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Abstract

. A microphotographictechniquewas employedto

determinethe fissioncrosssectionof Th232and U235
23$

relativeto the fissioncrosssectionof U forll+wv

neutrons. Photographicplatesin contactwith foilsof

thicknesseswere simultaneouslyewosed to the 14~$ov

neutronflux. A deterrrrinatioriof the numberof track

per unitarea of plateper unitriassof foil permitted

a determinationof the relativecross sections. ‘he

Los AlarmsVan de Craaff,utilizingthe T(d,n)E& reaction,

c~bp~tid the

the following

neutronsource. The measurementsyielded

results:
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For 14 Mev Wutrons

Introduction

With the avaihbility of an intensemonoenergeticsourceof

I& Mev D-T neutronsfrom the Van de Graaff,it becamefeasibleto extendto

this energythe measurementsreportedby Williamset al.
(1) ‘

on the fission

crosssectionsof U~5 and Th232. Insteadof measuringthe crosssectionof

232 235 (1125”)$ we measuredthe crossu23$(1’28’1)and Th (“02”) relativetoU

sectionof “25”“and“02” relativeto “2E?”sincethe absolutecrosssectionof

“2$”was simultaneouslybeingmeasuredby Wschek, Heamendinger,et al.

on

J-4

The intenseneutronsourcewas obtainedby using0.6 Mev deutrons

a thicktargetof tritium. The neutronenergywas thusdeterminedto be

J& ~oe5 Meve %

ExperimentalMethod

The microphotogmphictechnique(2), (3), (4) was utilizedfor

makingthe measurementsto be discussedin thispaperfor the following

reasons:we were destiousof determiningthe amountof work involvedin

makingmeasurementswith thistechnique;it was possibleto make the

necessaryexposureswhile the Van de Graaffwas beingrun for otherexperi-

ments;we feltthatalthoughtheseneasurmentswere beingmadewith counters,

an independentcheckon theseratherimportantresultsby a completely

different’methodwouldindeedbe worthwhile.

(1) Jilliame, IA 520.
(2) Borstand Floyd,AM 227& i

(3) ~llips, Rosen,Taschek,IA 673.
(4) mUips, Rosen,Taschek,L&S $l$;
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The photographicplatesused in theseeqerimentswere Z5 micron

&stman NTC fissionparticleplates,batch!Jo.333,202. Theywere processed

..

by developingfor

for one minutein

F-5 at 68 degrees

mtely 68 degrees

quitetiensitive

two and one-halfminutesfi D-19at 70 degreesF, washing

distilledwaterat 65 debgreesF, fixingfor 90 minutesin

F, and thenwashingfor one hour in tap waterat approxi-

F. Whenprocessedin thisway the plateswere foundto be

to ganmas,betas,protons,and alphaparticles,although

intensee~osure to alphaparticlesdid producegeneralbackgroundwhich

showedup as ramdomlyspacedgrains. Thisbecamesomewhattroublesomefor

the platesin contactwith ‘!25’1where the platewas exposedto an integrated

flux of approximate~lQ7 alphasper OM2 durin~the courseof the neutron

exposures.Even so, easilyrecognizablefissiontrackswere obtained.

(Fi,~e 1.)

t
5 cm

1
Photographicplates

?7
1 U2~gfoilson 10 mil

(1/16°glasswith Pt (activematerialon top)
25micronemulsions —
on bottomside) m /Foil of materialwhose

—H crosssectionis being

For each

wererode. In the

+30/ investigated(active~nterial
on top)

HorizontalCross%ction— —

Figve 2

of the experimentsdescribed,two separateHsuments

firstmeasurement,to be henceforthdenotedas Experiment

2381, we determinedthe ratioof the fissioncrosssectionof U to ~232 )
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in the secondmeasurement,to~e:h&c~forth &M%& as Experiment2, the

:+’ ratioof the fissioncrosssectionof U3$ to U35 was determined.Since

T,* the @erimental techniquesand procedureswere identicalin eachcase,we,-

.

..
shalldiscussboth experimentssimultaneously.

~,
.,. ,
“+:!jt, For eachmeasurementthreesandwichesof
g ,

x<,,,: contactwith fissionablemterial foilswere used,

photographicplatesin

as shownin Figure2.

-L-: Two of thesesandwiches,designatedland 3, were each composedof a U238

foil in intimatecontactwith the emulsionsideof a fissionparticleplate.

The thimlsandwich,designated2, was made up of a foil of the materialunder

investigation(~’02°,hp. 1 or ‘125”,&p. 2), also in intimatecontactwith

the emulsionside of anobherphotographicplate. The two sandwichescontaining

the t?38 (1 and 3) were placedon eitherside of the sandwichcontainingthe

‘102”or “25’1 foiland togetherservedessentiallyto detemdne the numberof

fissionswhichwouldhavebeen producedin a @38 foQof knownthj.ckessif

it wereat the precisepositionof the foil in the centralsandwich(sandwich2).

