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Abstract

The (qjn)

funcktonof* enwgy

cross-sections

up to the full.

for Be, Mg and Al were measuredas a

energyof poWEium < gs0 The cross-

sectionswere determinedby countingthe neutronsreleasedin the reactions

in a graphiteblockwith a B1OWneutroncounter. The energyresponseof
●

the 00UKIt@ 43p=8~us

significantre8ultso

was reasonably~Iflat~las it wouldhave to be to give
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A numberof excitationcurvesfor (~~n)reactionsin light
1929 w+)

nucleiappearin the literature. The emphaeiehas usuallybeen

placedon the locationuf thresholdsand resonancesratherthan on the

measurementof cross+ections. This is due in part to the difficulty

of measuringthe nec%ssarymatron yieldsto determinethe cross-sections.

XrIthe presentexper$.mentan attempthas beenmade to measure”theneutron

yields. The methodused was suchthat some eacrif5.ues in energy resolution

had to be

cationof

made (especially in the casesof Kg and Al] and the ident$.f5.-

resonanceswas mademore difficult.

In some ~~n) reautions$it is true,the finalnucbus is

left radioactiveand a measurementof the int&sity of decayallowsthe
394)

calculation of a cros8+eotion0 But evenin someof these casesit

mightbe preferable(andfor othernuclei,it would,of course,be necee=

sary)to measurethe neutronyielddirectly$in orderto determinethe

cross-secticn~Such a measurementrequireethe abili.t$to countneutrons

with a knownefficiencyand this efficiencymust be independentof neutron

energy.

In the presentexperiment,a

of counting efficienay$ or *fMtne88~3

fair degree of energy-independence

was obtainedby placingboth the

11 Bernardino,;eits~* Ph;ys.$$, 55?, (1933)
X&$ !

Beryllium)
2 13jerge, ProcoRoy. *CO, 243, (19%) B=YU-SUM)
3) Ellis and !kndersonsProcc>ROY. SOCO, ~, 3X$, (1936) (~nefi~)
k) Waring, JoRoSo$ and Chang !YoY09 Proco ROYCI
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cross-aectf.onchamber(i~e,the source of neutrons)and a slow neutron

counterat appropriatepositionsin a I.argegraphiteblock~ The degree

of flatnessof any particulararrangementof sourceand counterin a

blockcan be calculatedto good approfimatlonby meanaof elementary

piletheory. Throughouta blockin whichthereis a smallsourceof

fast neutronsof energyEs therewill be a distributionof thermalneu-

tronswhichhave originallysomefrom the sourceand have been slowed

down. Thtudistributiondependson the sizeand shapeof the bleakand

upon I?.For everydistance?from the source,a value of E, Em can ba

foundthatrendersthe thermalflux at$a maximum. Tlxlsmaximumarisea

from the combinedeffectsof the slowingdown and absorptionof neutrons

in graphite. To countneutronswith a givenenergyspectrum,one would

placethe thermalneutroncounterat suuha distanuefrom the aouroethat

Em fallsi somewherewithinthe spectrum. A detailedcalculationfor the

sizeof graphiteblockused in this experiment(5Qx 59 WY) showsthat

with a sourceat the middleof the block,and the counter55 cm.away

alongthe longaxisof the bLock9Emis 05WV and that the counting

efficiencyfor 4 Uev neutronswould stillbe over 90% of maximum.

The countingwas doneby a conventional W3--fillodcounting-

tubewhosepulseswere amplifiedand fed into a discriminator&d 8cakr.

A BP3 counteris essentiallya counterof slowneutronsand the above

discussion applies. The overall.countingefficiencyofthe apparatuswas

determinedby meansof a standardizedRaJ3eneutron source whose total

neutronyieldhad been mreful.lymeamxd to within 2%.
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cross-section

the formof a

chamber was spherical(Fig.1) and contained .

thinlayerof poloniumplatedento a small

nickel sphere. The sourcewas accuratelyheld at the centerof the chamber.

lmcloaingit were two hemispherical steel spinningsonto the insidesurface
*

of whichwere evaporatedthe targets+ The pressureof gas in the chamber.

was varied so that the cross-section

~-energye The stoppinggas usedwas

polonlumW8 is harmlesslysmall. A

couldbe determinedas a functtonof

nitrogenfor its neutron yield from

few remarks about the energy reso-

lutionof sucha sphericalcross-seetionchamberare givenbelow.

