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deteetor20 cm long and 3/4U in diametersurroundedby a cylinder of paraffin

20 cm long and 1.7 cm in diameter.

2) “A detector lined with a ttiinfilm of 25 surroundedby the same

amountof paraffinas abovebut also shieldedby ~]i additi.orial1~ of’paraf-

the advantagethatits es~ib~’ation5.spwmaneni xltwe~?lefissionpd?ws are
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&my Sowces”

The testson thesedetectorscan be groupedwaler

1.)Efficiencyof detection; 2) Inte@=eomparisontests

souwe$ Y-Be and RaBe sources; 3) Hfect of’ cwwounding sourcewith g~aphite

3-(%in diamo+xw9and a

tronascatteredaround

o.fincidentneutrons;

‘Thesetestsare

son for reporting~hem

para&i12sphere61$in Meme+xxr; 4) Sensiti-vi-iy‘Loneu-

room; 5) Va~-iationof sensitivitywith the direction

and 6) Effectof ~-rqys on countingrate.

‘q-ynclmeanscompleteand are beingcontinued.,The rea==

at i$is ?Ckimeis to presentexistingevidenceon 121ebeh-

detecior.scan he evalua-bedIn ternsofkheir uses in specifj.cexperiments.

Efi’ici..-of’detection—— ——...-——

TIN?efficienciesfor datectionof IWe nevrtrcnsby thesethreedetectors

countsper minutefrom a 20(1mc R& sourceplacedone materfrom the face
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/the Liip~n)scwwe 8s takenwithc!etectors1 and 2 are sllomin Fig. 2* It

is seenthatthe two detectorssgreequitewell with ~he ‘yieldcuxveas taken

by detec%cw

tronswhich

exceptthat

1.at the val].ey in the yield txmve is

are pickedup hi detector2.muchmore

fcr detector2 are“takenfromCI’-6l8.

The highe:cvalue obta.i.ned

attributedto scattered.new.-

-t&anby detector2. Al-1 data

It is fairlysaf’eto say

from thesermmn.wernentsthatthe responseof the detectorsis flat from I-.$3Mev

to 0.3 Mev. A similayresultwas obtainedfor detector9 by observingthe
.

relativecoumtingratesobtainedfrom calibratedY-Be (200K@ and mesoWnoz’ium-

Ele(800KV) scmwces$the actuulvalueobtainedindicateda sensitivityQ2 per

cent greaterfor the $300KV source.

h attemptwas made to calibratedetectorsI and 2 by determj.ningthe

flux from the Li(p,n)reacticmfor 1 Mev neutronsusj.ngI-.6Barnsas +k@ cross

sect~onfox’2? snd measuringthe fissionrate in 25 samplesof knownmass. w-

ing the detec%w sensitivitiesobtaineclin thisways and the strengthsof’the

rac?ictwtj.vesourcesas givenby A. C. Graves9the numberof

sourceis .20per cent too low for counter2 and 30 psr cent
4

1. IM.ng a calibrated?Z=Besource{Q200 NJ neutrons)as a

counts from n RaBe

too low for ax.1.nter

standardgivesa

valuefor the;M3e soune whichis 20 per cent

15 per cent low as measuredby detector2$ bW

by detector2. The most l%lcelyinterpz’etation

low as measuredby iletec%or19

only3 cer cent low as nmasured

of tkse resultsare that these

detectorsare somewhatless sensitiveto the fastRaEe neutrons. It wouldbe

very inte-restingto have a betterradioactivesource of fast neutronsfor these

tl’adxl ,, - - .- .- . __ —.- -
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of 2“3

,,
A I’oB(d ~n) &ourceemitsmany neutronsin the inkerestiingx#.on

moderatedegraderand is usefulirIestablish~:ng

counte.ruindeterminingthe amountof capturein

fs not severe.