In each experimentthe thicknessesof the U23S foilswere so chosen

as to be very nearlyequalto the thicknessof the foilwhose crosssectionwas

W be determined,in orderto minimizethe correctiondue to self+ bsorption.

All foilswere made by R. W. Potter,usingthe zapontechniqueon

platinw~ The use of platircinpermittedreductionto the oxide. The .

absolutewe~ehtof metaland hencethe absoluteaveragethicknessof eachof

the foilswas determinedby Potterto plus-or-minusone percent. It was huwever

found,by exposingalpha-particleplatesto the variousfoilsand determining

the nunberof tracksper unitarea as a functionof positionon the foil,that

the averagefoil thicknessover smallareas (apprcccimately0.1mm2) variedby

as muchas plus-or-minusIQ percent. It was accordinglynecessarytodetermine
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the averagethicknessof the f&Lls~o&r t~~e~/h& %Jo be countedin the
bee

●* 4*
axperimsntand thiswas doneby placingalpluqatiicleplatesin contact

with the v=ious foilsforappropriatetimesand thendeterminingthe nunber
,.

of track3per unit area second. By utilizingthe accuratelyknownspec5fic

activitiesof the samplesfranwhich the foilswere made, it wa3 then a simple

matterto determinethe effectiveaveragethicknessof the f&Lk over the

areato be used in the expdnumt. On the assumptionthat everyalphawith

energygreaterthan0.5 Nev was counted,the absolutethicknessobtainedin

Ming the self-absorptioncorrectionoutlinedin Eqyation1 gavea value

whichagreedwith Potter~s value to well withinthe accuracyof thesedete~

ndnatione. It was arbitrarilydecidedto use the centralsquarecentimeter

of ~ch pbte and all counting(ffisionas well as alpha)was done over a

representativeportionof

It is of course

section measure.iientit is

this area in eachplate.

recognizedthat in orderljo~ke a re~tive ~ross

not at all necessaryto determinethe absolute

thickness of the activemateria~

noffectivellthickness+$as defined

is the samefor the two materials

h our case is onlydeterminedby

It is orily necessary to determinethe

below,as longas the detectorefficiency

beirgconpared. The detectorefficiency

self-absorptionand henceby the thickness

of the mater$al. As is shown in TableI, the foil thicknessfen?each @cPer&

mentwas the same to within10 percent. By UShg this factand Eq~tion 1,

it will now be shownthatthe

absorptionin each experiment

safelyneglected*

variationof detectorefficiency due to self-

was lessthan one percentand can thereforebe

It has been shownby Rossiand Staub(5)thatthe detectionefficiency

for fissionfragmnts,

* Effectivethicknessie defti@ $$ a@&utE %hicluxxsmultip3&d by the
efficiencyof the detecte~.x .d&&~tiS.%4!%’”anthe self-abs~$on of the foi~

(5)Roesiand %aub, LA lD04. ●90-.A. on ● ob ●
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F (B) s

whore F (B) =

t=

Ro=

R (B) =

For the thickfoil

t=

Ro=

R (B) =

detectionefficiencyfor fissionfragments

thichess of foil fi mg per cm2

rangeof particlesin materialof foil (mg per cm2 )

rangein mg per cm2 of foilmaterialof a particle

whichwould justbe countedif

in thephotographicemulsion.

approximately0.85mg per cm2

10 mg per cm2

appr-tely 3 mg per cm%

axxlF (B) is seen to be approxhnately9& percent.

If t changesby 10 percent,F (B) changes

thisrange is expended

@o$ *

by lessthan one percent.

For the case of the thinfoils,the situation is evenmore favorable. To

carryout the experimentone had thereforexerelyto exposethreesandwiches

at a time (asshownin Figure1) for an appropriateperiod. Each set of

threeplateswas accordinglyexposedfor a two-weekperiod. IarSerintervals

were not attemptedin orderto avoid excessivealpha-particlebackgroumland

fadingof the latentimages. In l@eriment 1 this two-weekexposureyielded

abcxttwo track=per fieldat 900 diameters. In E@eriment 2, wheremuch

thinnerfoilshad to be

from the U235foil,the

utillzedin olyierto avoid

numberof tracksper field

excessivealphabackground

was correspondinglyless.

.
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PData on o

c’~02

Data on a #3 (Expe2)

o $5

0.103 Itlg/cxn2
0.105mg/an2

o.90&Iilgfmz

0.82 mg/Cm2

0.94 nlgkm12

0.$6 rng/cm2

$35

222

967
4.80

m

564

235

993

3281

w

l+u.F2 $5

,.
.

thiclmess

thiok.ness

thickness

numberof

numberof

numberof

numberof

numberof

numberof

of foil

of fon

of foil

in

in

in

sandwich

sandwich

sandwich

1, Figure

2, Figure

3, Figure

1

1

1=

.

.

