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ALPHA PARTICLE ULTEJJ’IWS

13.1 ALPHA PARTICLE SPIiClliOSCOPY

In mcst cases of interest tl_.esource of d -particl- iS used in solid

form. consequently the material under investigation is depcsited as a thin

filfr..If one is intereshd in the energy distribution, the detector has to

be constructed so tkaL, regardless of tiieir@nargy, al] of the

particles spend tk,eirentire range in the detectcr and also that the height

cf the pulses has a known relation ta the particle energy. Suppose a thin

fik of active material is deposited on one of the electrodes of a plane

parallel plate chamber, such that no d-- particle escapee from Lktecounting

vdume , If the chamber is Operated as an ion pulse chamber, the vclWge

rise of the collecting electrcde resulting frcm every particle will be direct-

ly proportional to its energy, regardless of the direction of emission

(assurnirlg,of course, conatincy of the value of the average energy spent

per ion pair]. If the chamber is operated as an electrcn pulse c!.amber,

pulse height is proportional to 4; .

the

“ For ~-par~icles originating at the negative electrode b; is given by

where No is the total number of ion pairs produc~d by and-particle$ ; is

tk,edietance of the center of gravity of ionization frca the origin of the

tra.ckand @ tie angle betwew, tl~etrack and tk.eperpendicular electrcde

(See Section 10.5), Since for an isobrcpica.llyemi~ting source} the number

of particles emitkd between @ and @4- d~ is proportional to sin@ d~ ,

tho mxnber Or pdses with height beLween P and Y+& iS giVe~ by:
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15’7

f{I’) dP = (conet.) sin ~ d ~

...

~ ~d P are connected by (1) considering that P is proport.ior,alto Q- .0

Therefore

dp n (~~n~t.) d(e~~@ )

and f(P) = (con8t.) (2)

‘he curve representing f[P) is called the differcmtial pulse heigh~ distribution.

Equation 2 shows that for the case under consideration f(P) is a ccnstx%nt

between F= and Ptinwheret

(3)
,

‘ItIepulses of size Ffin correspond to particles emitted perpemticularly to the

electrode; those of size Fmax to particles emitted para31el to the electrcdeo

he relative spread of the pulse sizes depervisonly on the ratio of electrode
*

9eparaLion to particle range and tilestop])ingpower of tk.egas used.

In Section A.1 (see Appendix to Part.11) the value of= is given as a

functior,of the cL-particle energy for various gaees. In Figure 1 two experi-

mental di9Lributions measured w~.th M-particles from polonium are shown, to-

gether with the +,heoreticallyexp~ted curnms. ‘fitefinite differential resolution

of the detectcr was taken irj~oaccount. ‘IIJisis tie reason for the finite

slope of the U]eor&tjcal curves at Pm& and F,Din.

Fran the foregoing, it is obvious that the use of plane parallel chambers

with electrc.ncollection for d.-particle spectroscopy would offer great

difficulties in

a-line would

difficulty, cne

the interpretation,Gf tl,eresult, since every ILonochrGmt.ic

show up as & my~.iredist.rimticn of p’ulses. ‘foavoid thi9

can insert a screening grid electrcde between the collecting

and hjgh

which is

voltage electrodes. As described iriSection 10.2, the grid electrode,

placed so far frcw the negetive s16cWOW (carrying the CX-particle
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Figure 1
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source) that it i6 not reached by the ~-par iicles, shields the collecting

electrode frcm the field of the positive ions remeining after the Ccmplete

collection of ti;eelectrons. Gonbequently$ the [Iulsesobserved are all equal

and proportional Lo l~o, l%e coristructionof a grid chamber used far cL-particle8

is shown in Figure 15.12. Ihe nega~.iveelectrc.de,carrying the thin deposit

of the J. -source was kept at -25~ V with respect to the collector ad

the grid electrcde at -1250 V. It is rather important for good resolution

that,the grid is at a relatively nigh negative pctential with respect tc the

collec~or. lllevoltage ketween grid aridnegative electrode cm be small.

It should only be hi.~hencugiito prevent recombination or attachment of tie

electrGns. ?he high vol~age between grid and positive electrode tends to

reduce the spread in the sizes of the d-.=rticle pulses since the higher

field in the neighborhood of the grid lowers the probability for capture

of the electrone by the wires. The grid is cc.:lstructedso as to give a

maximum of transparency in oraer to make the fractioriof electrons CapLured

by Lklewires as small as pOssib10. It consists of 3 mil diameter parallel

steel wires, spaced 1/16 inch apart.

