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ABSTRACT

I
Radiochemicallydeterminedmass-yieldcurvesare givenfor the

fissionof U=5 and U238by 14.7-Mv neutrons. Symmetricand to a less
extent,veryasymmetricm&iesof fissionare more-probableat that
energythanin thermalfission. Yieldsof four fissionproductsfrom
the fissionof U235 havebeen measuredas a functionof neutronenergy
in the rangethermalto 14-WV.

The yieldsof elevenmasseshavebeen measuredfrom the fissionof
NP237 by degraded fissionSp3CbWIII IY3UtI’OIIS ● The mass-yieldcurveis

239 with a ratioof paaksimlkr to thatfrom the thermalfissionof Pu
to valleyyieldsof approximately175.

Relativeyieldsof one peak fissionproductand four valleyfission
productshavebeen determinedunderthe followingconditions:fission
of U=5 and PU23Swith thermalneutrons;fissionof U235,PU239and U238
with fissionspectrumneutrons;and fissionof U=5 and PU239with the
intermediateneutronspectrumat the centerof the Los AlamosFast
Reactor. Absoluteyieldsof Moss havebeen determinedfrom the fission
of U==, u==, andPU239withthermalneutrons.
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I.

Fissionhas been observed
rangeof excitationenergies.

INTRODUCTION

in a wide varietyof
For thermalfission.

nuclidesovera large
Symnvetricsplittingand.

veryasymmetricsplitti~ are both highlyimprobable.When fisiionYI&d
is plottedagainstmass number(ream-yieldcurve),the familiardoubie-
peakedcurveis obtainedwith a deep vhlleybetweenthe peaks. In general
the mass-yieldcurvesvarywith fissioningnuclideand with excitationenergy.
Thispaperpresentsmass-yieldcurvesfor the fissionof U=s and U2= with
14.7-Mevneutrons. Yieldsof some of the fissionproductsthatare Indicative
of the energydependenceof the yieldcurvehavebeen measuredfor neutron
energiesbetweenthermaland 14.7M3v. In addition,representativefission
yieldsfor Np237and certainvane y nuclldefissionyieldsfor U=s, U2=,
and PU239are givenfor fissionsinducedby variousneutionspectrasimilar
to thosemet in reactortechnology.The methodusedwas a radiochemicalcoM-
pm?isonof theseyieldswith yieldsfrom the thermalfissionof U2SS.

In fissionat relativelylow excitationenergies,the fissionproducts
are fi- unstable. The primaryfissionfragmentsfor a givenmass chatndo
not all have the sanenuclearcharge. For any one mass chainsomenucle~
chargewillbe formedwith highestyield,and therewillbe appreciablecon-
tributionsfrom chargesclifferentby one, smallercontributionsfrom charges
differentby two,and so forth. The percentof fissionsrestit~ tn we
directformationof a nuclideis definedas its independentyield. The
independentyieldof a nuclideplus the independentyieldsof its predecessors
Is its cumulativeyield. The sum of all.independentyieldsof a givenmass
is the totalchainyield. In orderto nmasurea totalchainyieldby radio-
c~emicalmethods,it is desirableto analyzefor a latemeniberof the chain.
The lastradioactive@mber is best,but ~actical considerationsmay rule
againstthischoice.
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lx. GENERALPRCXEDURES

A. Radiochemistry

In the radiochemicalassays,an inactivecarrierof the elementfor which
an analysiswas beingmade was addedto an aliquotof the solutioncontaining
fissionproducts. Afterstepsto encourageexchange,the elementwas sepa-
ratedchemicallyfrom otherelementspresent,weighedas some suitablecom-
poundto determinechemicalyield,and thenmountedfor counting. Detailsof
the chemicaland countingproceduresare givenin a reportby JacobKleinberg
et al..1Methaneflowbeta pro rtlonalcounters2$s$4 were usedfor all de-

Pterminationsexceptthatof Cs 36, whichwas countedon a sodiumiodidescintilla-
tion counter. The decayof sampleswas fdllowedto checkradiochemicalpurity
and to resolvemixedactivitiesin thosecaseswheremore than one isotopeof
the sameelementcontributedto the countingrate. Countingrateswere correct-
ed for chemical.yield,decay,and self-absorptionto obtainactivitiesat the
end of irradiation.

