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ABSTRACT

‘Mm neutronspectrumL%oma boron-poloniumsourceis measuredby.

uae of Iwthodsand apparatuspreviouslywed for measurementof the fission

spectrum. The neutronshave energiesconaidemldytoo high to be wed as

a mock sourceto representthe Hcwion spectnamas measusedby 1310chand

Maub.
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THE NEUTRCNSPECTRUMU? BORONBOMBARDED

An invmtigation

and

INTNJDIICTION

BY POLONIUM-ALPRAS

of the neutronspo&um of the reaction

was carriedout wdng the o(-partibleaOS polcniumin order%0 iiefmmhe

whether

present

of’25.

sucha naturalsourcecould‘beused in integralesqxmimentsto re-

approxima’hilythe neutronspectrumarisingfrom the f%wion process

Previouslyonly scantknowledgecf this spectrumwa~available. From

the knownmass valuesone wouldexpectthe upperlimitof tb neutronspeQ-

1)10 and 5.3MT?for 1311.Siaceit has been drownfawn to be 6.2 MV for B. . . . .
We% most of the.neutronsarisefrom1#1 one wouldexpectthe neutronspec-

trum to breakoi’fat about 5.3 W. .Furthermore,tf uncoil.imatedneutrons,., ..

are used, OnGIwouldexpecta more or lesscontinuousspectrumsincethe energy.. .

spraadof the neutronsdue to the angular spreadof thetigsfrom o to IT

would spreadthe neutrons(In the case of7N~ %n the groundstate)from

5.3 to 2.8 MV. For a thickB targetan,edditional.spreadtill be caused

‘+ are hmownto eztstthe neutronand sinceseveralexcited@Rtes of TN

spectrumof the reactilonmy be expectedto be quitecontinuousup to 5-3 MV..,

31 h~~*Oshownthat the2) end &rie=JoIiotPreviousexperimentsof Chadwick

. . . . .

1) Bonn@r,T,W. and Mott-Smith,LSM.,Phys.I?ev.@, 258 (2934.).. ..,.

.
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numberof neutronsdrop off verymarkedlya% 3.3 W, indicatingthata

largetractionof the neutronsaris~from a reactionleadingto an exc~ted.

~NW~~ Cloud-chamberdata lxdmnby Bonnerand Mott=Smithl)howwer showed

that thereare a numberof neutrons with energiesup to &.2 W energy. These

data do not give any accurateinformationon

the number of tracksobsezwcdis quitesmall

and cross-seotion

The method

has

for

been spplied~

METHCECT’MEASUREMENT

the

and

shape of the spaclmam since

no correctionfor geoine%ry

determiningthe Po-lilspectrumused in tha presentin-

vestigatlcmis the sameas was used for the fissionspectrumat Stanford.4)

The neutronsourceconsistedof 8 Pt foils3x3 cm, coveredwitlna tutd of. .,

about2G0 m5Micuries of pdonlum9 2/’32’Jplatisof boroncwbide being in-. . .

serted between

brassbox. The

of the pressuzze

the foils. The whole systeinwaaplacedin an evacuated. . .. .,

sourcewas placedat 5 cm distancein frontof the lighter. . . . .., .. . .

vesselspreviouslyused a% St@ord, containinga multiple., ,.

electrodeIonizationchamberand filledwith

of Argon. This mixturehas a stoppingpcwer

12~OAtm. ofH2 and 3~13Atm.

equalto thatused in the second

and thirdmeasurementof the fissionspectrumat Stanford,so that the same

valuesi’cn?wall correctionscouldbe applied. No appreciableamount&.

materi.a3.of any kindwas closerto the chamberthan 3 ft. A fieldof 7200 V/’cEI,.-, . . .

was wed ta collectthe ions of both stgns.. . . .

cA’numberof recoilpulsesversustheirsize

tainedin the mannerdescritidin reportLA

.

