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A?35TPACT

‘Theenergyspectrumof the neutronsemittedwhen a thickborontarget

is bombardedby polomi.umalphaparticleshas been studiedby the photographic

emulsi6nmethod. From 355 recoilprotontracksa neutrondistribution’isin-

ferredwhjchslxwsa broadmaximumat about2.5 C.?evand extrapolatesto zero

at about6 l?evon the high-energyend. A suggestionis rade for producin~a

mock fission-neutronsource,and a briefdiscussionis includedof the photo=

graphicvs. ionization-chnmbertechniquescf measuringneutronenergies.
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Introduct~R—- .

The energyspectrumof the neutronsfromnaturalalphasourceon

boronwas studiedby severalworkersshortlyafterthe neutronvm first

discovered1$2S3). Thesoewlymeasurments (made@measuring the range,

of protonsknockedout of wmffin or by nroimnreco51sin a cloudchambm)

gnve iasufficjentand discordantdetE. Neutronenergymeasuringtechniques

mere not viell.developedat that timeand the naturalalphasourceswere often

S0 l~eak*hat Satisfactovstatisticswore seldom

Recently180 millicuriosofPo oneight3

nble for experimentaluse. A neutronsourcews

PO foilslwtveenWMwred B4C slabs5), the whole

obtained..

1)x 3 cm Pt foils+ were wail=

made by interleavingthe

Yo-B assemblybeingplacedin

~wwe Arrwwement

For the present

center of-theroomand

experimentthe aboveneutronsourcewas suspendedin the

Ilfordl?alftoneMates (100~ thick)were placedU cm

from one of the facesof tke box (seeiVg. 2).

.

1] Chadwick,Proc.Roy.Sot.,&&, 1, (1933)

Z) Curieand Joliot,J. de Pbys.et pad.,& ~8, [3933)

3) Bonner,?’.W. and Mott-Smith,L*, Phys.Rev.,46, 258, (1934)

4) PreparedbyR. J. PrestV]ood
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A fmrteen-dayexposuregsve a sufficient

V3sm. Bw?kgrow3 plates (withthe source
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.

numberof tracksper fieldof .

removed)were laterleftin the

rooman equal.lengthof ttme. Examinationof theseplatesindicatedthat

therewes no appreciablebackground.

Tho pmcessingwxl measuringtechniquesare thosedescribedin earMer

6$7). The actual%reckmeasurementswere made by X. H. Perlman.reports

Results

355 raccil.protontrackshave beenmeasuzw?and plottedin energyinter-

v&ls. (Thestopning power of the emulsionhad previowly been carefullycal-

ibrated).) Each energy intervdvas decreasedby 1/2 I& becauserecoils

out to Q = 17° were measured. The resultsgivenin 1%.E.3 havealso been

cmrrectscifor n-p wattering crasssectionant!for a geometrycorrectionarising

frm tlicfact thatlong tracksare more likelyto leavethe

for comparisonStaub$sionizationchsmlxwmeasurementswith

sourceare includedon Fig. 4“. The fonizat50n-chamberdata

j.nedto the same area as the phototigrephicdati.

Qiscussicm

If one uses the latestIU8SS valuess), one calculates

~nu3Bion7),. . . Also

tbe j.dent$celPo-B

have been nornal-

fl

forBIO (x,n)N13 and Q = +(3.28~ .09Mev;orB11 (of,n)N14.Hencefor

Po-w.,the nnximumneutron energies wouldbe 6.33 !#evand 5.19Mevrsspectively.
..

Sincethe presentmectrum extrapolatesto zeroat about6 Rev,this js a

6) H. T. Richards,LA Report60

7) If. T. Richards,Phys.Rev.,~, 796 (1941) “
---”

8) CMcago Handbook,W-697, Chap.IIT,PartA
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values,particularlysinceonlya smallfraction

of the neutrons are supposedto he from

were the highestobservedby my of the

the BIO fi.sotopeg).Neutronsoi’4.2 m?)

earlyworkers.

&~FissSon-Neutron Sottroe.—

One of the principalreasonsfor the presentneutronenergystudy was

to determinewhetherthe Po-B neutronscouldbe used as a uiookfission-neutron

80UIW?, In agreementwith the resultsof Staub~~]we find t~atthe Po-B neu--

tronshave a si~ificentlyhigheraveregeenergythan the fissionneutron

6] (seeFig. 3).spectrummeasured~ the same&xhn5qze Hovwer, it maybe

possibleby makinguse of other(@$n) reectionsto ‘doctor!;this scurceto

zwemblo s.stisfectorilythe f3ssionneutronspectrum. Thosereectionsmost

promisingfrom the pointof view of intensityand estimatedneutvonenergies

are l?3-g(~n)Na22,N&3(& n)A126,and Al=(&n)Po30.