‘fitka chamber filling of 7.5 ~tm. argon, and a normal sample of uranium

(U-2~in equilibria, witl,U-238), tttedifferential pulse heighbdistributi.on

given in Figure 2 was obtained. It Mows the t~ogroaps of ti-partioles well

resolved and of about the same ti,LefisiLy.The width of ~he peaks is only

slightly larger than the charmel width of ~he detector as indicated M the

figure.

It may be poin~d out thaL spectral distributions could also quite con-

veniently be determir.edby accurate range aeasurernents. However, it was fcund

that the results obtair.edby the above described pulse height method showed

considerably better resoluL.ion,sirme the straggling in range has no eifect on

the pulse size.
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Figure 2
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Very often it.is desired to measure the ~. activity of a sample for

deterrrd.natioriof half lives or of the armx.ntof o! active material. M Lhis

case the size of a pulse produced by the particle is of minor importance, It

is, however, necessary to de~ermtie accurately the number of& -particles

emitted within an accurately known solid angle per unit time,

If the material is ,presentin the form of a Lhin deposit (thin compared

to the range of ~he & -particles in the material) backed by a heavy plate,

the arrangement is called a 112W detecLor’t. Usually ~t is built in the form

c1 a sim,pleplane parallel plaLe chamber ~ith such dimensi.ens,that any

-A-particle traversing tile

to be ccunLed . Ideally t.hc

sample is 2_i~ . fierefore,

ccur;tsdivided by the numter

F= 1/2.

cour~Lirlgvolume prcduces a pulse large enougl’]

solid angle subt.encleafcm every nucleus of the

the detection efficiency defir.edas the nurker of

of uisir.tegra~ionsshcuid be:

However, tw correctic%s have to be applied, ll,efirst

thickness L of Liieactive titerjal. Farticles emergil~

grazing angle with respect to the foil surface may have

arises ficm the finite

under an almost

undergone sucha

high energy loss on their long path in the material that they car.notproduce .

a pulse of sufficient height to be counted. ?YJisresults in a reduction of

the efficiency w},ichnow depends crl

defined as tk!eminimum pulse height

A.b, F(B) is given by the equation:

the oias energy B. The quantity B is

which is detected. As s!Lownin Section

(4)

where R. is the range of the & -particles in the material of the source, and

R(B) is the range of an & -particle of energy B. F(B) represents also the

so-called integral pulse height distribution:

8

.-
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F@) =
J“

f(P) &

ivlieref(P) is normalized so that. J
o

of paxticles penetrating the chamber

‘he seccnd correction is due to

plate su~orting t~e active material

f(P)dl> is equal to tl.eratio of tk.enmber

to the total nwiher of disintegratic.ns~

the.back scat,teri;~ of ti,e ~-.=rticles by the

and the mieri.al itself. ?tieback scattering of

an d. -partt{?l.1> f,)*a~e~].i~ in t,he material in a direction away fmm the count-

ing volme will gi.v9rise to an incr-3f3d counting rate. The iil.L*~I’ Of ~- -

particles mm’iqj toward tie canting vuluae arxibeing smtbered Lowa& bhe

backplate is obviously smaller than the number of tinosesoattered in~o the

counter by the backplate, siace the formr ones traverse only a small amount

of material. From Rutherfordts formula it fsllcms thak the back scatteriag,

due tc a 9ir@e

probability for

of p3rticle9 in

sca~tering process, is extremely SCV311on account of the small

SC%t~ering under a large angle. however, a noticeable inarease

the counter volume is cau3ed by a large nutier of multiple

scattering proce9ses under small angles. The pr o“blem was WMted theoretical~

at the Metallurgical Laboratory. It is assumed that if an i.ni:ially narrcrtiand

parallel bean of ~ -}particles}lastravelled t}lro~h a sufficient layer of

material, the density of prticies in a radial direction in !he pldne perpendjcu.lar

to the beam will show a Gaussian distribution. Under this assumption-bhe counti-

ng efficiency is given by the expression:

where the seccnd term is tcieM ickness correction as before, end the Lerm

.2.01~ (F?)is the back scaMerir~ correc~iun. ‘11.equanbiLy $ i6 a function

of the initial range ~ of the& -particle, t.tie residual rage R\B), and

depends on Ll:ematerial in which back scatterin~ takes :Mce. Nuni~r~cd

valde3 of f ‘re gj. Vt31i i;l Secti6n A.13. It IW:J be FOillte7out ti,titf-on;,
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Figure 4

4’11’pro~lortionalcounter for absolute measurement of the number
of ~-particles -mi~ted by a soarce.

