
.,

.

.

,., !l -- ,,. ,.-

:1-
. . .

h
..

..-.
I

I...-.........,..,.,.,.-,..’!.,}. .,

. .,,+ .;.; ;

.,
-.

. . . .

.. .. .

“-~.:. :... .. .

4 ‘.............-,...-------
“ti. .<.z . . . .

. ..-.
.

.,

,,

:,
[’

il

,

t

!’

!’

\
,
,

!’

II

I

-.. >” -..-4
. . ‘1

. . . ... . ,..e_...’ . . .

y-..-..>y.-a.>-- .... -,.-<-.. . .... W...,..,.

1 ~””

I

l . ._.._”’ --.,_.. ..— ..-.-—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.m*:*: 9 “ ● -*:.*●.::.O.. :.:OO.

LOS ALAMOS SCIENTIFICLABORATORY

ofthe

UNIVERSITYOF CALIFORNIA

Reportwritten:
July13,1954

PUBLICLY RELEASABLE
VERIFIED UNCLASSIFIED

Per “. tFSS-16Date: ~i Per h /9 .V--

B$_?,,,
-$

IC-14Date: ,~< By T

I LAMS-1700 Thisdocumentconsistsof_.lJj_pages

Work doneby:
R. E. Carter
E. T. Jurney
M. M. Thorpe
M. E.Wyman
J.L.Yarnell

AVERAGE FISSIONCROSS SECTIONOF U237FOR

INTERMEDIATE ENERGY NEUTRONS

PHYSICSAND MATHEMATICS

. . . lw/4$lFlED
LOSAIAMOSNATLLAS u=.

‘Illllllllllllllllllllllllllllllll[llllll!lllll:
39338004072921

~ dlmiiiM:i:

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE

ABOUT THIS REPORT
This official electronic version was created by scanningthe best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.For additional information or comments, contact: Library Without Walls Project Los Alamos National Laboratory Research LibraryLos Alamos, NM 87544 Phone: (505)667-4448 E-mail: lwwp@lanl.gov



PHYSICSAND MATHEMATICS

Reportdistributed:AUG ~ 31954
LOS AlamosReportLibrary

LAMS-1700

1-25

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



A measurement of the avemge

&~ for neutronsof intermediate

fissioncrosssectionof

energieswas made by members

of GroupP-2. The experimentalarrangementis givenin Fig. 1,

and Figs.2, 3, and 4 show the detailsof the fissionchamber.

The chamberhad on one sidea foil ofNp2n, and on the other

sidea

debris

of the

foilmade fromuraniumwhichhad been separatedfrcmthe

of one of the 1954 seriesof Pacificshots. The ratio

countingratesof the two sidesof the chamberwas observed

as a functionof

presenthavinga

couldbe related

waa investi~ted

the time. Since#n was the only isotope

shorthalf-life,a time-variationof the ratio

to the #3T crosssection. The neutronspectrum

by replacingthe @37 foilwith foilsof
/!38

)

@6 and &35 and measuringthe ratioof fissioncountingrates) >

of theseisotopesto that of IIJp2x.

Backgroundwas foundto be negligible:no countswere

observedwhen the voltagewas removedfranthe centerelectrode

with the reactoron, and nonewere seenwith the voltageon and

the reactoroff. In orderto avoiddrift,the electroniccircuits

were operatedfromvoltageregulatedsupplies,and were kept in

constanttemperaturecabinets. The circuitswere tested,and

discriminator biasesset by means of a pulser,beforeeach set

of 6 half-hourruns. The chexberwas neithermovednor refilled

duringthe &H measurements.

chamberwere takenbeforeeach

Bias curvesfor each sideof the

set of runs,and no changeswere

APPROVED FOR PUBLIC RELEASE
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observedthroughoutthe experiment.To investigatepossible

driftof the apparatus,the countingratesof the two sidesof

the chamberwere separatelycomparedto tkm pilemonitor,a

fissioncounterimbeddedin the top of the bismuthwall which

separatesthe NorthThermalColunnfromthe reactorcore. ~ith-

in the accuracyof the monitor,the Np23 countbg rateremained

constant,whilethat of the

Massesof the standard

and pulsehei~ltanalysis.