B. Treatmentof Data

Recordsof neutronintensityas a functionof timewere used to correct
activitiesfor decayduringirradiation.The followingtreatmentappliesto
all of the casesdealtwith in thiswork. Considerthe case of a two-meniber
mass chainfor whichno chemicalseparationswere made untilless than O.lfi
of the parentremained. Let kl be the fractionof the yieldproducedas the
psrent,whilek2 = 1 - kl, the fractionof the yieldproduceddirectlyas the
daugh~r. It canbe shownthatfor the daughter,the correctionfor decay
duringirradiationdiffersfrom the case of the one-mmhr chainonlyby
divisionby the factorkl + (k2~1)/(~1 -~2) where Al and X2 are the de-
cay constantsof the parentand daughter. For many fissionproductchains,
correctionsfor decayduringirradiationweremade as if the nuclideswere
formeddirectlyin fissionsince Al >>~ andkl + (k2 ~1)/(~1 -~) is
near unity. Wherethereare no knownpredecessorswe have assumedthis to
be the case. The few casesrequiringinformationon the valuesof kx and k2
willbe discussedlater.

All yieldsthatwe reportwere determinedby the comparisonIMthodex-
cept someabsoluteyieldsof Mo9g. To avoidabsolutebeta-countingwe com-
pareall otherfissionyieldswith the yieldsfrom therm&Lneutronfission
of u==. We measuretheratioof a fissionproductactivityto the activity
of the ~ak nuclideMoss whichwe have chosenas standard. If s &notes
the standardand x denotisany otherfissionpr6ductjthen

.*:
●

●

● 0

● 0
::
::
● 0

●:0 ● ●:0 :Oe
: ● 0.6 . .. . . ..e. .

ii-
●

●
● ●oo ; :.:
● 00

● 0
● *

,: :
SO
● 0

‘o
● 0

●
●

●

● 0

(1)

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



~~Nulk
.*O .:. . . . .:. :.. .

● ● ● * ●

UNCLASSIFIED:!
● : ● :

● ●0 : ●**:0:0

A is a countingrate,or activity,obtainedas explainedunderRadlo-
chemlstry,and furthercorrectedfor decayduringirradiation,~ is the
fractionof tie disintegrationsthatare counted,and y is the fission

235 thermalneutronfissionand also foryield. If A#A8 is measuredfor U
fissionundersomeotherconditions(dtiferentfissioningnuclideor differ-
ent excitationenergy), thenwe definea quantity R as follows;

(2)

wherethe unprimedactivitiesreferto thermalneutronflsslonof U2=5 and
the primedactivitiesto any otherkind of fission. From equktlons(1)
and (2) it followsthat

Equation(3) is used to calculatecumulative
The chiefdisadvantageof thismethodis thatthe

(3)

and independentyields.
fieldsare no more accu.

rate than the assumedthermalneutronmass-yieldcurva. The U=s yietij
YXSw-e Selectedfr~ references5 t~ough M W f- gi=n h Wble 111.
For valleyyieldsof less than11 we haveassumedthatthe nmss-yieldcurve
is symmetricalaboutmass 117.

The yieldof Moss from thermalfission,y , and the yieldsat other
energiesfor U=5 and U==, y~ $ were determine~by lkrrellet al.s For
fissionby neutronsof less I&n fission-spectrumenergyw have ass-d
that the M& yield,y:, has not changedfrom thermalfissionof the sanm

nuclide,and y: for Np237is the sameas for thermalU=s. The thermal

yieldof M& fromPU23Sis from thiswork.

III. EXPERIMENTSAND RESULTS

A. AbsoluteYieldsof MOSS

Irradiationsto determinethe absolutecumulativeyieldof Moss were
made In the thermalcolumnof the Los AlamosHomogeneo& Reactor. A small
sampleof fissionablematerialwas placedbetweentwo monitorfoilsof the
samematerial in an argon-filledtwin-chamberfissioncounter.~l Fissions
in the mnitors were countedduringirradiationso that the fissions
occurringin the samplecouldbe calculated.
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The fissionpulsespectra,as recordedwith a 100-channelpulseheight
analyzer,‘2 were used to estimatethe small.nuniberof fissionpulseslost
below the bias of the counters. Sincethe samplewas separatedfrom each
monitorby a 0.017cm aluminummountingplateand the 0.0013cm platinum
backingof the foil,the flux in the samplewas ass-d to be the sameas
in the monitors.

