the states ver-
sus their corresponding energies E? is illustrated in Fig . 2 .
As anticipated, it is not J = 0 whose lowest eigenstate comes
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Fig . 2 : The information entropy normalised to its GOE limit
(KJ/KcoE) for all the states l from various J-sectors
(all positive parity) versus the energies (Ej) of those
states . Circles correspond to J = 0, squares to J = 1,
diamonds to J = 2, upwards oriented triangles to J -
3, left oriented triangles to J = 4, downwards oriented
triangles to J= 5 and right oriented triangles to J= 6 .
Lines are drawn to guide the eye .

out most localised, i .e ., most regular. The lowest states for
several higher J values deviate much more from GOE . This
in particular applies to J = 2 and, especially, to J = 4 . This
thus indicates more favorable conditions for the emergence
of energy gaps for largerJ than for J = 0 [2] .

[1] C.W. Johnson, G.F. Bertsch and D .J . Dean, Phys . Rev.
Lett. 80, 2749(1998) .

[2] S . Dro2d2 and M. Wöjcik, Physica A 301, 291 (2001) .

* Institut für Kernphysik, Forschungszentrum Jülich, D-
52425 Jülich, Germany
Institute of Nuclear Physics, PL-31-342 Kraköw, Poland

0 .9

J=6
0 .1

0 .01 0 .8

0 .001
=5

0 .1

0 .01

0 .001 0 .7
=4

0 .1

0 .01

0 .001

- . 0 .1 0 .6
°' 0 .01



Since the perturbation due to the electric field of
the nucleus is exactly known, firm conclusions can
be drawn from Coulomb dissociation measurements .
Electromagnetic matrixelements and astrophysical
S-factors for radiative capture processes can be ex-
tracted from experiments . We describe the basic
theory, new results concerning higher order effects
in the dissociation of neutron halo nuclei . Some
new applications of Coulomb dissociation for nu-
clear astrophysics [l] and nuclear structure physics
are discussed . Parts of this work are published in
Ref.[2, 3, 4] .
With increasing beam energy higher lying states
can be excited witli the Coulomb excitation mech-
anism . This can lead to Coulomb dissociation, in
addition to Coulomb excitation of particle bound
states . Such investigations are also well suited for
secondary(radioactive) beams . Due to the time-
dependent electromagnetic field the projectile is ex-
cited to a bound or continuum state, which can sub-
sequently decay . If l' order electromagnetic excita-
tion is the dominant effect, experiments can directly
be interpreted in terms of electromagnetic matrix-
elements, which also enter e.g . in radiative capture
cross-sections The question of higher order effects is
therefore very important . A good way to treat higher
order effects in a general way is to solve the time-
dependent Schrödinger equation [6] . We present new
results for a simple and realistic model for Coulomb
dissociation of neutron halo nuclei . We show that
these effects are reassuringly small [5] . We also dis-
cuss new possibilities, like the experimental study of
two-particle capture and applications to r- and rp-
process nuclei, see also [7] . Low-lying dipole strength
has been observed in weakly bound neutron rich nu-
clei(see [5] for further references) and their occur-
rence may be a systematic effect in proton-neutron
asymmetric nuclei . This could affect significantly the
r-process abundances [8] . Coulomb dissociation stud-
ies will be very useful in this context .
Electromagnetic excitation is also used at relativistic
heavy ion accelerators to obtain nuclear structure In-
formation . Examples are the nuclear fission studies of
radioactive nuclei and photofission of 2°sPb . Cross-
sections for the excitation of the giant dipole reso-
nance ("Weizsäcker-Williams process'') at the rela-
tivistic heavy ion colliders RIIIC and LHC(Pb-Pb)
at CERN are huge , of the order of 100 b for heavy
systems (Au-Au or Pb-Pb) . The excited nuclei are
lost from the beam . On the other hand, the effect is
also useful as a luminosity monitor by detecting the
neutrons in the forward direction and as a trigger an
peripheral collisions . [9]
The intense source of quasi-real (or equivalent) pho-
tons has opened a wide horizon of related problems
and new experimental possibilities especially for the
present and forthcoming radioactive beam facilities

Coulomb Dissociation and Rare-Isotope Beams

G. Baur,K.Hencken*, D.Trautmann*, S .Typel
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to investigate efftciently photo-interactions with nu-
clei (single- and multiphoton excitations and electro-
magnetic dissociation) .
A review is being prepared for Progress in Particle
and Nuclear Physics [10] .
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Numerical Study of Poastacceleration Effects in the Coulomb Dissociation of Halo Nuclei
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We consider the breakup of a particle a = (c +
n) (deuteron, neutron-halo nucleus) consisting of a
loosely bound neutral particle n and the core c (with
charge Zj in the Coulomb field of a target nucleus
with charge Z.

a+ Z--> c+n+Z.

	

(1)

As a further simplification the a = (c + n) system is
assumed to be bound by a zero range forte .
In the post-form CWBA the T-matrix for the reac-
tion Eq. (1) can. be written as [l]

=

	

c-) ,

	

1

	

(2)~xq~ ~~

	

Tn~ x~~~o)

=

	

Do f d3Rx~) (R)e-Z `i.Rxq+)(R),

	

(3)

with the "zero range constant" Do given by Do =
~' 2 87rN . r, is related to the binding enegy and /t
2N
is the reduced mass of the (c + n)-system . The ini-
tial state is given by the incoming Coulomb wave
function x4+) with momentum qa and the halo wave
function 00 . The final state is given by the inde-
pendent motion of the core described by the out
going Coulomb wave function xq-) in the Coulomb
field of the target nucleus Z with asymptotic mo-
mentum q", and the free neutron with momentum
qn, described by a plane wave. In these wave func-
tions the Coulomb interaction is taken into account
correctly to all orders . In our model there is no res-
onance structure in the c + n continuttm . This is
clearly a good assumption for the deuteron and also
for other neutron halo systems . A recent analysis of
this matrix-element and its connections to the Born
and semiclassical approximations was recently given
in [2] .
Eqs. (2), (3) include the effects of postacceleration .
Postacceleration refers to a purely classical picture of
the breakup process . The nucleus a = (c + n) moves
up the Coulomb potential, loosing the appropriate
amount of kinetic energy. At the "breakup point"
this kinetic energy ( minus the binding energy) is
supposed to be shared among the fragments accord-
ing to their mass ratio (assuming that the velocities
of c and n are equal) . Running down the Coulomb
barrier, the charged particle c alone (and not the neu-
tron) gains back the Coulomb energy, resulting in its
postacceleration . This simple picture will be modi-
fied in a quantal treatment, where a "breakup point"
does not exist . A purely classical formula for this
postacceleration, where the "breakup point" corre-
sponds to the distance of closest approach is given in
[3] . Postacceleration is clearly observed in low energy
deuteron breakup, in the theoretical calculations as
well as in the corresponding experiments [4] .
Eq . (2) is also useful for the description of the
Coulomb dissociation of halo nuclei at high beam
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energies, see [5] . Within this theory postacceleration
effects become negligibly small in the high energy
region . This is seen in Fig .l
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- o_
710 720 710 Sao zeo zeo 3oo --2.
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lio
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30 MeV/nuGeon

Figure 1 : Double differential cross sections for various
beam energies . The continuous line denotes the füll
calculation (eq . 2), the Born approximation is given
by the dashed line . It is clearly seen how the postac-
celeration effect becomes less and less important for
the higher beam energies

In addition to ttBe Coulomb breakup it can also be
applied e.g . to the `C Coulomb dissociation experi-
ments [6] . 'We have disregarded leere the finite range
effects, they are important for a quantitative under-
standing of the data .
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The Trojan Horse Method: a Tool for Nuclear Structure and Astrophysics

The idea of the Trojan Horse Method (THM) [1] is
to extract the cross section of a two-body reaction
A+x --> C+c, at low energies from a suitably chosen
there-body reaction A + a -> C + c + b (where a =
(b+x)) with the help of nuclear reaction theory (like,
e.g . DWBA) . For recent discussions see [2], [3] and
[4] .
A striking parallelism of (d,p) spectra in the con-
tinuum region and neutron elastic scattering al in
partial wave 1 an the same target nucleus was ob-
served in [5] . This was explained in a "Butler strip-
ping theory" in ref. [6] . The "stripping enhancement
factors" depend an the angular momentum l of the
transferred neutron . It is defined by (see eq . 6 of [6])

d2a

	

=

	

0-1Fc(x,y)dQpdEp l

where asz22EP denotes the (d,p) double differential
cross section and X = gnR0 and y = qRo. The quan-
tity qn is the wave number corresponding to the neu-
tron and q = Qi -Qf . The Gutoff radius is denoted by
Ro. The "stripping enhancement factor" or "Tojan
horse factor" (THF) is given by

Fl (x, y) - C (yh7 (x)ii-i (y) - xhl_1(x)ii (y)) 2
-

	

(x 2 - y2)2

with the factor C = 7nbrnaMx Qf q~ tsDbnb . Do =
1 2 2 87x77 is the zero range constant related to the
properties of the a = (b + x) (d = (p + n)) system .
This "THF" depends essentially an the two kinemat
ical variables x and y . The quantity y controls the
kinematics of the (a, b) transfer reaction ("the Tro-
jan Korse") : for forward scattering there is a mini-
mum value y�, in , and y increases with scattering an-
gle . The variable x refers to the (A + x)-system . It
can become very small close to threshold and leads
to the characteristic threshold behaviour of Fl (x, y) .
This threshold behaviour is determined by the an-
gular momentum barrier, which is very effective in
the case of elastic scattering (close to threshold) and
less so in the stripping case . For Small valties of x the
spherical Hankel function behaves as

	

21-l !! .
For charged particle transfer, there is in addition the
Coulomb barrier . The radial Butler integral which
involves the Coulomb functions Fl and Gl cannot be
done analytically as in the case of a neutral particle .
Yet, there are methds to evaluate this integral very
fast and work is in progress . The radial integrals Show
a characteristic exp(27r7)Ax ) dependence; this en-
hancement factor cancels the corresponding Gamow
suppression factor in the A +x ---> C, +c reaction . The
parameter which governs tlie threshold behaviour is
the Coulomb parameter 77Ax - ZAZ~2Rom . An in-
teresting old study of (d, n) reactions is [7] . In this

S . Typel*, G. Baur, and H.H . Wolter*

158

case, the corresponding (p, p) cross section is also
known . It can serve as an interesting test case .
It is interesting to note that screening effects, which
can affect low energy charged particle reactions, are
generally absent in the THM method . This is nicely
illustrated in Fig . 4 of [2], where the 7Li(p, a)a and
'Li(d, a)a reactions are also studied with the THM
method [8, 9] . A formal proof that screening is unim-
portant in the THM method can be found by noting
that in the expression for the T-matrix [10] there is
a scattering wave function with the boundary condi-
tions T(-) .- The incoming channel C+c has a high en-
ergy and is consequently little affected by the screen-
ing function exp(7r71r c Ec) where Ue is an electron-
screening energy and Er, the energy in the C + c
channel, which is generally muck higher than Ue .
(For a scattering wave ~PÄ+) this would be quite dif-
ferent : the corresponding screening function would
involve exp(7r0,gx uf~ ) . For small EAx this would be
a large screening effect .)
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Complexityis an interdisciplinary concept which, first of all,
addresses the question ofhow order emerges out ofrandom-
ness . By its very nature, even though central to the contem-
porary physics, this concept still lacks a precise definition.
In qualitative terms it refers to diversity of forms, to emer-
gence of coherent patterns out of randomness and also to
some ability offrequent switching among such patterns . This
normally involves many components, many different space
and time scales, and thus such phenomena like chaos, noise,
but, of course, also collectivity and criticality. In fact, due to
all those elements, it seems most appropriate to search for a
real complexityjust at the interface ofchaos and collectivity.
Indeed, these two seemingly contradictory phenomena have
to go in parallel, as they both are connected with existence of
many degrees of freedom and a strong, offen random, inter-
action among them .
Approaching complex systems, either empirically or theo-
retically, is typically based an analyzing lange multivariate
ensembles ofparameters . For this reason, probably the most
efficient formal frame to quantify the whose variety ofeffects
connected with complexity is in terms of matrices . Since
complexity is embedded in chaos, or even noise, the random
matrix theory (RMT) provides then an appropriate reference.
Its utility results predominantly from the fact that the degree
of agreement quantifies the generic properties of a system,
i .e ., those connected with chaotic or noisy activity. For the
complex systems this is expected to be a dominant compo-
nent, but this component is not what constitutes an essence
of complexity. From this perspective the deviations are even
more relevant and more interesting as they reflect a creative
and perhaps deterministic potential emerging from a noisy
background of such systems .
For many reasons matrices provide a very practical and pow-
erful tool in approaching and quantifying the related charac-
teristics . Expressed in the most general form, in essentially
all the cases ofpractical interest, the n x n matrices W used
to describe the complex system are by construction designed
as

W = XYT,

Identifying complexity by means of matrices
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where X and Y denote the rectangular n x m matrices. Such,
for instance, are the correlation matrices whose standard
form corresponds to Y = X. The more general case, ofX and
Y different, results in asymmetric correlation matrices with
complex eigenvalues k. As shown recently [1], such matri-
ces also turn out to provide a very powerful tool in practical
applications .
Further examples of matrices of similar structure include the
Hamiltonian matrices of strongly interacting quantum many
body systems such as atomic nuclei . This holds true [2] an
the level ofbound states where the problem is described by
the Hermitian matrices, as well as for excitations embedded
in the continuum [3] . Several neural networkmodels also be-
long to this category of matrix structure .
As it has already been expressed above, several variants of
ensembles oftherandom matrices provide an appropriate and
natural reference for quantifying various characteristics of
complexity. The bulkof such characteristics is expected to be
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consistent with RMT, and in fact there exists strong evidence
that it is . Once this is established, even more interesting are
however deviations, especially those signaling emergence of
synchronous or coherent patterns, i .e ., the effects connected
with the reduction of dimensionality . In the matrix terminol-
ogy such patterns can thus be associated with a significantly
reduced rank k (thus k« n) of a leading component W, of
W. A satisfactory structure of the matrix that would allow
some coexistence of chaos or noise and of collectivity thus
reads :

W = W,. + W,

	

(2)

Of course, in the absence of W,-, the second term (W,) ofW
generates k nonzero eigenvalues, and all the remaining ones
(n - k) constitute the zero modes . When W,- enters as a noise
(random like matrix) correction, a trace of the above effect
is expected to remain, i.e ., k large eigenvalues and the bulk
composed of n - k small eigenvalues whose distribution and
fluctuations are consistent with an appropriate version ofran-
dom matrix ensemble. One likely mechanism that may lead
to such a segregation ofeigenspectra is that m in eq. (1) is sig-
nificantly smaller than n, or that the number of lange compo-
nents makes it effectively small an the level oflange entries w
of W. Another mechanism that may lead to a structure anal-
ogous to (2), is the presence of some systematic trend [4], in
addition to noise, in the X and Y matrices .
Based an several examples of natural complex dynamical
systems, like the strongly interacting Fermi systems, the hu-
man brain and the financial markets, we provide [5] evidence
that such effects are indeed common to all the phenomena
that intuitively can be qualified as complex . Complexity can
thus be viewed as a trinity comprising coherence, chaos and
a gap (probably not too lange) between them. Coherence
constitutes the essence as it makes patterns and structures,
which is ofprimary interest and importance . Chaos is always
present in any really interesting system and, in fact, it is even
needed as it allows to quickly explore the whose available
phase space, and thus to probe various possibilities and to
switch from one pattern of activity to another. Finally, the
gap between them allows the structures to be identifiable and
to exist for some time . Thus all the there are needed in par-
allel . Such a combination probably makes a natural system
most efficient in its evolution .
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In global terms the financial correlations can be classified
as correlations in space and correlations in time, though of
course they are somewhat interrelated. The first category so
far studied involves for instance the correlations among the
companies comprised by a single stock market . From practi-
cal perspective this type of correlations relates to the theory
ofoptimal portfolios and risk management. Studying explicit
correlations in time is at least as important because it is this
type of correlations that directly reflects a nature of the fi-
nancial dynamics . In the present application, we propose to
use the concept of the cor-relation matrix such that it focuses
entirely an the time-correlations, with the entries being con-
structed from the time-series ofnormalized price retums rep-
resenting the consecutive trading days .
Our study i s based an the DAX recordings with the frequency
of 15 s during the period between Nov 28, 1997 and Sept 17,
1999 . By taking the DAX intraday 15 s variation between the
trading time 9:03 and 17:10, one obtains complete and equiv-
alent time series representing different trading days during
this calendar period .
A principal characteristic of interest is the structure of eigen-
spectrum . The resulting probability density of eigenvalues,
shown in Fig . 1, displays a very interesting structure. There
exist two almost degenerate eigenvalues visibly repelled
from thc others, i .c . well above the upper edgc allowcd for a
purely random matrix (in our case this edge is at 2.19) which
indicates that the dynamics develops certain time specific re-
peatable structures in the intraday trading . The bulk of the
spectrum, however, agrees remarkably well with the bounds
prcscribed by purely random correlations . This, supported
by outcomes of an independent test based an uncorrelated
artificial time series, indicates that the statistical neighbour-
ing recordings in our time series of 15 s DAX retums share
essentially no common information and that a whole non-
randomness can be associated with the two largest eigenval-
ues . An analogous study of the volatility correlations Shows
that even in this case the structure of eigenspectrum of the
resulting matrix is consistent with purely random correla-
tions. However, now one can identify three outlying eigen-
values and the largest ofthem is repelled significantly higher
(Fig . 1) .
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0

Fig. 1 : The probability density of the eigenvalues of the
correlation matrix calculated from the DAX retums
(left) and DAX volatility (right) . The null hypothe
sis of purely random correlations formulated in terms
of theoretical distribution is indicaaed by the dashed
lines.

The structure of eigenspectrum of a matrix is expected to

Dynamics of financial correlations in the matrix representation
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be related to the distribution of its elements . For this reason
in Fig . 2 we Show the distributions of such elements corre-
sponding to our two cases under consideration . In the case of
index retums, this distribution is symmetric with respect to
zero : a Gaussian like for small matrix elements, but sizably
thicker than a Gaussian for large ones, where a power law
with the Index of about 5.5-5 .7 provides a reasonable rep-
resentation. lt is these tails which generate the two largest
eigenvalues seen in the left panel in Fig . 1 . The volatility
correlation matrix, an the other hand, reveals different dis-
tribution . First ofall, the center of this distribution is shifted
towards positive values and this is responsible for the largest
eigenvalue . Secondly, this distribution is asymmetric . This
originates from the fact that the volatility fluctuations are
stongly asymmetric relative to their average value. The slope
an the right hand side cannot be fiere reliably measured in
terms of a single power law, but its even smaller value as
compared to the case ofreturns is evident. On the other hand,
an the negative side the distribution drops down faster than a
Gaussian and, therefore, the Separation between the two re-
maining large eigenvalues is significantly more pronounced
than of their retums counterparts in Fig . 1 .
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Fig . 2 : Distribution of matrix elements for the correlation
matrix calculated from the time series of returns (lett)
and from the time series of volatilities (right) . The
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represents a Gaussian best fit. The numbers reflect the
corresponding scaling indices.
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One of the great challenges of econophysics is to properly
quantify and, following this, to explain the nature offinancial
correlations and fluctuations . The efficient market hypothesis
implies that they are dominated by noisy. Indeed, the spec-
trum of the correlation matrix accounting for correlations
among the stock market companies agrees very well with the
universal predictions ofrandom matrix theory. Locations of
extreme eigenvalues differ however from these predictions
and thus identify certain system-specific, non-random prop-
erties such as collectivity. Moreover, it is commonly accepted
that the autocorrelation function of the financial time-series
drops down to zero within few minutes, while the correla-
tions in volatility remain positive for many weeks . On short
time-scales the retum distributions are definitely not Levy
stable but it tums out difficult to detect their convergence to
a Gaussian an longer time-scales as expected from the cen-
tral limit theorem. In addressing this sort of issues below we
use the concept of the correlation matrix whose entries are
constructed from the time series of price changes represent-
ing the consecutive trading days . The present study is based
an high-frequency (15 s) DAX recordings .
In quantifying the differences among the eigenvectors corre-
sponding to correlation matrix eigenvalues taken either from
collective or from noisy part ofthe spectrum, it is instructive
to look at the superposed time series ofnormalized returns :

N

g~,k (t=) _ ~, slgn(vä)Iva~2ga(ti),
a=1

Decomposing the stock market intraday dynamics
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where ga (ti) denotes an original intraday signal correspond-
ing to a day a and vä is a component of k-th eigenvector.
Three of such superposed time series are shown in Fig . 1 .
For a statistical value of k a superposed signal develops no
coherent structures . The first two eigensignals differ however
significantly and indicate the existence of very pronounced,
repeatable structures at the well defined instants of time
through many days. The first (k = 1) of them corresponds
to the period j ust before closing in Frankfurt during the time
interval considered here, and the second one (k= 2) to the
period immediately after 14:30, which reflects the DAX re-
sponse to the North-American financial news release exactly
at this time .
The above decomposition of the stock market dynamics al-
lows one to shed some more light an the issue of the prob-
ability distribution of price changes . That the nature of such
changes is very complex can be concluded by looking for in-
stance at the probability distributions of fluctuations associ-
atedwith differentretums'eigensignals' gi~k(ti) . Some exam-
ples are shown in Fig . 2. What one can clearly sec is that the
probability density of fluctuations connected with the bulk
of the spectrum drops down muck faster than the ones con-
nected with the more collective (k = 1, 2) eigenvectors . This
goes in parallel with the results ofanalysis ofthe original Sig-
nals (not shown here), where we observe clear difference be-
tween tails of the retum distribution for different periods of a
trading day . Although typically the parameters ofprobability
density functional are about consistent with those cited in the
literature, a short, highly volatile period near 14:30 displays
much thicker tails as compared to the periods of 'normal'
activity, which seem to be still in the Levy stable regime.
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Fig . 1 : The superposed time series of normalized returns cal-
culated according to eq . (1) for k = 1 (a), k = 2 (b)
and k= 200 (c) .

Fig . 2 : Probability density functions offluctuations ofthe su-
perposed returns as expressed by the Eq . (1) . Both
positive (left) and negative (right) sides of those dis-
tributions are shown .

In summary, our analysis of the cross-day correlations in
DAX Shows that, in the observed evolution of the market,
one can identify distinct components whose dynamics can
be govemed by different laws . These components manifests
themselves mainly in several well defined short periods of
time during the intraday trading, characterized by strong
synchronous repeatable bursts of activity . The related retum
probability density functionals develop significantly larger
values an the level of rare events than during periods of the
normal activity both an the level of original data and the re-
constructed eigensignals . This may constitute aprincipal rea-
son for an observed extremely slow convergence to a Gaus-
sian of the global retum distribution an long-time scales .
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We performeda wavelet-based study oftime-frequencyprop-
erties of the magnetic collective activity of the auditory
cortex during the external sound stimulation . Five healthy
male volunteers participated in the magnetoencephalography
(MEG) experiment consisting in delivery of series of 1-kHz
sound stimuli to one ear. It is well known that, owing to
the existence ofthe segregated neural pathways from ears to
the auditory cortex, its Stimulus-evoked activation is binaural
even if only one ear was stimulated .
From the point of view of an observer studying the electro-
magnetic activity of the cortex, the neuronal synchroniza-
tion implies the occurrence ofprocess-characteristic Fourier
frequencies in a recorded signal . The synchronized neurons
share the saure information ; this can pappen either due to a
similarbut independent activation oftwo different regions of
the cortex, or due to a direct communication between these
regions . The existence of relations between the MEG signals
originating from different hemispheres can be proved, for ex-
ample, by means of statistical methods like the mutual infor-
mation, or, altematively, by studying dependences between
the frequency spectra of such signals . Fig. 1 Shows typical
Single-trial and average MEG signals from the auditory cor-
tex .

Time-frequency analysis of binaural activation of the human auditory cortex

Fig . 1 : Exemplary single-trial signals from the left and right
hemispheres (left column) for three characteristic
subjects, together with the corresponding average Sig-
nals obtained from 120 trials (right column) .

