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Data on the energy spectrum of fission neutrons have been
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: they cannot be said to disagree with any of the later results.

published by Zinn and Szilard® and by von Hulban Jr., Joliot, and

g owarski®.
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= .8 de 143, 939, (1959)
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& ‘:‘ 5 = Halban, Joliét, and Kowarski measured recoils in oxygen of such energy
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al that the presence of neutrons upv to 11 MV in energy was inferred.
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Presumably the numbers of neutrons &t that energy were relatively

very small. The result is suggestive, but it'cannot be used directly

in any final spectrum.
The spectrum has been measured directly st Rice
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5 and at Liver-

pool4, end these two sets of results can be compared and used to

W. E. Bennett and H. T. Richards, CF Report No.zos
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4. Rotblat, Pickavance,Rowlands, B Report No.

;——-——————Hall and Chadwick,
‘estrnate a spectrum for use uytil betber mezsurements are obtained.
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=3 Prellmnary measurements have been made at Stanford , and these disagree
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z——zg = -5. F. Bloch and H. Staub, CFReport No. 525
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§‘=_£oo r— arked’ly with the other tv»o sets of data. Indlrect measurements include
= . _j'__ lues of the mean energy of fission neutrons obtained from absorption

s=measuremerits in a water tank at Liverpool and Chicago.
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A criticism thut epplies to 411l of the neutron measurements is

-2 -

that large amounts of alloy have been used as a source, The smallest
amount was a little over a kilogram (Rice). Since the average path in
alloy of the emergiﬁg neutron wus of the order of 2.5® und the inelastic
scattering cross-section is about 2.5 x 10™%%cm®, the spectrum would

include 26 };of neutrons whose energies bhud been modified by inelastic

' scattering in the alloy. Compared with this, other sources of error in

tie Rice results were not serious. In measuring cloud chamber tracks,
there may be a tendency on the part of the experimentor to relax the
criterion that both ends of the track must be sharp when measuring a’long
track., This possibility wus gusrded against during the measurements.

The number of trucks requiring any effort of judgement wus probubly

less than 207’. of the number of tracks meusured so tle error introduced
would be less than 10%,

The Liverpooi results are open to cfiticism because_of the large
amounts of material near the source of fission neutrons. There was a -
cubic foot of paraffin to produce thermal neutrons and 600 c.c. of Pb
behind 2.9 kilograms of oxide of the alloy. Scattering with loss of energy of
the neutrons would'reduce the average energy of the neutrons observed.
The technique of selecting and me_asuring tr ucks was not adequately
described, and no éorrection was msae for the greater probubility of

measuring low energy recoils. They meagured recoil trucks which made san
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_1 le of less than 50° to the direction of the incn.uent neutrons. We have .
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"-"'ttempted a correction for the greater prob.bility of measuring low

5 .-

B - energy recoils.; The fac’cor used was ——‘L—ewhen the track range in the

_.n___. T

, : J"
Womdision vas 2 . and was /- "“°° when range in the emulsion was
— o an &, .?_,L

14-—. d is the depth of the emulsion, S is the 1ength of bhe track

he emu181on and . .This correction feetor is plotteu on Grapn 1.
APPROVED (R, PARLACeREHEASEN o — ——




APPROVED FOR PUBLI C RELEASE

. UNCLASSIFIED

The corrected results are plotted on grsph II along with the Rice
results, the two having been normelized in the intervsl between one
and three million volts energy. The curve has been drawn giving about
equsl weight to the two sets of datu. The resulting sfectrum is be-
lieved to be the best estimate that cun be made .at the présent time,

The discrepancies between the two sets of results show the
need of further work since there is no entirely satisfactory explanation
of the differences. TFor further work the photographic plate method is
more satisfactory for several reasons. The photographic plete can be
exposed with only & few days use of bombsarding equipment though the
measurements may take several weeks, The éhotographic plate is effiec-
tively a cloud chumber of infinite width and length snd the distunce of the
source is very luarge compared to track lengths so the geometrical correc-
tions to the date are consiaersbly smaller. The emount of scattering -
material in the neighborhood of the detector 1s much less, and it is
possible to meassure the whole spectrum in one experiment whereas cloud
chamber technique requires & series of overlapping runs ana specielly
constructed chsmbers to investigate the high energy end of the spectrum.
Finally, in the photographic technique the &etector, beceuse of its
small size, can be put nearer the elloy, &and the gaih in intensity mekes it
possible to use a fuctor of ten less alloy with resulting diminution in
the effect of inelasﬁic scattering.

The final curve drawn on graph II gives a mecn neutron energy of
2.9 MV for the fission neutrons. This is neurly 50 }:too large if the

meusurements of mewn neutron energy by absorption in a water tenk are

reliable. The prob ble errors in the latter measurements should not be
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number of high energy neutrons indicasted in graph II &7fect the mean
energy more than they would affect the effective absorption in wuater.
The meen energy value waé derived by comparison with the abéorption in water
&femorochromatic neutrons. However, the discrepancy is large. The chief
Yeason for giving the Liverpool spectrum the same weight &s the Rice
spectrum was to obtain & slightly lower mean energy.

In most techniques for measuring energy spectra of neutrons the
sffect of geometry and scattering is to give too muny neutrons at the
low energy end of the spectrum. It is often possible to muke adequate
corrections, but if any correction is overlooked the aversge neutron
dnergy will be too slow. In genersl, therefore, a low result such as the
Stenford results should be examined carefully to see if any further
corrections are desireble. The Stanford results on the d-d spectrum are
shown in greph III. It is possible to interpret this result &s showling the
need of & correction for scattefing in addition to the correction for wall e
effect (see graph). It is suggested.tkht this d-d spectrum be repeéted
more earefully and higher energy neutrons (w5 MV) be used to establish
what corrections are required. It would also be desirable to do the
d-d spectrum with the detector inside the graphite chumber since this
is the actual set up used in exemining the figsion spectrum. Conversely
it would be feasible to do the fission spectrum outside the graphite
chamber using an unmoduleted source of fission neutrons. This would
considerably simplify the experiment and would elimincte the uncertain
ncut" corrections which are now necessary. £ sultuble source of suificient
intensity ana sm&il background can be made by plucing about 50 c.c. of

paraffin ana 10 c.c. of alloy in front of a lithium target bombusrded by
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2.0 MV protons. Beam currents of a couple of microamperes would

probably be adequate.

A further objection to the modulation scheme as used &t
Stanford is that there is the possibility of incluiing a lurge number of
deleyed neutrdns in the fission spectrum. Booth, Dunning, &nd Slack6
report the equilibrium number of delayed neutrons per min to be ubout

6. E. T. Booth, J.R. Dunning &nd F. G. Slack, Phys.Rev. -
55, 878, (1939) '

1/60 of the number of fissions per minute. Since in the modulation
scheme the alloy is irradiated with an intense d-d neutron beam when the
detector is not sensitive, the delayed neutrons may contribute appreciably

to the Stanford spectrum.
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