GroupsCNR-4and J-XL. The

by GroupJ-n usingthermal

$37

foils

These

decreasedwith time.

were estimatedby alphacounting

measurementswere made by

$35 contentof each foilwas measured

fissioncountingtechniques.

Amass spectrographicanalysisof the material.frcmwhich

the #37 foil.was preparedwas made at ArgonneI?ationalLaboratory

(Report ANL-WMM-1217). The resultsof this analysisme givenbelow.

$35

used

+35 : 0.61~ O.OI’$by weight

$36: 0.38 ~ o.01

@7 l.q ~ 0.02

$38;. 97093 t 0.02

The#37 contentis tluitwhichexistedat shottime. The

contentas detezn!inedfrcunthermalfission measurementswas

to convertthe percentabundancesto absolutevalues. The

compositionof the foilat the time

foundto be:

835, 3.92

$36:
2.43

$37: 4.yy

$38: 621.

countingwas started

x 1014 atcxns

x ~&4

(To)WS.S

x

lJJNCLASSIFIED ,x ●

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.=- -.; . ●: ,t@tk$!iSIFjED.s= : ‘“: “:
.: ● *.:. : ● ..

●=:.*9
●

Radiochemicalanalysisof the foilmaterialIs beingcarriedout

by membersof GroupJ-11. Preliminaryresultsindicatea

value for the &’37 contentof the foilwhich is 2@ lowerthan

that givenabove. Althoughthe mass spectrographicdetermination

was used in thisreport,the finalresultsare subjectto

correctionwhen the z%diochemicalmeasurementshavebeen ccmpleted.

The

atomsof

The

Np237foilused as a comparisoncontained588x 1014

mw .

measuredratiosof fissioncountingratewere extra-

polatedto zerobias. The =gnitude of this correction,which

arose fran differencesin slopeof the bias curvesfor the

variousfoils,was in no case more than 2$. The ratiosof

averagecrosssectionsobtainedfrommeasurementswith the

standardfoilswere foundto be:

v 37

The ratioof the fissioncounting

that of the Np2n foilis givenby the

rate of the 1.?37foilto

expression:

97 %7

wherel!$i= atcms of isotope“3.”in the &W foilat t = O.

N;7 s atcsmof Np237in the comparisonfoil.

5L = averagecrosssectionof isotope“i”.

A’ decayconstantof&3 = 0.1027day-l.

UNCLASSIFIED
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Thismay be ~itten

-At
R =A+Be

where

The e~erimentsldata are shownin Fig. 5. l!hesolidcurve

- At to
was obtainedby fittinga curveof the formR = A + Be

.

the

experimentalpointsby the methodof leastsquares. The COnBhI)t ~

@37was chosen to correspondto a half life of 6.7’5 days for .

The valuesof the constants,when correctedto zerobia$,to-

getherwith the tatandarddeviationsobtainedfromthe dispersion

of the experimentalpoints,~e:

A = 0.1626 Z 0.0001 B = o.ocw~ 0.0001

From B we obtain Zq = 2.00
Bii

d!

To interprettheseresults,it is necessaryto constructa

neutronspectrumwhich,when combinedwith the knownfissioncross

mentalvaluesof the ratiosof averagecross sections.

The low-energyer.dof the spectrumis determinedby the BIO

absorberwhich surroundedthe chamber. Boronenrichedto 82$ #o

has a thermalcrosssectionof 32?0barns. The crosssectionobeys

8 l/v law up to

the attenuation

to 1 at 10 kev,

and is equalto

approximately10 kev, and then is constant. If

of the boronabsorberis arbitrarilyset equal

thenthe attenuationremai~O.~at h

tvl~~-’~~rp
1.Q e-~”2/C”~. ‘; ~ : “~ ~ ,

-::0 ‘-

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



At energiesbeluwthe lowerlimitso~”the fissionspectrum

and of inelasticscattering,the neutronsshouldfollowthe l/E

distributioncharacteristicof slowingdown in a moderator. We

thereforeassumethat, for energiesbelow 100 kev, the neutron

spectrumfollowsa l/E law as modifiedby the boronattenuation.