In human brain one usually deals with signals ofnonstation-
ary character, which manifests itself in temporal variability
of frequency spectrum ofthe signal . Such data can be stud-
ied by means of the wavelet transform, employing various
versions of wavelet functions that are localized both in time
and in frequency. For a discrete real scalar signal x(t) it reads

u'(tk,s) _

tv-1

x(
r (j - k)At lY, ti)W

s

	

(1)
j=o

where s is called the scale and a corresponds to the space or
time translation . Wavelets ofthe same typebut with different
parameter values are grouped into families which comprise
functions of all possible scales and translations . The wavelet
transform results in the complex W(a, s) .
Although we found clear dissimilarity of the spectra for
different hemispheres, the spectrum averaged over all the
trials convincingly documents that the frequency transition

J . Kwapien and S . Dro2d2
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Fig . 2 : Scalar product (2) as a function of latency and fre-
quency for two exemplary subjects . The largest values
are denoted by black pixels, while the smallest values
by the white ones .

is triggered by the stimulus, and lasts for several hundred
milliseconds . In our ealier analysis [1] we shown that Sig-
nals from the opposite hemispheres are strongly related with
each other, with this relation being entirely restricted to the
evoked response interval . We found that this phenomenon
carries signatures of a delayed synchronization . With the
wavelet analysis, it is possible to make one step further, and
determine the existence of correlations between the saure
frequency components of the signals from different hemi-
spheres .
Dependence of the strength ofthe interhemispheric correla-
tions, both an Fourier frequency of the signal components
and an latency, is presented in a compact form in Fig . 2 . This
Figure presents exemplary 2-D plots ofthe scalar product de-
fined by the equation

120

s(tk, f) = 11W.L, (tk, f) I 2 ~Wu R) (tk~f)

	

(2)
a=1

where W,L,x) (tk, f)
12 denotes the wavelet power spectrum

of the signal from the trial a ; the superscripts L,R indi-
cate the hemispheres, while N is the length of the signal
(k = 0, . .N - 1) . The Figure Shows that the strongest inter-
hemispheric dependences are localized in the range from 2
Hz (or 3 Hz, depending an a subject) to about 10 Hz . The fre-
quency at maximum S(tk,f) is subject-dependent (4-7 Hz) .
The Signals correlate soon alter the Stimulus arrives and re-
main mutually related for approximately 300ms .
In summary, weidentified apronounced repeatable stimulus-
triggered transient in frequency content of the signals . This
transient originates from an activation of frequencies re-
stricted to the range 2-20 Hz, with a maximum varying from
several to about 10 Hz, depending an a subject. The evoked
activity in two hemispheres reveals similar frequency char-
acteristics, both at the statistical and single-trial level ; this
forms the ground for the existence of the interhemisphere
correlations .
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The nature of a mechanism generating order out of random-
ness constitutes one of the most fundamental issues of the
contemporary physics . Theories based an various versions
of ensembles of the random matrices provide one possible
theoretical frame for studying such effects . In this context
the recently identified [1] preponderance ofthe J= 0 ground
states in strongly interacting Fermi systems, such as atomic
nuclei, arising from random two-body interactions came as
a surprise since there is no obvious pairing character in the
assumed random force . Various possible explanations ofthis
effect have been tested with no success, however . We investi-
gate the origin oforderin the low-lying spectra ofmany-body
systems with random two-body interactions . Contrary to the
common beliefour study [2] based both an analytical as well
as an numerical arguments shows that except for the most J-
stretched states, the ground states in the higher J-sectors are
more orderly than the ones in the J = 0-sector. A predom-
inance of J = 0 ground states turns out to be the result of
putting an together states with different characteristic energy
scales from different J-sectors . In analytical terms our argu-
ment goes as follows . The interaction matrix elements vä
of good total angular momentum J in the shell-model basis
I(x) can be expressed as :

The summation runs over all combinations of the two-
particle states li) coupled to the angular momentum J' and
connectedby the two-body interaction g . gZ; denote the radial
parts of the corresponding two-body matrix elements while
cJaa' globally represent elements of the angular momentum
recoupling geometry. In statistical ensembles of matrices the
crucial factor determining the structure of eigenspectrum is
the probability distribution Pv(v) of matrix elements [3] . Es-
pecially relevant are the tails of such distributions since they
prescribe the probability ofappearance ofthe large matrix el-
ements . From the point ofview of the mechanism producing
the energy gaps they are most effective in generating a lo-
cal reduction of dimensionality responsible for such effects .
In principle, the probability distribution of the shell model
matrix elements is prescribed by therr general structure ex-
pressed by the eq . (1), providedthe probability distributions
ofboth gi, and c"" are known . In general terms this struc-
ture can be considered to have the following form :

N

V=Y,Vi .
i-1

PV(vi)= f dgiPGi(gi)PCi(Vilgi)llgil

Nature of the mechanism generating order out of randomness

S . Dro2d2* and M. Wöjcik*

and each Vi to be a product of another two variables denoted
as Ci and G i . By making use ofthe convolution theorem the
probability distributionPv (v) that V assumes a value equal to
v can be expressed as Pv(v) = F-'[F(Pv, (vl )) -F(Pv2 (v2))
. . . - F(PV�, (vy»], where F denotes a Fourier transform, F-1
its inverse and Pvi (vi ) the probability distributions ofindivid-
ual terms Vi . Taking in addition into account the fact that

one can explicitly derive the form of Pv(v) in several cases .
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Assuming all the above constituents are identically Gaus-
sian distributed (PV,(vi) = Ko(1vi1)/n and thus F(PY(vi» -

1 /-N71 + co2) one arrives at

__ Ivl(N-
1)/2K

(N-l)/2(Ivl)P~(v)

	

2(N-1)/2F'
(N/2),i

'

where K stands for the modified Bessel function . Asymptot-
ically, for large v, this leads to Pv(v) - exp(-v) W"/2-1 (v),
whereWL denotes a polynomial oforder L . For such a global
estimate the identical Gaussian distribution of is consis-
tentboth with the Two-Body Random Ensemble (TBRE) and
with the Random Quasiparticle Ensemble (RQE) . The only
anticipated difference originates from the fact that in the sec-
ond case the variance ofthe distribution drops down with J'
like the inverse of 2J' + 1 which is expected to result in a
smaller effective N as compared to TBRE. By contrast, in
both versions of the above random ensembles the geometry
expressed by eJTaia, enters explicitly. However, the compli-
cated quasi-random coupling of individual spins is believed
to result in the so-called geometric chaoticity . An explicit
verification shows [2] that the Gaussian may be considered
quite a reasonable representation of the distribution of such
factors for all combinations ofJ and J' with one exception for
those which involve J= 0 . In this later case the distribution
of c;aa' resembles more a uniform distribution over a finite
interval located symmetrically with respect to zero . These
empirical facts justify well the estimates of Pv(v) based an
eq . (4) for J :h 0 and not so well for J = 0 . More appropri-
ate in this particular case is to assume a uniform distribu-
tion of c"1~" over an interval confined by say -co and co,
i .e ., Pci (ci) = 1 /2co, retaining PGi (gi) in its original Gaus-
sian form of course . By making use of eqs. (2) and (3) one
then obtains

PU (v) -

	

1

	

`° [erf(cocol~) ] N cos(wv)dw

	

(5)
2; o

	

cow
which for large v behaves like

PV(V) `� exp(-V2) .

The probability of appearance of a large off-diagonal matrix
element which in magnitude overwhelms the remaining ones
is thus greater for J 7~ 0 than for J = 0 .

References :

[1] C.W . Johnson, G.F. Bertsch and D .J . Dean, Phys . Rev.
Lett. 80, 2749(1998) .

[2] S . Dro2d2 and M . Wöjcik, Physica A 301, 291 (2001) .
[3] S . Dro2d2, S . Nishizaki, J . Speth and M. Wöjcik, Phys .

Rev . E 57, 4016(1998) .

* Institut für Kernphysik, Forschungszentrum Jülich, D-
52425 Jülich, Germany
Institute of Nuclear Physics, PL-31-342 Kraköw, Poland



The Gutzwiller semiclassical quantization of classically
chaotic systems relates quantum observables such as spec-
tral densities to sums over classical unstable periodic or-
bits [1, 2] . The work presented here [3] is a step towards a
formulation of such approximate skort-wavelength theory of
wave chaos for the Gase of linear elastodynamics [4] . Why
elastodynamics? The elastodynamics experiments initiated
by Oxborrow et al. [5] attain Q values as high as 5 - 106,
making spectral measurements in elastodynamics competi-
tive with measurements in microwave cavities at liquid he-
lium temperatures [6], and vastly superior to nuclear physics
and room temperature microwave experiments for which the
Q values are orders ofmagnitude lower, typically - 102-103 .
Elastodynamic experiments are also more flexible and muck
cheaper than the competitors in atomic physics, helium-
cooled microwave cavities or solid state nano-devices .

So far, for elastodynamics there is neither an experimental
demonstration of existence of unstable periodic orbits nor a
theory that would predict them . While Oxborrow et al. mea-
sure accurately half a million spectral lines, the current the-
ory has been barely adequate for computation of dozens of
resonances . This unsatisfactory state of affairs is the raison
d'&re for the theoretical effort undertaken in this work .

While current experiments excel in ineasureinents of eigen-
spectra of compact resonators, the periodic orbit theory com-
putations of such bound system spectra are rendered difficult
by presence of non-hyperbolic phase space regions . As our
priinary goal is to derive and test rules for replacing wave
mechanics by the high-frequency ray-dynainic trajectories,
we have instead concentrated in this work an the problem
of scattering off cylindrical cavities, for which the classical
dynamics is fully under control .

In the case of one cavity the exact scattering spectrum is
known [7] . For the multiple cavities case we have gener-
alized the S-matrix formalism developed for the quantum-
mechanical n-disk scattering [8, 9, 10, 11 ], and have com-
puted the exact scattering resonances and the Wigner time
delays from the füll elastodynamic wave-mechanical scat-
tering matrix for a quasi-two-dimensional isotropic and ho-
mogenous elastodynamic slab with several cylindrical cavi-
ties .

We have then compared the exact results with the corre-
sponding quantities calculated in the skort-wavelength ap-
proximation, and discovered that the quantum-mechanical
intuition failed us : the Rayleigh surface waves (which have
no analog in the quantum scattering problem) dominate the
spectrum, rendering even a two-disk elastodynamic scatter-
ing problem chaotic .

To the second order in the cumulant expansion of the exact
multiscattering matrix, the skort-wavelength ray-dynamics
estimates andthe exactWigner time delays for the two-cavity
system are in good agreement . In fact, in the high frequency
limit both classical and complex periodic orbits contribute,
with each complex orbit composed of sequences of classical
particle trajectory segments with varying polarizations inter-
spersed with surface wave segments . The skortest of there

Wave Chaos in Elastodynamic Cavity Scattering
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orbits suffice to interpret exact elastodynamic scattering res-
onances and Wigner time delays .

The two-cavity scattering system clearly demonstrates that
surface orbits ofRayleigh type [12] dominate the leading part
of the spectrum . They have no counterpart in quantum me-
chanics . In particular, the elastodynamic resonance spectrum
for two-cavities scatterer is dominated by an infinite num-
ber ofweakly attenuated complex periodic orbits ofRayleigh
type, and is in that sense chaotic, contrary to the quantum
mechanical case .

In contrast to the creeping rays [13] in the quantum mechan-
ical case [14], so far we do not have a method to compute
contributions of Rayleigh-type rays for arbitrary curved bil-
liard boundaries, and extend the high-frequency approxima-
tion to lower frequencies . As long as this is so, we cannot
state the füll Gutzwiller-Voros type Zeta function for the elas-
todynamic case . Generalizations to anisotropic media (the
highest Q-value experiments are perfonned an single crys-
tals of quartz), and applications of the above ray-dynamics
techniques to resonator geometries used in experiments re-
main open problems .
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Beam Time Statistics

Operation and Develor)ment

Progress and Developments at COSY in 2001
U . Bechstedt, J . Dietrich, A . Lehrach, B . Lorentz, R . Maier,

D.Prasuhn, A.Schnase, H. Schneider, R.Stassen, H.J. Stein, H.Stoclchorst, R.Tölle

With 7728 scheduled hours, of which 7251 .5 were
delivered, the reliability of all components of COSY
was again illustrated. 76,1 % of the planned beamtime
was used by experiments, the fraction of experimental
beamtime with polarized protons being over 1/3 .

Also in 2001 the operation of the COSY accelerator
facility could be successfully continued for internal as
well as external experiments in hadron physics .
Comprehensive studies were carried out to preserve the
polarization of stored protons up to maximum
momentum, resulting in an enlarged particle number at
a high degree of polarization for the internal
experiments EDDA and COSY 11, as well as for the
external experiment TOF. In addition, the beam current
of the polarized ion source could be increased further
and the beam transmission in the external beamlines
and cyclotron was improved. As a result, the number
of stored protons reached up to 2 - 10 10 with a degree
of polarization of 75% at 3.4 GeV/c . The experience
gained in acceleration could also be used successfully
to decelerate a polarized beam down to 1 GeV/c .
Consequently, the EDDA experiment could take data
not only in the upward but also in the downward ramp,
which improved the statistics by nearly a factor of two .
Further machine studies led to an increase in beam
lifetime ofmore than one hour even without stochastic
cooling . This result is very important for the internal
experiments TRI and ANKE.
lt was shown that the original COSY design
momentuni of 3.3 GeV/c could be extended to 3.65
GeV/c by carefully adjusting the machine parameters .
A series of machine experiments was specifcally
dedicated to electron cooling experiments in order to
study the performance of electron cooling in COSY in
more detail . The experiments [1] were carried out
together with research visitors from Dubna and
Novosibirsk, (members of the famous Novosibirsk
group, the pioneers of electron cooling .) Focal points
were the precise alignment of proton and electron
beam [2], longitudinal cooling force measurements,
limits for the proton current as function of the
achievable emittances, proton beam instabilities during
and alter the cooling process [3], and further studies to
increase the proton intensity by stacking . In all
experiments the fast real time vectoranalyser
developed in 1997 [4] tumed out to be an outstanding
device to observe the time evolution of beam
distributions with great precision .
First adiabatic capture studies of an electron-cooled
beam have been carried out. It tumed out that the
capture efficiency depends strongly an the instant at
that the higher harmonic cavity is turned an and how
fast the voltage is increased. Also, the ratio of the

amplitudes of the flrst and third harmonic are expected
to influence the capture efficiency . Here, further
investigations are neccessary .

A beam profile monitor using a position sensitive
micro channel plate (MCP) detector has been
developed and was tested extensively [5] .
A wall current monitor (WCM) that was formerly
located in the ring, was installed in the experimental
area of JESSICA for non-beam disturbing diagnostics
of intensity and time structure of a fast extracted beam.
Details of this broadband pick-up are presented in [6] .
To investigate the beam position stability a round beam
position monitor (BPM inner diameter 150 mm) from
the Same type of the COSY-ring monitors is now
installed in the extraction beamline upstream to the
JESSICA-target [6] .
The control loop (Schneider Box) that keeps constant
the counting rates in the ANKE experiment was further
improved and successfully applied [7] .

The work to realize a new injector for COSY was
continued with high priority . This new injector aims to
fill COSY with polarized and unpolarized protons or
deuterons up to the space charge limit . A project study
was carried out to establish the specifications of the
new injector (superconducting linear accelerator with
final energies between 50 and 60 MeV). The results
were compiled in a conceptual design report [8]
describing the machine as well as all necessary sub-
systems including diagnostics, computer control and
infra-structure .

Acceleration of a Stacked Beam

Figure 1 shows the stacking process over a period of
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Fig. 1 : Increasing beam current (BCT) Durng stacking
(ST) of protons and acceleration (AC) to flat top (FT) .
During cooling the HO - rate is increasing . Horizontal
scale : 5s/div .

about 30 s in which the beam current is increasing.
Acceleration to the flat top momentum 1 .57 GeV/c
starts alter 30 s . Such a stacked beam with about



5 - 1010 protons with emittances of about 3 pm is not
stable [9] . However, its lifetime of about 2 s is
sufficient for acceleration without losses in the
beginning of the ramp if injection is stopped . This
achievement will smoothen the way to the planned
storage cell experiments that need low initial
emittances and high proton currents, rauch more than
the Standard stripping injection at COSY can provide .

Fast Extraction of an Electron Cooled Beam

Fast kicker extraction is applied to deliver a short high
intensity beam pulse to the JESSICA experiment that
carries out studies for the ESS high Power target . The
successful fast kicker extraction [10] of an electron
cooled beam for JESSICA since the year 1999 has
demonstrated that the preparation ofthe proton beam at
injection, i .e. reducing the beam size connected with an
increasc of Phase space density can open new
experimental possibilities at COSY .
The investigation of the fast kicker extraction was
continued and a result is shown in figure 2 . After about
18 s of Cooling the beam is accelerated to 1 .57 GeV/c .
A fast kick is applied after 5 s flat top so that the beam
bunch is kicked into the electrostatic septum within
one turn .

Fig . 2 : Electron Cooling, acceleration (AC) to flat top
(FT) and fast extraction after 5 s flat top. Horizontal
scale : 5s/div .

It was proven that the required beam intensity of
2 - 10 9 protons in a pulse of 200 ns length could be
reached .

Slow Extraction of an Electron Cooled Beam

in contrast to the fast kicker extraction method,
stochastic extraction is capable for extractiog the beam
slowly over a long period of time . The beam particles
are driven by swept noise into the 11/3 order resonance
in the horizontal plane created by sextupoles [11] . In
this extraction process the horizontal beam emittance is
determined by the extraction mechanism, whereas the
vertical emittance is determined solely by the optics of
the COSY ring . Stochastic extraction is now applied
routinely with an efficiency of more than 80% at

proton momenta up to 3.4 GeV/c . This was achieved
by theoretical as well as experimental studies of the
extraction mechanism and improved diagnostic
methods . In addition, careful optimizing the
transmission of the external beamlines, tune and
chromaticity adjustments as well as a careful
positioning of the septa have significantly reduced
beam losses to the external experiments . As a result,
extraction rates up to 109 protons/s were measured . As
requested by experiments, the Proton beam was also
slowly extracted over up to ten minutes .

Further, these improvements helped to extract a
polarized beam of particular high quality to TOF.

By applying electron Cooling at injection, it was
possible to reduce the size of the extracted beam
further, which significantly reduced the halo and thus
the counting rates measured with the veto detectors at
the experiment . This yielded a beam quality at the
experiment BIG KRAL, which was never achieved
before [12] . Figure 3 displays longitudinal spectra in a
linear scale versus time of a beam with momentum
1 .57 GeV/c observed at harmonic number 1000 .

Fig.3 : Time evolution of the beam distribution (linear
scale) over app . ten seconds of stochastic extraction
observed at the 1000` harmonic of the beam . The line
marks the resonance where the beam density is zero .

The sweeping noise is moved with constant velocity
from the higher frequency side into the waiting
rectangularly shaped beam. The figure makes visible
that the protons diffuse along a straight line into the
resonance where they are extracted . During extraction
the sharp low frequency edge moves through the stack.
Note that the left-hand side of the stack is not affected.
In figure 4 a snap shot Shows a complete cycle in
COSV. The beam is injected and electron-cooled as is
visible in the increasing HO - rate . After loss-less
acceleration to 1 .57 GeV/c slow extraction starts after
5 s . The rectangularly shaped beam distribution and the
constant sweep velocity of the extraction noise result in
linear drop of the beam current . Hence, the mean spill
is constant during extraction over nearly 10 s .



Acknowled ee ment

References

Fig . 4 : At injection level the Proton beam is electron-
cooled as is visible in the increasing HO- rate . After
acceleration to 1 .57 GeV/c the Beam is slowly
extracted . Horizontal scale : 5s/div .

We gratefully acknowledge the advice and help we
received by our Russian colleagues 1 . Meshkov and A .
Sidorin from Dubna and V. Parkhomchuk from
Novosibirsk who participated in the electron cooling
experiments . Their experience and engagement form
the basis for a big step forward in understanding and
applying electron cooling in COSY.

J . Dietrich, R . Maier, 1.N . Meshkov,
V.V . Parkhomchuk, V.S . Kamerdjiev,
D . Prasuhn, A. Sidorin, H.J . Stein,
H . Stockhorst, J.D . Witt,
Laboratory Reporl, in preparation

[2]

	

A Sidorin, 1.N . Meshkov, H.J. Stein, H .
Stockhorst,
Natural neutralization in the e Beam ofthe
COSY electron cooler, this Annual Report
I.N . Meshkov, A. Sidorin, J . Dietrich,
H.J. Stein, H . Stockhorst, R . Maier,
D . Prasuhn, VN Parkhomchuk, J.D. Witt,
Observation of instabilities ofelectron cooled
p beams, this Annual Report

[4]

	

A. Schnase, J . Dietrich, F.-J . Etzkorn,
R . Maier, H . Stockhorst,
VXI-based Realtime Vectoranalyser with
embedded Risc-Workstation,
Annual Report 1997
V . Kamerdjiev and J . Dietrich
Ionisation Beam profile monitor,
this Annual Report

[6]

	

J. Dietrich, K . Henn, I . Mohos, M. Simon
Beam Position monitor in the extraction
beamline to JESSICA, this Annual Report

U . Bechstedt et al ., Analogue Rate-Controller
For ANKE, this Annual Report

[8]

	

The Superconducting Injector LINACfor the
Cooler Synchrotron COSY, Conceptual
Design Report, this Annual Report
R . Maier, D . Prasuhn, H.J . Stein, J.D . Witt
Preparation ofHigh-Intensity Low-Emittance
Proton Beams by Electron Cooling in COSY,
I KP Annual Report 1999

[10]

	

J. Dietrich, J . Bojowald, H . Labus, H . Lawin,
1 . Mohos
Fast Kicker Extraction at COSY-Jülich,
Proc. ofthe 7th Europ . Part . Acc . Con£,
EPAC2000, June 2000, Vienna, Austria

[11]

	

H. Stockhorst, A . Schnase,
Development ofBeam Extraction,
IKP Annual Report 1995

[12]

	

D . Prasuhn, H . Stockhorst, H.J . Stein,
R . Maier, H . Machner and P.v . Rossen,
Electron Cooling andSlow Extraction,
this Annual Report



Electron Cooling and Slow Extraction
D.Prasuhn, H. Stockhorst, H. J. Stein, R . Maier, A. Magiera, H. Machner andP. v . Rossen

The COSY experiments GEM and TOF gain in
resolution from a high brilliance beam at the target
plane . In order to increase the angular resolution veto
Counters with 3 mm small holes for the direct beam
are installed close to the liquid hydrogen target cell .
The accepted beam intensity in the experiment is then
limited by the counting rate ofthe veto Counter due to
background or halo projectiles, i .e . extracted particles,
which were scattered at the septum foil during the
extraction process or hit the vacuum pipe somewhere
an their way in the extraction bearn line and were
backscattered . From the experience in several
experiments we know that the adjustment of the beam
line magnets critically influences the counting rate an
the veto Counters . Especially the acceptance limitation
in the vertical plane in the bending sections generates
halo, which in normal cases could only be reduced to
approximately 2.5% ofthe beam intensity .

So, after several accelerator tests with the electron
cooled proton beam in COSY we Set up an
experiment to accelerate and extract the electron
cooled beam . From beam transfer measurements and
from the Performance of the kicker extraction for
JESSICA we know, that the Small emittance of the
electron cooled beam keeps preserved during the
acceleration process . The extraction of the cooled
beam was Set up in the usual procedure with
stochastic extraction. The cycle is displayed in figure
1 .

z+ tim, " nai
11°33:23.

Fig. l1 :

	

The cycle for electron cooling and extraction .
Trace 1 Shows the H°-counting rate from the electron
cooling, trace 3 the counting rate from the external
experiment, trace 4 the intensity signal of the
circulating beam in COSY.

With an electron current of 250 mA it takes 10 s to
cool the Proton beam to the equilibrium emittances in
the longitudinal and transverse planes . The intensity
of the proton beam decreases during the cooling
process to 1 .2101°. They are bunched and accelerated
without losses to 1571 MeV/c and extracted with an
extraction efficiency of 80% . Extraction takes plane

over 10 s, which results in an intensity of 10 9
protons/s during the spill, but an averaged intensity of
5108 protons/s .
The resulting beam spot an the viewer in the BIG
KARL scattering chamber is shown in figure 2 .
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The image of the electron cooled beam an
the viewer in the BIG KARL scattering chamber . The
marks indicate a distance of 2 mm from the origin of
the Cross .

But the real benefit of the extraction of the electron
cooled beam is not the dimension ofthe beam spot but
the disturbing halo . This could be decreased to less
than 410-4 of the beam intensity compared to 2.5%
with the uncooled beam . Thus the primary beam
intensity can be increased by a factor of 60 for the
same veto counting rate . Table 1 compares the beam
properties of the extracted beam with and without
electron cooling.

Table 1 : Comparison of Parameters of the extracted
beam with and without electron cooling

Without With
electron electron
cooling cooling

Stored Beam 41011 110 11
Intenslt
Shortest 10 s los
extraction time
Shortest cycle 20 s 3o s
time
Extraction 75 % 80
efficienc
Intensity in the 3 .010 9 p/s 8.0108 p/s
s ill
Cycle averaged 1 .510 9 p/s 2.7108 p/s
beam intensity
Halo ratio for a 3 2.5 10-2 4 .0 10 -4
mm veto hole



At optimal settings of the COSY machine parameters the
process ofproton beam stacking can be used to increase the
cooled p intensity [1] . After the cooling time of a fast
injected beam, a newly injected beam is cooled onto the
stored cold beam. If the time interval between two
consecutive injections is prolonged to more than 20 s,
typical fast beam losses were observed which limit the
attainable beam intensity . In Fig . 1 is shown an example
where the injections occurred every 30 s . The lower curve
represents the p beam current versus time measured by the
beam current transformer (BCT monitor), the upper curve is
the counting rate from the neutral particle detector (H )
monitor) which serves as the characteristic signal for the
cooling process . One can differentiate four characteristic
time domains . (i) In the frst 10 s during the cooling process
a fast decay (i - 3 s) ofthe intensity of the freshly injected
p beam . Then, (ii) a short period of about 7 s with ahnost
constant p current and H° rate, indicating that cooling is
accomplished . After 17 s (iii) a fast intensity drop of 50 °/o
(i ~ 2 s) followed (iv) by a further, bat slow intensity
decrease (i 11 10 s) ofp current and H° rate .
Such a behaviour of the p beam has been observed earlier
many times . The loss after injection might be related to the
fact that in COSY the diameter of the injected p beam
(stripping injection atpi�j = 294 MeV/c) is larger than the e
beam diameter as well as to incoherent space charge
limitations due to the shrinking diameter ofthe p beam . The
second loss, occurring intensified at beam intensities above
5 x 109 p, is evidently connected with the high phase space
density of the cooled beam . One can assume that the p
beam becomes unstable which leads to particle losses .
In July 2001 we investigated the instability phenomenon
the first time in some detail . The first hint of a peculiar
behaviour of the stored cooled p beam was the appearance
of a triple peak structure in the longitudinal Schottky
spectrum . In Fig . 2 is shown a sequence of Schottky spectra
recorded in the same time interval between two injections
as shown in Fig . 1 . The "classical" double peak, which
appeared after some proper cooling, was followed by a
structure with an additional third peak in the center . The
central peak, which corresponds to the exact revolution
frequency, appeared 8 s after injection . The triple peak
structure was then present until the end of the 30 s cycle. In
parallel to the longitudinal Schottky measurements, we

I .N . Meshkov l , J . Dietrich, V.S . Kamerdjiev, R . Maier, V.V. Parkhomchuk 2, D. Prasuhn, A . Sidorin l ,
H .J . Stein, H . Stockhorst, J.-D . Wirt
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Observation of Instabilities of Eleetron Cooled Proton Beams

Fi&. 2 : Longitudinal Schottky noise spectra recorded by triggering at characteristic times after injection . Frequency scale 62 .5 Hz/div .,
central peak frequency 488.7 kHz, amplitude scale linear . Note the different scaling for records at different times .