.

1 Cl~Sirllpt,, -
—

A,

2. Kovar-gl.assseal.
3. “{older for foil..
4* Collecting electrodes (,004” platinum Wire),
5. lucit.edi9cs supporting the collectin~ electrodes.,.

,
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,..n ewqde of a i?~cou::ter is shown in Fig)rf:3. The.active nwterial

).s smwtid over ,, circie Oi’ 3.1 cm diw.et.cr @n ~ ulatinum f~~l, which is munt.d

on the nej?-,tiveelectro4e of Lhe ch.-mbcr. The sep-lr;,tion01”the electro:e3 is

1.2 cm. T~]echamber is fillcc with 1.5 Atm. of ar~utl. The b:+cksc:it~eringfor
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Bias curve of 4’R’ccmnter(shmm in Figure 4)t tfi;n collodion foil
with thin uranim mathg, The ordinate represents the sum of the
counting rates of uoth counters.

.

.
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..—

.

I
FiGurc b

Armngeinent of source and ionfzabion chamber for range measurements.
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track. This allows an.ex:;ctreproduction of their relative distance. The whole

urranj~ement ie placed in an airtjght container filied with argon at,a~~proxirrtitely

1 Atm, pressure. An accurate uno~et.er is used to measure t}lepressure. In order

to determine the ran~e, the n~w,berof counts is i~usured ~,sa function d“ the

prcssureirrtl,econtainerwith ttlesmpie a fixed distance froriltl~echwber. This

distance should be r&ther large in

length of the vti,riou5,p.mticle~ i,[

..}-her is very shailow {G.] cm},

Lel wires of 14 roil, di-a.imter and

urder to avoid excessive variatims in the path

absdcte rhrr~e[:,easrirelzcnts”urodesired. Tke

The front electrode is formed by a ~yid of paral.

qxiced”<,’j2’1apart. The chamber is operated

At 4W volts. The bias of the detectit~~equipmnt has to be set so low that-any

~-~rticletraversir~fltl,e cl.amhcrat,the lowest pressure in the containers

counted,

A typical number versus pressure curve obtained with this ~p~r.stus is shown

ic Figure ‘7, The most Simple procedure to obtain accUr.%tevalues 01 the range

con8ists in comparir;~ tile unkcom SUIp~C3 ~~ti; a :jt~lida~j, s~ch as Poloniume lf

the unkriownsample and the stwidard are botl]thin (layer thi.cknesavery small

compared tc the rarifle)and sw sywad over thu sk fires, the rr,eanriin~;e1> in

standard air of t}leunknowr sample is

% ()=r~+-ct.,Q ,s

?&” ;53

In this equation .& is the meun ran~e in st~mdard air (see Livir,Ustun,Bethe: ‘

phy~, 9,~~1,1<]~7~of the standard?ilev.L’od.. _ d tt.edistance oi”thu sarJiple8from

the ch~iber, s LtJestopF’inEpower of the gas ~or an enerp~ of the & -particle

correspondingto a ran~e o , and ~ p the prt:ssurectificrencefor corros-
2

pcncling points of t!~tinumber versuo pressure cmvf:s for the unr.nownand the

standard source, ,\scorreppotdinl;:>ojrlt,:;of the two cIIrvt*3,cm can, for instu’nce,

iAi02those 9L which t}m countj2)~rat-esarc>one-hall’of t]lc!fr&oiiJt.uLllThe vaiue of

d is obtaintidfrom tke xxasurec.cnt},iththe et@.~rd. If Lne ~- -particles were
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d:

()
~ * +?

2 l~o ..”“

:hert?s is the sto~pirigpower for & -particles of meun rtingo i~, ‘1’hifiprocedur~

s not qujte correct since the Lack of coliim;lt.ivnresults in the 2A5cissd at ]tilf

axin.utncowtirt~ rate beinflsli@ltly smnlkr than the mean rmpe. The error, how-

v~r, enters only in the coclputatiunof Lhe differtmce in range between stand~rd ‘

nd unkmwn samples and is tkcrefore smL1.

The data stmn in Figure ‘?were obt.ait:edwit-ha th,insample of j.~loniuq

pead over a circle of 1 crndianmter at a distunce OY 2.% UU* It may be pointed

W that argon is paI’tiCU~iAr~y suit~ble a8 a gas filling, since its stoppifl~:power

s very nearly independetitof

For range irmaeurerrxx!ts

icn chambers have been used.

the C% -.Particleenergy,

of saples with severul ranges, dill”ercntialioniza-

The arr~gert,entis schematically shown in ~i~yr~ ~.