1, Figtrre1tracks

tracks

tracks

fielde

fields

fields

counted sandwich

sandwich

3andwic?!

for

for

for

Comted

counted

2, Figure1

3, Figure1

for sandwichtraversed

traversed

traversed

1, Figure

2, Figure

3, Figure

1

1

1

for

for

sandwich

sandwich

.
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Approximatelyone man-monthW$ :re&.&’ed‘to:~&&ze the platesused in
x.

theseexperiments.TableI gives,for each experiment,the effectivethick-

ness of metalfor eachfoil as determinedfrcma correlationof the alpha

countwith the specificactivityas outlined

view traversedfor eachplateand the number

at 900 diameters●

above,the number

of’trackscOunted

of fieldsof

in eachplate

Fromthe data of TableI we may ixmrediatelyproceedto a calcula-

tion of the relativecrosssections. Sincethe U238 conta~ed U235to only

232one part in 3300 and the Th containedessentiaK& no otherfissionable

material,the

For

No. of tracks

calculationsfor Experiment1 may be made as follaws:

the platein contactwith Th232,

per unit area=

232 Equation2

In orderto obtaina correspondingequationfor a hypotheticalplate in

contactwith a Uas foil at the precisepositionof the aboveTh232foil,we

simplycalculatethe numberof tracksper unit of area per unit thickness(to

be henceforth

placedat the

in sandwich1

denotedby Q) for a #38 platein contactwith a U238 foil

positionof sandwich2 by takingan averageof the Q*s recorded

and sandwich3. In view of the fact that Q woulddrop off as

~# in the case thatthe neutronsourcewas essentiallya pointsource,it

shouldbe mentionedthat if one calculatesthe Q for the centralsandwich

fromsandwiches1 and 3~ assuminga l/r2variationin neutronflux,thisvalue

woulddtiferby onlg0.5 percentfrom the Q obtained. For a hypotheticalplate

in contactwith a U238foil at the positionof sandwich2 (Figure1) we

thereforehave:
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No. cf tracksper unitarea”= ‘*0 : :“ : :0 {.~
● * ●

●8

DividingEcption 3 by Equation2 we get:

o #238 = Noo of IF3gtra&~/~t area Equation4
No. of m32 track3/unitareao #h232

x22Lxt
%232

232 Av. t“
38

= 3.6 f 0.3
JiI orderto obtain( o 1#23~ )/( o I#a5) an additionalconsideration enters

in view of the fact that the Ua5 foil contained94.6percentU235and 5.4

percent@s. This calculationmust thenbe made as follows:

For a hypotheticalphotographicplate in contactwith a $3$ foil

at the positionof sandwich2 we haveagatian equationidenticalwith

&pation 3, with the exceptionthat the nunber of tracksper

unitthickness(mgper cm2)must be calculatedfromthe data

foilsand photographicpkatesused in Experiment2. For the

tith I1251t9 hawever,we have:

No. of trackspcr unit area =

unitarea per

of the U23g

plate in contact

~ *U236 u235
+

x 0.055 t (nIR/m2)X 20-3X 6.023X 10Z X /Fhx

238

DividingEquation3 by l@ation 5 we have:

8
● ☛

●
●

“:J ?-::”::
● * ● OO ● be ● OO ● be ● *

..smllln ●
● *9 ● ● 08 ●

● 000 : ● **

●0000:
I

● a*
● m ● ma ● ● ● ● *
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J!oo J5$ ;r:;,b~+L5J; j;,
“233 @35

‘F s 10~1.3x 1;0.F35 trjc!&/ur~itarea x 0.945t

~235
‘F

Av. t
“238

-0.0,, ,@’ x “0° 0’’23’ ‘racks/@’ ara

lJo.of &’ tr’acks/unit

= 0.63 tOe~

@~
In determining( = F ),(,,#235 ) some coricernwas felt aboutthe

amea

possiblecontributionof thermaland epithermal

crosssection of U235. Althoughthe precaution

30 mil cadmiumwas religiously followed, one is

sufficientepithermalneutronsdid not existto

neutrow to the apparent

of wrap~~ the plates in ,

still riotcertain that

invalidatet~ie“25”measun+

ment. In orderto checkthispoint,the cadmiumratiofor !’2511was obtained.

Sincethisratio turned out to be one to the statistical accuracyof the

results,(plus-o&minus10 percent),it was feltthatthis indicateda

sufficientlystringcnilimitationon the numberof thermalneutronsto indeed

warrantthe assumptionthatepithermalsdid net existin suffi.cientnumbers

to causetrouble.

Figure3 ~ivesthe ratiosof the fissioncrosssectionof U23$ to

~235and~o ~232
as a function of neutron energy. The points below 6 Xev

were obtafied frm the report of ‘t;illiam et

Conclusions

In evaluating the above Lechnique,

al.‘1)

it should be pointed out that

the above data was taken during a twb~ieekperiodwhilethe

beincrun for otherexperiments.The timerequiredfor t1ie

aboveplateswas appruinately300 man-hours. Jhenevertwo

Van de Graaffwas

analysisof tlie

investLqators

analyzedthe same area of

differedby more than two

a ;;ivenplate, the number of tracks recorded never I
percent.

- 12- .

.
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