Fig.l : Proton beam current (lower curve) and H° count rate (upper
curve) versus time at continuously repeated injections . Two
consecutive injections are shown . Scaling : time 5 s/div,
Proton current 50 mV/div = 0 .5 mA z 6 x 109 protons, H°
count rate 1 V/div = 3000 Hz. The dashed line indicates zero
intensity for the proton beam .

investigated the transverse Schottky noise with the high-
performance vector analyzer [2] which can measure, store
and visualize the sequence of a large number of spectra in a
moviefilm-like manner, see Fig . 3 . The Plot is shown in
spectrogram mode, i .e . the degree of brightness ( in the
original plot different colors) is a measure for the signal
strength . Recorded in the Same period as shown in Fig .l,
the tranverse Schottky spectrum in the betatron frequency
range clearly demonstrates the process of instability
development . Just after injection a weak signal of the
horizontal betatron oscillation appears, shifting during the
next 8 s by 1 .4 kHz to a lower frequency (AQx =+ 0.003) .
Suddenly, after 8 s the f signal becomes very strong,
exactly at the time when the central peak appears in the
longitudinal Schottky spectrum . This transverse signal
remains strong until at about 17 s itjumps to the tune ofthe
vertical plane . This is the time when the second strong
intensity loss occurs (see Fig.1) . It is obvious that the
transverse Schottky signals are caused by coherent
oscillations of the p beam . They were also observed in the
time domain by recording analog signals from three ofthe



beam position monitors (BPM's) in the COSY ring. One
was measuring the sum signal, the other two the difference
signals in the horizontal and the vertical plane.
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Fig . 33 : Spectrogram of the transverse Schottky noise in the Same
time region as in Fig. 1 . f= 676.92, fy = 662.19 kHz are
the horizontal and vertical betatron frequencies (measured
tunes Q,; = 3 .620, Qy = 3 .645), the black dot indicates
injection time and frequency . The shift Af -- -1 .4 kHz
during cooling corresponds to a positive tune shift AQ,z =
0.003 . 8 s after injection, at the same time when
longitudinally the third peak appears, thef amplitude gets
very strong remaining almost constant the next 8 s .
Between 16 and 18 s the Schottky signal moves to the
vertical tune and stays there until the end of the cycle. (In
the electronic version the details can be made visible by
copying and scaling-up the figure .)

In Fig 4 are shown oscillograms recorded at some of the
characteristic times within the observed cycle. Without
going into details, one can observe the following features .
At 3 s the H signal is flat, but at 10 s it shows the betatron
oscillations which at the same time is seen in the fregency
domain (see Fig. 3) . Between 16.0 and 16 .5 s the transition
of the oscillations from the horizontal to the vertical plane
is occurring. Here, the transition appears more abrupt than
seen in Fig. 3 . The S signal is always present, but stronger
and more regular when the transverse oscillations are seen .

All these interesting phenomena are experimental facts,
definite conclusions, however, cannot be drawn at the
moment . Many questions have been left open, for instance,
we note that the strong fast loss (see Fig. l) could be
suppressed by applying longitudinal electronic noise to the
proton beam . Nevertheless, the life time ofthe proton beam
was still much poorer than one would expect from the basic
principle of electron cooling. Long life times are obtained
only at low proton intensities <_ 109 p. In addition, a
dependence an the electron current was also found. The
measurement results shown in this contribution were all
obtained with 250 mA electron current corresponding to a
volume density of 0 .34x10 8 electrons/cm 3 . When the
electron current was increased the instability developed in
shorter time accompanied with a stronger particle loss . The
electron beam has not only the desired cooling effect but
has also a parasitic influence an the p beam . Here, we refer
to Ref. 3 where such aspects, known as the phenomenon of
"electron heating", are addressed.
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Fig. 4: BPM analog signals clearly demonstrating the collective
oscillations of the p beam H denotes the horizontal
difference signal, V the vertical difference signal,
and S the sum signal from the BPM electrodes, time
scale either 1 or 2 ps/div, amplitude scaling 50
mV/div for S and 100 or 200 mV/div for H and V.

Despite the unsolved problems, the electron cooling experi-
ments in week 18 and week 30 ofthe year 2001 resulted in
clear guidelines in which direction the investigations shall
be continued [4]. This will be useful for a better
understanding of the general problems of electron cooling
as well as for the success of specific physics experiments at
COSY [5] .

[1 ] U. Bechstedt et al ., Progress and Development at COSY
in 2001, this Annual Report.

[2] A. Schnase, VXI-based Realtime.Vectoranalyser with
embedded Risc-Workstation, IKPAnnual Report 1977,
Report Jül-3505 (1998) 188 .

[3] V.V. Parkhomchuk, NewInsights in the Theory of
Electron Cooling, .Nucl. Instrum. Methods Phys . Res.
A441 (2000) 9-17.

[4] Results from the Electron Cooling Experiments 2001 at
COSY, IKP Laboratory Report in preparation .

[5] D. Prasuhn et al ., Electron Cooling and Slow Extraction,
this Annual Report .



The space charge ofthe electron beam inside the beam tube
causes a potential depression an the axis of the electron
beam lowering the energy of a cooled beam compared to
the voltage setting of the cathode . The higher the electron
current the higher the electron beam voltage has to be in
order to keep the proton energy constant. The revolution
frequency ofthe p beam is used to observe energy changes .
In Fig . 1 is shown the necessary increase of the e beam
voltage at increasing e beam current an the condition of
constant revolution frequency .
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Natural Neutralization in the Electron Beam of the COSY Electron Cooler
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Fig. 1 : Necessary e beam voltage charge to achieve the Same p
beam revolution frequency at increasing e beam current .

The e beam considered as a homogeneously charged
cylinder inside the round beam tube of the cooling section
yields a slope of 45 V/100 mA whereas the measured slope
is 30 V/100 mA. The differente is caused by partial
neutralization of the e beam by positive ions trapped in the
potential well formed by the geometry of the beam tubes .
The diameter in the cooling section is twice larger than in
the gun and the collector section . Evidently, the COSY
electron cooler operates with a constant natural
neutralization of 34% .
Theoretically, the space charge potential inside the e beam
should be parabolic . The cooled p beam has a small enough
diameter to be used for Scanning the space charge parabola .
Here, the shift ofthe p beam revolution frequency is used to
make visible the potential charge . Provided that e and p
beam are well aligned, the minimum of the parabola
indicates how well the p beam is centered inside the e
beam . Fig . 2 Shows a result for 200 mA e beam current. The
minima of the fitted parabolas Show that the p beam was
about -2 mm horizontally and +1 mm vertically displaced
from the e beam axis . Dispersion in the cooling section
(- 6.3 m) causes an additional displacement of the p beam
due to its energy charge . In Fig . 3 . are shown the measured
parabolas corrected for dispersion [11, normalized to the
same origin, and compared with the theoretical parabola for
200 mA current and 34°/o neutralization .
Optimal cooling requires a very precise alignment of p and
e beam. The appropriate diagnostic tool for alignment is the
neutral-particle profile detector [1 ] . Here, the widths of the
H° transverse profiles which characterize the p beam
divergente can be minimized . The results shown in Fig . 4
prove that already without aligment steering the p beam
quality was sufficient for the displacement measurements .
It is interesting to note that in the horizontal plane the H°
width is extremely sensitive to small angle variations,
whereas the dependence in the vertical plane is flat, at least
within f 0.4 mrad .

A . Sidorin',1.N . Meshkov', H.J. Stein, H . Stockhorst
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Fig. 2 : Shift of the revolution frequency (to= 488.657 kHz) by
displacing the e beam from its natural zero position, e
beam current 200 mA, angle steering coils inactive .
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Fig.3 : Space charge parabolas corrected for dispersion and
normalized to equal origin . The measured parabolas do
agree well . The calculated parabola corresponds to a 200
mA e beam with 34% neutralization. The agreement with
the calculated parabola is satisfying . Full agreement with
the measured parabolas would be obtained with 20%
neutralization .
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Fig. 44 : Dependence of the 11 ° width an the alignment of the e
beam, position steering coils inactive. For the vertical
plane the horizontal setting was + 0.35 mrad. The minima
of the H° widths correspond to 2 a emittances of about 0.5
ltm obtained at low p beam intensity (z 10 9 p) .

Finding the minima of the space charge parabolas and the
minimum widths of the H° profiles is an easy exercise
which guarantees the best cooling conditions . It should be
performed before any electron cooling experiment or
application is started.

[1] Results from the Electron Cooling Experiments 2001 at
COSY, IKP Laboratory Report in preparation .
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For a high efficiency an the Solid Target the
intemal experiment ANKE needs an evenly
distributed rate of protons . The involved steering
magnets SV24 and SV34 are supplied by currents
ramping with constant di/dt . That leads to a Gauss-
shaped signal an the rate-meter (Figure 2) .
Different distribution requires a complex
calculation of Set-values, conjoined with many
hours for development . Because of this reason for
ANKE a rate-controller is installed now . It keeps
the rate an the target during the whole flat-top
constant (Figure 3) . Figure 1 Shows the circuit in
principle .

The principle of function
The controller compares the set-value adjusted

for the experiment with the actual-value delivered
by the rate-meter . As result it generates a correction
signal . That will be added to the standard linear
ramped current gives a new Set-value for one ofthe
involved steering power converters (presently
SV24). Depending an building in of the target a
vertical or horizontal acting correction element is
integrated into the controlling-circuit.

The development of the controller includes the
investigation into the dynamic properties of all
components . As low-pass are considered the rate
meter, the du/dt-limiter and the combination of
power converter and magnet . Beam, target and
detector are regarded as proportional blocks . The
controller itself acts with PI-behaviour.

Figure 1 : Block diagram ofthe rate-controller

Timing
During injection and acceleration the controller

is disabled . Only after the preparation of beam
properties is finished it becomes active . The Timing
System of COSY provides the Signal for the
control . A skilful adjusted Set-value allows the
complete consumption of the beam, with constant
rate, during flattop-phase .

Analogue Rate-Controller For ANKE

Figure 2 : Signals without rate-controller

Figure 3 : Signals with rate-controller
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At COSY, the slow extraction of the proton beam for
extraction times longer than 10 seconds is usually
performed by applying band limited noise to the beam .
Feedback of the spill signal measured by experiments who
used the extracted proton beam show, that there is some
variation ofthe particle flux .
The fluctuations in the order of 6 Hz seem to correspond to
the repetition frequency of the synthesizer who generates
the bandlimited noise for Ultra-Slow-Extraction (USE) . A
simplified layout of this system is shown in fig . 1 .

Fig . 1 : Noise synthesis with 12 bit resolution

Upgrade of digital noise generation for Ultra Slow Extraction at COSY

12 bit version in
operation at COSY

16 bit version

coordinate transformers
16 bit (25 -> 50 MHz rate)

Fig . 2 : Noise synthesis with 14/16 bit resolution

A . Schnase, FA. Etzkorn, H. Stockhorst

12 bit DAC

12 bit <_> 70 . .72 dB,
12 bit <_> 4096 oscillators
=> max 24 .5 kHz ( 2f=6 Hz)
=> max 2 .45 kHz ( 2f=0 .6 Hz, chimney)

Triggered by mobile communication, the performance of
digital-to-analogue converters improves . Therefore we re-
arranged the system layout to upgrade from 12 bit to 16 bit
signal paths . The set-up is shown in fig. 2 .

14 bit DAC

14 bit <_> 80 . .84 dB,
14 bit <_> 16384 oscillators
=> max 98 kHz ('f=6 Hz)
=> max 9 .8 kHz ('f=0 .6 Hz, chimney)

The VME-board shown in fig .4 uses 14 bit technology for
the Digital-Analogue conversion and Numerical oscillator
and 16 bit arithmetic for phase modulation and coordinate
transfonnation at a maximum clock of 50 MHz. To obtain
best performance, we found that the clock has to be less
than 45 MHz. At higher rates, the coordinate transformers
produce less accurate results .
When we started to compare the measured noise spectra of
the 14/16 bit device to the 12 bit system, we found not
much difference . Then we programmed noise-sequences
with artificially reduced accuracy . We learned, that the
measurement is already at the noise floor limit of the FFT-
analyser HP 89440 .
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Then we measured with the VXI "HP 3587 Realtime Signal
Analyzer" which has a higher dynamic range . Figure 3
shows the results, which are collected in the table below.
The results confirm the improvement .

resolution of phase-modulation1 8 bit 110 bit 112 bit 116 bit
dynamic range / dB

	

1 62.3 1 76.4 1 87.8 1 92.0

-10
1 .36875 MHz

Fig . 3 : Rcctangular noise spectra with 12 dB/div .
From Top to Bottom : 8, 10, 12, and 16 bit phase-modulation.

Fig . 4 : VME-board for ldbit resolution noise synthesis
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The new detector for spill measurements is designed to
measure with one compact device high resolution time
structure and absolute intensity of extracted proton beams
with energies above 50 MeV . The detector is suited for
different type of extraction, from ultra slow to kicker
extraction, within an extremely wide intensity range from 0
to 10 16/s .
The device consists oftwo different detectors mounted in a
steel pot of at least 92mm inner diameter which in this case
is connected to an CF100 cylinder via a bellow and can be
moved pneumatically to and from the measurement
position within < 5s . The detectors works at normal air
condition which is a great advantage concerning costs and
service especially with large UHV-facilities . The wall of
the steel pot is no real disadvantage as ultra slow extracted
beams have uniform intensity and can not be detected with
non disturbing devices as beam position monitors or wall
current monitors which need a pulsed beam . The thickness
of the steel pot is lmm but can be made 0.lmm around the
sensitive area ofthe detectors so even protons with energy
below 50 MeV can be detected.
The First detector consists of two adjacent PMTs (photo
multiplier tubes) each in variable light contact with a thin
2 to 5 mm) square shaped (65*65 mm for CF63 beam
tubes) plastic scintillator. Coincidence between the PMTs
yields background free absolute intensity in the range 0 to
5* 10 6/s . The variable light contact is performed by a switch
selectable optical Filter to reduce the light current to the
PMTs by a factor of 10 4 to 10 6 to analyse the time structure
of proton bursts from kicker extraction . In this case rates of
10 16/s may occur within 1 aus . Only the absolute intensity is
then not available as the amplification of PMTs is normally
unknown and not stable within an order of magnitude . The
average anode current of one PMT reduced by its dark
current is a measure of the proton rate if gamma
background can be neglected. This measure is relative due
the unknown PMT amplification and average number of
photoelectrons per proton but can be calibrated by the
absolute intensity from the coincidence rate between 104/s
and 10 6/s . The dark current must be measured within the
extraction time of one cycle before the measurement cycle
to take into account the gamma background as good as
possible. The total influence of the gamma background,
which should normally be neglectable due to the Small
volume scintillators can be checked without beam . For rates
above 10 8 the PMT amplification must be reduced by
lowering the HV (high voltage) to stay below maximum
anode current and within fair linearity . From dark current
measurement as a function of HV the necessary HV
reduction for 10 or 100 times lower amplification can be
found. lf the attenuation of the optical filter would be
known also the particle number within a proton burst could
be measured absolutely . This attenuation (>105) can be
measured at stochastic extraction with high rates above
10 8 /s by measuring the average anode current with and
without optical filter .

The second detector is an ionisation chamber mounted in
the gap between the scintillators, followed by a current

New detector for spill measurements

H.Labus, G.Lürken,1.Mohos, J.Dietrich
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voltage converter with programmable gain for absolute
intensity measurements of the higher rates from 10 4/s to
10" °/s and fair time resolution from DC to some hundred
Hz . There is still a certain advantage if an additional
ionisation chamber is used . it is possible to compare its
absolute extraction intensity with the values from the
average anode current of the PMT above 105/s .
Recombination losses due to the extremely high space
charge up to 10 12 ion pairs /cm' could be tested in an
ionisation chamber with the kicker extraction .
Simultaneous measurement with a wall current monitor
could also answer this question . A much more practical
advantage of an ionisation chamber is its use as a beam
center and rough profile indicator ifthe electrode is divided
into segments each with a separate electronic read out . In
our case the electrone is divided in 6 segments (See Fig . 1) .
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Figure 1 : Platine for the ionisation chamber with
6 segments



6. ION SOURCES, BEAM TRANSPORT,
AND LINAC INJECTOR



180



A profile monitor using a position sensitive micro channel
plate (MCP) detector [1] has been developed at the
University of Bonn [2] and was tested and modified at FZ-
Jülich [3] . A parallel ion drift field is maintained in the 130
mm wide gap between two electrodes . Residual gas ions
are drifted onto an MCP assembly that provides a charge
gain of about 10' . The secondary charge produced from
each ion is collected by a wedge and strip anode . The anode
signal is then integrated by a capacitor, amplified and
delayed for proper gating during the digitization . The read
out is done by means of a PC running a user friendly
Cobold PC program [1] under Windows OS .

Ionisation beam profile monitor

Figure 1 : Vertical beam profile after electron cooling .

Since COSY operates with beam intensities up to 10 11
protons and a vacuum of 10-1° mbar, there is a big risk of
radiation damage ofthe detector . Hence the MCP voltage is
switched an only during the measurement (typically a few
seconds) . Also a pneumatically driven protection screen is
installed to prevent detector irradiation during the routine
operation of the accelerator . Profile measurements have
been carried out for beam intensities up to 2109 protons .
Fig. 1 Shows the vertical beam profile after electron cooling
for 6x 10' protons at 40 MeV.
The ionisation beam profile monitor is used in routine
operation . However, the comparison with two other
methods Shows that in case of cooled beam the profile is
wider then the one measured by H' monitor, but ifthe beam
was not cooled the profile is narrower then the one
measured with EDDA wire target . This fact has not been
properly understood yet .
Monitor optics simulations Show that potential distribution
results in a slightly divergent effect an the residual gas ion
trajectories (Fig . 2) . The optics of this monitor is under
further investigation . The lifetime ofthe channel plates and
the event rate are crucial issues für the measurement of
intense proton beams .

V . Kamerdjiev and J. Dietrich

References :

Figure 2 : Trajectories of residual gas ions for different
potential distributions calculated with the
Herrmannsfeldt program ECUN (axis in [mm]) .

[1] RoentDek Handels GmbH, Frankfurt, Germany .
[2] M . Schulz-Rojahn," Messung von Strahlprofilen am

internen COSY-Protonenstrahl mittels
Restgasionisation", Doctor's thesis, Bonn, 1998 .

[3] V . Kamerdjiev, Diploma thesis, FZ Jülich, 2000



The current measurement electronics (SME) consist of 32
precision low-noise integrating amplifiers with FET op
amp, switchable integrating capacitors, and low leakage
FET switches (Feg. 1) . They integrate at the same time
low-level input currents for a user-determined period,
storing the resulting voltage an the integrating capacitor .
Due to the very low noise and input leakage the electronics
measure currents in order of pA. The Input signal current
can be positive or negative. Programmable timing controls
the Integration period, hold and reset functions to set the
effective transimpedance gain and to reset (discharge) the
integrator capacitor.

Cü'rrä ht'7nr at<

Range

IiQld �

IvLPXtt

	

L miter

	

Etegrator

Figure 1 :Schematic diagram ofthe i/U converter
(1 of 32)

Reset

An input relay multiplexer selects the wire-plane for
measurement . The trigger delay and integrating time is
user programmable (lms - 10 s), integrating capacitors
between 10 pF and 100nF in five steps can be selected . A
high resolution (13bit+S) ADC digitizes the Integrator
outputs sequentially . Automatic correction eliminates the
integrator offsets depending an the integrating time and
capacitor . The offset values measured in beam pauses are
stored into a two dimensional array . After each current
measurement the corresponding stored offset will be
subtracted. The residual effective resolution after offset
correction is better then 11bit+S .

Highly sensitive current measurement electronics

1 . Mohos and J.Dietrich

Figure 2 : Functional parts of the front - end electronics
SME

Microcontroller with firmware controls the timing, data
acquisition and data transfer . RS485 serial interface
connects the measurement electronics to the kost computer
(Feg . 2) . The band rate is also prograrninable (1.2-153 .6
kBd) . Modular 3U shielding enclosures contain the
integrating electronics in subgroups of 2x8 channels . The
channel capability is expandable for 2 wire planes up to
128 wires each .
This development is the basis for high sensitive and stable
current measurements like for profile grids, beam
emittance analyser as used for beam diagnostics at COSY.
The MTA-ITA-LAI (KFKI) Budapest has acquired the
licence for this development and the ferst 2x32 channel
system was built for a beam emittance analyser produced
by the NTG Gelnhausen.



Beam position monitor in the extraction beamline to JESSICA

In the cooler synchrotron COSY for beam extraction the so
called stochastic extraction (ultra slow extraction) is
realized. Now a fast beam extraction is routinely used for
the experiment JESSICA (Jülich Experimental Spallation
Target Setup in COSY Area) [l] is of great importance for
prototyping the high power target of the European
Spallation Source . For the experiments proton pulses with
energy < 1 .5 GeV, pulse length of < 1 qs and intensity of
more than 10' protons per pulse are needed .
For non-beam disturbing diagnostics of intensity and time
structure of the kicked and extracted beam a wall current
monitor (WCM), which was formerly located in the ring,
was installed in the experimental area of JESSICA . The
WCM is a broadband pick-up (100 kHz - 200 MHz) for
detailed measurements of beam pulse intensity and shape .
In the case of slow extraction multi wire proportional
chambers are used for beam profile and beam position
measurements in the extraction beamlines . But for fast
extraction (kicker extraction) other solutions are necessary .
To investigate the beam position stability a round beam
position monitor (BPM inner diameter 150 mm) from the
same type of the COSY-ring monitors is now installed in
the extraction beamline to JESSICA before the target .
The WCM-electronics consists of a programmable
broadband amplifier (0-66dB) with 70MHz upper cutoff
frequency . The output signal is fed via coaxial cable to the
COSY control room for oscilloscope investigations .
The used BPM-electronics is characterized by the
broadband mode. Low noise preamplifiers match the
capacitive pickups to the System impedance. Passive
hybrid converts the pick-up signals into sum an difference
signals . Programmable broadband amplifiers (0-66dB)
enhence the signal level, low pass filters with 7 MHz cut-
off integrate the broadband signals . Sum and difference
signals will be digitized at the same time, where the
sampling rate of the flash-ADCs is 20 MHz. The digitized
data are buffered in 4k FIFO memories .
Configuration and data aquisition of the WCM and BPM
are done an VXI-Bus systems . Recorded raw data and
configuration parameters are send via network to a LINUX-
workstation, where they are stored for later analysis . In
addition online calculation of instensity and position is
performed and the results are visualized in long-term-plots .
Fig.l Shows a very stable beam position in horizontal and
vertical direction for the fast extraction mode of COSY.
Unfortunately the beam position monitor gives only an
infortnatioin about the centre of charge, not of the beam
profile . The development of a fast non beam disturbing
beam profile measuring device in the case of a high
intensifive beam as it is necessary for the European
spallation source is a great challenge .

References
[1] W.Breuer et al ., IKP Annual Report 1998, Report
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Similar to the past two years there were no very big new
installations at COSY during the year 2001 . A lot of
smaller activities, however, as well as there accidents kept
us busy .

A basic quadrupole design was made for the planned
injector linac for COSY. Two types of quadrupoles are
needed with aperture diameters of 31 mm and 38 mm and
gradients of 60 T/m and 45 T/m respectively .
For the storage cell of the polarized atomic beam target at
ANKE additional vertical steering magnets are needed to
bring the COSY beam through the small aperture of the
cell . As there is no more space available for additional
discrete steering magnets we made a design for additional
coils an two quadrupole magnets . After preliminary tests 8
coils were manufactured by the central electrical workshop
and installed an quadrupole magnets MQT 28 and MQT 32
ofthe cooler telescope.