The6fIparaffinsphereis a much strongerdegraderand is a very se=

vere test on the behaviorof’tinedetectors. A rough calculationof the effect

of the 6?’spherewas made by Christyand he obtainedthe followingresults:

5 per cent of neutzwnswouldbe capturedin @mffin; 5 per centwould he ab.-

SOX%WO by cadmium;.40per centwould have energiesabove 100 I(V;50 per cent

wouldbe in an intexmdi.ategroupwith an averageenergyo? about5 kilovolts.

h independentestimateof the numberof thermalsfrom tha 6tIparaffin

spherewas made by observingthe countingrate in Q BF3 chamberfilledto a

knownpressureand placedat a

sectionof 500 Barnsfor these

numberof neutronscame Outtof

knowndistancefrom the source. Usinga cross

neutronswe i?ound that7 per cent of the hiticil

the sphereas thermab~ ~ccord~wgto diffusi~~

. .. ... .. . ..- —-. ——-- —..
— —— --— .. .- ..’ .-- ...,-- —
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thedrythe numberof tlxwmalneutronswhimham captaredcan be expressedas:
(,

I‘!
‘1

.’
I

‘1
I

where IVeis

I& ~

R=

L=

the numberof

totalrlum”be.?’

neutronswhichescapeout C# tlm paraffin.

of neutronscapturedin the paraffinsphere.
I‘,,.
,

i:
,;

‘1

.
radiusof’the “paraffinsphere.

diffusionlengthof thermalneu.tironsfn paraffin.

(takenas 2.1 em)

relationgives9 pc3rcent as the fractionof the initialnumberThis

of’neutronswhich are capturesin the paraffinsphere. .

A.d.milarexperimentalestimatewas made of the numberof thermals

gettingout of a sourceconsistingof the S-Be source in a 3!)paraffinsphere.
,

The resultwas 17 per cent thermal?16 per cent capturedin the paraffinspherez

and as estimatedby ChTistythe remainder,wasdegradedto an averageenergyof

mound 1 KVe”

,!

?he Cornoari80nSOf the sensitivitieswith degradersto that of the bare.

sourcesare as folS-ows:whereSp$ SB, SG, and Sp end cd mean the counting

ratesof the detectorswherethe sourceis surroundedby paraffin$nothings

graphiteand paraffinp~fl~scadmium,

i. For RaBe neutronson detector3:

I
‘1

I

,!

!,

‘i

i
,1
‘/ Sp i-hi

‘—”— z .’7$ts~ / —-
—------”-~.zz::-:----“=~
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.For t.% neutronson detector3:

2+M3e neutronson detectw ):

.

lJy

..

,~G
...- = o.92-
%

dJcector(2)to lowerenergynm.rLronswas

deep in the frontface of’the paraffin.

Sp
= o.,i%

I&

d
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3..For Rd3e neutronson detector3.

This detectorhas a cadmiumshieldoverthe centralsensitiveportion

whichkeapsslowneutronsfromgettingdirectlyinto the BF3 gas. .

‘P
= 0.’79

$

Furthertestson detector3 were made using theY-Be source$bare~in

the 10’$graphitesphere,and in a 5t’paraffinsphere.

The resultswere

~
=

s~

Anothortestwas

mostlyE!OOXV neuironso

‘obtaineddiractlywas

as follows:
.

0.60

made

‘The

s~
= 0.98

s~

S* + cd!
= 0.50

SD

emits

that
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Effectof_Sca-kte~&dNeu+xgw

The effectof sca%tmredneutronson thesedetectorshas been checked

by placinga 2 foot cube c)fparaffinbetweenthe source of neutronsand the

dwtectw. Th~ remainingcoun~was considere~es due to scatteredneutrons.

This conclusionwas checkedby placinge B4C absorberin frontof ‘hhed.etectoru

The resultj.ndkatedthatfor detectors1 and 3 with the souwm 1 meterfz?om

the dwlxwtorabout20 per cent of the countswere due *O scatteredneutrons. ‘

This countis not reducedappreciablyby cadmiumaround”tlnedc+tector.The

effectof scatteredneutronson the shielded”de-&ecto~%,however~was anly

about5 per cent. This resultwas confirmedby neasumments of the counting

rate as a functionof distancefrom the Li(pzn)sourcewhich indicatedthat

%he”inverser 2 law held at distancesfrom 2 to 10 feet from the source.