knitor foilswerepreparedby electrodepositi.ngthe followingapproxi-
mateweightsof fissionablematerialon a 2.54 cm diameterplatinumdisc:
for U2S5,Oo060#~~for U2as,0.035#g; and for PU23S,O.100#g. The
samplesfor the U i.rradiationwere approximately6mg of oxideon a o.(E5
cm thickby 2.54 cm diameternickelbacking. Samplesof U23S (1 mg) and
Pu23e (10mg) were preparedon 0.0025cm thicknickelbackings. A 0.0027
cm thicknickelfoil was placedover the sampleand cri,mpedaroundthe edge.
Afterirradiationthe entirepackagewas dissolvedfor analysis. MoOs was
separatedand countedon a beta proportionalcounterwhichhad been calibrated
for absolutebeta-counting.The relativeamountsof fissionableisotopein
the solutionand on the monitorplateswere determinedlyalphacountingfor
U== and PU23*,andby comparisonfissioncountingfor U23S.

The procedureused to calibratethe beta counterwas to countfreshly
separatidMOS9 of high specificactivity(k0,000disintegrationsper minute
in less than10 #g of solids)in a hfi-geometrycounter. !Cheeffectof
the 6-hourTC89 daughterwas subtractedby a leastsquaressolutionof the
growthand de-y CUrV3 ● A secondaliquotwas processedand beta countedin
the usualway to determinethe ratioof countsto Moss disintegrations.Al.
thougha periodof two yearselapsedbetweenthe calibrationof the beta pro-
portionalcounterand theseabsoluteyieldmeasurements,a UX reference
standardshowednegligiblechangeduringthis time.

The resultsof our ~asurementsagreereasonablywellwith thoseof
otherinvestigatorsas shownin Table1. Threemeasure~nts were made on

U23=,six on U2ss,and four on PU2S9. For eachmeasurementfour assayswere
made for M09S. The errorsquotedare largerthanthe standarddeviationsof
the results(1*) to allowa reasonablemarginfor systematicerrorswhichwe
are unableto estimate. If theseyieldswere consideredon a relative
ratherthanan absolutebasis,the errorswouldof coursebe smaller.
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I TABIJII

AbsoluteCumulativeYieldsof Moss from ThermalNeutronFission
(in*)

I u23S . u235 ~2sfl

Thispaper 4.96 * 0.15 6.25* 0.19
mse 4.7 6.2
Terre115 6.14 * 0.16
Reed7 5.98 ● 0018
SteinbergLs 5.1

B. ThermalIrradiations

Thermalactivityratiosfor use in the comparison
from highlyenrichedsamplesof U235 Irradiatedin the
Los AlamosFast Reactorand the Los AlamosHomogeneous
ratiosof the neutronspectra(activi~ of a bare iridiumdetuctordividedby
the activityof the samedetectorsheathedin caibnium)were ~ to 1.

methodwere determined
thermalcolumnsof the
Reactor. The cadmium

of
on

c.

Cumulativethermalyieldsfor fourvalleynuclidesfromthemal fission
FU239are includedin TableV. l!komexperience,the standarddeviations
theseanalysesare approximately2%.

XtbsionProductYieldsas a Fimctionof NeutronEnergy

R valueswere determinedfor Aglll,Cdlls,Cs136,and Ce143fromthe
fissionof U23S with neutronsof kn= energy. Approximately25-gramsamples
of enrichedU23Swere irradiatedat the tuo Los AlsmosVan de Graaffaccelera-
tors,usingthe p-t and d-d reactionsas neutronsources. The spreadin
neutronenergiesfor the 1.2- and 8.1-Mevirradiationswas approximately004
Mev for the 5-Mevirradiationit was approximately1 Mev. M099,Aglll,and

fCdl s were alsodeterminedfrcmthe fissionof uraniumor normalisotopio
mmpcsitionwith 8~1-Mevneutrons. Therewas one irradiationat each energy,
and onlythe ndlybdenum,cadmium,silver,and ceriumanalysesweremade in
duplicate. Fissionyields,y~ werebasedon the M099 yields,yt, reported
by Terrell. In neithercasek it necessaryto correctfor th~ fissionsin
the otherfissionableisotopes. The cumulativeyieldsfromthesemeasurements
are givenin TableII. The errorsof the R valuesused in equation(3)
shouldbe lessthan 5$.
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I CumulativeFILssionYield,$

Neutron ,
Energy &lll Cdl1s C8136 ~143

#

U23S Thermsl o.043a O.olwa oooo62a 5*P
1.2 Mev oa19

5 Mev 0.11
u?’

0.032
8.1 Mev

4.61
0.30

3.4.7 Mev 0.92 0.89 0.24 3.72

U-8 8.1 WV
I

0024 0.15
34.7Mev 0.87 0.71 0.029

a - from001. 2, Table III.