Installations

After COSY 13 had finished the experimental program the
scattering chamber was taken out of the COSY ring . lt was
replaced by a new scattering chamber for the PISA
experiment constructed by colleagues from Krakow and
manufactured by the central workshop of the research
center. The chamber can be equipped with up to 8 detector
arms . For the start of the experiment 2 arms had been
installed . They are using so called bragg curve detectors
filled with isobutene at a pressure of 300 mbar separated
from the COSY UHV by two thin mylar foils . One of the
foils is aluminized and serves as cathode ofthe detector .
During the ferst beam time in August one of these foils was
destroyed and COSY was flooded with isobutene . Parts of
the foils are now distributed inside the COSY vacuum
system .
Only 4 weeks before one of the thin stainless steel foils at
the polarimeter in the injection beam line was burst .
During this accident it showed up that the electronics of the
fast shutter to protect the ring against vacuum problems in
the injection beam line did not work . This caused COSY to
be flooded as well which damaged the hot cathode of the
electron cooler . The cathode was successfully replaced
during the shut down shifted to week 40 because of this
repair .
Another problem caused by this accident showed up in
November when the vacuum in the injection close to the
polarimeter deteriorated drastically . This caused the fast
shutter to close quite frequently until it finally was blocked
and could not be opened again . Reason for the vacuum
problem was a leak to the vacuum in the water cooling of
one ofthe horizontal scrapers close to the polarimeter .
When we replaced the fast shutter it turned out that the
vacuum valve from the injection beam line to COSY had a
big leak . This caused COSY to be flooded with air again,

Magnets, Alignment and New Installations

again damaging the hot cathode of the electron cooler . lt
was successfully replaced during the shutdown in week 51 .
Besides these activities a number of other smaller jobs had
to be done : modification of the vacuum system for
JESSICA from a diameter of 63 mm to 100 mm an
installation of a beam position monitor to allow for the test
with short beam pulses, repair of a vacuum leak at viewer 2
inside COSY as well as 2 vacuum leaks at ionization
pumps, replacement of filaments of titanium sublimation
pumps, opening of quadrupole MQU 7 for the dismantling
and reinstallation of the scintillation detector inside the
COSY 11 dipole chamber, turning of steering magnet SV
30 back as a vertical steering magnet, dismantling of the
second electrostatic septum from the COSY ring to allow
for the test with rf-contacts, openeing of the vacuum tube to
get out an EDDA thin were target lost from the target rod .

Alinment

Inside the COSY tunnel there were measurements for the
installation of the PISA scattering chamber as well as for
the internal experiments like COSY 11 and ANKE.
At the external target stations a lot oftime was spent for the
alignment of the components of the JESSICA target.
Related to JESSICA as well was the alignment of the
components ofthe modified bam line .
Like in the Aast years a part of the alignment activities was
for both ofthe polarized ion sources .
At the end of the year there was a big task carried out
together with an alignment company to extend our
measurement grid to the area where the new injector linac
for COSY will be set up . Nine additional fixed points were
installed in the lorry gateway and measured with respect to
each other . During the shutdown the COSY grid was
remeasured and the new points were connected to the
existing grid. The data evaluation giving the achieved error
ellipses is still in progress .
At the same time the precision leveling done an a regular
time schedule was carried out . We found a sink ofthe lorry
gateway of approximately 5 mm within the last 10 years .
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The polarized proton/deuteron source' ,3, based an the col-
liding beams principle2, has alter an extensive redesign of
major components, matured such, that it .uns now in rou-
tine operation at the cooler synchrotron COSY4,5 . Inside
COSY a polarization of 70% at maximum momentum was
reached4 . In recent experimental ru s up to 2.5101° Pro-
tons with a polarization of 86% were stored at the injection
momentum of 295 MeV/c in the cooler synchrotron . The
intensity of the accelerated beam in the cooler synchrotron
an an intemal target exceeded 3 .5 mA at a momentum of
3200 MeV/c .

The total polarized beam time in 2001 sums up to about
2600 hours . For the first time the polarized H beam inten-
sity exceeded 1 gA alter cyclotron extraction. At the same
time the number of the polarized protons in COSY6

reached values up to 1 .5 10 1° at maximum energy with a
polarization of about 70% .
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Figure 1 : A schematic view of the COSY colliding beams
polarized ion source .

This fundamental improvement was a consequence of a
complete redesign of the original caesium ionizer and a
new pulsed operation that had been developed with pulse
widths of about 20 ms over months to the point ofroutine
operation. The electrically pulsed operation" of a caesium
ionizer was already demonstrated in 1998"' . The new cae-
sium ionizer was set in operation for the First time in
spring 2000 . An additional pulsed electrode in front of the
tungsten ionizer, that works similar to a grid of a triode,
and an air-cooling circuit were integrated in the new set-
up . The caesium vapor is fed through a tube to the porous
tungsten ionizer . The ionizer surface is operated at a tem-
perature oftypically 1050°C . The cooling system is able to
decrease rapidly the Cs reservoir temperature from 400°C
to 40°C in about 6 minutes, an essential prerequisite for
efficient operation. The cooling capacity is sufficient to
operate the Cs-reservoir down to 40°C with the thermal
ionizer having its füll operational temperature .

Ion Sources at COSY-Jülich
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For the pulsed operation the temperature of the caesium
reservoir had to be precisely controlled in the range from
35°C to 80°C, depending an the characteristics of the
tungsten contact ionizer and the desired intensity . The
tungsten contact ionizers are still under investigation to
maximise the output, the repeatability and the long-term
stability .

Figure 2 : Control circuit for the wire positioning and cur-
rent measurement of the caesium beam scanner module
and micro controller for automatic profile scans .

The damaging effect of the Cs beam has been reduced
through the pulsed operation by nearly two orders ofmag-
nitude, allowing an operation of 9 weeks without servicing
ofthe caesium ionizer or other parts of the source .

Figure 3 : The caesium beam scanner module and micro
controller for automatic profile scans .

Four caesium beam Profile scanner modules, ofwhich one
is shown in figure 3, allow the online control of the cae-
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sium beam envelopes, for the charged as well as the neu-
tral beam . The scanner modules were described at the
Erlangen workshopg . For the pulsed Cs beam the Scanners
are operated by a micro controller system . This System
provides a readout of up to four scanner positions, the
integrated charge per pulse and also synchronize the posi-
tioning of the wire scanner to the timing of the pulsed
ionizer .

Figure 4 : Beam profiles of the pulsed Cs beam taken at
four different positions . The Scans 1 to 3 are taken with a
resolution of 0.47 mm per step . The neutral Cs beam is
scanned with 0.31 mm per step .

The beam is scanned over a width of60 mm in both direc-
tions during onc resolution . The fourth scanner for the
neutral Cs beam scans over 40 mm. The scan is taken in
vertical direction from bottom to top and in the horizontal
direction from right to left . Figure 4 Shows the result ofthe
measurement ofhorizontal and vertical profiles at thc four
positions . The online acquired profiles give the size and
the beam shapes . The 5 mm diameter beam, at a distance
of 0.25 m after the ionizer, is imaged to a beam position of
9 mm at the entrance to the atomic beam part 3 .5 m down-
stream . Profiles taken at different positions beforc and
behind the quadrupole triplet allow to determine the
alignment and the emittance of the caesium beam . This
provides reliable information to judge the performance of
the thermal ionizer module . Data taken with this system
was also used to determine the parameters of the quadru-
pole system and to optimize the geometry of the caesium
beam line for high transmission . A Set of correcting di-
poles have been added to remove residual beam displace-
ments in the charge exchange region .

All original parts in the caesium beam section, figure 1,
have been replaced by improved components . The new
parts have been optimized in accordance with the opera-
tional experience .
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Figure 5 : Trace 1 Shows the achievable H intensity meas-
ured at the fir' st cup in the source beam line . The scale
from bottom to top is 100 gA .

The start up procedure of the caesium beam part is simpli-
fied by a Set of beam diagnostic elements (See figure 1) .
Figure 5 Shows an example for online monitoring of the
polarized source . The caesium beam is monitored at the
power supplies (Trace 3), including the load an the extrac-
tion (Trace 4) . The beam is neutralized and the remaining
charged part is dumped in a faraday cup (Trace 2) .

The improved reliability and quality of the caesium beam
permitted to further optimize the charge exchange and
extraction system . Figure 5 Shows the peak current meas-
ured at the first cup in beam line to the injector cyclotron
to demonstrate the potential of the improved source . The
beam was extracted at a potential of 4.5 keV and magneti-
cally deflected by 90° to the cup, where an intensity of
30 gA was reached . First vector polarized deuteron beams
were produced with this source .
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During the past year considerable effort was spent to set up
the project to replace the injector cyclotron for COSY by a
superconducting LINAC. The injector is beeng designed to
deliver both polarized and unpolarized H- and D- beams at
an energy of approximately 50 MeV and in pulses with a
maximum beam current of 2 mA lasting up to 500 ps . For
injection into COSY, we aim to achieve at least a pulsed
beam current of 0 .5 mA (average) over 200 ps . This
provides in the order of 5X10" particles for stripping and
allows to significantly reduce emittance growth ofthe beam
in COSY during the injection process . The maximum
repetition rate is limited to 2 Hz, and the utilized duty factor
ofthe injector will therefore not exceed a value of 10-3 .

Under the constraint to avoid the construction of new
buildings, the only suitable place for the new injector is in
the present service area at the south-eastern end of the
COSY hall . From this area, the injector can be linked most
directly and economically to the existing injection path into
COSY . Such a choice also provides the required
accessibility of all sections of the injector and minimizes
interference with the operation of COSY during the
construction period . The Service area is used to unload
trucks by either of the two cranes in the COSY hall and that
functionality has to be maintained when the new injector is
installed . Hence only an area of approximately 40 m length
and 8 m width is available for the LINAC, including its
support equipment and shielding .

A normal conducting LINAC would fit into the available
space but has the drawback that D - ions can only pass a H-
L1NAC using the 2ßa,-mode . Unfortunately this implies
that the final energy of D- would be at best half that of H- .
Even if the H- energy is chosen at 70 MeV, the D- energy
will not exceed 32 MeV, which is not acceptable for
injection into COSY.

The concept of a superconducting LINAC with individually
powered resonators changes this situation . RF power is
generated in 3 kW solid state modules . As each resonator
can be controlled individually in amplitude and phase, it is
possible to reach a final energy of approximately 50 MeV
with H - as well as with D - ions . This flexibility is affordable
because of the relatively low RF power required .
Superconducting cavities are much more expensive,
however, and they need complex cryostats and cryogenic
systems for operation .

The layout of the proposed injector is shown in feg . 1 and
consists of five consecutive sections . The ion source section
includes a source for polarized H" and D- ions (CIPIOS
type) and a commercial multi-cusp source for unpolarized
H- and D- ions . These ion sources have to be operated in the
pulsed mode required . They are connected to the
accelerating structures via the Low Energy Beam Transfer
(LEBT) system in such a way that CIPIOS can be tuned and
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tested even when the injector is operated with unpolarized
beams . To allow proper alignment of polarization
directions, a Wien filter or alternatively a solenoid is
included in the LEBT system .

An investigation of currently available ion sources for
polarized H- and D- beams was carried out . For our
requirements, the most attractive source is undoubtedly the
type from A.S . Belov, which under the name of CIPIOS is
also used for the cooler synchrotron at the Indiana
University Cyclotron Facility (IUCF) in Bloomington . It
operates at 25 kV extraction voltage and de] ivers an up to l
mA (peak current) intense polarized H - beam of 1 .2 7c mm
mrad (normalized 90% emittance) as well as polarized D-
beams . The ion velocities in units of the velocity of light
(ß) are 0 .0073 and 0 .0052 respectively . The maximum
pulse length achieved up to now is about 400 ps with
potential for further improvement .

In the design of the LEBT beam line non-linear space
charge effects are taken into account . As the magnetic
rigidity is different for the two ion species, the ion-optical
elements have to be adjustable over a wide range . The
following section begins with electrostatic elements that
focus the beam into an RF-quadrupole (RFQ) accelerator
operating at 160 MHz. Such accelerators have the essential
advantage that, in addition to providing acceleration, they
simultaneously bunch the beam from the ion source without
significant losses in beam intensity .

Since RFQ's have structures designed for one particular
particle velocity profile, some scenarios were considered
for operating the ion sources with equal ion velocities .
From IUCF we know, however, that CIPIOS does not
withstand higher voltages than 30 kV, and thus D- ions
cannot be made fast enough . On the other hand, H - ions
should not be made slower either, because the emittance
degrades rapidly with decreasing extraction voltage . No
alternative was found to be practical . Hence we rather
accept different particle velocities at the exit of the ion
source, which requires different RFQ structures for H- and
D- operation, respectively . The two structures will be easily
interchangeable.
A kinetic energy of 2.5 MeV was considered feasible for H
injection into the LINAC (corresponding to 5 MeV for D-) .
A combination of RFQ and booster cavity is the most
compact design we found for this purpose . After this pre-
acceleration, quadrupole magnets and a rebunching cavity
match the beam to the needs of the LINAC in the
transversal planes as well as longitudinally .
Different layouts ofthis LINAC were investigated . Our ferst
approach was inspired by the recent developments in
Legnaro/Italy (ALPI) where great experience in the design
and operation of Superconducting quarter wave resonators
(QWR's) is available . We started our calculations using a



conservative peak acceleration gradient of only 6 MV/m.
The resulting length of the LINAC is about 26 m, which
together with all the other equipment required would hardly
fit into the available space . We therefore considered
"folding" the long LINAC structure into the Service area .
The result was that an isochronous and achromatic U-turn
together with some rebunching cavities would be necessary,
similar to those installed at ALPI . Such a solution would be
quite inefficient and expensive in our ease. In addition, the
marginal gain in space for the LINAC had to be weighed
against the drawback that one of the cranes would not be
accessible for trucks in the Service area . Hence that idea
was rejected . Tnstead we introduced a 90° bend before the
beam is bunched, that is between CIPIOS and the RFQ, but
there would still not be enough space for the LINAC.
Detailed simulations taking into account the 3D E- and B-
field distributions of QWR's showed that the beam is
strongly influenced by the transversal E- and B-field
components . The main effect is transversal steering,
mainly caused by the magnetic dipole moment of the field .
This effect can nearly be compensated by proper
arrangement ofthe QWR's . Another effect is the increase of
the effective emittance leading to a star shape distribution
of the beam in the transversal phase space . This is mainly
caused by transversal electrical quadrupole moments . To
minimize this effect one has to choose resonators with
symmetric field distribution like halfwave resonators .

As the practical field limits of superconducting resonators
are not reached for our pulsed operation with the 6 MV/m
layout, we finally decided to increase the peak acceleration
gradient to about 8 MV/m, such that the peak surface field
in the resonators is kept below a maximum acceptable value
of 80 mT. The design of this LINAC has the following
characteristics . It comprises a total number of 44 coaxial
half wave resonators (HWR's) of which the First 14 operate
at 160 MHz and the remaining 30 at 320 MHz . Three
different HWR structures for the following optimum
particle velocities are used . For the first two HWR's a ß s
value of 0.092 is chosen, for the following twelve ßs
0.118, and for the remaining thirty ß, = 0.224 .

Four HWR's are grouped in each cryostat . Longitudinal
beam dynamics requires the length of the unit cell of the
LINAC (i .e . cryostat plus transversal focussing length
between the cryostats) to be limited to 1 .7 m . Stable
acceleration can then be provided for both IT and D- beams
by a proper choice of the RF phase for each HWR. Final
energies of 52 MeV and 56 MeV can be reached in this way
for H - and D- ions, respectively . The LINAC has only a
total length of nearly 19 m and fits much more easily into
the available space . In fact, two more cryostats could be
added ifrequired, as is shown in fig . 1 .

After the LINAC, the beam is guided to a 90° magnetic
bend with which alternatively the diagnostic section of the
transfer beam line or the injection path into COSY can be

chosen . All components of the transfer beam line should
make ample provision for possible future extensions of the
LINAC to higher energies . Components of the existing
injection beam line (1BL) from the cyclotron will be
incorporated as far as possible, because they meet such
requirements anyway and would otherwise become
redundant . Quadrupole doublets allow to shape a target spot
in the diagnostic section as is needed for instance by a
polarimeter . Also equipment for measuring the energy,
emittance and time structure of the beam will be provided.
At the end of this section, a beam dump is installed
including additional shielding outside the existing wall of
the COSY hall . In the beam line to COSY, debunchers
could be used to minimize the momentum spread of the
bunched beam ifnecessary .

Improved injection into COSY can make use of the
installed bumper magnets . As the pulse duration will be
shorter than 500 ps, injection into the flat-top field of the
bumpers is possible . Then the whole beam is pulled off the
stripper foil that is crossed by the ions up to 300 times in
the process . Compared to the present situation, this avoids
injection into the decaying Field of the bumper magnets,
which blows up the horizontal phase space excessively . So
we expect a much smaller beam size in COSY at injection,
even ifwe continue to use the present injection system .

Large parts of the injector have to be enclosed in a shielded
tunnel with controlled access for radiation protection .
Laterally a wall thickness of 2 m concrete is required for
this purpose . For the roof we need 0.5 m thick concrete
beams that overlap to reduce slcy shine . The electronic
equipment and prwer supplies for the injector will be
installed in racks alongside the lateral shielding wall
outside the tunnel . We also have to provide space for the
cold box and heat exchangers as well as the dewar of the
cryo-plant in this area . The compressor and the gas
purifying system of this plant have to be installed outside
the COSY hall due to excessive vibrations that would be
detrimental to the operation of the LINAC. Last but not
least, the existing electricity supply and water cooling
Systems of COSY have enough spare capacity to support
the new injector together with the cyclotron JULIC and
COSY itself
The work done so far described in much more detail in [1] .
The project aims to commission the new injector in 2005 .

[11 The Superconducting Injector LINAC for the Cooler
Synchrotron COSY, Conceptual Design Report, October
2001, edited by Helge Jungwirth .



ee e

ro

SOL4
ViSt4

LJ

VV2
EZL

RFQ

Booster
VV3N

Triplett
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Some features of Beam Dynamics in Super-conducting Linac
based an Quarter- and Half-Wave Cavities

Yu.Senichev, A.Bogdanov, W.Braeutigam, A.Lehrach, R.Maier, R.Tölle, E.Zaplatin,
Forschungszentrum Jülich GmbH, Institut für Kernphysik,

D-52425 Jülich, Germany

The Super-conducting Injector LINAC for COSY has to
accelerate protons and deuteron particles that differ in mass
by a factor of 2 . There are two preferable types of linear
accelerator structures appropriate for this purpose : the multi-
gap structure with internal synchronization of gaps, such as
an Alvarez structure and the system with external
synchronizing of the different groups of structures with few
gaps, for instance the super-conducting coaxial cavities . For
our purpose the super-conducting cavity is more appropriate .
We consider two options of linear accelerator based an the
super-conducting quarter- and half-wave resonators . In both
options the accelerator consists of two parts . In first and
second parts we use the resonators with 160 MHz and 320
MHz frequencies correspondingly . Simultaneously the
resonators are subdivided into the families with the saure f
relative velocty . We optimize the number of resonators m
each group and each family . We discuss how to optimize for
protons and deuterium particles simultaneously . We analyze
the 6-dimensional beam dynamics in the real field calculated
by MAFIA. The quarter-wave cavity technology is quite
developed, but due to the dipole component of magnetic and
electrical fields the beam is unstable in the transverse plane .
We have developed the special method to compensate this
effect . In the half-wave resonators such problem does not
exist due to the field symrnetry . For the transverse plane we
examine the single, doublet and trielet systems . We
investigate the parametric resonance arising in the
longitudinal plane due to the drift space needed for the
focusing elements and determine the space limitation.

1.

	

Quarter-wave cavity
In both quarter- and half-wave cavities the motion equations
are the same . To design the Linac we integrate numerically
6D phase motion in the real components
Ex , Ey , E, , Bx, By , B, taken from MAFIA calculations .
In the quarter-wave cavity due to the construction we have
the dipole H component. lt is shifted relatively of E mode for
90 degrees in time, but nevertheless the particles are getting
the uncompensated transverse kick, since H mode acts to the
beam like 7- mode . The total effect is dramatically bad for
the beam and without compensation the bunch is shifted an
200 mm from axis (see fig .l), which one is unacceptable .
Obviously, the method, which one could help to compensate
the dipole mode, has to be based of RF field . Therefore we
have analyzed the different schemes of the cavities
placement[1] . The figure 1 shows the results of the particles
tracking in the real field for the option "4 groups of cavities
with drift between cryomodules Im of length", when we
launch the bunch represented by the empty phase ellipse in
the longitudinal plane with the zero initial transverse
deviation for x,y, dx/dz,dy/dz . The rotation of the cavities
(-90 0 ,90",90 0 ,-90 0 ) or inversely gives the minimum
deviation of the bunch from the axis . However, under the

commissioning we expect the problems with the tuning the
quadrupoles and RF fields separately .
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Figure 1 .X dV1dZ position of beam in the different
scheure ofcompensation.

In half-wave cavity the dipole H mode is absent, therefore
the position of beam an the exit of accelerator coincides with
the geometrical centre (see fig .2) .

11 Half-wave cavity

no

	

a.o

Fig.2 . Horizontal and verticalportrait ofbeam an exit of
Linac

In the longitudinal plane in both options the motion is very
non linear due to the absent of synchronism between the
particle and RF wave . The RF gap size is adjusted to
minimize this effect .
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At present, many accelerators favour the use of SC cavities
as accelerating RF structures . For some of them, like long
pulse Spallation Source or Transmutation Facility SC
structures might be the only option.
For the high energy parts of such accelerators the well-
developed multi-cell elliptic cavities are the most optimal .
For the low energy part the elliptic structures cannot be used
because of therr mechanic characteristics . There is a scope of
different already proven low-ß SC cavities . Here we
investigate quarter-wave coaxial cavities (160 MHz, ß=0.11
and 320 MHz, ß=0.22), half-wave coaxial cavity in
comparison with spoke cavity and based an spoke cavity
geometry multi-cell H-cavities (700 MHz, ß=0.2) . All
cavities optimised to reach the maximal possible accelerating
electric field . The simulations of electrodynamics and
structural analysis have been provided . The simulations also
have been done for various vacuum and coupling port
positions . Different cavity tuning schemes are under
investigation .

Fig. 1 : Plane and Conical Quarter-Wave Resonator.

Quarter-Wave RF Resonator (QWR, Fig.l) is a coaxial
transmission line shortened by the terminating capacitance .
The range of such structure application is for rather low
ß<0.2 and fundamental frequency under 300 MHz. The
resonant frequency is defined by the line length, inner-outer
radius ratio and capacitance . An accelerating field magnitude
is limited by peak magnetic field that is defined mainly by
the radius of the inner electrode . This favours the use of the
cone QWR (Fig.l) . The disadvantage of the cone cavity is
larger longitudinal extension . On the other hand this may be
compensated by the cross-cavity installation (Fig.2) .

Fig.2: Half-Wave Resonator & Cross-Cavity Installation.

Another accelerating structure for this range of particle
energy is a spoke resonator (Fig.3) . The spoke cavity by
definition is a coaxial half-wave length cavity with an outer
conductor turned an ninety degrees so that its axe is directed
along the beam path. An equivalent capacitance of such
cavity is defined by the distance between conductors in the
center of the cavity along this ax . A distribution of an
electromagnetic field in such cavity is the same like in
coaxial cavity . The range of application of this cavity is from

Low-ß Superconducting RF Accelerating Structures

E . Zaplatin, W . Bräutigam, R . Maier, R . Stassen, Yu. Senichev

100 to 800 MHz of fundamental frequency and ß°0 .1-0 .6 .
The limitations of application are defined mainly by the
resonance capacitance grow for low-ß values which in its
turn reduces cavity diameter .

Fig. 3 : Spoke Half- Wave Resonator & 4-Gap H-
Cavity.

The spoke cavity acceleration efficiency is defined by the
magnetic field magnitude an the inner electrode surface like
in the coaxial resonators . The comparison of cross-cavity
half-wave conical resonator installation with the set of spoke
cavities in terms of maximal reachable accelerating Field
favours the use ofthe first option[1 ] .

Starting with the value ß=0 .2 there is a possibility to use
multi-gap (bigger than two) accelerating structures. 4-gap
and 10-gap cavities based an spoke resonator geometry are
under investigation . Such structure could represent the Same
cylindrical or modified shape outer conductor loaded with
several electrodes (Fig.3) . But as soon as one adds at least
another spoke in such structure it turns from the coaxial
spoke cavity into H-type cavity, which is defined by the
electromagnetic Field distribution . The detailed results of
multy-gap H-cavity optimisation are published elsewhere[2] .
For 3D numerical simulation verification and cavity tuning
investigation 10-gap H-cavity copper model (700 MHz,
ß=0.2) has been built . The cavity and end plates are made
from the 3 mm and 1 mm copper sheet respectively. The
spokes have been machined from the bulk copper. For the
cavity tune the deformation of the end plates is used. The
results of the numerical simulations and first model
measurements are shown an Fig .4 .