The re~ativeyieldswith Po alphas(T?obert~sIUS&iSU?h?mt2ntS) 11), the

and resultant

I for scme of

maximumneutronenergiesexpectedwith

the relevant(~n) reactions.

9) Livingstonand Bethe,

10) l?.Staub, L A Report

U’) Roberts, Cf+?64 and

Rev. w+. Phys.,g, 306 (1937)

48

CW1190
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“3*97

-? ● 33

+1 ● 18

+0,28

-o.~o

-1.63

-2 ●23
—.L.—

-0.w”u.a -H.--u.’u--.w.- .,d .-e-: ...*.. .,*. ,4.-4, . . . . . . . . .

l?~ max
for Po-& 1Yield (neuts/106Fo*)

4?+.6i%v I 12

3.4 Y&v
I

1.5

1.67 t!G)V
I

9.7
.. . . . . . I——.—.-.

I

The fluor~nereactioneppeersto b the most promisingmethodof

meightingthe Iow=enorgypart of the neutrondistribution,particubrly since

the resultsof Bonnerand Mott-Sm~th3)indica%othetmost of the neutronsare

of much lo~:erenergythan the meximum; in fact,most of the neutronsobserved

wra of energylees than 2.0 Mev.

A suitableexperimental.arrangementmightbe to have the Po deposited

on aluminumfoils. The aluminumfojlsare thenmountedin a gas-tight holder

whj.chis filledwith EF3 gas at suchpressurethe.tthe 3F3 wouldcom~ldxil.y

stop the Po alphas. In such an arrangementthe neutronyielllfrom the fluorine

reactionwouldbe about1.6 timesthat of the boronand the neutronyield from

the aluminumreactionwouldIw about0.13 that of the boronreectiow These

reactionsshoulddecreasethe averageenergyquiteappreciablywhile the neu-

tronyieldfrom e given emountof Powould stillbe 0.86 timesthat of the

arrangementused in the presentexperiment,If the averageenergyof sucha
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sourcewere too 10W, the aluminumfoilscouldbe replacedby platinumand

the y5eldcut only7 per centfttrther.

Qpjqxmison of Photjull ic vs. IonizationChamberHetlgdfQrQe@uring
NeutronEnergies

The secondreascnwhy the present neutronstudiesYere undertakenwas

to providea comparisonof the photographic-emulsiontechniqueand ionizatfon-

che,mbermstbod of mcwuri.ngneutronenergies. The two techniqueshad given

somwhe% differentresults

it was desiredto testthe

VW agreementon the

spectrum(seeFig. 4 and L

for tke fission neutronspectru&~13~,end hence

two methods on otherneutronsources.

Po-B neutronspectrumis betterthan on the fission

A @p@’t 60]. As ~as the case on +he fissionspec-

trum,the emulsionmethodepvearsto be capebleof extendingthe spectrum to

higher energiesthanthat covered by the ionization

ficantdisagreementbetweenthe two techniquesis on

and the regionaround3.9 R%w. In the formerregion

higher,which resultis similarto the fissiondcta.

shamber. The only signi-

the two low-energypoints

the ionization-chamberdata

Becauseof the shortness

of the tracksin the emulsion,this regionis the leastreliablepart of the

rangecovered@ the emulsiontechnique.lhwever$from the calibrationstudies

reportedin L A Report60~ one wou?,dexpectthat the emulsionmethodwould

give too many low energytracksbecauseof the asymmtric appearanceof the

calibrationgroupsat low energies. The disagreementat 3.00 r.?eviS also

quitestriking. Stauband Njcodernusreporta rathersharppeak in this

13) Blochand Wnab, LA Report17 and LA Report17-A

ar
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regionwhichdoes not appearat all on the emulsiondata. From the resol-

utionwhichthe emulsionmetkxlshow on d-d neutronsin this energyZW@on

(L fsRePoti60), itisdif’fieulttowkkwstand howa peak as sharpas that

reportedIn L A Report 48 couldbe mimed in the presentstudy. A possible

explanationmightbe thatthe differentiationof the $ntegaalrecoilion-

izationdata has undulysherpenedthe maximumof the ionization-ahaiberdata (see

rig. 1 of LA Report

slightuncertainties

the +WO Ed= OfdB’ta

48) ● This possibUity,perhapscombinedwith very

in both energycalibrations,makesit seemlikelytbet

me in essen%ialngreenent.
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