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Distorted static field. Observed annihilation rates
[4] are greater than the high energy limit so one
must assume considerable atomic distortion.

As a positron approaches an atom from a
great distance, the first interaction to take ef-
fect is via the electric dipole moment induced in
the atom. The interaction energy is

U = eza/r4 , (6)

where o is the polarizability of the atom.

There is experimental evidence for the im-
portance of this long range dipole interaction:
over a wide range of atomic and molecular
gases a correlation has been observed between
annihilation rate and dipole polarizability [9].

As the positron gets closer, higher multi-
poles become important. A stationary state
treatment exaggerates the distortion because it
takes no account of the inertia of the electron
cloud, but is correct for very low energies.

It is possible that attraction of the positron
to the atom as a result, at first, of the long
range force could end in the positron attaching to
the atom. And there is some evidence that this
effect has been observed [4] at very low positron
energies. Annihilation of an attached positron
would be nearly instantaneous, so that here it is
the cross-section that should be calculated.

Virtual attachment and virtual positronium
formation are ways of describing the short range
atomic distortions. The former may be suitable
for very low energies, the latter near positroni-

um production threshold. Again a stationary cal-
culation of the annihilation rate would provide
information for the experimentally interesting
case of very low energy.

For a complete interpretation of experimental
data, which is in the form of lifetime spectra,
one needs the cross-section and the annihilation
rate as a function of energy. And whereas previ-
ously cross-sections alone have been computed,
there would seem to be no great difficulty in
obtaining the rates as well.
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The remarkable properties and the important
advantages of several forms of 'Fourier-trans-
form spectroscopy' have now been established
[1-6], following initial work by Jacquinot [4],
Fellgett [5], Strong [6] and others [1, 3,6]. A-
mong the principal advantages are a simultane-
ous recording of all spectral elements (record-
ing~time independent of the spectral width) and
high luminosity. The method requires very ac-
curate (ruling-engine quality) moving-mirror
motion {or scanning) and computation (by Fou-
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rier transformation) of the spectrum from the

, photoelectrically recorded interferogram. Re-

cent advances in holographic (wavefront-recon-
struction) imaging [7-11], and in its Fourier-
transform formulation [7, 10, 11], make it rea-
sonable to investigate possible simplifications
which might result from extensions of holography
to such applications as spectroscopy and astrono-
my.

In this letter we demonstrate the theoretical
principles and experimental verifications of a
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holographic method of 'Fourier-transform spec-
troscopy'. The method permits one to obtain the
spectrum without any computation, and indeed in
an interferometric system having completely sta-
tionary elements and medium. Possibilities of
using Fresnel-transform holography for the com-
putation of the spectrum, photoelectrically re-
corded in a scanning interferometer were recent-
ly noted by Falconer and Winthrop [12]. In our
method, no transcription of a photoelectrically
recorded interferogram, nor any scanning are
required.

As a model, we discuss the recording of the
spectral Fourier-transform hologram in a two-~
beam interferometer, in which the wavefronts
form a small angle 6 with each other. The inter-
ference-fringe system photographically recorded
in a plane ""parallel” to the bisector of the wave-
fronts is proportional (in the holographic sense)
to a non-coherent superposition of the monochro-
matic fringe systems corresponding to each
wavelength A. The equation of the fringe system
in the plane of the photographic plate is given by

I(x) = fco I(g)[1+cos(2nT6x)]do (1)
0

where ¢ = 1/x(cm) and I(o) is the spectral in-
tensity distribution (the spectrum) of the source.
Eq. (1), the cosine Fourier-transform of I(o) is
recognized as the equation of the spectral Fou-
rier-transform hologram of 1(o) (i.e. a "non-co-
coherent' superposition of sinusoidal intensity
gratings, one per each ). Consequently, illumi-
nation of the hologram by a spatially coherent,
monochromatic plane wave will produce in the
focal plane of a lens the spectrum I(o), symmet-

Fig. 1. Interferometer used in recording spectroscopic
Fourier-transform hologram (H) of cold mer-
cury arc (Hg). D = diffuser, M,M = interfero-
meter mirrors, B = beam-splitter,

rically displayed on the two sides of the optical
axis (one pair of spectral lines for each grating
recorded, plus zero-frequency terms).