Fig.4: 10-gap H-cavity Copper Model & Frequeney Tuning
Shift.
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Beam Diagnostic for the new COSY-SCL Injector

Due to the relatively high pulse current and as a
consequence of using superconducting cavities,
beam diagnostic instrumentation is of great
importance for operating the LINAC. The
diagnostics will allow proper matching between the
various sections of the machine, and to measure
and help minimize beam losses . All beam
measuring equipment has to meet two utilization
criteria : During the Injector testing period
(independently of the COSY accelerator complex),
measurements of the beam characteristics will be
needed to determine suitable LINAC settings . This
requires a precise and complete instrumentation
(measurements of the beam intensity distribution in
the three phase planes) to allow us to compare the
actual beam properties with theoretical predictions .
During operation we have to (i) check the stability
of the standard values set for the beam parameters,
and (ii) measure the parameters of newly set beams,
if we want to change the beam characteristics . The
LINAC design leaves relatively little space for
installing diagnostic devices . Hence such devices
must be specially designed to fit where access to
the beam is possible . The more special types of
diagnostic Instrumentation that we plan to use can
be described as follows . The table sums up the
total requirements for the different sections of the
injector .
Beam Current Transformer (FCT) : Non-
intercepting beam current monitoring will be done
with beam current transformers, where the beam
forms the primary (single turn) winding and the
signal is developed across a secondary winding .
Passive devices (not including any electronics) with
a bandwidth of up to 2 GHz allow rise times as
short as 175 ps with a droop of a few percent per
millisecond and a sensitivity of up to 1 .25 V/A
(commercially available from BERGOZ).
Wire Scanner (or Wire Grids, WS) : The transverse
particle density distribution (beam profile) will be
measured by stepping a pair of orthogonal wires
across the beam pipe aperture . Since the direction
of the drive is inclined at 45° to the horizontal, the
single motion provides a scan in both planes . Data
can be taken an successive LINAC pulses until the
füll scan is completed . The wire Scanner provides
the best compromise between range and resolution
at low cost . Only one electronic channel is required
for each plane . The wire Scanners are very compact
longitudinally, which is important in the matching
section and between tanks and modules . Since only
a Small percentage of the beam intercepts the wires,
this technique can be considered non-destructive .
Ennittance Measurement Unit (EMU) : The
conventional method of measuring beam emittance

J . Dietrich

makes use of a slit and multi-collector hardware .
The slit is moved across the beam to define the
position of a sample that spreads according to its
divergence . The resulting distribution that is
measured by the multi-collector (wire grid or
Sandwich target) represents the angular spread . The
result is a direct measure of the transverse phase
space in one plane . The measurement destructs the
beam.
Wall Current Monitor (WCM): The beam generates
an image current an the surface ofthe beam pipe. A
ceramic gap is placed in the pipe and resistors are
distributed azimuthally around it, connecting the
separated pieces of the beam pipe . The Image
current flows through the resistors developing a
voltage across them, which provides the bunch
shape signal . The best example (at FNAL) has an
upper frequency limit of 6 GHz before degradation
by the signal cable becomes unaccaptable. lt is a
passive inexpensive device and can provide
sufficient information about bunch shape and beam
current .
Bearn Position Monitor (BPM) : Different types of
beam position monitors are known. BPM's of the
strip-line type are used at the BNL 200 MeV and
FNAL LINAC's. In the BNL design, the strip-lines
are cut to second harmonic for minimizing the
BPM length along the beamline . Processing is done
at the highest frequency possible after down
conversion to obtain the best frequency response .
In the Los Alamos APT project, so called 4-lobe
microstrip transmission-line detectors are used,
which measure the Image currents of the beam
travelling along the wall of the beam tube . The
BPM's will be located inside a quadrupole between
two successive cryostats of the LINAC. A further
possibility would be to extract the beam signal
inductively . Such devices allow to detect deviations
of down to ± 0.1 mm from the required beam
position . They can be combined with ring
electrodes for the fast capacitive measurement of
the beam phase .
Beam Loss Monitor (BLM) : The beam loss
monitor System is one of the most important
diagnostic tools in a relativly high average current
superconducting accelerator, where it is essential
that beam losses can be kept as low as possible .
While beam current transformers read the
transmitted current or change, they are not
sufüciently sensitive to detect small deviations due
to beam losses . Liquid scintillator photomultipliers
have been used an some LINAC's in the past, but
problems with reproducibility, aging, and
calibration make them less suitable than Ion
chambers for use as beam loss monitors . The long



coaxial ion chambers used at BNL offer uniform
coverage and linear fall-off with distance . They
have been used in typical lengths between 15 m and
25 m, to increase the volume exposed to the
radiation, but are not sensitive enough in the
LINAC where the accelerating structures (shielding
of the cryotanks) are located . However, they do
have sufficient sensitivity for use in the transfer
beamline . Proportional ion chambers with a typical
gas gain of 10 3 may be needed in the accelerating
region .
Laser Diagnostic (LD) for H- (D - ) : Beam
diagnostics, especially non-destructive methods, are
important for the performance and operation of an
accelerator, in particular for high current pulsed H-
beams like in neutron spallation sources . The Basis
of beam diagnostic devices using a laser is that the
threshold for photo-detaching an electron only
amounts to about 0 .75 eV, and that the photo-
detachement cross section rises to about 4X10 -17
cm 2 for photons ofabout 1 .5 eV (800 nm) . A
Q-switched laser (Nd:YAG) can neutralize a
signiticant fraction of the beam in a single 10 ns
wide pulse . The neutral beam maintains nearly
identical characteristics like the parent H- beam,
including size, divergence, energy, energy spread
and Phase spread . A dipole magnet can separate the

neutral beam from the H- beam to allow diagnostics
(e.g. with Multi Wire Proportional Chambers) an
the neutral beam without intercepting the high
current H - beam . A non-intercepting beam profile
monitor for H - beams is currently being developed
at Brookhaven National Laboratory . Experiments
have been performed an the BNL LINAC to
measure the transverse beam profile at 750 keV by
using a Nd:YAG laser to photo-neutralize narrow
beam slices . The laser beam is scanned across the
ion beam neutralizing those portions struck by the
laser . The electrons are removed from the ion beam
and the beam current notch is measured . The Same
method could be used to make a notch in the beam
for reducing the intensity injected into COSY. A
defined time structure can be realized, which would
be equivalent to micro-pulsing .
Particle Energy Monitor (Time-of-Flight) :
Capacitive pick-up pairs at each cryostat will be
used to ascertain the particle energy by means of
the time-of-flight between the pick-ups . Phase
measurements an the 3rd harmonics of the bunch
frequency (RF) with an accuracy of 1 degree enable
about 5 ps time resolution . Energy increment after
the accelerating cavities and the end-energy of the
LINAC in the transport beam-line are monitored in
real-time.

FCT
FC
WCM
WS
EMU
BPM
V
CPU
BLM
LD

= Fast Current Transformer
= Faraday Cup, Coaxial Faraday Cup (bunch structure)
= Wall Current Monitor
= Wire Scanner or Wire Grids (profile monitor)
= Emittance Measurement Unit (slit/collector)
= Beam Position Monitor
= Viewer (fluoresence screen)
= Capacitive Pick-Up
Beam Loss Monitor

= Laser Diagnostic ( MWPC multi wire proportional chamber, current transformer)

FCT FC WCM WS EMU BPM V CPU BLM LD
LEBT 1 1 1 1 1
RFQ- 1 1 1
LINAC
LINAC 10 10 12 10 10
Transport 1 1 1 1 4 4
Line
COSY
Straight 1 1 1 1 4 4 1
Transport
Line
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Magnetie Speetrograph BIG KARL

J . Engel, R. Jahn, K . Kruck, H . Machner, R. Maier, U . Rindfleisch, P . v . Rossen, R. Tölle,
GEM- and MOMO-Collaboration

Modifications and additions have been made to the BIG
KARL experimental area to keep it abreast with
experimental demands .

A somewhat longer brealc resulted from a serious water
leak, but did not interfere with the regular scheduled beam
time .

The third quadruple of the entrance matching triplet had
developed a major leak in the cooling system . These
quadrupoles are high performance magnetic lenses that are
capable of achieving poletip fields up to 1 .3 Tesla. As a
consequence the copper coils have to be run with very
high current densities up to 40 A/mm' . The narrow
channels of the hollow copper conductors need
subsequently a high water flow, which for this reason is
very turbulent . Such a condition highly nurtures corrosion,
and in combination with the relative thin walled
conductors, leaks . Two leaks had already appeared close
to the terminals in the year before . lt was possible to
repair them at that time with rubber pads being pressed
against the conductor with a fixture. The new leak was of
a more severe kind as it appeared deep in the middle of
the epoxy resin covered coil . This made a simple repair
impractical .

The entrance quadrupoles originated from DESY and
were acquired partly from DESY and partly from CERN.
Anticipating possible fxure problems spare quadrupoles
had been stocked. This gave us the option to replace all
three damaged coils of the third quadruple . After
complete disassembly, the damaged coils have been
exchanged against defect-free coils . Reassembly and
recommissioning were performed successfully .

New wire chambers with high spatial and time resolution
were ordered to resolve 7Li and 7Be in the focal plane of
the spectrometer . These detectors are based an the
avalanche principle using delay line coupled wires to
extract the position information and are intended to
operate with a gas pressure of 20 mbar inside a large
vacuum chamber to minimize the effects due to multiple
scattering . Although scheduled for delivery in this year
insufficient wire quality has delayed their completion .

A new focal plane Cerenkov detector was designed and
build by the HIRES collaboration for the focal plane to
study exotic quark states according to the proposal of ref.
1 . In a December run this detector underwent a first test
done parasitically to the GEM isospin breaking

experiment to evaluate the potential for pinn suppression,
an important prerequisite to later filter out kaon events.
The MOMO collaboration had a short run to fmalize its
program measuring the data for the two-kaon production
based an the reaction pd ~ 3He K+ K- by taking events
being within 2 MeV of the d)-threshold . Measurements
that close to the threshold were enabled by the high
luminosity reached at this target station after carefully
optimizing the ultra slow extraction of the COSY cooler
synchrotron . A preliminary analysis produced a cross
section of 0 .6 nbarn at this energy . Data reduction is in
progress to complete the assessment of the entire dataset
accumulated for this reaction .

GEM did successfully conduct final measurements to
complete its data concerning the isospin breaking . The
symmetry violation was studied measuring the reactions
p+d- 3H+7z+ andp+d-> 3He+7[o . 3Heand 3Hwere
recorded simultaneously, the first in the main focal plane
and the latter at the side yoke of dipole D1 to eliminate
uncertainties stemming from target thickness and/or beam
normalization . The expernnental refmements worked out
in the previous runs made it possible to reduce the
influence of any background to füll satisfaction .

The data measured for a precision determination ofthe eta
mass have gained just recently an enormous interest as in
the meantime a measurement has surfaced that claims to
be in contradiction to the value publised by the Particle
Data Group . The BIG KARL spectrometer is, due to its
specifications, formidably suited to best the published
errors of this important quantity . At a workshop held to
highlight essential experiments which should be
performed at the spectrometer having no equal elsewhere
a scheme was developed to eliminate for instance errors
connected with the uncertainty of the beam momentum
and the precise B*rho-value of the spectrometer (ref. 1) .
The analysis ofthe data is in progress .

Details concerning the topics mentioned are found
elsewhere in this report .
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Since August 2001 the modified laws
governing radiation protection and safety
are in effect . Their thorough revision has,
as expected, led to some strong
modifications . Although the thresholds
for the different radiation protection areas
(closed areas, controlled areas and
supervised areas) were lowered by a factor
of 2 .5, there was no necessity to change
the radiation protection areas inside and
outside the IKP, because a certain safety
margin had already been built into during
the original planning . In table 1 the new
thresholds are shown in comparison to the
old values .

Another requirement of the new radiation
protection ordinance is, that the effective
dose of not occupationally exposed
persons, staying in supervised areas must
not exceed 1 mSv per year . This condition
can be fulfilled too, as evidenced by our
accounting of radiation levels done in
previous years .

Another potential difficulty in connection
with the new radiation protection
ordinance is, that we have to renew the
existing license to run COSY if we need
to make changes to the accelerator or
experiments .

Table 1 : New thresholds for the different
radiation protection areas in comparison
to the old values .

In order to allow access to the inner area
of the COSY accelerator during its
operation the local dose in the inner hall is
permanently monitored for each

Radiation protection

O.Felden, J.Göbbels, K.Krafft

individual of the group of persons having
the right to access this area. The
maximum accumulated dose must not
exceed 1 mSv per week during the
presence of those persons in the inner part
of the COSY hall . This dose is being
measured with eight neutron monitors
installed at the access doors to the
accelerator ring and one neutron monitor,
installed at the roof shielding of the
COSY ring. The first neutron monitor
NM1) is located at the access door under
the staircase that leads to the inner halt,
NM2 at the experiment COSY11, NM3 at
the electron-cooler, NM4 at the
experiment ANKE, NM5 at the beam
extraction, NM6 at the beam injection,
NM7 at the experiment PISA and NM8 at
the experiment EDDA.
The dose is measured permanently with
the radiation surveillance system and the
data is stored continuously in the personal
safety system (PSA) . Persons entering the
inner hall must give notice of therr
entrance as well as therr leave to the PSA
via a magnetic strip card . The members of
the group having the right for access wear
in addition a film badge for neutron
dosimetry .

The annual dose for each neutron monitor
as well as the doses for the four quarters
of the year are shown in the figure below.
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new
thresholds

ld
thresholds

closed area 3 mSv/h 3 mSv/h
controlled area 6 mSv/a 15 mSv/a
su ervised area 1 mSv/a 5 mSv/a
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NESSI-Collaboration : C.-M . Herbach, D. Hilscher, U . Jahnke, V Tishchenko (HMI-Berlin) ; A . Letoumeau,
A . Pegbaire (GANIL-Caen) ; D . Filges, F. Goldenbaum, K. Nünighoff, N . Paul, H . Schaal, G . Sterzenbach,
M . Wohlmuther (FZ-Jülich) ; L . Pienkowski (Univ. Warsaw) ; W.U . Schröder, J . Töke, (Univ. Rochester)

Neutron multiplicity distributions in proton induced spalla-
tion reactions are a sensitive test of models describing such
reactions . Previous measurements [1-3] studied in particular
the neutron multiplicity distributions from thick targets thus
providing a bench mark test of several high energy trans-
port codes [4] . For testing the modeling of the primary intra
nuclear cascade (INC) experimental data an thin targets are
needed. Neutron multiplicity data are particularly important
tot deducing the excitation energy in peripheral reactions an
heavier targets where little or no charged particles are emit-
ted.

Neutron Multiplicity Mn

Fig. 1 : Measured (9) and calculated (histogramn) neutron mul-
tiplicity distributions . The calculated distributions are
shown before (dashed histogram) and alter folding
with the neutron energy dependent detection efficien-
cies (shaded histogram) . Note the different M�-scales
for the left and rightpanels .

Here we report an systematic measurements of 1 .2 GeV Pro-
ton induced spallation reactions an a large variety oftargets :
Al, Fe, Ni, Cu, Zr, Nb, Ag, Ho, W, Au, Pb, and U. The tar-
get thicknesses ranged from 0.1 to 1 .0 g/cm2 corresponding
to reaction probabilities between 1 and 5 x 10-3 and conse-
quently a negligible probability for secondary reactions . Ort
the other hand the target thiclmess was large enough that
the background contribution of spurious reactions outside the
target was as low as 1 .5 to 6% with an inelasticity threshold

Neutron Multiplicity Distributions for 1.2 GeV p + Al . . .U
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of about 2 MeV This background was carefully measured
separately with no target in the beam and subtracted from the
measured distributions .
In Fig . 1 the measured neutron multiplicity distributions are
compared with calculations with the INCL2 .0 code [41 cou-
pled with the GEMINI [4] evaporation code. In order to com-
pare the calculated with the measured distributions the calcu-
lations were folded with the neutron energy dependent effi-
ciency ofthe neutron detector BNB.
Generally the INCL2.0 calculations agree very well with the
measured distributions . For beavier targets and low neutron
multiplicities there exists a discrepancy between experiment
and calculations . A similar discrepancy was reported previ-
ously [31 and was ascribed to the sharp cut off modeling of
the nuclear density distribution in INCL2 .0 .

.. .. . . . . . . . LAHET/ORNL
-- - LAHET,/RAL
-INCL2.0+GEM1N1

NESSI-2001, prel .
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Fig . 2 : Experimental (*) and calculated (lines) mean neu-
tron multiplicities as a function of the target atomic
number ZT for 1 .2 GeV proton induced spallation re-
actions . The measured mean multiplicities have been
corrected for detection efficiency.

A good agreement with model calculations is observed tot
the mean neutron multiplicities as shown in Fig . 2 . The
measured mean neutron multiplicities have been corrected
for detection efficiency . The detection efficiency is obtained
by exploiting the neutron energy distributions as calculated
with INCL2.0 and GEMINI . The LAHET calculations are
shown for two different options of the employed Coulomb
barriers (ORNL, RAL) [4] . The LAHET code tends to
over predict the neutron production in beavier targets while
INCI,2.0+GEMINI agrees with the experimental results very
well except for Al and U .
This work was supported by the HGF-Strategiefonds project
"R&D tot ESS", the French GEDEON project and the EU
TMR-project ERB-FMRX-CT98-0244 .
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Systematics of Energy Dissipation in GeV Proton-Nucleus Reactions

NESSI-Collaboration : C.-M . Herbach, D . Hilscher, U. Jahnke, V Tishchenko (HMI-Berlin) ; J . Galin,
A . Letourneau, B . Lott, A . Peghaire (GANIL-Caen), D . Filges, F . Goldenbaum, R .-D . Neef, K. Nünighoff, N . Paul,
H . Schaal, G . Sterzenbach (FZ-Jülich) ; L . Pienkowski (Univ. Warsaw) ; W.U . Schröder, J . Töke (Univ. Rochester)

The NESSI-experiment combines two 47u detectors for neu-
trons and charged particles : the large spherical scintillator
tank BNB (Berlin Neutron Ball) housing in its interior vac-
uum chamber a spherical array from 158 independent sili-
con detectors, the BSiB (Berlin Silicon Ball) . These detec-
tors register for each initiated reaction virtually all light par-
ticles which are evaporated from the excited target remnant
in course ofits de-excitation . The occurrence ofthe reaction
itself is recognized with a very low threshold an inelasticity
by the prompt scintillation light which it creates in BNB .
From the knowledge of the multiplicities of neutrons
and light charged particles in the evaporation cascade we
deduce[1] event-wise the amount of thermal excitation cre-
ated in each reaction and therefrom we assemble the excita-
tion energy distributions which are shown in Fig . 1 for p+Au,
as an example, and three incident energies, EP= 0 .8, 1 .2 and
2.5 GeV The differential cross sections d6/dE* are quotedin
absolute units since the number of incident protons as well as
the number of induced reactions have also been gathered in
the experiment.
The dß/dE*-distributions are rather broad and exhibit the
typical 'horse's back- and -tail' shape with the Gaussian-like
contribution from central collisions and the low-E* compo-
nent decreasing from low E* towards higher E* from periph-
eral collisions . The distributions extend to higher and higher
excitation with increasing proton energy.
In Fig .l we confront our data with simulations from two
intra-nuclear cascade models, LAHET[2] and INCL[3] . lt is
obvious that, while the INCL model provides a good agree-
ment with the experiment at all bombarding energies, the
LAHET-code instead largely overestimates the cross section
at highE* for higher incident energyEp.

Distribution ofExcitation-Energy E at p(GeV)+Au

Fig. 1 : Cotnparison ofexperimental (dots) and calculated ex-
citation energy distributions for p+Au at Ep 0.8, 1 .2
and 2.5 GeV The calculations have been performed
with INCL[3] (dark histograin with shaded area) and
with LAHET[2] (light histogram) . lt is noteworthy
that the E*-scale changes from panel to panel .

In order to provide an overview of the evolution of the E*-
spectra with increasing bombarding energy we consider the
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average excitation energy <E*> produced in each reaction .
More specifically, we show in Fig.2 as a function ofEp the
ratio <E*>/E, which quantifies the efficiency ofenergy dis-
sipation. Apart from the data for the p+Au reaction we have
added first results with a much lighter target, Fe as an ex-
ample, and once more we compare with the result ofsimula-
tions with INC-models. The experimental data <E*>IE,, for
p+Au decrease rapidly from 21% at 0 .8 to only 11 .5% at 2 .5
GeV, while <E*> would still increase slowly from 170 to
290 MeV The INCL-prediction follows this decrease very
closely, as does the calculation with the model from Gol-
ubeva et al . [4] .

30
ö
aW 25
n

20

15

10

p(GeV) + Fe

	

p(GeV) + Au

NESSI

- W;T

Golubeva

2 3 4
Fp (GCV)

Fig . 2 : Evolution ofthe energy dissipation, expressed by the
ratio <E>/E� in the two reactions p+Fe, Au with
bombarding energy Ep . Experimental data are shown
as dots, results of calculations by lines .

The LAHET-simulation, however, provides good agreement
with the experiment only at low incident energy, while at
high Ep Fig .2 now reveals the füll extend, i .e . a factor
of 2, of discrepancy between the INC models . A closer
inspection[l, 5] ofthe INC predictions shows that the overes-
timation ofthe deposited excitation energy in LAHET corre-
lates with an underestimation of the energy of directly emit-
ted pions as well as nucleons .
This work was supported by the HGF-Strategiefonds project
"R&D for ESS", the French GEDEON project and the EU
TMR-project ERB-FMRX-CT98-0244 .
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The investigation of composite-particle emission in spalla-
tion reactions has been pursued in detail with the help of
the complementary tools of the NESSI experiment . On the
one hand, the 4n coverage for neutron and light charged par-
ticle (lcp) detection allows an event-wise determination of
the excitation energy E* of the heated target nucleus, an the
other hand, a set of six low-threshold telescopes providing
A and Z identification for the lcp (essentially H, He and Li
isotopes) allows a precise characterization of all these parti-
cles as a function of E* . The experimental multiplicities for
lcp's, ranging from p to 7Li are shown as function of E* in
Fig .l and are compared with the result of a two-step simu-
lation including an intra-nuclear cascade model, code INCL
[1], followed by a statistical decay, code Gemini [2] .

Emission of Composite Particles in the 2.5 GeV p + Au Spallation Reaction

Excitation energy (MeV)

Fig . 1 : Comparison ofexperimental (symbols) and calculated
(solid lines) multiplicities ofvarious H, He and Li iso-
topes as function of the excitation energy E* . A two
step model, INCL [l] combinedwith Gemini [2], has
been used for the calculation which, however, does
not allow for pre-equilibrium emission of composite
particles . For protons direct emission is suppressed
here for comparison.

This simulation which is restricted to evaporation can cer-
tainly not account for the observed yield of most particle
species at low E* . The discrepancy between experiment and
simulation is narrowing down, however, with increasing E* .
At high E* some particles (e .g . ZH, 'H, 4He,'Li) are mostly
issued from a statistical emission, whereas others ( 1 H or 3 He)
are emitted both, prior and past to the attainment of ther-
mal equilibrium. Among all particles the two neighboring
isotopes of He, 'He and 4He, exhibit extreme behaviors : the
strongly bound 4He is shown to be almost exclusively evap-
orated whatever E*, while'He is mostly of non-evaporative
character whatever E*, with at best 50% ofevaporative com-
ponent at high E* .
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This comparison thus reveals the strong deficiency of the
intra-nuclear cascade models which do not consider pre-
equilibribum emission of composite particles, direct emis-
sion prior to evaporation being a common feature of all
ejected particles . Direct emission amounts to 61, 44, 34, 68
and 11 % ofthe total emission for the most abundant lcp's : p,
d, t, -'He and 4He, respectively.
The non-evaporative component of 3 He, together with that of
ZH and 3H has been satisfactorily accounted for by building
up composite particles by coalescence during the INC pro-
cess [3] .
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Fig . 2 : Doubly differential cross sections for the emission of
-'He, observed at 0= 30°, 75°, 105° and 150° and for
five bins in E* (from top to bottom : E*= 0-220, 220
370,370-470,470-570, >570 MeV). The experimen-
tal data are indicated by dots, the simulation which
now includes coalescence is shown as lines . A scal-
ing factor 10`, i= 0- 4 has been applied to the spectra
in each panel, beginning with i= 0 at the bottom .

In Fig .2 we show for 'He that not only the integrated cross
section can thus be reproduced but also the doubly differen-
tial ones (at 4 emission angles) for several E* bins . While a
similar good agreement is reached also for d and t, the coa-
lescence concept in its present version seems to fail for the
strongly bound 4He .
This work was supported by the HGF-Strategiefonds project
"R&D for ESS", the French GEDEON project and the EU
TMR-project ERB-FMRX-CT98-0244 .
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During the Aast many experiments provided a huge set of
production cross sections data in proton induced spallations
reactions . Unfortunatelly among collected data there are not
many cross sections for production of the lightest isotopes
such as hydrogen or helium . A collections of such data for
proton induced spallation processes in a wide energy range
(up to several GeV) an thin targets will allow to test the va-
lidity and improve the predictions ofINC (Intranuclear Cas-
cade) and evaporation models currently available an the mar-
ket. Such data are also very important and essential for as-
sessment of material damage due to gas production and aris-
ing swellings or embrittlement. All this processes are very
important for ESS (European Spallation Source) target con-
stractions .

This was the motivation to start at the beginning of this
year the creation of a data base for hydrogen and helium
production cross sections in the framework of the RIN-
DAS project (High and Intermediate energy Nuclear Data
for Accelerator-driven Systems) . Now this data base is
a compilation of experimental cross sections for proton-
induced isotope production at energies from a few MeV to
10 GeV There are also some data for energies up to 30
GeV Presently, for proton-induced reactions, this compila-
tion contains about 15,000 data points, for 38 targets of 50
elements . All data are derived from avaliable literature and
private communications .
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Fig . 1 : Example 1 of data available from the data base : total
cross sections for He isotopes production as function
of incident proton energy.