The curvefor beryllium(Fig,2) givesthe (~$n)cross-section
I

,

.

ae a functionof the averageresidual~rangeat the tergeto The counting

rate was suchthatthe statisticalprobableerrorcouldbe keptbelow 2%

for mast of the pointson the graph. The% sourcefor thispart of the

experimentwas 0J+96 curies of poloniumuniformlyplatedonto the nickel

ball of Fig. 1. The target$too9 was fairly Unlforatn thicknees(04$?mg/cm2).

Tungstencoilsof seve&l ahapeuand shes were testedfor evaporatingthe

targetsand one withreasonably~pointsourcattpropertieswas chosen. The

evaporationwas doneintoone hemhphere at a

centered. The curveof Fig. 2 can reasonably

excitationcurvefer the @f,n)reactionin Be

time from this coil properly

be regardedas a thin target

inaemuch as the target was

only0.25 cm (air equivalent)thick. The shapeof the curve resembles
1) 2)

closelythat obtainedby Bernardino and by B~erge. Theaatwo papersdo

not,however,100atethe curvesIn the sameway with respectto the energy

a%is. In the firstpaperthe firstresonancepesk$for example,occurs

. —.. ----- - -“
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at 2 om.~range, whereasin the secondit eppears at 1 cm. The present

resultstendto sgreewith thoseof Bjergeand when integratedare in

very closeagreement
5)

Wiegand.

withthe recentthick target results of Segrg and

The verticallinesthrougheachpointin the curvefor magne-

sium(Fig.5) indicatethe statisticalprobableerrorbasedon the number

of countstakento determinethe particularpoint. The cross-seotionfor

the (c#,n)reactionin ?.!!is considerablysmallerthan that in Be. To

a8sure adequatecountingrates a thickertarget(.50m&/cm2~ .32 cm. air)

and a thickersource(1.14ouries= .20 om air)had to be used. This

thickeningof sourceand targetfor heavierelementtargets(necessitated

largelyby the Coulombbarrierreductionof cross-sections)reducesthe

energy resolution of the app+matus.This ie ratherunfortunateeincefor

heavierelements,resonancelWCIS are closer

resolutionis

smoothingout

levelsrather

and 3.5 cm.

The

very desirable. In the present

of the curveIs euchas to make

togetherand good energy

experimentthe extentof the

the

uncertain. Theremay be resonances

locationof resonance

(Fig.3) at 3,0,3.25

targetfor aluminum(.63 mg/crn2~ .38 cm. ~) had to be made’

eventhickerthanfor magnesiumand no resonancesare apperent. The =’0SS”

sectionplottedin Fig. 4 my be regardedas an averagecroas+ectionin the

neighborhoodof any pointon the av6cisaa.

5) LA 136 >..6,,vi.10.-
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In thistype of experimentthereis a spreadin energyof

those% particlescausingtransformationswhichis due to the varying

fractionsof

In addition,

vsryingpath

theirrange spentby different~~s in the sourceand target.

the finitesiseof the eourceball makesit possiblefor

lengthethroughthe gas in the chamber. Difficultiesmay
,

aleo srisefrom improperpositioningof the sourceand target. super-

imposedon all theseis the naturalstragglingof% particleswhen

passingthroughmatter. Theprobl@mof positioningcan be overcomeand

the inherentstragglingamountsat mostto about2% of the ma.xirmunrangee

But the othercausesof decreasedenergyresolutionare more seriouee

Under normalcircumstances}therequiredcountingrate and the maximum

sizeof the cross-sectionchamberwouldbe given. From thesei% ie

possibleto calculatethe optimumsizeof the sourceball and the optimum

thicknessof poloniumand targetfor best resolution. In the Be experi-

ment such a calculationshowedthat the narrowestdistributionofqen-

ergieswiththe chamberfil..l..xlxlto M&f an atmospherehad a widthat hal.f=-

m.xl.mnrnof 5% of the%energy. ( It shouldbe mentionedthat if the cross-

sectionchamberweremade reasonablylar.ger$or if severalcounterswere

used simultaneouslyat properdistancesfromthe source,the resolution

couldbe slightly improved.) It shouldalsobe pointedout

straggling in the presentarrangementgets

is raised. As a result,the resolutionat

much worsethan at the high energyend.

incr-singlybad

low energy(high

that the

as the pressure

pressure)ie

~...”JJ!& >-2,. - !
—&.
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