Frointhe observeddistribution

the mutron s~ectrumwas ob-

1’7. The samepreanqilifl era

-)
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linoaramplifiers in the Stanfordwork was used and also the samedii’i’-

erentialselectorfor the dtdxmwha’kioraof pulsesize. ‘ikeonlychange

was that the timecondants of thempkifier

and thusa new calibrationwithD=IDneut?ons

T~70separatemeasurementswere taken,

had bsen decreasedslightly,

had to be made.

with a three=dayintervalbe-

tween the two. In CIveryrun the numberof pulsesof the differentialae-

Iectorat variousbiaseswas recordedfor 5 to XO minuteswith the source

in frontof the chamberand with ths sourceremwad. At tihesame time the

readingsof an integralcounterwere recorded. ~he averageintegralcounter

rate of the firstrun was 115.3 ~.7,0f the secondW*1 ~.6. The differ-

ence 0? (1.9 *.8%) is consistentwith the changeexpectedfrom the decay

of the poloniumwhich shouldbe 1.5%. The totalnumberof’ differential.. .

counts(sumof all countsat all biases)howeverdifferedin the two rum.,.

by 8.6%, Sincebetweenthe two runs the widt~,of.t~ tn~rvdl.had been

ohangedand reset it was believedthat the settingwas nob reproducedex-. . . .. . . .. . . . .. ----- .

actlyand sincethe two measurementsagreedexceptfor thfs constantfat=,... .. .. .... .

tov,tae numbersof the secondrun were simplyinc~ased 3y9% and then

the two measurementswere combined. This combinedresultis giveninl?ig.1.

The errorsindicatedare the truestatisticalprobableerrorssinceduring

the meeaurernentsno fluctuationsbeyondthe statistical

INTERPRl?TATIONW MEWUREMENTS
I

A most proba’ble‘tsmooth~curvewas drawnthrough

as shownin the figureand thederivativeof this curve

oneswere observeda

the measuredpoints

takenoff the var-

5.CW3points. The conversionfrombiasuultato energywas donO in the sam

-
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way as in reportLA - ~7. For thispurposea new calibrationwith the

neutronsof the D-D reactionwas mde in the 2 laboratory.The prooedure

was to ‘-kcthe readingsof the differentialselecterat variousbiases

togetherwith the readingof the integralrecorderkept at a fixedbias.

The ratioof the two numbersat differentbiasesgivesthe relativenumber

of recoilsat the variousenergiesand the resu3tis plottedin Fig. 2.

Againa smoothcurvewss drawnthroughthe observedpoints. 33eyondthe

knee a straightlineis compatiblewith the observedpoints. Howeveras

discussedin reportL&27”the slopewas biggerthan one would expectfor

stvictlymonochromaticneutrons~ Wo thereforeobtainedagainin the neutron

spectruma continuoustail

~(~ of the to~~ n~~r in
..

the curvethe shapeof the. .

describedin LA-=172using. . .

of slowneutrons,theirtotalnumberbeingabout

the line. From the derivativesob’~inedfrom

neutronspectrumwas calculatedin the manner. . .. .

fork and n(the wall correctionfunctions)the. .- .

VEWOS calculatedby Hamereshand Weinstookfor the stoppingpowerwhich,.. ,.,, .

we used. The bias-energyrelationwas fixedso that the maximumof the.. .

neutrondistributioncorrespondedto 265 MV. It was ilxrthamoreascertained.. .... ,,

that the mplifier was linearover the wholebias regionused~ and frequent. .

checksof the amplificationwere made. No variat50nbeyondaboutX%was

noticed. The neutronspectrumthus calculatedfrom the recoilspectrumof

the D-D neutronsis also representedin

With thisenergycaliiorationthe..

tmm vim performedin the sanemanner..

tc,getlmrwith the recoildistribution

l<tw.