‘he‘ionsproauced by d--particles which cress bcdJIsections of t}lechadoer indllce

n the collectirrgelectrode opposite and nearly CQUal ckr)~es, l%erefore they

ive rise to srK&llpulses which can be biased off’,and onj.yparticles ending in

he front half of tk.etwo chambers :JFCrecurded. Nith polonium salfiplesdiffererl-

ial 4 -particle uistributioi)swit~Ja wiuttJat half m:Jximnlof (;.3cm air at,

*

‘.T, P. were obtained. TtJir3width is c~riddcr;joiymore than the une Aservcd

ith grid chanlbersusing the pulse hcii?ktmt:thc;d,where (see i“iflurej) the Widtki
/,

t half maximum correspor]dsto about L.i3 cm,
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DEI’EcTW3 FCR NEUTRON RLCJIM

14.1 lNTRdDUCTCX/YC0};sll)EXAI’lCMS

neutrvr.and of the reccrilnucleus. Frt-xnthe prino~ples cf GonservaticIn
s

uf erieri;ytnd momer:tumj ore Cktains fOI” tiio er.argyE Gf the reuoil ki.e

(lj
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crup)dw ~
SC that epreoents the probability thct in * Golli8icti the

a-s

neutron be scattered through the knglti~ , into the elemer.t of solic?

angle dwt ~ and d-u ~eing ~keg.8~hd j,r the cantor of’@L~ity ~Yst6n*

Tk6 probability p(E) 6E for the nucleus to aoquiro in n collision *

recoil er,argy Le+areet~ Ii and B +dli is thex: given byt

Equation 4 6xpraase8 a simple relaticn ketaeefi‘&e er.ergydistr:bu~icm

of the rec6il nuole: in the 73ai30ra+.crysystem aridthfsanguhr

&rise !’roni the elements of lowest mss rmd.er preser,.tin the gas ox’

th6 w*lIs of the chambers. in crd9r to i~%erprek trm ok3ervatiw8

}etweerl th.if!raiiators , namely rac!iatcrs d a thickness s,mallcom~ared
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,
with the range of the fastx<st recoils, ar.d thick ratiia:vrs, ;i*RTOIY

!Lormctvor,recoil cl-AmY.er8diff8r acci.,rdf-ngto tme.ir;:acmetry(parsllel

at leest in thfj ‘ertergyre,;ior,,from about ‘.4 to ~at,~~ilj~Gn Cleotron’

;Gj

i.MLL_
v- ~-lr

!.
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,.. .
,’)

(8)

(8’)

(9’)

,
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Tne following sieotions( Sections 3 $md following) dascr:be the

defined as the ratla of the number of counts to the nwnbt?vof secondary

?rooesses produced in the radiator.

It is convenient to measuro PUIS5 heights i:iberms of the iieutron

%ergy En, rskher thm ::1eV <6ee Se2tior.10~3); i.e.~ to ex?ress the

f (P;%r’)
di’

(10)
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14●3 INk’INITELYTHIN SOLID RAIJIAT= : ION PULSE CUM4BER, OR

ELECTk~- PULSE CXAMi$$~~ PROF’WTIQ2tL CUUNIER:

~M- CORRECTION ‘-”—_.—
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.

The counting yield of the ch~mbor for a bias energy i3 (am Eq.Juticm 12)

-q = .&)-’”2 (1- &-)
\

(15)

(17)

(16’)

#-
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Icn pulse, para llel plate chamber with infinitely thin
radiator or ion pulse gas recoil chamber with negligible
mll effeots. Counti~, yieldqin terms of the offioieney
tB at the bias energy, as a functior:of the ratio ‘En/~
of %he neutron ener<y to bho >ias enerEj’.
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14s4 1NFINITEL% THIN RALIATW : W.RALLEL iIATW, NLE21’RLX%ULSE
CHAMBER:

—.— .— ..—c -. ..-. — —“~-~”mx ILT10?JS
.-..— ..— ——

1

umier an

trACk t(j

by the
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FlgtAf* 2

i-’arallel plate recoil ctia.mherwith solid radiator.