Each record of the data base contains the following infor-
mation : target, atomic mass ofthe target, atomic number of
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the target, proton energy ofthe projectile [MeV], error ofthe
proton energy [MeV], type of ejectile, atomic mass of the
nuclide, atomic number ofthe nuclide, total production cross
section [mb], error ofthe production cross section [mb], an-
gle, references, comments .
The whole database was orginally written in "excel for-

mat" (Microsoft Excel) and in this format is further de-
veloped. Actually this database is also availabe for users
through the Web under address :

www.nuph.us.edu.pl/"pisa/baza/sign.html

in order to make the data base accessible through the web
it was transfered to raw ASCII format.
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Fig . 2 : Example 2 of data available from the data base : total
cross sections for Li isotopes production as function
ofincident proton energy.

The users have two possibilities to select the data through
the web page . So called simple selection and second one,
more detailed, with more additional options . In the first case
selection is available only under one condition (e .g . 'Tar-
get' or 'Proton energy ofthe projectile') . In the second one,
there is possibility of the selection under a few conditions
(e.g . 'Atomic mass of the target' and 'Atomic number of

target' and 'Type of ejectile') . After applaing selection the
data will be displayed in web page forinat . Downloading the
selected data is possible as well . The downloaded file is in
ASCII format . The library is continuously in progress and
frequently updated .
This work is supported by the BMBF-Verbundforschung,
the EU-LIFE program, the EU RINDAS project FIS5-1999-
00150, and the EU TMR project ERB-FMRX-CT98-0244 .
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Tbc first run at 1 .9 GeV incident proton energy and Au
target was undertaken in August 2001 with the aim to test
all experimental equipment, and to take first data of proton
induced spallation reactions . Tbc detecting arms [I] con-
sisted of two multichannel plates working as a START and
STOP detector for the time-of-flight measurement, a Bragg
curve detector followed by three silicon detectors of 100, 300
and 4900,um thickness for particle identification and kinetic
energy measurement, and a set of double layer scintillation
detectors ("phoswich") .

lt was expected that the TOF plus Bragg curve detectors
provide identification of light heavy ions with mass up to 20
- 30 and kinetic energy starting from less than 1 MeV/amu .
Unfortunatelythe experimenthasbeen stronglyhamperedby
the unexpected breakdown of a foil in the Bragg curve detec-
tor. Consequently only a part of the detecting system was
tested . Here we present results obtained for two silicon de-
tectors (100 and 300,um) working as a telescope .
Tbc light ejectiles (ZG7) were clearly visible in the coin-

cidence spectra in the energy range given in the table below.
Excellent Z identification has been achieved whereas only

moderate A identification has been possible (c£Fig.1) .

The first results from PISA experiment

Fig . 1 : Histogram of coincidence events for light heavy-
ions withZ=2-5 registered by Si-telescope - obtained
by projection of two-dimensional spectrum AE(Sil)-
E(Si2) onto the AE(Sil) axis .

In Figs 2 and 3 the spectra of He and Be particles are pre-
sented as examples . For these two elements instability of
5 He and 8 Be allows for very good separation of 6 He and 7Be
from other isotopes . This enabled also to estimate the typical
width ofpeaks in the spectra andthus allows to continue sep-
aration of other isotopes by fitting of Gaussian curves with
fixed width parameter .

lt is visible in Figs . 1 and 2 that separation of particles
originating from ejectiles differing in the mass number by
1 unit is, in principle, possible even with silicon telescope
alone . However, strong overlapping of Gaussian peaks calls
for some improvement of the detecting system . Tbc mass
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U
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Fig. 2 : Tbc Same histogram as in Fig . 1 but for He - ions .
Solid lines Show the Gaussian peaks fitted to the his-
togram .

number identification can be significantly improved by in-
creasing the energy resolution of silicon detector telescope
and/or by adding independent information from time-of-
flight (TOF) detectors . Tbc former idea will be applied in
the forthcoming experiments by cooling the silicon detectors
to N -20"C to improve their energy resolution in comparison
to presently achieved of about 7% . As discussed in a sep-
arate contribution to this Annual Report this should enable
good mass resolution of light heavy ions (up to A - 16) by
silicon telescope alone and allow to measure spectra ofthese
ions in energy range ,~ 3.5 MeV/amu - 50 MeV/amu . Tbc
ions with larger mass number and energy in the above range
will be stopped in the gas of the Bragg-curve detector or in
the first Si-detector of the telescope and therefore cannot be
identified by Si-telescope itself. The previous tests of the
Bragg curve detectors and phoswiches [2] showed that they
allow to achieve a good energy resolution for the lowest and
the highest energies oflight ejectiles, respectively.

This work is supported by the BMBF-Verbundforschung,
the EU-LIFE program, the EU HINDAS project FIS5-1999-
00150, and the EU TMR project ERB-FMRX-CT98-0244 .

[1] I KP Annual Report 1999, p . 175-176
[2] I KP Annual Report 2000, p . 172-173

Fig. 3 : Tbc saure histogram as in Fig.2 but for Be - ions

Ejectile He Li Be B C
E�,;� / MeV 12 25 40 50 65
E��x / MeV 30-[690190 125 155
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It was planned to use in PISA experiment - devoted to
investigation ofproton induced spallation of nuclei - Bragg-
curve detectors combined with time-of-flight measurement
by 2 multi-channel-plates (MCP's) for particle identification
and their energy determination [1] . Additionally the tele-
scopes of 3 Si detectors and phoswiches are planned to be
applied for detection of high energy light heavy-ions .

In the table below we present estimation of the energy
range of ejectiles for two versions of the detecting system :
1) the system consisted of 2 MCP's, Bragg-curve detector
(BCD), and telescope of 3 Si detectors ofthickness 100,um,
300ym, and 4900,um, and 2) the Si telescope itself. The
minimum energies of ejectiles which allow their identifica-
tion are shown in the 2nd and 3rd column for the first and
the second system, respectively . In both cases the maximum
detection energy or to be more precise the punch through
(4th column of the table) is determined by thickness of Si
telescope . For heavier ejectiles the BCD is crucial für de-

tection of the main part of the evaporation spectrum which
is concentrated at energies close to the Coulomb barrier of
ejectile-residual nucleus system . Furthermore, the BCD can
serve as AE detector for ejectiles which are not stopped in
the gas of BCD and give also signal in Si detectors . In Fig .
1 the coincidence spectra of energy registered in BCD ver-
sus energy deposited in first two Si detectors of thickness

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Energy loss 1n S11+Si2 (400~IIn) [MeV]

Fig . 1 : Energy loss in BCD versus energy loss in the Ist and
the 2nd Si detector für light heavy-ions with Z-2-5 .

Bragg-curve and silicon detector telescope for PISA
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of 100 um and 300,um as calculated with the program pack-
age GEANT are presented. The discontinuities visible an the
smooth lines of energy(BCD)-energy(Sil+Si2) dependence
appear because of presence of the gas (isobutane) between
Sil and Si2 detectors . In Fig . 2 and Fig. 3 the coincidence
spectra are presented obtained from two Si detectors (with-
out taking into account information obtained from the Bragg
curve detector) . The lowest energy detected in BCD or in
the first Si detector which still allows for distinguishing true
signal from the detector noise is marked by a small arrow in
Figs . 1 and 2 . In all cases the following energy resolution
of detectors was assumed ; 2% for BCD, 4% for 100 um Si,
and 2% for 300 um and 4900 um Si . It is planned to use in
experiment the silicon detectors cooled to temperature � z~ -
20"C what should enable to get energy resolution even better
than assumed fiere. Thus it can be concluded that using such
a telescope it is possible to identify Z and A ofejectiles to at
least - A=16 .

This work is supported by the BMBF-Verbundforschung,
the EU-LIFE program, the EU HINDAS, and the EU TMR
project .

Fig . 2 : Same as in Fig.1 but for energy loss in the Ist Si (100
um) vs energy loss in the 2nd Si detector (300 um) .
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Energylossin bi3(4900prn)[MeV)

Fig . 3 : The same as in Fig . 2 but for the second pair of silicon
detectors (300 um and 4900 um) .
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[1] IKP Annual Report 1999, p . 175-176

Ejectile Emin(MeV) Emax(MeV)
l'x system 2" system both systems

Proton 5 5 30
He 5 12 130
Li 8.5 25 250
Be 11 40 400
B 12 50 530
C 15 65 700

"'Ne 25 150 1550
35 240 2600
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In contrast to the ESS reference design [1] with
four moderator positions the geometry for the long
pulse target station provides only two moderators, an
ambient temperature water moderator and a liquid
para-H2 moderator at 20 K. The thickness of the mod-
erator is 5 cm . In case of the cold hydrogen moderator
an extended water premoderator with a thickness of
2.5 cm is used . As a target a liquid Hg target -same
as in the short pulse target station- was choosen . Also
the reflector material (Pb with 15 Vol.-% D20 and the
dimensions (180 cm in diameter and height) are equal
to the design of the short pulse target station .
The Monte-Carlo simulations are performed with
MCNPX-code [2] . The obtained neutron flux- and
current densities for an ambient water- and a cold
para-H2-moderator for the above mentioned geometry
are listed in Tab . 1 . The influence of several parameters

Table 1 : Peak und a~oerage ther rrcal (E<0.431 e V) neu-
tron flux- und current densities .

was also studied . Fig . 1 gives an impression of the
influence of different reflector materials an the neutron
current density. It can be seen that the highest current
can be achieved when using a Be-reflector instead of a
Pb-reflector . The maximum current of a Be-reflector is

lE15

Investigations of the Neutronic Performance of the ESS Long Pulse Target Station

Fig . 1 : Time distributions of thermal neutron current
densities for different reflector materials. In this
case a liquid H2-moderator was used .

35 % higher than for a Pb-reflector . But the decay time
will be much longer as compared to Pb . The decay
constant of a graphite reflector with 153 lcs is between
Be with 198 lrs and Pb with 95 ps . The advantage of
the Pb reflector is the long period of constant neutron
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Neef, K . Nünighoff, Ch . Pohl, G . Sterzenbach,

current during the pulse and a short decay time . In a
further parameter study the influence of the moderator
thickness was investigated . Extending the thickness
of the para-H2 moderator leads to an increase of the
neutron current .

The possibility of a flux-trag target at ESS was in-
vestigated . In this case the target is splitted into two
parts and the moderators are positioned at the gap be
tween the front and back target [3, 4] . In contrast to
the LANSCE [3] design with four moderators surround-
ing the gap ESS can only use two moderators . This is
due to the horizontal beam instead of a vertical beam
impinging an the target . Thus a four moderator design
with its gain due to the interaction of all moderators is
not feasible at ESS . As can be seen in Fig . 2 the flux-
trap target yields a 10 % higher neutron flux density as
compared to the above described reference design (wing
geometry) . But the technical effort to operate such a
target is unjustified .
This work is partly supported by the TMR program of
the European Community under contrast No .:FMRX-
CT98-0244 .
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Fig . 2 : Comparison of a flus-trap (open circles) and a
wing geometry (solid line) .

	

The neutron flux
densities inside a premoderated para-II2 moder-
ator are plotted .
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The neutronic performance of the the short pulse
target station as described in [l] was investigated in
more detail . In contrast to [1] all values are calculated
for a perturbed system including e.g. beam holes . This
modification leads to lower neutron flux- and current
densities . The average and peak values are listed in

Table 1 : Peal und average thermal (E<0.431 eV) neu-
tron flux- und current densities for the coupled
moderator setup .

Tab . 1 .
The simulations were performed for an ambient tem-
perature water moderator and a 20 K cold liquid
para-H2 moderator . As a reflector a pure Pb cylinder
wich a diameter and height of 180 cm was used . For
both moderator types a coupled ; decoupled, and a
decoupled-poisoned setup were considered and the
wavelength dependence of the neutron current and
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Fig . 1 : Time distributions of the neutron current density

for 4 und 10 Ä for the three different hydrogen
moderator setups .

peak width was investigated . As a decoupler a 1 mm

214

thick Cd-layer was applied to decrease the pulse width .
Further decrease of the pulse width can be achieved by
additionally poisoning the moderator with a 0.5 mm
thick Gd-layer in the midplane of the moderator . The
influence of the different configurations an the time
distribution of the neutron pulse are shown in Fig . 1
for a para-Hz-moderator for two wavelengths . The
pulse width FWHM can be reduced to 69 % (61 %)
for 4 A (10 A) when decoupling and poisoning the
moderator . The decrease of the neutron current density
when decoupling er poisoning the moderator -which is
in an order of a factor 3- can also be seen . Further the
broadening of the peak width for longer wavelength
is evident . Fig . 2 gives an impression of the pulse
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Fig . 2 : Neutron pulse widths (FWHIII as function of
wavelength for the three different hydrogen mod-
erator setups . Legend sec Fig. 1 .

width as a function of the wavelength for the three
H2-moderator configurations .
One of the interesting points is the feasability of poison-
ing in a real system . This has a strong impact an the
expected life time of the poisoning layer inside a cold H2
moderator which will burn up due to nuclear reactions .
To estimate the burn-up of a Gd-layer a neutron
flux (Dth=5 .1013 n/cm2s at the poisoning surface was
calculated . The neutron absorbing isotopes are 155Gd
and 1s7Gd with a density of 4.6 .1020 atoms per cm2 .
Assuming that all neutrons are absorbed in one of these
isotopes the estimated lifetime -including breeding of
1ssGd and 117Gd- is about 106 days .
This work is partly supported by the TMR program of
the European Community under contract No .:FMRX-
CT98-0244 .
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LA-UR-97-4891, Los Alamos National Laboratory
(1997)
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Water 1.31017 2.31016 3.11014 4.21013



for the JESSICA-Collaboration : V . Bollini, A . Bubak . D . Filges, F . Goldenbaum, R.-D . Neef, K . Nünighoff,
N . Paul, Ch . Pohl, D . Prasuhn, H. Schaal, G . Sterzenbach, M. Wohlmuther (IKP) ; H . Conrad (IFF) ; H . Soltner,
H . Stelzer (ZAT) ; H . Tietze-Jaensch (ESS-CPT) ; B . Haft, W. Ninaus (TU-Graz) ; A . Smirnov (JINR-Dubna)

At the JESSICA experiment measurements with am-
bient temperature water and polyethylene moderators
were performed . In the firnt phase the JESSICA experi-
ment was used to measure the time of flight spectrum of
the neutrons leaving the moderator surface . The shape
of the time of flight spectra of the thermal neutrons was
compared with MCNPX [1] simulations . As can be seen

L
L

" Cv
A
k
a

c0

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Neutronic Investigations of Moderators with JESSICA

IIIrNYIII I I I

	

I

	

'~~I'9V1'LiA
0

	

500

	

1000 1500 2000 2500 3000 3500 4000 4500 5000

Time t (us)
Fig . 1 : Comparsion of the thermal neutron tune offlight

spectra between experirnent (open circles) and
MCNPX (solid line). The peak values of the
graphs are normalized to one .

in Fig .l both are in very good agreement . At the mo-
ment the comparison of absolute values is not possible
because of difficulties in the determination of the exact
number of protons per pulse and number of neutrons
per pulse (efficiency, deadtime) .

In the second phase a pyrolitic graphite crystal and
a second neutron flight path perpendicular to the firnt
flight path were installed . The

neutrons scattered at the crystal allow to study the
time structure of the neutron pulses at several wave-
lengths . The sensitivity of the experiment to measure
changes in the pulse width of the neutron pulse was
demonstrated with a polyethylene moderator . When
de-coupling and poisoning the moderator a decrease in
both pulse widths and peak intensities was observed .
For example the pulse width FWHM at 2 .37 A is 79.3 ps
for a coupled polyethylene moderator and 70.7 ps for
de-coupled poisoned one . A first test with a simple liq-
uid nitrogen cooled ice moderator was performed . In
Fig . 2 the time of flight spectra of the scattered neu-
trons are shown . It can be Seen, that relative to the
ambient water moderator the peak intensity increases
at longer wavelengths for the ice moderator . From the
time of flight spectrum the moderator temperature can
be determined by transforming the data from ¢(t) to
O(v)/v3 and t to v2 . From the semi-logarithmic graph
of O(v)/v 3 versus v 2 the gradient of the regression line
gives the moderator temperature . For an ambient tem-
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perature water moderator the experimental data results
to a moderator temperature of 307 K which is slighlty
higher than the real temperature of about 295 K. The
moderator temperature derived from the ice moderator
is 147 K. Fig . 3 Shows the different regression lines for
both moderators .
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Fig . 2 : Regression lines for an ambient water moderator
und a cold ice Lest moderator at liquid nitrogen
temperature.

These experiments demonstrate the feasibility of
the JESSICA experiment to investigate the neutronic
performance of advanced cold moderators . In the next
beam times an ice moderator and a methan-hydrate
moderator at X20 K will be studied .
This work is partly supported by the TMR program of
the European Community under contract No .:FMRX-
CT98-0244 .
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1 Introduction
Since the ESS Technical Report [1] was published in
1996, the project goal has been modified . A new 5MW
long pulse target station (LPTS) of 16.67Hz repetition rate
and 2.5ms duration is added to take the beam directly from
the Linac, and the original lOHz target station is taken out
as well as the muon target in the beamline to 50Hz short
pulse target station (SPTS). Therefore, a new beam
transfer system to the targets has been studied. The beam
sizes at the targets should be in both cases 200mm
(horizontal) and 60mm (vertical) . The beamlines to these
target stations have to be designed to accept 5MW beam
Power with different beam characteristics at the entrance .

2 Beamline to the Long Pulse Target Station
Two different types of ion sources (H- and H+ sources) for
the LPTS are under consideration . Therefore, the
extraction scheme to the LPTS has to be designed to
accept both types of beams .
A kicker and two bumpers are used for fast switching
between long pulse beam and short pulse beam . In the case
of long pulse beam also in H-, two strippers are inserted to
convert the H- beam into H+ beam in the line to LPTS,
whereas in the case oflong pulse beam in H+ no stripper is
used. The bumpers bend the H+ beam back into the linac
axis . The two strippers in the switchyard to LPTS are very
important, perhaps as critical as the one for ring injection.
They have to assure nearly 100% conversion of H- beam
into H+ beam . Since there is a section of emittance blow-
up downstream, the beam halo created by H° and H-
beams after the Frst stripper can be kept in the main beam .
The linac beam dump is along the linac axis an the same
vertical level. This makes the linac commissioning and
beam setup easier and safer because the kicker and the
bumpers are switched offto dump both types of beams.
The LPTS is located horizontally along the linac axis an a
different vertical level . The beam is lifted in an achromatic
vertical bending section by 4.3m from the linac level
(2.8m below ground) to the target level (1 .5m above
ground) . A long section consisting of many modules
(about 10 to 20) of quadrupoles and sextupoles is under
study to blow up the transversal emittance from less than
1.O7rmm.mrad to more than l07mm.mrad with gaussian
distribution . This procedure is very important to get the
required beam profile stability at the target .

Figure 1, Beta functions and dispersions for the LPTS
beamline

Preliminary Design of ESS Target Beamlines

J.Y . Tang, A . Lehrach, R . Maier, S . Martin, S . Schwenke
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3 Beamline to the Short Pulse Target Station
The design of the beamline from the rings to the SPTS is
based an the work done by V. Ziemann [2] with some
modifications . Since the emittance is as big as
307zmm.mrad (r.m.s) and nearly equal in the horizontal and
vertical planes, the 90° FODO design is a good solution
for the main focusing structure .
The beam merging behind the two accumulator rings is
done by bending down the beam from the upper ring with
a combination of ordinary dipole, septum and kicker
magnets . The beam dump is an the same vertical level like
to Power ring . A 45° achromatic horizontal bending section
directs the beam either to the SPTS or to the beam dump
by switching off the First dipole magnet. As in the case of
LPTS, an anti-symmetric vertical bending section lifts the
beam by 4.3m to the target station . A section of about 40m
is reserved for a possible muon target and is presently
substituted by standard FODO modules .

Figure 2, Beta functions and dispersions for the beamline
CPTR-iinnPr rinn

4 Magnets, Beam dumps and Beam Diagnostics
Ordinary rectangular dipoles, septa, kickers, quadrupoles
and non-linear magnets are used for beam guiding, beam
focusing and beam preparation . Many dipoles and
quadrupoles are powered in series to save costs and to
increase the reliability of the whole system . Some
correctors are needed for beam alignment .
There are two main beam dumps for the commissioning
and the beam set-up of the linac and the two rings . lt has
not been determined yet what kind of beam dumps will be
built : füll Power dumps of IOMW for the linac and 5MW
for the rings or only dumps of 200kW for reduced
repetition rate .
The beam diagnostics system is very important for
machine commissioning and beam set-up as well as for
safety control of the whole system . It includes beam
position monitors, beam loss monitors, beam profile
monitors and beam current monitors . We have to study
what kind ofbeam diagnostic devices can work under ESS
beam Power conditions with reasonable lifetime and low
beam interaction to avoid additional radiation .

Reference :
[1] ESS -A Next Generation Neutron Source for Europe-
Volume 111- The ESS Technical Study, ESS-96-53-M-3
[2] V. Ziemann, New Optics ofESS Target Beam Lines,
ESS-96-54-R



The funneling system allows reaching the required ESS

	

tuning and the cooling system have been tested and
beam intensity of 107 mA in peak per micro pulse, when two

	

compared with the numerical results .
identically bunched beams are merged into a single beam
with double intensi

	

Besides in case of one frequencY after
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funnelling the intensity in each bunch is lower .
Basic principle is based an the resonant method ofthe beams
funnelling in the multi-gap deflector [1] . The new idea
differs from another ones by the possibility to organize the
z -mode standing wave deviation system . The method has
the higher efficiency .

We hav

	

` types of
different H-cavities with t e quadrupole TE211 mode and
the dipole TE111 mode . They both can provide the effective
resonant merging of beams . The construction based an
TE211 mode reminds the RFQ cavity, but instead of the
modulated wanes we use the capacities connected to the
wanes by the special order . Additionally we have developed
the new construction of the funnel device, based an the
lower TE 111 mode,

	

where the

	

ratio between the cavity
radius and the wavelength is smaller.

Funneling System for the European Spallation Neutron Source ESS

Yu.Senichev, W.Bräutigam, R.Maier,
Forschungszentrum Jülich GmbH, Institut für Kernphysik,

D-52425 Jülich, Germany

Fig.2 . The different types ofmodes and eavities for beam
funnelling.

Three different cavities with 352 MHz for funneling have
been investigated experimentally . The field distribution, the

A.Barsukov, O.Belyaev, Yu.Budanov, I.Grushichev,
V.Stepanov, V.Teplyakov, A.Zherebtsov, LZvonarev,

IHEP, Protvino, Russia

The transverse electrical field in the longitudinal direction
has been calculated by MAFIA The angle and space
deviations ofbunches are determined by :
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Fig. 3 . Three different eavities forfunneling.

The beam dynamics has been calculated numerically in the
real field for the energy 5 MeV and 25 MeV.

Fig. 4 . The Phaseportrait of beam an the entrance and exit
offunneling

For both options the emittance growth does not exceed 2%
and 10% in case ofbunch frequency 350 MHz and 175 MHz
correspondently .

References
[1] Yu . Senichev and W.Bräutigam, The resonant pi-mode
multi-gap funneling and de-funneling systems, HEACC
2001, Tsukuba .



Pulsed power amplifier for ESS test of a 500 MHz superconducting cavity

In 1999 the Siemens UHF television transmitter which we
got as a loan from ACCEL Instruments, Bergisch
Gladbach, was installed . In 2000 this tube amplifier was
brought "back to life" and modified for pulsed mode
operation at the ESS superconducting test cavity . This set-
up is shown in fig. 1 .

Fig. 1 : Set-up ofthe UHF amplifier

When this amplifier was operated in Wuppertal University
before, the coaxial output of the amplifier was directly
connected to the cavity under test, which acted as a load
and the power coupler representing the antenna.
Here, we test superconducting structures under pulsed
conditions . This implies that we prevent the amplifier from
being destroyed by the power reflected from the cavity
during the filling time . Therefore a circulator, shown in fig .
2, guides the reflected power to a water-cooled load .

mr "m " y ""~~ ""mm
x """""""""" 90 " "" i

~_ """" """ r'r """ ~ : ".39
;9r@rr»."""""" 'n_---_Z ""

Km-na A mit

	

~ELM-

Fig . 2 : Detail view of circulator and support construction

H.G . Böge, W. A . Brocke*, H. Meier*, A . Schnase (IKP), H . Singer

The circulator uses ferrites, which of course results in a
temperature dependence of directivity . The operating range
of the circulator is 30°C +/- 2°C, so a controlled heater for
the cooling water increases the water temperature level to
the specified value .
During operation of a superconducting cavity, X-ray emis-
sion occurs due to the high electric Field strength . A motor
driven coaxial 2 way switch (DPDT) connects the trans-
mitter either to the cavity under test or to a water-cooled
load designed for a maximum power of 50 kW. The fourth
port of the switch serves as a test point to the cavity with
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low power . The Position of the coaxial switch is monitored
to fulfil safety regulations . The interlock assures that the
transmitter may be operated only when it drives the water-
cooled load, or when it is safe to operate the super-
conducting cavity in the concrete shielding area, e.g . all
radiation protection rules are obeyed .
The interlock of the RF transmitter also monitors the water
flow through the 3 water-cooled loads, the temperatures
and the circulator state . lf these conditions are met, the
cavity vacuum is good enough, the temperature of the
cavity coupler is not too high, the shielding area is locked,
and the coax-switch is in the right position, then the RF
may be applied to the test cavity .
This interlock is too slow to react in case of discharges .
Therefore we added a GaAs-switch which reacts in less
than 1 microsecond . This switch is combined with 4 logic
inputs . Two of the inputs protect the circulator and the
power coupler against discharges by the aid of optical
detectors . The third input is usable for pulsing the amplifier
and the fourth input is a spare . In the input signal path a
6dB attenuator helps to generate a voltage Pattern that
simulates the operation of a superconducting cavity under
beam loading conditions .
Under cw operation, the transmitter delivers 25 kW, as
specified for television operation . Under pulsed conditions
with 50 Hz repetition rate and up to 5 ms on-time, we
noticed, that the transmitter can deliver more power, but the
output power decreases during the pulse . We improved this
by increasing the capacitor value in the driver tube power
supply . With this modification, it is possible now to
achieve between 30 to 40 kW peak power.