Fig. 2.

analysisof the Po-B recoilspec-

‘1’heresultis givenin Fig. 1,

The neutronscaleis discussedbe-
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CXX?CLUSIONSCONCERNINGMOCKSPECTRUM——

FromFig. 1 it is evidentthat the neutronspectrumof the polon-

ium-boronreactionis not suitablefor a fissionspectrumsubstitutesince

it containsfar too many high-enerb~neutrons. ‘Ikemaximumof the distrib=

utionoccursat 3 MV insteadof beingcloseto 1 W as in the case of the

fissionspectrum.The averageneutronenergyis 2.3 ‘NL’if the spectrum

is extrapolatedto higherand lowerenergiesin the mannerindicatedin

the figureby the dottedMnes, whereasthe

ford fissionspectrumis 1.5 W. It may be

quitedistinctlya rathersharpfall of the

3.5 ?W, in goodagreementwith the pretious

averageenergyof the Stan==

notedthat our resultshows

neutronintensityat about

resultsOf Chadwic@ and 3o1-

iot-Curie3)but it also indicatesa smallnumberof neutrons above4 MV

in agreementwith the findingsof Bonnerand Mott-$.!huithl)o

INTENSITYOF SOURCE

Cixrmem.uments alsoenableus to compute the totalnumberof neu-. . . . ..,. . .

&ions emitted~ the boron-poloniumsourceused in this experiment. In
. .

orderto do Wat one has firstto detemine the width of the differential., . . .

selectorinterval.This was done in two ways. Firstby directmoasure~. . . .

ineptof the distributionof artificialpulses. This gave a valueof... . . . . . . .. ..

.225W. Anothermore accurateway is the following. It was determined. ,, . .

with artificialpulsesthat the integralmonftorcountedall pulsesabove.. . . . . . .

the blae settingof the differentialselectorcorrespondingto 1~45W... . . .

By comparing

mtnu~) with

the accurate

the count3ngrate of the integralmonitor (X15.3countspm. . . ..

the integralof the recoildistributioncurveabove1.45MW. . . ..

valuefor the widthW was foundto be ~X16MV. The total
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i

number of neutronsemittedby the sourceis found in the followingway.

The neutronshaleshownon the right-handsidecf Fig. 1 is determined

by the use of the i’orniula for the relativenu.dwrof neutrcns

WE (dR/dE)/u(E)

b modifiedby wall correctionsas discussedin LA-17e (Here “

E arisesfrom the angulardistributionof recoils,and &is

whtchmust

the factor

measuredin barns)~ This scaledoes not yet takeinto accountMO energy-

independentfactorsdescribingthe propertiesof the chamberand the selec-

tor intervalW. 3Y R Is the integral valueof Me computedneu%ron spec-

trum on this scale(extrapolatedto high

ths number

whereflis.

chamber,n..

ion$.zation

of neutronsis:

r?=R/(ivnWS).. . .,

and low energiesas indicated)

. . .

the fractionof the totalsolidangle4T subtendedby the. .. . . . .. ,.. . .. ...

the numberof hydrogennucleiper cc, and d the depthof the.

chamber. Thus one obtains:

N=

. . . .

. . . ,“.. . . . .

3066D104neutrons/aeco

. .

who preparedthe poloniumao-urceits strength.,..

. . . .

Accord3.ngto the Segragroup

was estimatedto he abou% 3.80P& on September17th. R2tMn the two months

elapseduntilthe present

a f’actm~e+O@-96 = :736.

as 20 neutronsper 10% ~so Since the targe@ in our case coneistedof

boron carbidethiswouldbe reducedto4/5 x20=16 noutmns per 106&Qso

measurementswere takenthe sourcedei?ayedby

The neutronproductionrate of polonium-boron
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Xt has to b kept in mind furthermorethat onlyhalf of’the ~~s are

actim for neu’monproduction. Thus the mmber Of neutrons to be ex-

Pwted would beg

~=+% 0.18 x CLV36 x3.5 X do x 36/lo6s&~Ax NY%/bc.

in good agrement wltk the above number.

I
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