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The energyspectrum

!xmwiRY

of spontaneousfissionfragmmts

of Pu~” is comparedwith the xme spectrumfor SLYWneu-

tron fissionof FU239. No significantdifferencewas

foundand the interpretationof this resultis discussed.

Thiswork was doneat the

Berkely,is a continuationof

ScientificLaboratoryO

Universityof California,

work performedat Us Alamoe
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ENERGYSPECTRUMOF SPONTANXK)USFISSIONFRAGM?NM

w

lM%lioSegreand Clyde}LLegand

‘Me enerpyspectrunof fissionfragmentsfor fissicn

induced in PU239by slowneutronshas been investigated

recentlyby Deutsch(l)measuring the ionizationproduced

by the fissionfmgmentm. TIIere is also detailed infor-

mationof the yieldof the various

chemicalevidenoe.

It is of considerableinterest

spectrumof qontaneousfissionof

ahainsbasedupon

to comparethe energy

R@@ with that of the

slowneutroninducedfissionof PU239. The nuoleusunde~

goingfissionis in both casesP@@, the onl.ydifference

beingthatin the cam of spontaneousfissionit is in the

fundamental8tate,whereaain the case of slowneutronin=

ducedfissionit has an excitationof about 5 Mew. TMs

excitation

IOU years

@&O Now

reducesthe %alf JAfenfor fissionfrom 1.25x

to an estlmatmd104~ eeconds,i.e.by a taotor

one couldthinkthat in the caseof spontaneous

fission,onlya very specialtype of mclearmotion may be

conductiveto fission,and that only one or very few types

of fragmentswouldbe enrltted.If thiswere t~e the

IA-51O
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energyspq%rum would containone or veryfew couple?of

lines. (Coupleobemuse thereis alwaysone line due to the

hea~ fragmentand one line due to the lightfragment).

It oan be remarkedhoweverthat even if only one type of

motionendsin spcmtaneousfission,the two fragmentsafter

havingpassedthe potentialbarrierso thattheirfuture

densityof comingapartis fixed, may interchange nuolear

matter and hence change their relative mass and energy.

1% is in orderto settleexpertiental.lytheseproblems

thatwe haveinvestigatedthe energ speatrumof sgmntaneous

fissionof F%*” and compareditwlth that of slowneutron

fissionof PU2390 The results of the investigationdo not

showany very greatdifferencebetweentho two spqotra,

whichoouldbe interpretedby assumingthat eeveraltypesof

motion leed to spontaneousfission,or, in otherwordsthat

thereare severalpassesthroughwhiuhthe potentialbarrier

can be orossedby the fragments. Anotherpossibleinterpre-

tationwould be a reshufflingof nuolearmatter,afterthe

crossingof the barrieras mentionedabove.

J% must be pointedout,however,t~at the experiment

are not completelyconclusivebeeauaethe resolutionof the

apparatusused has turnedout to be relativelypooras one

can see

fission

It does

by comparinge.g. the spectrumof the slowneutron

fragmentsof PU239measuredby Deutsohwith ours.

not lookto us that it wouldbe expedientto try to
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.tiproveour techniqueby a largemarginand we wouldrather

suggesta ohemicalapproachto the problem. Namely,observe

the yieldsof the variouschainsM spontaneousfission. This

seemsfeasibleif one operateswith about 50 grams of Pu COM

tainingabout2$Pu~0. Specialprecautionsshouldof course

be takento preventthe multiplicationeffectsfroznplaying

an importantpart h determhing the rate of fissionin the

naterial. This oan be obtainede.g.by workingwith veqy

sndl batchesor by usingsomeprotectivesubstance$like

boronor cadmium,in the solutions.

In our experimentthe ionizationproducedby the spon-

taneousfissionfragmentsemergingfroma thin layerof Pu

was measuredwitha linearpulseamplifierand recorded

photographically.With the sameapparatusand sampleswe

reoordedalso the ionizationproducedby slowneutronfission

fragments.

