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Data on the energy spectrum of fission neutrons have been -

published by Zinn and Szilardl and by von K%lban Jr., Joliot, and

~q j!

f

owarski2.

;Wj j.!,$ 1. W. H. Zinn &nd L. Szilard, Plqys.Rev. 56, 619, (1939)
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I 2. H. von Halban, Jr., F. Joliot, and L. Kowarski, Nature

2 ;> “s 143, 939, (1939)
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they cannot be said to disagree with any of the later results. von

Halban, Joli6t, and Kowarski rne~suredrecoils in oxygen of such energy

that the presence of neutrons upv to 11 .JfVin energy was inferred.

● F Presumably the numbers of neutrons at that energy were relatively ‘-. ...
-----.

&l
.5=..,=i.6,,..==, very Smdi. The result is suggestive, but it’cannot be used directly

.0
,,~;j::w) ‘ any final spectrum.
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8 The spectrumEas been measured diTectly at Rice3 and at Liver-.—,.
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P0014, and th8Se two sets of results can be compared and uses to
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3. W. E. Bennett and H. T. Richards, CF Report No.-

4. Rotblat,Pickavance,Rowlands, B Report No=A

“E
~Hall. and Chadwick, ,

]= ..-. –estimate a spectrum for use qtil betber measurements &.reobtained.—r .-—... . . .

Preliminary measurements have been made at Statiord5, and these disagree

ie<. ~~~ ,, “F. Bloch &d H. Staub, CFReport No. 525 “-” “~— .,
L ..
~markedly with the other two sets of data. Indirect messurements incl’~ae.-.—. . .L*..
_~;~a>ues ,ofthe mean energy of fissi~n neutrons obtained from absorption

---- -.
=-mea9”&e~ents in a ‘watertad at Liverpool and Chicago.
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A criticismthatappliesto all of the neutronmeasurementsis
.

thut largeamountsof alloyhavebeen usedas a source. The smallest

amountwas a littleovera kilogram(Rice). Sincethe averagepath in

alloyof the emergingneutronwas of the orderof 2.5= ad the inelastic

scatteringcross-sectionis about2.5 x 10-WcmZ, the.sFectrumwould

incltie26~of neutronswhoseenergieshad been mcdifiedby inelastic
, .
scatteringin the alloy. Comparedwith this,othersourcesof errorin

t-’ Rice resultswerenot serious. In measuringclouichambertracks,

theremay be a tendencyon ths part of the experimenterto relaxthe

criterionthatboth ends of the trackmust be sharpwhen measuringal,long

trhck. This possibilitywas guardedagainstduringthe me&surements.

The numberof tracksrequiring

less than207.of the numberof

would’ be less than 1070 ,

The lXverpoolresults

any effortof jtigementwae probably

tracksmewured so tbe errorintroduced

are open to criticismbecause.of the large

amountsof matedial.near tk sourceof fissionneutrons. Therewas a .

cubicfoot of paraffinto producethermalneutronsand 600 c.c. of Pb

behind2.9 kilogramsof oxideof the alloy. Scatteringwith loss of energyof

th neutronswouldreducetk averageeziergyof the neutronsobserved.
b

The techniqueof selectingand measuringtr ucks was not adequately

\
,+

described,and no correctionwas maue for tk greaterprokbility of

Y
b measuring low energyrecoils. T@y measuredrecoiltrackswhichmade an

..— ––”~--x---””~:””~: ,“’:”.”.- : ‘- “’””””””- ““’
aaxileo~less tbag.3Q”to .tk dl.rectio’qof the incidentneutrons. We have,,.,,,,’..,,..,,---,.,.;.7

~

...=.,..,..j. ,---... ,....:. ...- . ..
empt= co~ection for the greaterprokbility of measuring-..,:..,,., :,,,,,.,.:-.. ..
,,,

w facto’r“used#a’&2~6~hen the trackrange
...,.,,.,.,..,,.,,.,-......