The compensated Michelson-Twyman-Green
interferometer used in our experiments to re-
cord the holograms is shown in fig. 1, and a re-
construction of the spectrum of a cold mercury
arc, obtained by illuminating the hologram in
63284 laser light is shown in fig. 2. A very wide,
diffusely illuminated source "aperture' was used
in the recording, with an interferometer wedge
of about 30 "white~light (mercury)" fringes per
millimeter, near zero-path difference, and with
Kodak 649F high-resolution plates. (Aligning ex-
periments were carried out on Polaroid P/N
film). (Initial experiments with a flash-light
source indicate that a continuous spectrum does
produce a recordable interferometric hologram,
and a reproducible spectrum). A dualism between
the recording of spectral frequencies in holo-
graphic spectroscopy and the recording of spatial
frequencies in (single-spectral frequency) holo-
graphic imaging is readily recognized. A discus-
sion of the limitations, characteristic of holo-
graphy, associated with the recordability of the
interference-fringe components, with special
application to spectroscopy, and a comparison

Fig. 2. Spectrum of mercury obtained in the focal plane
of a lens by projecting a plane wave of 6328
laser light through the spectroscopic Fourier-
transform hologram (H) recorded in the inter-
ferometer of fig., 1, Note the symmetrical dis-
play of the spectrum into a left and a right side-
band, which permits wavelength determination
by simple measurement of distance-ratios.
Identified, in the left side-band, are the mer-
cury lines [13]: v (40473, 4078 ), b (4348 X -
4359R),£ (5461 8), ¥ (5770 &, 5790 &), » (6152 &,
6234 4).

273




Volume 16, number 3 PHYSICS LETTERS 1 June 1965

of the "luminosity-resolution' parameters with
other methods of spectroscopy, in view of sin-
gling out possible areas of application, will be
given in a subsequent paper. Among several
possible advantages of holographic Fourier-
transform spectroscopy appears the possibility
of "recording" spectra on a lensless, slitless
and completely static interferometric assembly
of two mirrors, simply pointed in the general
direction of a diffuse source, for instance in
astronomy or the study of plasmas.
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Beschiefit man eine unterkritische Kugel mog-
lichst gleichverteilt mit Neutronen und haben die-
se eine flir die Spaltung ''gilnstige’ Energie, so
nimmt mbglicherweise die Prim#rdichte zunichst
zu, wird schliefllich nach einer Moderation aber
durch parasitire Absorption reduziert. Ein Ab-
stimmen der Startenergie auf den Moderations-
vorgang gibt die Chance, mehr Sekundéirneutro-
nen auf eine glinstige Energie zu bringen als zu-
vor und damit der parasitiren Absorption entge-
genzuwirken. Der Dichteabfall kann dadurch ver-
zdgert oder gar zeitweilig aufgehoben werden.
Der Wettlauf zwischen Absorption und Modera-
tion wird im Kugelinnern zugunsten der Modera-
tion, am Kugelrande zugunsten des um den Leck-
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verlust vermehrten Schwundes beeinflufit.

Bei einer unterkritischen Kugel mit zentralem
Punktburst besorgt der Expansionseffekt der Pri-
mirneutronen ein Absinken der Prim#rdichte,
zugleich vermag er aber auch eine "'glinstige"
Raum- und Energieverteilung aufzubauen, bevor
die Moderation die Mehrheit der Neutronen auf
die glinstige Spaltenergie abgebremst hat.

Kurze Zeit nach erfolgtem Burst gibt bereits
das monoenergetische P,-Modell einen Einblick
in das charakteristische Zeitverhalten der Neu-
tronendichte N. Dies ausniitzend soll einmal die
Mboglichkeit flir ein Extremum im Zeitverlauf ab-
gewogen werden. Ein Extremalwert verlangt not-
wendig oN/3f = 0. Bel positivem Buckling, AN <0