D. 14~7Mev NeutronFissionof Ua35 and U23*

These irradiationswere made at the Los AlamosOookroft-Wkltonaccelera-
tor,using neutronsfromthe d-t reaction. The estimatedaverageene

VRSOfthe neutronswas 1.4.7 Mev, with a spreadfrom13.4 to ls.z lfev. For U
approximately6-grsmsamplesof highlyenrichedmetalwere plaoedas dose
as possibleto the tritiumtarget. Sincethe R valuesare independentof
uncertaintyin the thermalmass-yieldcurve$they are shownin Table III.
l+Wt of the errorsshownare statistical,to indioatethe precisionof the
resultsratherthan to includeany systematicerror. They have been oal-
oulatedfromthe standarddeviationof the mean of the activityraticisby
the usual rulesfor propagationof errors. For Sblas,129 ad ~lss the

results are basedon too few determinationsto uarrantthis treatment.

The cumlative yieldsin TableIIIwere mlculatedbyequation (3).
TerrelltsyieldsforMo99 were used fory$/y . Wr yields,of course,re-
flectany errorsin the thermalfissiony?el~s (Y4 given tithe table.

The Rvalues yields,and fractionalchainyieldsof three shielded
8nuclidesfromUa3 fissionare shownin Table IV. Theseyieldsrepresent

independentfomation and may enableus to concludesomethingaboutthe dis-
tributionof nuclearuhargein fission.

Chargedistributionentersthe calculationof yieldsin two ways: first,
in some of the Rvalues, wherekl andk2 must be estimatedfor the dew
correction;second,in oaloulationof totalchainmelds from cumulative
yields. Sincethe chargedistributionin fissionchangesrapidlyby beta de-
cay, it is not nearly as WSU. knownas the mass distribution.Glendenin,
Co~ell, and &hmrds14 introducedthe hypothesisthat for all maq~ numbers
the chargedistributionshouldbe described~ the same smoothsymmetric
curve. Applyingthis criterionto thermalfissionyields,they rejected
severaltheoriesand proposedthe empiricalhypothesisof eqyalcharge
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Yieldsof ShieldedNuclidesfromu.’7-MevNeutronFissionof U23S and U238

u-s u238

Yield, IYaction Yield, Fraction
Nuclide of chain R of chain

35.9-hr Br”’ 44:2 oAo15 0.0016
234? NW (3~3, 0.0029 0*00059
13-dayCS136 46a ~ 0.5 O.a 0.045 5.1 ~ 0.2 0.029 OoO052

Pappas‘s has proposedthat eqpalchargedisplacementappliesbeforeneu-
tron emission. To calculatean independentyieldby his method,givenA and 2$
firstcalculate

‘p = ‘A+n- l/2(z23&A-n+ ‘A+n - 92). (4)
zA+. and~A+-am fromthe lines
of maximumstabilitygivenby
Coryell.16 ZA+nand Z2~A~ are
oftencalledthe ‘moststable
charge,w and 2P ‘themost proba-

ble charge.” Next,readthe frac-
tionof the chainfrom the empirical
curveof fractional.yieldsplotted
againstchainposition(Z - 2P),

Fig.1. For thermalfissionPappas
assumedn = 1, i.e.,that one
neutronwas emittedper fragment.

This hypothesishas been ex-
tendedin the presentstudyto 14.7-
Mev fission. It was foundthatthe
best fit of the datawas obtained
with n= 3 forthe heavypeaknu-
clides~and n = 2 for lightones.
The evidenceis shownin Fig.1,
wherethe fractionalchainyields
of the shieldednuclidesare com-
paredwith PappasQcurve. We
have also shownthe data on
factional chainyieldsof various
Te and I nuclidesmeasuredby
Wahl.17 Nbg6doesnot fit the curve

1,0

~ 134

*96 f

@M●

oe~l~-3 -2 -1 3
Z:zp

Fig.1. Variationof yieldwith nuclear
chargefor 1.4.’7-Mevneutronfissionof
U23S,J , upperlimit. The curveis from
Ref. 15. Iodineand telluriumisotopes
are fromRef. 1’70

for eitherthermalor l&7-Mev fission. It is interesting,however,thatthe
equalchargedisplacementwouldpredictthe measured R value.