For a given E-field in a cavity, the bandwidth is propor-
tional and the filling time is reciprocal to the available
power. To reduce the filling time from 2 to 5 ms (see [1]) at
30kW power to 0 .5ms we need around 200 to 250 kW rf
power at 50Hz repetition rate and 2ms pulse duration . For
such an amplifier we asked several manufacturers : :
Thomcast, Bertronix, and Rohde&Schwarz . Thomcast
offers a solution with either 2 UHF-diacrodes or 2 IOTs
which would satisfy our demands and could also be used
for the low-ß superconducting cavities of an ESS-Linac,
following the idea of driving one cavity per transmitter.

For the year 2001, it was intended to add a second power
coupler to the superconducting cavity . But this plan was
skipped in favour of another cryogenic vacuum vessel .

References
[1] K . Bongardt, "Pulsed Mode Operation ofthe FZJ 500 MHz sc
Cavity Teststand", IKP Annual Report 1999

* FZ-Jülich. ZEL



498 .7 MHz

Legend :
4M. 4 MHz Glock as TTL Signal
Synchronisation : 4MHz / 16 =250 kHz,
equal to IF (Intermediate Frequency)
RF: Radio-Frequency signal (for measuring)

	

Set value
LO : Local oscillator las Reference)

498.7 MHz (ESS-'lest)
160 MHz (COSY Linac)
320MHz (COSY Linac)

Q=A*sin(phi)

Fig. 2 : Analogue vector modulator

Modifying digital phase measurement from RF to UHF frequencies

The Signal generation for the synchrotron cavities of COSY
are based an DDS (Direct Digital Synthesis) concepts .
Clock rates up to 100 MHz at digital resolutions between
12 to 16bit allow direct processing of RF signals up to 40
MHz. For beam- and cavity- phase measurements at COSY
there exist proven designs which operate with Glock rates
up to 25 MHz . However, this is not enough für the
frequencies of 160/320 MHz of the COSY injector LINAC
or 500 MHz for the ESS-test Set-up of a super-conducting
5-Gell cavity .
Therefore, a frequency conversion by analogue mixers is
necessary . Unfortunately, the Performance of such mixers
for measurement purposes is difficult to predict . A small
matching error will degrade Performance, and then design
criteria are difficult to meet . Figure 1 Shows a digital
receiver, which combines digital boards already developed
at COSY with commercially available signal sources and
high-frequency components like mixers and filters .

phase- und
amplitude
modulated
signal

A . Schnase, FA. Etzkorn, H. Meier (ZEL)

Fig. 1 : Digital receiver wich 12bit ADC and 16bitprocessing

The principle of this circuit is to mix the measurement
infonnation down to an intermediate frequency of 250kHz,
and then sample and filter the result with a Glock rate of
4MHz. The local oscillator will then operate at 250kHz
offset to the measurement frequency . This frequency-offset
is created with a vector-modulator, shown in fig . 2 .

This principle of a vector-modulator can also be applied to
the control of amplitude and phase of high frequency
cavities .
The measurement of the behaviour of a cavity under bealn
loading conditions requires the processing of 3 channels,
which are shown in fig . 3 . Then the digital modules to
process the information can be arranged like in fig. 4 .

directional
poweramplitler ~/ toupier

circulator

3 complex measurements :
- P forward
-Preflected
- P transmitted

Fig . 3 : Measurement Parameters of a high frequency cavity

load

Fig . 4 : Digital processing ofmeasurements of one cavity

Finally, the components can be assembled together, and fig.
5 shows an example how a digital control system for a high
frequency cavity can look like .
Of course, some questions related to components
under investigation :

are still

"

	

The choice of the intermediate frequency (250kHz)
"

	

The selection ofa high quality ADC
"

	

The choice of mixers and vector-modulators
"
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Fig . 5 : A possible design ofa digital control system module for one high frequency cavity
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Analysis of Normal- and Superconducting Options for the ESS Low Energy Part of the
Proton Linear Accelerator

Yu. Senichev, W. Bräutigam, R. Maier, E. Zaplatin

At present ESS project is reconsidered to give the new
impulse to the development of the neutron source project in
Europe . The super-conducting option ofthe high-energy part
for the ESS linear accelerator is presently under discussion .
Sirnultaneously, the new additional option of the proton
beam long pulse is going to be implemented, what increases
the RF duty cycle up to 15 - 20%. Therefore due to the
power limit of cooling system the normal conducting
accelerator structure of the low energy part has to have the
required high shunt impedance . We have considered for the
Low Energy Part Linac (20-200 MeV) the conventional E
and H type DTL structures for 350 MHz and the super-
conducting H type structure for 700 MHz. We compare each
with another an the basis of the electrodynamics parameters
of structures and the beam dynamics analysis .

I . Normal conducting option
In the accelerator with the high duty cycle the shunt

impedance plays even the bigger role, since the structure is
restricted by the maximum possible power dissipated by the
cooling system, what brings up a question "yes" or "no" .
The maximum power losses is determined by the
construction of the structure itself and it can be varied from
10kW/m and up to 50 kW/m. To increase the shunt
impedance the outer sizes of drift tube have to be minimized
as much as possible . For that there are two possibilities : one
of them is the permanent quadrupole magnet installation
inside of the drift tubes and another is the taking out the
quadrupoles from the cavity, what means the accelerating
and focusing functions are separated. We have done the
MAFIA calculations for all these three options for 350 MHz
frequency (see fig . 1) .
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Fig. 1 : Shunt impedance ofDTL structure with 350 MHz vs
outer drift tube radius method.
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SDTL and BDTL structures
The separated DTL Alvaretz structure is the DTL structure
with the external quadrupoles located between cavities . Due
to the external placement of the drift tube is easier
optimized . Therefore the losses of power can be minimized
so significantly . However, the length of such cavity is
determined by the required transverse acceptance and it is

reasonable from this point of view to take it L = 5 - 6 Q2 .
Thus, the structure has to be divided into many resonators
and each one has to be fed by own generator . l t leads to very
expensive RF system, since each of them requires own RF
control system . Additionally the effective longitudinal
emittance grows with the number of resonators n as

n[(b9~ 2 +(sa)21

	

due RF amplitude 8A and phase 89
instabilities . The only solution is to join some number of
cavities in one module by bridges, what is called BDTL
structure . It is very compact cavity and the ratio between
cavity and drift tube radius is quite reasonable to get the high
shunt impedance . However, the cavities joined by the
bridges create the new resonant system with the own eigen
modes . Both the cavity and the bridge can be considered as
the coupled cells . These modes have to be separated to have
the uniform distribution of the field along the whole module
(cavities with bridges) . In case of z/2 mode of such
resonant system the bridge plays the role of the coupling
cell, where the field almost equals to zero and the cavity is
the accelerating cell . We have analyzed the system of four
cavities joined by three bridges by MAFIA. The results are
appeared to be not so inspirational for the longer cavity
(higher energy) . It is because the frequency difference
between z12 and 0 modes is determined by the coupler
window size a, the field in the region of window H and
the stored energy in cavity W

f2iz - fo oc a3Hz lW

	

(1)
But the stored energy is increased with growth of the cavity
length (it is proportional

	

toß) and therefore the coupling
goes down . After 20 MeV it is very significant effect.
Additionally there is another possibility to get the high-
coupled structure for the higher energy . It is CCDTL
structure, when the number of drift tubes minimized up to
one-two . However, such a structure is the tri-periodical
structure requiring the special procedure of tuning, and the
frequent separation of cavity by the transverse walls gives
the significant contribution in the decreasing of the shunt
impedance.

2 . CHDTL structure with bridges
The next step has been done in direction of H cavities joined
through the bridges in one module . Due to the lower quality
factor of H cavities we hoped to get the structure with the
higher coupling of the system "cavity-bridge-cavity" . The
cavity itself was based an CHDTL structure, developed by
Ratzinger. The focusing elements are placed just between
cavities . The number of drift tubes is determined as before
by the required value of the transverse acceptance and it is
about 10 . The bridges play the role of the coupling cells and
the fundamental mode of the system "cavity-bridge-cavity"
is 7 /2 . It means the magnetic and electric fields are shifted
by z / 2 from the cavity to the bridge and from the bridge to
the next cavity . Therefore the bridges practically does not



affect to the total shunt impedance of whole system .
However, in this structure we could not get the coupling
coefficient higher of 1% . Due to this reason the maximum
number of cavities joint by bridge was two only . Another
disadvantage of this type structure is the high sensitivity of
the shunt impedance value to the drift tube radius . For
instance, the structure with 5 mm radius of the drift tube has
50-60 MOhm/m . But for our case, when we need 10 mm, the
shunt impedance goes down to 25 MOhm/m . lt is not enough
for the structure with 15% duty cycle .

3 . DTL with permanent magnet
From figure 1 we can see that DTL structure with the
permanent magnet gives the shunt impedance around 45-50
MOhm/m, what meets to the satisfactory condition for the
cooling system . However, from the beam dynamics point of
view the permanent magnet is uncontrollable, and therefore
we need simultaneously the steering system . But any
additional element gives the increasing of the focusing
period and therefore the beam radius increases as well.
Simultaneously, we have found out the FFftrDDdtr lattice is
more sensitive to the space charge due to the longer focusing
period. Thus, the permanent magnet requires the larger
aperture, what neutralizes all advantages of this option in
comparison with the conventional DTL with the electrical
quadrupoles .

II . Super-conducting structure
Thus, no one normal conducting structure meets to the
requirements ofthe high duty cycle structure (>15%) for the
energy region 20-200 MeV. Therefore it is reasonable to
consider the super-conducting structure.
- First of all due to the higher acceleration rate the number of
super-conducting cavities is smaller, and therefore we have
the smaller number of the generators, which one is very
important advantage in comparison with SDTL.
- Secondly, we have not problems with the shunt impedance .
- Finally, we can pass to the frequency 700 MHz just after
the funneling, what makes sense from the point of view of
the peak current decreasing in each bunch .
Analyzing the possible candidates of the super-conducting
cavity for the low energy part of ESS we have taken the H
cavity . For RF structure the electrode shape plays the
significant role, since it affects to the maximum possible
accelerating rate through the ratio of
Bpeak / Eae and Epeak /E, In previous papers [1] the spoke
shape electrodes (fig. 2a) have been analyzed . Additionally
we consider the tore-shape electrode [2] (fig 2b) due to more
freedom in the electrodes tore-shape .
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Fig.2:Spoke cavity(a) and tone cavity (b) .

The H structure is one-resonator cavity, where the z shifted
electrical field gap to gap is created by the alternating
rotation of the electrodes in the transverse plane, but not as
in the multi-cell elliptical E structure . The H cavity can be
based an the dipole mode TE111 or the quadrupole mode
TE211 . Obviously, in case of the dipole mode the electrodes

225

have to be rotated by 180 ° and for the quadrupole mode by
90° .
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where Ngap is the number of accelerating gaps (what in

principle is the same as N�u in the elliptical cavity), ß is
the relative phase velocity . Thus, in the H cavity wie have the
strong factor 1/ß2 . The optimized ratio

	

Epeak / Eae and

Bpeak / Eac

	

depends an the number of electrodes inside
cavity (fig.3) . Taking into account the maximum magnetic
Field

	

Bpeak = 60mT , wie can use the accelerating field
E� =5=8MeV1m .
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The number cells in one cavity is determined by the beam
dynamics and equals 10 cells . The total number of SCH
cavity for beam acceleration from 20 MeV to 200 MeV is
43 . The maximum accelerating field is limited by the
magnetic field and for reliability it is taken 5 MeV/m. The
doublet focusing system is quite appropriated to this lattice .
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C.Berchem, J .Bojowald, N.Dolfus, W.Ernst, H .Labus, G.Lürken, R.Nellen, T.Sefzick

During the last year the activities ofthe IKP Electronics Lab-
oratory focussed an three topics :

Electronics and Data Acquisition for experiments
Support for Experiments was given in several ways :
Analog readout electronics based in the ASD8-chip was de-
veloped in cooperation with the ZEL where the digital read-
out Part was added . Currently, the System is adapted to the
new multi-wire proportional chamber for ANKE and the
straw chamber projeet at TOF. The latter also required devel-
opment and prototyping ofpre-amplifiers and Signal convert-
ers . Electronics for a test detector consisting of 128 channels
is in process .
The RALl 11 based readout system at the ATRAP-1 exper-
iment at CERN was improved . The gained experience was
used for the development of the ATRAP-11 scintillating fiber
hodoscope electronics, which consists of appr. 1800 chan-
nels and reads out 16-fold multi-anode photomultipliers . Or-
dering, receiving inspection, and calibration of 250 ofthe re-
designed pre-amplifiers has already been done, as well as of
the 8-fold analog signal cables, which required a special de-
sign . The new RAL111 readout boards are prototype tested
and await production . The manufacture of high voltage Ga-
bles meeting CERNs very strict safety requirements is under
way.
For COSY-11 ordering, receiving inspection, and calibra-
tion of 50 discriminator modules for the new hexagonal drift
chamber readout was done .
For ANKE assistance was provided for commissioning the
wire chamber for negatively charged particles . Development
and prototyping of inverting amplifiers for the so-called
Dubna-chamber were completed successfully. Several inter-
face and high voltage boards, needed for this experiment,
were developed and produced .
At TOF and COSY-11 the data acquisition systems were suc-
cessfully updated to the Standard system delivered by ZEL,
which required complete rebuilds of computer systems and
data and trigger buses . Moreover, for JESSICA and for labo-
ratoay purposes small systems ofthe saure type were Set up .
For the widely used PC to CAMAC interfaces (DSPT
6001/6002) a replacement for the ISA card is needed, be-
cause modern PC's are not equipped with ISA slots anymore .
A simple solution based an a standard PCI parallel card and
a self-written Linux Software driver has been developed and
tested to perfect satisfaction .
The existing control and readout system for the cristal spec-
trometer at PSI has been improved . An additional new sys-
tem implementing all improvements made to the first one is
actually set up and tested .
For the TOF experiment the hardware (switch cabinets, Ga-
bles) has been designed and produced. Implementing and
programming ofthe Simatie S7 control system has been sup-
ported extensively.

COSY diagnosties
The prototype of a new spill detector, consisting of a pair of
thin plastie scintillators and an ionisation chamber was suc-
cessfully tested und proved its ability to measure time struc-

Eleetronics Laboratory

231

ture and intensity ofthe extracted COSY-beam (See article in
this annual report) .
Three ionisation chambers for beam disturbing diagnostics
in the extraction beamlines have been built, one ofthem has
already been installed . These chambers supplement the posi-
tion measuring multi-wire chambers with an intensity mea-
surement.
Additional ten multi-wire chambers havebeenbuilt in collab-
oration with the Jagellonian University in Cracow . Produc-
tion took place in Cracow, testing and calibration has been
done in Jülich.
For the emittance measurement apparatus three additional
Sandwich targets consisting of 60 isolated Tantalum foils
each were produced, where each foil is contaeted with a ce-
ramic isolated wire and read out individually . The targets
differ in foil thickness . The existing electronics has been
rewired completely.
The change-over from the HP-VEE control soft- and hard-
ware to PC-based LABView systems has been completed to
95% and awaits installation an site. This change affects the
tune measurement, beam energy measurement, and the phase
measurement in the injection beamline .

Computer network
In the final stage the computer network of the IKP will pro-
vide about 7301ines based an fibre optics . The Gables for this
star layout network have been installed and equipped with
sockets . Up to now 80 terminals have been taken into opera-
tion . The others will follow after purchase and installation of
the necessary hardware (routers und interfaces) .

Miscellaneous
Like every year substantial support has been given with re-
gard to short term maintenance and repair or replacement of
electronics . In some cases the urgent demand didn't allow a
time-consuming outside repair procedure, in other cases the
manufacturer doesn't even exists anymore, but the electron-
ics can not be replaced easily.
Prototypes and Small series of Gables or eleetronics, for
which an outside production was not reasonable, have been
delegated to infrastructure facilities where possible, the rest
has been done here, mainly by trainees and Student auxiliary
workers .
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The readout electronics of the ANKE Silicon Tracking
Telescope ASiST [1] is based an the Chip combination
VA32HDR_2 and TA32CG of the Norwegian company
ideas [2] . The VA32HDR 2 houses 32 preamplifiers and
32 slow shaper amplifiers (2gs) whereas the TA32CG
provides 32 corresponding fast shaper amplifiers (100ns)
and discriminators to get timing and trigger signals .

test

	

hold multiplexed

	

threshold
pulse

	

analog
Output

A Flexible Printed Board for the ASiST Chip Readout

Fig. 1 . The block diagram of the VA32HDR 2 and the
TA32CG chips . The individual preamplifier outputs
of the VA32HDR_2 are directly bonded to the
inputs of the TA32CG . In the simplest trigger
configuration the trigger output of the TA32CG
directly serves to generate a hold signal for the
VA32HDR 2 .

In the in-vacuum prototype assembly of the ASiST, 7
chip-pairs (7*32=224 readout channels) are glued and
some SMD components are soldered an a flexible printed
board, the so-called Y-Flex [3] . Figure 2 shows a photo of
a single foil . Each double-sided detector will be equipped
with 2 of these foils . The material (Liquid Crystal
Polymer, LCP) has been chosen for two reasons : First it is
not magnetic or electrically conductive, which is important
in the IM environment of the ANKE spectrometer
magnet . Second it is designed to incorporate a minimum
amount of water. This feature is extremely attractive to
minimize the pumping time to reach ultra high vacuum
conditions .

Before bonding the chips, the foil is glued an a simple
0.635mm A1203 ceramic plate to have a rigid support in
the region ofthe chips .
The total assembly of a single flexible printed board has
been checked for its ultra-high vacuum compatibility .
Figure 3 shows the rest-gas spectrum . The remaining gas
components are no severe problem the COSY vacuum and
can easily be pumped .

trigger
Output

Fiĝ 2 . The Y-Flex flexible printed board with 7 chip-pairs
glued an it . To the left side the foil is directly glued
to the detector . The right side interfaces to the
vacuum feed-through .
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Fig.3 . The rest-gas spectrum of the Y-Flex flexible
printed board . The total pressure at which the
spectrum has been taken is 1 .6*10-9mbar . The total
assembly is fully UHV compatible .
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A prototype of the ANKE Silicon Spectator Tracker
ASiST [1] has been assembled . The setup consists of 3
silicon-strip detectors . The Frst detector is 65Em thick,
with an active area of 40*40mm2 , 40 strips an each side
(Micron Semiconductors BB1 design) . The second
detector is 300pm thick, with an active area of
66.18*51 .13mm2 and 631+1023 strips (Micron
Semiconductors Babar 1V design) . On the n-side there are
631 strips : 316 strips and 315 reciprocal strips . Strip plus
reciprocal strip have a pitch of 105~tm . Already an the
detector they are bonded to 315 groups of 4 strips and a
single group of 3 strips . Therefore 316 groups of strips
(pitch 210pm) are bonded to a Kapton pitch-adapter that
furthermore joins the groups to 40 channels : 38 channels
in the center, each joining 8 groups, 2 channels at the
border, each joining 6 groups . These 40 channels have
been equipped with dedicated fast preamplifiers for timing
measurements, which are not described here . On the p-side
there are 1023 strips (512 strips, 511 reciprocal strips) with
a pitch of 50~tm . On the detector they are bonded together
to 256 groups (pitch 200pm) : 255 groups of 4 strips, 1
group with 3 strips . These 256 groups are bonded to a
pitch-adapter foil. It joins the groups to the 7*32=224
readout-channels of the flexible printed circuit described
below : 192 single-group channels in the center, 2*16
channels at the borders, each joining 2 groups .
The last layer is a 5500pm thick single-sided Si(Li)
detector with 200 strips and an active area of47*23imn 2 .
The setup has been installed and included into the common
ANKE read-out system during a beam-tüne in September
2001 . At a COSY energy of T, -500MeV data has been
taken for the reaction pd --> pX . Figure 1 Shows a
typical pedestal distribution in the experimental
environment . Without any correction the width (FWHM)
is about 53keV . Applying an offline common-mode
correction the width of the pedestal distribution can be
reduced to about 33keV .
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Fig. l1 : The typical pedestal distributions measured in ADC
channels (15keV/channel) : a=1 .54 ADC-channels
without common correction, 6=0.96 ADC-channels
with an off-line common correction .

Figure 2 Shows the energy loss in the Frst 65pm thin layer
versus the energy loss in the second 300Em thick layer . All
channels have been energy calibrated by a simple linear
approximation taking the pedestal value as zero energy
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loss and the punch-through points (2 .2MeV in 65~Lm and
6 .3MeV in 300lum silicon) . The 40 channels of the 65lum
(p-side) and the 224 channels of the 300gm (p-side) are
summed in the spectrum .

Fig . 2 : Energy loss in the 65~Lm versus the energy loss in
the 300~um thick detector . In addition are drawn the
SRIM calculations for the energy losses of protons
and deuterons .