The chamberused is illustratedin Figure1. In thb

chamber electronewere

screenwhichis placed

shieldsthis electrode

the-regionbetweenthe

coil.eutedin purifiedargon gas. Thi$

adjacentto the collectingelectrode

from effectsof ion displacementin

screenand the highvoltageelectrodq~

Gmt pressureand spacti~of the screenand high voltage

electrodewere adjustedso that no ionizingparticlepenetrates

into the regionbetweenthe s~reenand the collectingelectrode.
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i’

Thusfor all ions formedbe the

feotivedisplacementas seenby

the distancebetweenthe ecreen

ionizingparticlethe ef-

the collectingelectrodeis

and the oollectlngelectrode.

Thismeen$ that for equalnumbersof ions,the pulseoutput

of the chamberi.athe mm irrespectiveof the directionof

the trackof ionization.The pulseoutputof a linearampli-

fier connectedto the chamberis proportionalto the energy

of the ionlztigparticlesincethe numberof ions is propor-.

tionalto the ener~, or at leastwe make this awump’tion.

The collectingpotentialswith respectto the collecting

electrodewere~ soreen-90Q volts,highvoltageelectrode

-1700 volts. The chamberwas filledwithargon gas to a

pressureof 1.5 atmospheres.The argonwas continuously

purified by passa~e over metafiic calcium maintained at a

temperatureof 200 degreesCentigrade.

The data froma resolutionteetusingthe alphaparticle@

fromnaturaluraniumis presentedin Figure2. The MstOgram

showsthe two groupsresolvedand theirenergiesin the cor-

rect ratioe

‘i’hesampleused in the fissionfragmentenergyexperiment

was a depositof plutoniumone cm in diameterelectroplated

on

1’7

(7

0.005inch thickplatinum. The smple weighed about

x 10A gramsmeasuredby countingthe alphaactivity

per centof the Pu was P#@). The samplegave1.91
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spontaneousfissionsper hour. ’750spontaneousand 839 slow

neutroninducedfissionswere used in our histograms.

The Mnear amplifierused had a tim of rise of 0.2

microseconds.The time of collectionof the electronein

the chamberwas about one microsecondand the decaytime of

the amplifierwas 5 microsecond. This resistance-ca~citarce

decayti~e resultedin considerableloss of pulseheightbut

was necessarybecauseof the fluctuatingbackgmxmd of the

alphaparticleionisationwhenthe apperatuswaa adjustedto

recordfissionpulses. However,an absolutedetermination

of tk enercyof Lhe fissionfragmentswas not neededsince

a comparisonwas ~.sdewith fragmenteproducedby slowneutrons.

A blockdia~ramof the experbientalapparatusis shown

in Figure3. The pulsewas fed from the amplifierto an -

intensifiercircuitto whichwas connecteda cathoderay

od.llograph. The intensifierwas adjustedto brightenthe

fissionpulseson the screenof the oscillographso that they

couldbe rscordedphotographically.The camera usedwas a

GeneralF&lioOscillographRecorderwhichused supersensitive

35 mm motionpicturefilm. The filmwas driventhroughthe

recorderat the rate of one foot per hour. Figure4 is a

reproductionof a

In orderthat

couldbe detected

small.sectionof the film.

driftsin gain of the amplifyingequipment

and correatedfor, a seriesof pulsesfrom
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a standardpuhe generrtorwas impressedcm the filmat the

beginningand end of each run. For this calibrationthe

pulsegeneratorwas connecteddirectlyto the screenelectrode

of the chamberand$ by capacitancecouplingto the collecting

electrode,the pulse‘wa8fed throughthe entireapparatus.

l?igure5 presentsa histogramofthe spontaneou~fission

pulse8recorded. For comparisontiiepulseheigh’distribution

1of slowneutroninducedfissionis shownon the ~ graph.
),

The inducedfissioncurvewas cbtainedwith tl-~~me apparatus

and sample. The S1OWneutronswere obtainedfroma ractlum

plus bery31iuasourcewith wateras the slowi~ dotmr.cxlium.

The ab&i8eae scale is a male of defleotlonsof the

08ci110scope,in arbitraryunits. ‘deassumethat the energy

of thefragmqt is proportionalto the ionizationproduced.

Underthisasmmption we havecalibratedthe absMxsae scale

in sucha way that the eaergycorrespondhgto the light

fragmnt peak is 93 Muvas Keaauredby Deut8ch(1.c.). In

the ordinateswe havethe numberof pulsesgivingan ioniza-

tion betweendefiniteMnits.
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