:.en”br~“recoils;.....-——,....... . ,4 .,.,,,’.- ,.....,,:,,-----_,..:...,,,...,...... ..,.-., ,. .,, ,,
‘~”* whenrange in tb emulsiontsionWasz A. ad”ias /-

p<”” ~ ,,,::,,,&@e ‘- AL

---

10W

in the

vias

2iL-iAi4 d is the depthof the emulsion,S is the lengthof the track
~T&.;:d~ionti ,, ,: ..”. -
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The corrected results are plotted on graph

results, the two having been normalized in

and three milli.01’IVO~tS energy. The curve

equal weight to the two sets of data. The

lieved to be the best estimate tbt ctin be

UNCLASSIFIED .

II along with the Rice

the interval between one

has been drann giving about

resulting spectrum is be–

mzae .at the present time.

The discrepancies between the two sets oi’results s-howthe

need of further work since there is no entirely satisfactory explanation

of the differences. For further work the photographic plate method is

more satisfactory for several reasons. The photographic Flete can be

exposed with only a few days use of bomb&rding equipment though the

measurements may take several weeks. The photographic plate is efi’ec–

tively a cloud chamber of infinite width and length end the distmce of the

source is very krge compared to track lengths so the geometrical correc–

tions to the cwt~ are considerably smaller. The &mount of scatterhg

material in the neighborhood of tie detector is much less, and it is

possible to measure the whole spectrum in one experiment whereas cloud

chamber technique requires a series of overlapping runs ana specially

constructed chambers to investigate the high energy end of the spectrum.

Finally, in the

small size, can

possible to use

photogr&phic technique the detector, because of its

be put nearer the alloy, and the gain in intensity mkes it

a factor of ten less alloy with resulting diminution in
.

the effect of inelastic scattering.

The final curve drawn on graph 11 gives a mem neutron

2.9 MV for the fission neutrons. YThis is nearly 5(3~too large

energy of

if thi

* metisurementsof mea neutron energy by absorption in a water tank are

reliable. The prob ble errors in the latter measurements skmula not be

such as to permit a value above 2.5 MV. Ii may be that the relative small
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number of high energy

energy more than they

The me.znenergy value

neutrons indicated in graph II affect the mem

would affect the effective absorption in vihter.

was derived by comparison with the absorption in water

6flcmonochromaticneutrons. However, the discrepancy is large. The chief

Season for giving the Liverpool spectrum the same weight as the Rice

spectrum was to obtain a slightly lower mean energy.

In most techniques for measuring energy spectra of neutrons th

effect of geometry and scattering is to give too many neutrons at the

low energy end of the spectrum. It is often possible to mke adequate

corrections, but if any correction is overlooked

dnergy will be too slow. In general, therefore~

Stanford results should be examined carefully to

corrections are desirable. The Stanford results

shown ih graph 111. It is possible to interpret

the aversge neutron

a low result such as tlz

see if my further

on tb~ d-d spectrum arb

this result as showing the

need of’a correction for scattering in addition to the correction for wall e

effect (see graph). It is suggested tht this d-d sFectrum be repekted

more carefully ana higher energy neutrons (ZU5 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 gra~bi’teclwmber since this

is the actual set up used in examining the fission spectrum. Conversely

it would be feasible to do the fission spectrum outside the graphite

chamber using an unmodulated source of fission neutrons. This would

considerably simplify the experiment and would eliminate the uncertain

!!cutmcorrections which are now necessary. A suitable source of sufficient
* t

intensity ana small background cm be made by placing about 50 c.c. of

~araffin anti10 C.C. of alloy in front of u lithium target bombarded W.
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2.0 W protons. Beamcurrentsof a coupleof microamperewould

pro$ablybe adequate.

A furtherob3ectionto tb modulationschemeas us,edat

Stanfordis that thereis the possibilityof incluilnga largenumberof

deleyedneutronsin tb fission spectrum. moth, Dunning$md Uck6

reportthe equilibriumnumberof delayedneutronsper min to be about

6. E. T. Boot@ J.R.Dunningand F. G. Slack,P&s.Rev.
55, 876, (1939)

‘w

1/60 of the numberof fissionsper minute. SMce h the moddation

schemeths alloyis irradiated with an

detectoris not sensitive,the delayed

to ths Stanfordspectrum.

.

inteqsed-d neutronbeam when the

neutrons may contributeappreciably

!
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