Usingthe independentyieldsfromthis charge
to the calculationof R for thosecaseswherethe
appreciablehalflife. For RhlOs and Sb126the two

distribution,we return
nuclideshad a parentof
vsluesfor the decay
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~Midiiii
correctionfactorforther!Eal.#nd W@~C<ission differby lessthan 1%.
For Br83,isomerismof th~”@de@n&w ~~nts the we of the chargedis-
tributioncurvein estimatlng+cl”and:k~c ~erefore, the true R valuemay
be 2.5~0.5. The errorgivenin TableIH does not includethis effect.
Fractionalchain

P
eldsmeasuredby Wahl were used to calculatethe decay

correction for 1’ ‘~ and the errorincludesWhl’s errorsfor kl and k~.

‘1’otalchainyieldsfor 14.7-Mevfissionof Us’s,calculatedfromthe
cumulativeyieldsand the equalchargedisplacementhypothesis,are shownin
the fifthcolumnof Table III.

TIM R valuesand fieldsfrom14.7~v fissionof Uas8 are shownin
the lasttwo columnsof TableIII. Thesewre determinedby duplicateanaly-
ses of two normaluraniumirradiations.In each casethe errorwe quote ie
greaterthan the spreadof resultsand is estimatedfkom experience. For
Cs136it was necessaryto correctthe activityratiofor the contribution
fromU23S fission. Sincethe yieldof onlyone shieldednuclide(CS136,
TableIV) is not necessarilyindicativeof the chargedistribution,no total
chainyieldshavebeen calculatedfor 14.7-Mevfissionof U238.

E. Uass,U238,and F’u2S9FissionInducedW Degraded FissionSpectrumNeutrons

In one seriesofexperhents PU239and uraniummetalhighlyenrichedin
U23swme irradiatedin Fort 5W,the most energeticspectruxuavailablein the
Los AlamosFastReactor. Activityratiosrelativeto M@99 were nteasuredfor
~109, @n, ~112, andcdllse Ina secondseriesof experimentswe attempt-
ed to we fissions trum neutrons. The samenuclideswere determinedfor

YU23S,U238,and Fua 9 irradiatedin a highlyenrichedUa3smetal capsule.
The wallsof the capsulenre sufficientlythick (0.397cm) to removeall of
the incidentthermalneutrons. Therewas, however,a smallcontributionfrom
fissionneutronsthat had been scatteredand somewhatdegradedin the graphite
stringer and the aluminummetal coollngblock surrouxxiingthe capsule. From
experiencethe errorsof the activityratiosshouldbe lessthan 3%. The
yields

P
ven in TableV have been calculatedusingequation(3). For U2SS

and FU2 9 we have assumedthat the fieldofMo99. y~, ie the same as thermal
fission. For U238ue haveused the data ofmrre~s~t al,s h estin=tithe
M099yieldsas 6.32$.

T- V

Yieldsof ValleyElementsfrom RLssionby VariousNeutronSpectra

FissionYield,$

U23S$degradedfissionspectrum 0.053 O.cw 0.020 0.01’
U23S,capsuleneutrons o.115 0.053 00052 0.%5
U238,capmle neutrons I0.252 0.059 0.058 0.036
FU239,thermalneutrons I1.56 0.200 001.20 0.034
Pu239,degradedfissionspectrum 1.4.$ 0.2?7 001.27 0.045
Pu239$capsuleneutrons 1.60 00177 0.CY75

a - fromCol. 2, Table III . ●* ●O
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A sampleof an oxideof Np2370way &adiated by degradedfission
spectrumneutrons. R. N. Olcottof thisLaboratoryestimatedthat the aver.
age enefgyof the neutronscausingfissionwas 1.1 Mev. Therewas only one
irradiation,and the nuniberof fissionswas insufficientto allowseparate
aliquotsfor eachele=nt. Afterappropriateexchangesteps,barium, stron-
tium,cerium,and europiumwere determinedfrom one aliquot;tin,antimony,
and tellurium,from another;and silverand cadmiumfrom a third. Molybdenum
and zirconiumwere determinedfrom separatealiquots. All analyseswere made
in duplicate. The cumulativeyieldsshownin TableVI were calculatedby
equation(3)assumingthe Mo9g yield,y:, was the sameas in U235 thermal
neutronfission. No totalchainyieldswere calculated,sincewe have no in-
formationfor the chargedistribution.