~ular Demndenee of Seix3iti’XitQ——.—

Tlm dependenceof the sensitivityto directionof two of the detiectom

P, I.ocxl

the
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{It?degradingparaffinsphere. ‘Theresults

Bare
source

00 1000

450 1.05

9(P I.&o
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Effectof IncreasingAmountof ParaffinAround_~&Sidos of a Detector.—

A testwas made on detector3 to determinethe effectof adding611

more paraffinto the sidesof the detector. 7.Ms test indicatedthat the

efficiencyfor undegradedRaBe neutronscould be increasedby 30 per cent.

A similartestwith RaBQ neutronsdegradedby the 611paraffinsphereindioated

that onlya 7 per cent inoreasedue to the addedparaffin. This seemsto in-.

dicatethat it is possibleto increasethe sensitivitysomewhatfor high ener-

gy neutronsby increasingthe sizeof the paraffincylinderaroundthe de-

tector.

Effectof# -ravson Count~~

A word mightbe saidaboutthe behaviorof the BF~ counterin the pre-

senceof ~-nys. The chamberconsistsof

81tlongand a centralcollectingrod ~~ in

Kovarand glasstypewith a groundedguard

an outertube 1~-(1in diame$erand

diameter. The seals-areof the

ring betweenthe highvoltageexter-

ior and the centralcollecting rod. This collect~ugrod is connectedto a

linearamplifier.‘Thenormalnoiseleveris equivalentto about400 Icvenergy

loss in the counter. When a collectingvoltageof’MOO voltsis appliedto

the counterthereis a semiplateauin the bias curvefor countingborondis-

integrationswhichgivesa changein counting rate of about3 per cent for a

—

(
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changeof’4 ~e~ centin the amplifter

just count800 kv pu~.sesthe counting

iqtensityis increased by E fector of

gd.n, Ii’the bias is s~t so as to

rate is not dhangedwhen theJ/-ray

two overthatwhichwouldbe obtainedI
,1
,

,1

from a 500mc sourceat 1 meter+ Detector2 of

affectedby gammarays sincefissionpulsesare

~-ray ionization.

coume is completel~un-

so large as to make any
,

I

I
i. Discussion——

Althoughthe resultsme somevhatqualitative~we inighttry to

summarizethemfor the differentdetectors. It shouldbe rememberedthat

detectors1 and 3 are affectedcom+x!.derablyby scat-barednautmns and khat

by scatteringmaterialin the room inwhioh

be givenin termsof the sensitivitiesof the

of differentenergies. “i’hesesensitivities

and are givenQS a percentageof the sensiti-

the resultsmightbe affected

j

,;
I

var3.ousdetectorsto neutrons

I

‘1
Dcteetor3

Good

100%

/ 8070

’70%

60%

I

Serlsttivityto very M@
energynsmtronsfromFMle

I
Sensitivityto 0.2 %0 2 Mev
neutrons

Sensitivityto neutronsof
5 KQV

I

I

I
Sensitivitjrto 1 Kev neutmclnsI
Sensitivityto thermals

ii

,
~!

:i
I
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The high sensitivitiesof detectors1 and 2 for thermalneutrons

are due to ‘MM factthnt thereis no cadmiuhshieldoverthe frontface.of

the centralsensitiveporticmof the detectors. A cadmiumshieldwas placed

over thisarea in the thirddetectorwhich reducesj.tssensitivity to ther-

mals by a factorof 2. From the generalbhavior of’thesedcrtoctorsone

might conch% thatdetectorsof this sizeand construelxionere quiteflat

in the regionfrom0.20 Mev to 2 M& and that thereis a decreasein the

sensitivityfor the 3,0werenergyneutrons, The sensitivityis probably

around75 per centfor 1 to 20 Kov neutrons. Itmight be possible‘coj.ncrease

the re2ativesensitivitytcJthe d.owe~neutrons~~ changingthe paraffingcw-

metryazzoundthe centraldeteeto”ror by suitableuse of additionalabsorkers
.

or detectorsplacedinsidethe pa.raf’fin.York towardimprovingthese detee-

tcws 3-snow in -progress.
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