Even with this simple calibration, not taking into account
the non-linearity of the electronic chips, a single narrow
proton band appears . The minimum detected proton
energy can be extracted to be about 2 .5MeV . No deuterons
are Seen because the telescope is installed in the backward
hemisphere of the target where scattered deterons are
absent . Nevertheless, the proton-deuteron separation by
their energy losses in the First two layers under forward
angles of the telescope can be expected to be pretty good
as deduced from Figure 3 . The energy resolution along the
line in Figure 2 is shown to be -160keV FWHM, which
proofs the good performance of the 65pm thick detector.
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Fig. 33 : Proiection along the live in Figure 2 results in an
energy resolution of about 160keV FWHM
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Int . Workshop an "Effective Field Theories of QCD"
Bad Honnef, Germany, 26.-30 .11 .2001
20.80 .0

I KP-
Prasuhn, D .
Cooling at COSY
Workshop an Beam Cooling and Related Topics,
Bad Honnef, 13 . - 18.05.2001
20.38 .0

IKP-
Rathmann, F .
Overview of gas target development
9 th Int . Conf . an Polarized Sources and Targets (PST 01)
Nashville, Indiana, 30 .9 . -4.10 .200 1
20 .45 .0

IKP-
Schaal, Hartwig :
Shielding Calculations
7 th ESS General Meeting in Seggau, Sept . 27-29, 2001
(internationale Konferenz)
20 .90 .0

IKP-
Schleichert, R .
A self-triggering silicon tracking telescope for spectator
proton detection
IEEE Nuclear Science Symposium 2001
San Diego, USA, 4 . - 10 .11 .2001
20 .45 .0

IKP-
Schnase, A . (als Co-Autor)
Yoshii, M . ; Ezura, E . ; Hashimoto, Y . ; Ohmori, C . ; Mori, Y . ;
Takagi, A . ; KEK, Japan
Yamamoto, M . ; JAERI, Japan
Digital Control For KEK-PS MA Loaded RF System
PAC 2001, Chicago, USA, 18.06-22 .06 .2001
20 .30 .0

IKP,
Schneider, S .
The reaction nn--->nnN in a meson-exchange model
University of Helsinki, Finland, 18 .10 .2001
20 .80 .0

IKP-
Senichev, Y . ; Bräutigam, W .
Pichoff, N . ; Uriot, D ., CEA Saclay
The ESS-CONCERT Funnel Line
PAC2001, Chicago, USA, 18.06-22 .06 .2001
20 .91 .0

IKP-
Senichev, Y . ; Bräutigam, W .
Resonant Multi-Gap Funneling and De-Funneling Systems
HEACC2001, Tsukuba, Japan, 26 .03 .-30 .03 .200 1
20 .91 .0

IKP-
Speth, J .
Pions in hadronic physics
University of New South Wales, Sydney, Australia, 5 .3 .2001
20 .80 .0



Berkeley, USA, 30 .7 .-3 .8 .200 1
20.80 .0

I KP-
Speth, J .
Pions in hadronic physics
George Washington University, USA, 4.9.2001
20.80 .0

I KP-
Speth, J .
Pions in hadronic physics
Jefferson Lab ., Newport News, USA, 7.9 .2001
20.80 .0

IKP-
Speth, J .
Pion-nucleon reactions (Two-pion production)
Jefferson Lab ., Newport News, USA, 21 .9 .2001
20.80 .0

IKP-
Speth, J .
Pions in hadronic physics
University of Helsinki, Finnland, 8 .10 .2001
20.80 .0

I KP-
Ströher, H .
Electromagnetic production of eta and eta"
Workshop an Eta Physics
Uppsala, 25 . - 27.10 .2001
20.50 .0

IKP-
Ströher, H .
Hadronic meson production an free and bound nucleons at
COSY-Jülich
XXVII Mazurian Lakes School of Physics
Krzyze, Polen, 9 . - 13 .9 .2001
20.45 .0

I KP-
Ströher, H .
Development of a compact photon detector for ANKE at
COSY Jülich
Int . Symp . a n Electromagnetic Interactions in Nuclear and
Hadron Physics
Osaka, Japan, 4 . - 7.12 .2001
20.45 .0

International Workshop an "Deep Inelastic Scattering and
QCD", Bologna, Italy, 27 .4 .-1 .5 .200 1
20 .80 .0

IKP-
Tietze-Jaensch, H . ; Conrad, H, ; Dietrich, J . ; Filges, D . ; Haft,
B . ; Hansen, G . ; Maier, R . ; Paul, N ; Pohl, C . ; Prasuhn, D . ;
Smirnov, A . ; Stelzer, K . ; Ullmaier, H .
JESSICA, the ESS-like target/reflector mock-up and cold
moderator test facility
15th Meeting of the International Collaboration an Advanced
Neutron Sources,
November 6-9, 2000, p.829
Tsukuba,Japan
20 .91 .0

IKP-
Wirzba, A .
In-medium chiral perturbation theory (Invited Talk)
The Force from nothing : Casimir interactions between bubbles
in the fermi-sea
VIII Mexican Workshop an Particles and Fields, Zacatecas,
Mexico, 14.-20 .11 .2001
20 .80 .0

IKP-
Wolke,M . fuer die COSY-11 Kollaboration
Threshold Strangeness Production Studies in Proton-Proton
Collisions
at the COSY-11 Facility Workshop an Strangeness
Production ; internationale Konferenz
KVI, Groningen, Niederlande, 2 .-3 .11 .2001
20 .45 .0

IKP-
Zaplatin, E . ; Bräutigam, W . ; Stassen, R .
Low-ß SC RF Cavity Investigations
The 10th Workshop an RF Superconductivity SRF 2001,
September 6 - 11, 2001, Tsukuba, Japan
20 .91 .0

IKP- IKP-
Speth, J . Szczurek, A .
Microscopic analysis of giant resonances in Ca and Ni Towards mapping the proton unintegrated gluon distribution
isotopes in dijets correlations in real and virtual photoproduction at
International Nuclear Physics Conference 2001 (INPC), HERA



Conference Contributions
and others

IKP-
Baru, V .
17 -meson production in nucleon-nucleon collisions
Deutsche Physikalische Gesellschaft, Frühjahrstagung
Erlangen, Germany, 19 .-23 .3 .2001
20.80 .0

I KP-
Baur, G .
Coulomb disscciation and Nuclear Astrophysics
Forschungszentrum Karlsruhe, Germany, 16 .3 .2001
20.80 .0

I KP-
Baur, G .
Production of fast antihydrogen

Coulomb Dissociation, a tool for nuclear structure and
astrophysics
Yukawa International Seminar an Physics of Unstable Nuclei
Kyoto, Japan, 5 .-10 .11 .2001

I KP-
Bräutigam, W .
Superconducting Accelerator Technology for COSY and ESS
Vortrag am 17 . November 2001 am NAC National
Accelerator Centre, Faure, South Africa
29 .91 .0

I KP-
K . Th . Brinkmann
Omega-Produktion im Proton-Proton Stoß
DPG Frühjahrstagung Erlangen 19 .3 . - 23 .3 . 2001
20.45 .0

I KP-
K.-Th . Brinkmann
Erzeugung pseudoskalarer und vektorieller Mesonen in
Stößen
Arbeitstreffen "Hadronen und Kerne" Pommersfelden
24 . - 28 .9 . 2001
20.45 .0

pp-

IKP-
Büscher, M .
Status of K' measurements with ANKE at COSY-Jülich
Compilation of existing data
First results of the ROC-model calculations
Planned a Off 0 measurements at ANKE
2" d ANKE Workshop an "Strangeness production in pp and
pA interactions at ANKE
PNPI, Gatchina, Russland, 21 . -22.6.2001
20 .45 .0

IKP-
Büttiker, P .
Dispersion

	

relations

	

for

	

9K

	

scattering
Institut de Physique Nucleaire, Universitä Paris-Sud
Paris, France, 9 .3 .2001
20 .80 .0

20 .45 .0

IKP-
Dietrich, J .
Extraktion eines kurzgepulsten COSY-Protonenstrahls für
JESSICA
ESS-Tag, 10.-11 .Mai 2001, Monschau
20 .30 .0

IKP-
Elster, Ch .
Incoherent photoproduction of TI-mesons from the deuteron
near threshold
14th Midwest Nuclear Theory Get-Together
Argonne National Laboratory, Argonne, USA, October 2001
20 .80 .0

IKP-
Elster, Ch .
Three body bound state calculations with three body forces
without angular momentum decomposition
Europhysics Int . Conference an Computational Physics,
Aachen Germany, 5 .-8 .9 .2001
20 .80 .0

IKP-Beiratssitzung, Forschungszentrum Jülich, Germany, IKP-
7 .5 .2001 Büttiker, P .
20 .80 .0 ?6 K scattering and dispersion relations

Nonperturbative Methods in Chiral Theories
I KP- International Eurodaphne Workshop, Valencia, Spain,
Baur, G . 28 .6 .2001
Coulombdissoziation und Nukleare Astrophysik 20 .80 .0
Universität Stuttgart, Germany, 7 .6 .2001
20.80 .0 IKP-

H . Clement
I KP- Zweipion-Produktion im Nukleon-Nukleon Stoß
Baur, G . 19 . Canu Arbeitstreffen Bad Honnef 17 . -18 . 12 . 2001



I KP-
Filges, D. ; Neef, R.-D. ; Nünighoff, K. ; Pohl, C. ; Haft, B. ;

Bennington, S. :

H2 and H2O Moderator Neutron Performance Monte-Carlo

Hyperon-Produktion in den Kanälen pp -> K Lambda
pp -> K Sigma0

p an COSY-TOF

DPG Frühjahrstagung Erlangen 19 .3 . - 23 .3 . 2001
20.45.0

IKP-
M. Fritsch

Hyperon-Produktion an COSY-TOF

Arbeitstreffen "Hadronen und Kerne" Pommersfelden
24 . - 28 .9 . 2001

20.45.0

p und

IKP-

Gasparian, A.M .

Kaon production in pion-nucleon scattering
Deutsche Physikalische Gesellschaft, Frühjahrstagung

Erlangen, Germany, 19 .-23 .3 .2001
20.80.0

IKP-
Gasparian, A.M .

Theoretical explanation for the energy dependence of the

A / Y,° cross section ratio

IKP-

Haft, B. ; Pohl, C. :

Energy and Time Spectra for Various JESSICA

Testmoderators
3rd JESSICA Workshop, HMI Berlin, March 15, 2001

(internationale Konferenz)
20 .90.0

IKP-
Haidenbauer, J .

Theoretical aspects of the reactions

pp ---> ppK+K and pp ---> ppa, /f,
Extended COSY-11 Collaboration Meeting,

Jagellonian University, Cracow, Poland, 20.-24 .6 .2001

20 .80.0

IKP-
Haidenbauer, J .

A meson-exchange model for the YN interaction

International Conference an Mesons and Light Nuclei,

Prague, Czech Republic, 2.-6.7 .2001

20 .80.0

Simulations for the ESS Reference Target-Moderator-

Reflector-System

Workshop an Moderator Concepts and Optimization for

Extended COSY-11 Collaboration Meeting, Jagellonian

University, Cracow, Poland, 20 .-24 .6 .2001

20 .80.0
Spallation Neutron Sources, HMI Berlin, March 12-14, 2001

(internationale Konferenz) IKP-

20.90.0 Gast, W.
'Digital Triggering and Timing for Tracking Arrays"

IKP- DPG Spring Meeting, Erlangen, March 19-22, 2001
Filges, D. ; Pohl, C. ; Goldenbaum, F . : 20 .10.0
Proton Beam Monitoring

3'd JESSICA Workshop, HMI Berlin, March 15, 2001 IKP-
(internationale Konferenz) Gast, W.

20.90.0 -Pulse Shape Analysis for Tracking Detectors"

Workshop an Gamma-Ray Tracking, University of
IKP- Massachusetts, Lowell,

Filges, D. : June 22-23, 2001

Nukleare Untersuchungen und Target Design 20 .10.0
ESS-HGF-Projekt Treffen, HMI Berlin, March 16, 2001

(internationale Konferenz) IKP-

20.90.0 Gast, W.
- Digital Signal Processing for Gamma-Ray Tracking"

IKP, TMR 2001 User Meeting an Gamma-Ray Tracking Detectors,

Frink, M. University of Liverpool, Liverpool, Sept . 12-14, 2001
Analysis of the pion-kaon sigma term 20 .10.0

Int . Workshop an "Effective Field Theories of QCD"

Bad Honnef, Germany, 26.-30 .11 .2001 IKP-

20.80.0 Gotta, D.

Thenew pionic hydrogen experiment at PSI
IKP- Seminar Institut für Teilchenphysik, ETH Zürich, 4.12.2001

M. Fritsch 20 .50.0



I KP-
Haidenbauer, J .
Meson production in nucleon-nucleon collisions
International Workshop, University of Helsinki,
Finland 5.10 .2001
20.80 .0

I KP-
Haidenbauer, J .
Strangeness production in pp reactions
International Workshop an Strangeness production, KVI,
Groningen, The Netherlands, 2 .-3 .11 2001
20.80 .0

IKP-
Hanhart, C .
Near threshold meson production in NN collisions
Frühjahrstagung der Deutschen Physikalischen Gesellschaft,
Erlangen, Germany, 22 .3 .2001
20.80 .0

IKP-
Hanhart, C .
Meson production in nucleon-nucleon collisions
Universität München, Germany, 12 .6 .2001
20.80 .0

IKP-
Hanhart, C .
The reaction NN--->NNn in chiral perturbation theory
University of Washington, Seattle, USA, 23 .8 .2001
20.80 .0

I KP-
Hanhart, C .
Meson production in nucleon-nucleon collisions
Arbeitstreffen "Hadronen und Kerne",
Schloß Pommersfelden, Germany 24.-28 .9 .2001
20.80 .0

IKP-
Hanhart, C .
Meson production in nucleon-nucleon collisions
CANU-Meeting, Bad Honnef, Germany, 17 .-18 .12 .2001
20.80 .0

I KP-
Hartmann, M .
Measurements with the K-detection system
2 n° ANKE Workshop an "Strangeness production in
pA interactions at ANKE
PNPI, Gatchina, Russland, 21 . -22.6.2001
20.45 .0

pp and

IKP-
D . Hesselbarth
Messung der Reaktionsdynamik der Lambda Produktion im
Proton-Proton Stoß
DPG Frühjahrstagung Erlangen 19 .3 . - 23 .3 . 2001
20 .45 .0

IKP-
Ivanov, I .
Spin-orbit coupling in vector mesons probed by hard
diffractive VM production
International Workshop an Low x Physics- 2001
Crakow, POLAND, 27.-30 .6 .2001
20 .80 .0

IKP-
B.Jakob
Untersuchung von pp-Reaktionen an der
Pionenproduktionsschwelle mit dem COSY-TOF
Physikerinnentagung Dresden 15 .-18 . 11 . 2001
20 .45 .0

IKP-
Kamerdjiev, V .
Ein Restgasmonitor für COSY
Winterseminar Beschleunigerphysik der Goethe-Universität
Frankfurt am Main, Riezlern, 6 .3 .2001
20 .30 .0

IKP-
Khoukaz,A .* fuer die COSY-11 Kollaboration
Die Reaktion p d --> 3He eta nahe der Produktionsschwelle
Fruehjahrstagung der Deutschen Physikalischen Gesellschaft
(DPG) ;
nationale Konferenz, Erlangen, 19.-23 .3 .2001
Verhandlungen der DPG (VI), 36 (2001)
20 .45 .0

IKP-
Khoukaz,A .* fuer die COSY-11 Kollaboration
Near Threshold K+K- Meson-Pair Production in Proton-
Proton Collisions
Mesons & Light Nuclei '01 ; internationale Konferenz Prag,
Tschechische Republik, 3 .-6 .7 .2001
Konferenzband zur Veroeffentlichung vorgesehen bei
American Institute of Physics, AIP Conference Proceedings
20 .45 .0

IKP-
Kleber, V .
Results of the measurements an pp --> d a_0^+ (980)
2" d ANKE Workshop an "Strangeness production in pp and
pA interactions at ANKE
PNPI, Gatchina, Russland, 21 . -22.6.2001
20 .45 .0



I KP-
Kleber, V .
K' and a + production at ANKE
19 . CANU Arbeitstreffen, Bad Honnef, 17 . - 18.12 .2001
20.45 .0

I KP-
Koch, R .
Luminosities during ANKE experiments (A-dependence)
2 nd ANKE Workshop an "Strangeness production in pp and
pA interactions at ANKE
PNPI, Gatchina, Russland, 21 . -22.6.2001
20.45 .0

IKP-
J . Kreß
Exklusive Messung der Reationen pp -> pp pi+ pi- und pp
d pi0 pi+
mit polarisierten Protonen an COSY-TOF
DPG Frühjahrstagung Erlangen 19 .3 . - 23 .3 . 2001
20.45 .0

I KP-
Krewald, S .
Two-Pinn production
Special Research Center for the Subatomic Structure of
Matter, University of Adelaide, Australia, 17.10 .2001
20.80 .0

IKP-
Kubis, B .
Baryon form factors in chiral perturbation theory
Workshop an Hadron Form Factors
Physikzentrum Bad Honnef, Germany, 17 .4 .-19 .4 .200 1
20.80 .0

IKP-
Kubis, B .
Isospin violation in pion-kaon scattering
HadAtom01, Int. Workshop an Hadronic Atoms
Bern, Switzerland, 11 .-12 .10 .2001
20.80 .0

IKP-
Kubis, B .
Analysis of isospin violation in near-threshold pion-kaon
scattering, Bern, Switzerland, 2.11 .2001
20.80 .0

IKP-
E . Kuhlmann
Hyperon Production at the Proton Synchrotron COSY
International Nuclear Physics Conference INPC 2001,
Berkeley CA/USA
20.45 .0

IKP-
Kulessa, P .
COSY-13 : A summary of results
19 . CANU Arbeitstreffen, Bad Honnef, 17 . - 18.12 .2001
20 .45 .0

IKP-
Lehrach, A .
Polarization at COSY and RHIC
IKP-Beirat, 7 .5 .2001
20 .30 .0

IKP-
Lehrach, A .
Superconducting Injector Linac for the Cooler Synchrotron
COSY
09 .08 .2001, Argonne National Laboratory, Chicago, USA
20 .30 .0

IKP-
Lieder, R.M .
The TMR network project "Development of gamma-ray
tracking detectors"
Contributed Talk at the International Conference and NATO
Advanced
Research Workshop High Spin Physics 2001, Warsaw,
6 .2 .2001, international
20 .10 .0

IKP-
Lieder, R.M .
The TMR network project "Development of gamma-Ray
Tracking Detectors"
Frühjahrstagung 2001 der Deutschen Physikalischen
Gesellschaft, Fachverband Hadronen und Kerne, Erlangen,
6 .3 .2001, national
20 .10 .0

IKP-
Maier, R.
Seltsame Teilchen im Visier
Vortrag bei der Fachtagung zur Stärkung des mathematisch-
naturwissenschaftlich-technischen Unterrichts in NRW,
26 .11 .2001, ZB des FZ-Jülich
20 .30 .0

IKP-
Maier, R .
Statusbericht zum CONCERT Beschleunigerteam
ESS-Tage, Monschau 10-11 .05.2001
20 .30 .0

IKP-
Maier, R .
HEBT to LP Target & Protection
7 th ESS-Meeting in Seggau, Österreich, 26.09 . - 29.09 .2001
20 .91 .0



I KP-
S . Marwinski
Schwellennahe eta-Mesonproduktion im Proton-Proton-Stoß
am COSY-TOF-Flugzeitspektrometer
DPG Frühjahrstagung Erlangen 19 .3 . - 23 .3 . 2001
20.45 .0

I KP-
Meißner, Ulf-G .
Chirale Dynamik
Universität Bonn, Germany, 15.11 .2001
20.80 .0

I KP-
Meißner, Ulf-G .

	

_
Zur

	

Theorie

	

der

	

Reaktionen

	

pp --->dK+K o

	

und

pp ---> d)T+i7
CANU-Treffen, Bad Honnef, Germany 17.-18 .12 .2001
20.80 .0

I KP-
L . Mihailescu
Pulse Shape Analysis Methods for Resolving Multiple
Interactions
Contributed Talk at the TMR User Meeting 2001
Oliver Lodge Laboratory, University of Liverpool, 12 .9 .2001
20.10 .0

I KP-
L . Mihailescu
Gamma-ray Imaging with Low Fold Segmented
Semiconductor Detectors
Contributed Talk at the IEEE-NSS Conference, San Diego
6 .11 .2001
20.10 .0

IKP-
MoskaI,P . fuer die COSY-11 Kollaboration
Interaction of eta Mesons with Protons
Fruehjahrstagung der Deutschen Physikalischen Gesellschaft
(DPG) ; nationale Konferenz
Erlangen, 19 .-23 .3 .2001
Verhandlungen der DPG (VI), 36 (2001)
20.45 .0

IKP-
Moskal,P . fuer die COSY-11 Kollaboration
Influence of the stochastically cooled beam an the
experimental conditions at internal target facilities
255th International WE-Heraeus Seminar an Beam Cooling
and Related Topics (ECOOL 2001) ; internationale Konferenz
Bad Honnef, 13 .-18 .5 .2001
Konferenzband zur Veroeffentlichung vorgesehen bei
Forschungszentrum Juelich
Schriften des Forschungszentrums Juelich, Reihe : Matter
and Materials
20.45 .0

IKP-
Moskal,P . fuer die COSY-11 Kollaboration
Study of the eta-proton interaction via the reaction p p --> p p
eta
9th International Symposium an Meson-Nucleon Physics and
the Structure of the Nucleon (MENU 2001) ; internationale
Konferenz
Washington DC, USA, 26.-31 .7 .2001
Konferenzband zur Veroeffentlichung vorgesehen in
pi N Newsletter, 16 (2001)
20 .45 .0

IKP-
Moskal,P .* fuer die COSY-11 Kollaboration
A Study of the eta-proton Interaction at COSY-11
19 . CANU Arbeitstreffen ; nationale Konferenz
Bad Honnef, 17 .-18 .12 .2001
20 .45 .0

IKP-
Mussgiller,

	

A.
Target-near counters for spectator tagging
Future spectator and vertex counters for ANKE
2" d ANKE Workshop an "Strangeness production in pp and
pA interactions at ANKE
PNPI, Gatchina, Russland, 21 . -22.6.2001
20 .45 .0

IKP-
Neef, R.D . :
A Neutron Generator for JESSICA
3rd JESSICA Workshop, HMI Berlin, March 15, 2001
(internationale Konferenz)
20 .90 .0

IKP-
Nekipelov, M .
Data an K' production in pA collisions from ANKE
2" d ANKE Workshop an "Strangeness production in pp and
pA interactions at ANKE
PNPI, Gatchina, Russland, 21 . -22.6.2001
20 .45 .0

IKP,
Nikolaev, N .N .
Diffractive deep inelastic scattering at small x
XXXV Annual Winter School an Nuclear and Particle Physics
of St .Petersburg Nuclear Physics Institute, Repino, Russia,
19 .-25 .2 .2001
20 .80 .0

IKP-
Nünighoff, Kay, Ch . Pohl
Monte Carlo Simulation for Neutron Scattering Instruments
Workshop Monte Carlo Simulation, HMI Berlin, Berlin,
June 25-28, 2001
20 .48 .0



I KP-
E . Roderburg
Ergebnisse der eta-Produktion am Flugzeitspektrometer
19 . Canu Arbeitstreffen Bad Honnef 17 . -18 . 12 . 2001
20.45 .0

I KP-
Sassen, F .
T6TG -Scattering up to 1 .6 GeV
Deutsche Physikalische Gesellschaft (Frühjahrstagung)
Erlangen, Germany, 20 .3 .2001
20.80 .0

I KP-
Sassen, F .
Die Produktion des f0(980) n p --->n ir o n
CANU-Meeting, Bad Honnef, 18.12 .01
20.80 .0

IKP-
Schepers,G . ; Grzonka,D . ; Kalinowsky,H .* ; Oelert,W . ;
Sefzick,T .
ATRAP, auf dem Weg zu kaltem Antiwasserstoff
Fruehjahrstagung der Deutschen Physikalischen Gesellschaft
(DPG) ; nationale Konferenz, Erlangen, 19 .-23 .3 .2001
Verhandlungen der DPG (VI), 36 (2001)
20.50 .0

I KP-
Schnase, A .
Ideen zum Beam Chopping (Low energy part of Linac)
ESS-Tage, Monschau 10-11 .05 .2001
20 .91 .0

IKP-
Schneider, S .
Two-pion production an the proton in hadronic processes
Deutsche Physikalische Gesellschaft (Frühjahrstagung)
Erlangen, Germany, 20 .3 .2001
20.80 .0

I KP-
Sibirtsev, A .
Compilation of available data an strangeness production in
proton-nucleus collisions and Polding model calculations
International Workshop an Strangeness Production in pp and
pA interactions at ANKE,
Gatchina, Russia, 21-22 .6 .2001
20.80 .0

I KP-
Smyrski,J .' fuer die COSY-11 Kollaboration
Recent results from the COSY-11 experiment an near-
threshold meson production in pp and pd collisions
International Nuclear Physics Conference (INPC 2001) ;
internationale Konferenz, Berkeley, USA, 30 .7 .-3 .8 .200 1
Konferenzband zur Veroeffentlichung vorgesehen bei
American Institute of Physics, AIP Conference Proceedings

20 .45 .0
IKP-
Speth, J .
Some topics in econophysics
University of Adelaide, Australia, 27.2 .2001
20 .80 .0

IKP-
Stassen, R .
Experimentelle Untersuchungen zur aktiven Lorentz-Force-
Kompensation
ESS-Tage, Monschau 10-11 .05.2001
20 .30 .0

IKP-
Stassen R .
Pulsed SC cavity control,
Vortrag, 7th ESS-Meeting in Seggau, Österreich,
26 .09 . - 29.09 .2001
20 .91 .0

IKP-
Ströher, H .
Physics with ANKE at COSY Jülich
4 th Workshop an the Scientific Cooperation between JINR
and German Research Centres
Dubna, Russland, 21 . - 22 . November 2001
20 .45 .0

IKP-
M . Wagner
Sigma+ Produktion an COSY-TOF
DPG Frühjahrstagung Erlangen 19 .3 . - 23 .3 . 2001
20 .45 .0

IKP-
M . Wagner
Strangness-Produktion an TOF
19 . Canu Arbeitstreffen Bad Honnef 17 . -18 . 12 . 2001
20 .45 .0

IKP-
Winter,P . fuer die COSY-11 Kollaboration
Erste Ergebnisse zur eta-Produktion mit polarisierten
Protonen an COSY-11
19 . CANU Arbeitstreffen ; nationale Konferenz
Bad Honnef, 17 .-18 .12 .2001
20 .45 .0

IKP-
S . Wirth
Strangeness Production at the Time-of-Flight Spectrometer
COSY-TOF
MENU 2001 Washington DC/USA 26.7 . - 31 .7 .2001
20 .45 .0



I KP-
Wirzba, A .
Casimir interaction among objects immersed in a fermionic
environment, Open University, Milton Keynes, United
Kingdom, 11 .6 .2001
20.80 .0

IKP,
Wirzba, A .
Cavity scattering in elastodynamics : wave versus ray
dynamics
Center of Nonlinear Science, Georgia Institute of Technology
(USA), 20.8 .2001
20.80 .0

I KP-
Wirzba, A .
Casimir interaction among objects immersed in a fermionic
environment
Fifth Intern . Workshop an Quantum Field Theory under the
Influence of External Conditions
Universität Leipzig, Germany, 10 .-14 .9 .2001
20.80 .

I KP-
Wirzba, A .
Die Kraft aus dem Nichts : Casimir-Wechselwirkungen
zwischen Blasen im Fermi-See
TU München, Garching, Germany, 31 .10 .2001
20.80 .0

I KP-
Wolke,M . fuer die COSY-11 Kollaboration
Schwellennahe Mesonenproduktion in der Proton-Proton-
Wechselwirkung an COSY-11
XXXII . Arbeitstreffen "Kernphysik" ; nationale Konferenz
Schleching, 1 .-8 .3 .2001
20.45 .0

I KP-
Wolke,M . fuer die COSY-11 Kollaboration
Schwellennahe Strangeness Dissoziation im Proton-Proton
Stoß
Fruehjahrstagung der Deutschen Physikalischen Gesellschaft
(DPG) ; nationale Konferenz
Erlangen, 19 .-23 .3 .2001
Verhandlungen der DPG (VI), 36 (2001), S.59
20.45 .0

IKP-
Wolke,M . fuer die COSY-11 Kollaboration
Hyperon and Kaon-Antikaon Production in Proton-Proton
Scattering Close to Threshold at the COSY-11 Facility
VII International Conference an Hypernuclear and Strange
Particle, Physics (HYP2000) ; internationale Konferenz
Turin, Italien, 23.-27 .10.2000
20.45 .0

IKP-
Wolke,M . fuer die COSY-11 Kollaboration
Strangeness-Produktion in Schwellennähe mit COSY-11
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