TABr.EVI

Np2= CumulativeFissionYieldsa

!iuClide R FissionYield,~

Srse
Zl=
~oss
&lll

Cd115
Sn=s
S&=
q@32

Ba=m
ce144

Eul=

002’7
1.04

0.75
8.3

103
5°7 b
6.14
0.(Y76
0.036
0.11
0.34
5.1
;:;

0.23

a - averageenergycausingfissionestimatedto be 1.1
Mev

b - ass-d value

IV. DISCUSSION

The yieldsfor Cdlls,Sn125$Br83,and Pdx12for 14.7-Mevfissionof
U235 givenin TableIII and Fig. 2 deservespecialcommnt. Cumulativeyields
for Cdkxsand Sna2sare basedon the assumptionthat the ratioof independent
yieldsof isonmricpairsis the ssmeas the ratioof theiryieldsfrom the
decayof predecessors,whichis presumednot to change. For the mass 115
chain,the chargedistributioncurvepredictsnegligibleindependentformation
at Cd and Vlahland Bonner= havefoundan equal R valuefor both isomers

Lfor 1 .7-M13vfission. Biller19has observedthat the higherspin stateis
fawred when isomersare formd Indepdlen

5
in fission. For themass 12~

chain,analysesweremade for the 10-daySnz ‘, whichis believedto have the
higherspin state. Sincefor the mass 125 chainthe chargedistribution
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hypothesispredictsfractiomal@a$n.;i~ at Sn of 0.08for thermaland
0.29for 14.7~v fission,~op*fewnse of ~er spin statisfor independent
formationimpliesa higher“~fi..valuetti.th%~o.dayiscnnerthanfor the 9.5-
minuteisomr. The yieldcalculatedassumingequal R valuesis too high,
in accordancewith Billerts observationand the chargedistributionhypothesis.
For themass 83 chain,similarconsiderationsappliedto the 67.secondand 25.
minuteSe predecessorsof Br83 would,throughthe decaycorrection,make the
R valuetoo high.

We haveno explanationfor the trend,increasingwith energy,for Pd=12
to be abovethe smoothcurve. It is also abovathe curvefor capsulefission
of U== (Fig,3)0 For the photofissionof U2a Richterand C~1120 ob-
taineda similarresult,whereasSchmittand Sugarman,21 *O

rather than Pd112,did not. Turkevichand Nida@2 assayedf
pile neutronfissionof Th2* and obtaineda valuethat couldbe interpreted
as beingabovetheirsmoothcurve.

10.0\ I , 1 1 , , 1 I I , 1 1 I I 1 1 , J

1-

a
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au ‘“’ m
7s6sfitos 11512s 135145 15sws

A, MASS NUMSER

Fig. 20 U=35 neu~on fissionyields.
The dashedcurveis for thermal
neutrons.

L

‘O’sO90 100 110 120 130 140 150 Ieo
, , 1 , , 1 * m 1 1 1 m I ,

A, MASS NUMBER

Fig. 3. U2S8 fissionyieldswith
fissionspectrumneutrons(- - -
Ref. 24),~capsule neutrons,
u 8.bMevneutrons,. 14.7-Mev
neutrons.

The mass-yieldcurvesfor 14.7-l@vfissionof Uas and U2= are shownin
rigs. 2 and 3. In both instancessymmtric and very asymmetricfissionsare
moreprobablethanfor thermalor low-energyfission●
the heavypeakshave shiftedtowardlowermass n-r,
of the lightpeaksappearunchanged.