Measurementsof the spectrumabove1 mev by J. E. Evans

(ReportLA-1395) indicatea distributionresemblinga fission

spectrumabove1.5 mev connectedto a functionwhichincreases

rapidlyas one goes to lowerenergies.

The aboveformsof the two ends of the spectrumwere used

as staz%ingpointof a trialand errorconstructionof a spectrum

whichwouldgivethe mess-d valuesof the averagecrosssections.

Valuesof the fissioncrosssectionsused in thisprocesswere

takenfrrxReportsLA-1495,BILL170andBNL170B.

The average value ~ of a crosssection 6(E) overa flux

distribution$(E) is givenby

a= j E) 6(E)
J

dE/ 4(E) dE

This is the sameas

if we let Y (E) = E $(E) and dE/E - C d(logl~), then

~.
s
V(E) cY(E) d(logl@/~ ~(~) d(logl~)

This expressionmay be approximatedby

~ = ; ~(Ei) -~(Ei) A(@i&)/ %i) ~(loglOE)

A rangeof 10 ev to 10 mev was chosen for E (logl& ‘ 100
@\r\c~

to 7.0). ~ s TableA uniformintervalof 0.1 was taken for $$~&’l&. I

I
.

● mm
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1 givesthe valuesof E, G25, G24,G37, &28 togethertith

the assumedvaluesof~which gave the find fit. Figure6 shows~

as a functionOf 10~OE. It is to be notedthat the neutronflux

betweenany two energiesis proportionalto the &ea underthe

curvebetweentheseenergie8. The ratiosof aver~e cross

sectionsa6 computedfrcmthe proposedspectrum,and as measured

experimentally,cu’egivenbelow:

Ratio Calculated Experimental

~5/ ~37 8.83 8.8

~26/ C37 0.269 0.27

~28/ ?37 o.O$m O.ogl

The calculatedaverage cross sectionsfor the proposedspectrumare

$35 2.88barns

836 0.0!38

$38
0.030

NP
237 0.326

The abovevalueof the Np237 cross sectiontogetherwith the

measuredvalueof

the fissioncross

Fig. 6.

sectionof &37 averagedcwer the spectrumof

may

the

The peak in the neutronspectrumbetween100 kev and 1 mev

be due to the presenceof the bismuthbetweenthe chamberand

reactor core (see Fig. 1). As an auxilizuyexperiment,

neutronspectraweremeasured with the chamberpartlyretracted,

and with vaz@ng emountsof graphitebetweenthe chamberand the

●O UWSSIFIED
● 6 ● .

● -O.

!!i!i@m_
I“. .:0●~’6.- .0

●O*● *-~ -* - : :0.
■e●.m
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bismuth. it was foundthat the

with respectto ‘thel/E portion

of the graphitewas increased.

●✛✍✎ ✍ ✍
●☛✚✍ ● ☛

✎☛●☛ ●
✎☛☛✎

● m:=. : .*
‘.:* .: ●

..0 ●*

●ma.** ●

peak at ~ jOOkev

of the spectrumas

decreased

the thickness

It is difficultto statepreciseltiitson the accuracyof

I the resultsof thisexperiment,sinceseveralof the sourcesof

uncertaintycan be estimatedonlysubjective. If the J-11

value for the mass of the foil is used,the &m cross section

is Increasedby10#. We feelthat,apartfrcmthe U.ncetiainty

in the mass of’the foil,the

been determinedto ~ 1%.

be dividedintofourregions

and &38, and it is believed

averagecross sectionof $37 ~

The proposedneutronspectrummay

by the thresholds of I?p237,#36,

thatthe relativeflux in each

regionis knownto ~ltip. The uncertaintyassociatedwith indi-

vidualpointson the fluxdistributionis considerablygreater.

—
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NORTH-SOUTH SECTION OF THE LOS ALAMOS WATER BOILER (SUPO)

Figure1. A schematicview of the Los AlamosWaterBoilershowingthe

locationof the fissionchsmberin the reactor.
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Figure2. Tne boron shieldeddoublefissionchsmber. The

centerhigh-voltageelectrodecarriesa foil on each side.
The

two outerplatesserveas collectingelectrodes.
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