It is also apparentthat
whereasthe positions
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i-pFor the U2S5 curve,the sum o masseson ? po~itesidesof the valley
and with the sari@yieldis aboutfe% ‘~gs”~”t~ e *SS nuniberof the com-
poundnucleusU=s. The same sum & tpe$cl.ngsfs+s5 to 4.7 less than 236.
Thismethodhas been used to estimate&u’on &&ion associatedwith certain
regionsof fissionyieldcurves.23 Althoughthe exactsignificanceof this
procedureis not clear,we wish to compareit with the n from chargedistri-
bution,equation(4),wherewe attributethreeneutronsto the heavypeak and
two to the lightpeak. Extraneutronemissionfrom the heavyfr~nt is a
possibleexplanationfor the shiftof the heavypeaks towardlightermass.
The apparentinsensitivityof the lightpeak to energychangeis not consist.
ent with thispoint;however,it shouldbe pointedout thatsome shiftin the
lightpeak couldbe obscuredby the risingvalley,and that our choiceof
n = 2 for the lightpeak is based on only one independentyield,that of Br82.

It has been notedthat the heavypeak is insensitiveto fissioning
24 A comparisonof peak yieldsfranuclidefor low excitationenergies.

14.7-M3vfissionin TableV showsthatthe heavypeak yieldsare nearlythe
samefor U235 and U2=, whereasthe lightpeak reflectsthe differencein the
fissioningnuclidesas in lowerenergyfission.

Wahl has foun~thatthe fine structurearoundmass 134is less in 14.7-
Mev fissionof U235 thanin thermalfission. We have insufficientdata to
draw any conclusionaboutthe complementaryspikearoundmass 100. There
appearsto be sanefine structurenearmass gO.

Newton2shas made yield measurements for 37.5-Z&walpha-particle induced
fissionof Th2=e The compoundnucleus,with 33-Mevexcitation,has the same
mass nuniberand excitationas wouldresultfrom 28-WV neutronson U=s.
Newtontsresultsare qualitative

%
in“thedirectionthatour resultsindicate

for 28-MEWneutronfissionof U2= . However,it shouldbe pointedout thata
fIsston-yteldcurveis an average over severalstatesof angularmomentum,
and that thereis no reasonto believethat theirrelattveabundanceswill
necessarilybe the samefor alpha-particleirradiationsof Th2a2as for
neutronirradiationsof U2SS.

Yieldsof we valleynuclidesAgll.1and CdL*5,as well as the shielded
nuclideCsLse,rise somewhatless thanexponentiallywith neutronenergyfor
U23Sfission(Fig.4). Thereis no evidencethat the changeof theseyields
with neutronenergyis not smooth. Thereare not enoughpoints,however,to
determineif thereis a br-k in the curveafterthe compoundnucleushas
sufficientenergyto emit a neutronbeforefissioning.For U2SS,the yields
for near-symmtricfissibnare less thanthosefrom U23Sfor the same neutron
energy,correspondingto the lowerneutronbindingenergy.

The yieldsof two peak nuclidesfrom @=s fissionare shownas a function
of neutronenergyin Fig* 5. The yieldof MOSS,a lightpeak nuclide,does not
decreasewith increasingenergyuntilthe valleyyieldsbecom appreciable,as
is to be expectedfrom the normalizationrequirement● ‘JIMgieldof Cel-~ on
the otherhand,decreasesmuch more rapidlythan thatof Mo 9, indicating
that the shiftof the heavypeak to lowermassesbeginsat relativelylow
energtes. Schmittand Su@rman2% founddecreasingyieldsfor BL$L*from the
photoftssionof U2SS as the maximumgama-ray energywas increasedfrcm 7 to
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● ;ea:’ :;
The fissionproduct@l& srom~$~f~ion of Np237with degraded

fission-spectrumneutronsare comparedwith the mass-yieldcurvesfrom
thermalfIsstonof PU2S9 (Ref.6) andfission spectrumfissionof U=
(Ref.24) in Fig. 6. The approximateenergiesof excitationfor the three
compoundnucleiare 6.5,6.4, and7.6 WV, respectively.The massesand t
cbargesare nearlythe same,and fissionyieldsare quites~. The
heavypeak fromNp2= fission seems b be broaderat the base thanthe other
two.

The yieldsof the valleynuclidesfrom fissionof Uas (Fig.2), U2-
2sg (Fig.7) by variousdegradedneutronspectrarepresent(Fig.3), and Pu

theproductsof fissionyieldsby relativefissioncrosssectionsaveraged
overthe spectra: Theseyieldsshow thebeginningof the rise in the
valleywith increasingenergy.
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