0

;

b
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Sinae the speoifio ionization is proportional to the energy loss, the

quantity ~ has the following general expression
R

1

r (

dll
%~—

E —) Xdx
-&

(19)

-6

where energy losses and ranges are relative to the gas under ~onsideration

at one atmosphere pressureC The value ofZ’for vnrious gases is given, as
.

a funotion of energy, in Section A-10 For sufficiently large recoil energies,

dE
one oan use for R and - — the expressions Equations 8 and 9 and one obtaim: -

dx

‘ 3/2
s: 3/5 R = 3/5qE

If one remembers Equation 5, Equation 18 becomes

whioh can also be written as

whereRo ~ %En
3/2

is the maximum range of the recoil protons.

By differentiatingEquation 21t one obtiina

(20)

(21)

(21’)

(21”)

NOWE is a single valued funo~ion of P only if dP/dE never ohanges sign.

Ao60rding to the uqua%ion writien.above, this is-the-case if the following..—- ,. ..__ ---

condition is satisfied:

(22)

. .
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If, however, R > 5/9 pd, there are recoils of two different energies~

o
emerging frcmithe radiator at two correspondingly different angles, whiah

give rise to pulses of the same size.

v~henEquation 22 is satisfied,the m,aximumpulse size corresponds to the

maximum reaoil energy, namely:

(23)Pllmx

En
81”g~ pd

When Equation 22 is not satisfied, tho maximum pulse size is that for whioh

I dP,ldE vanishes, namelyi

P

()

1/2
Imx = 2 -Z_&

p T R.\

(23’) ~

I If Equation 22 is satisfied,the differential pulse height distribution

f(P&), aooording to Equations 7, 10 and 21$~, can be written as followsl

f(P/EJ:19~E2

()

for P~P~x (24)
-$ pd ‘~”

=0 for P>Pmx

where E is gi~en as a function of P by F~ustion 2110

Graphs of
R.

f(P/~) for various values of the prametir — are given
x

in Figure 3. The area under all ourms is 1, since all the recoil protons pro-

duced in the radiator penetrate the”aotive volume of the ohamber.For R~ : 0,
@

the function f(P~) reduoes to a eonstint as in the ease disoussed in the

RO=5
preoeding section. For — f(p/En) becomes infinity at P = Pmx.

For+> ~ ,
pd #

the funation exhibits peculiarities on aocount of the multiple
9. .

9’
valued relation between E and P. The funotion f(P/En) for the case under
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Figure 3

Eleotron pulse, perallel plate chamber with infinitely

thin hydrogenous radiator on one plate. Differential

pulse height distributions of hydrogan recoils produced

rnonoenergetioqeutrons falling perpendicularly upon

the radiator, for different valtieeof the ratio between

the maximum rangeRo/p of the recoils in the gas and the

depth d of the ohamber,

o

by

,..

8

—
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oonaideration, has also been calculated by using the energy range relation

3/2
given in Seotion Al, instead of the E law. The results are sunnmrizod

in Table 14.5-1.

14.5 THIN RADIATOR: PARALLEL PUTE: ION EULSE CEAMBHR: ELECTRON PULSE
CHAldB131‘KI’lVGRID OR PROPORTIONAL COUWTER: NO WALL CORRECTION.

This case is similar to that discussed in Section 3 exoept that the thick-

ness of the radiator, even though smaller than the ri~xim~ rang6 of the recoil

protons in the radiator itself, is not negligib~e comparod with this range. ‘tie

shall assume that the radiator is placed on one of the plates of the c’hamber

and that monoenergetic neutrons of energy En fall per~ndicmlarly upon it, arn

indicnted in Figure 2. The recoil protons which give’s pulse larger than P

are those which emerge from the radiator with an energy larger than P. If

R$(E) represents the range in the material of the rediator of protons of energy

E, it follows that a proton, generated at a depth x in the radiator, at an angle

@,andwith an'energy E,willproduoe apulselarger than Pif x~X, where -

X aatid’ies

R?(E) - x = R!(p)

00s 19
[25)

or

R’(E) -
“T

X ~= R’(P)
E

Henoe, the total number of pulses larger than P, relative tc the.toai

number of rercoi.lsgenerated in the radiator, is given by the follou-lng

expression:
%,:.-

1

1

.. .

F=
Tin

X (E) dE (26)

P

whore X is either the thich-ies~,t, of the radiator or the i?ur,ctionof El

defined hy ~uation 25, whichever is smaller. If we assume that R?(E) is

3/2
proportional to E , Equation 25 becoms: .
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wb.are~o~ is tho range ir.the r8diatOr oi Fret.orlScf oner~” En. Equation

ZG can then be written as follows:

Since

shcws

Rot
X/t is either 2 cara f’urction of _ , E/~ and P/En. 14iuation26s

t

that, under the assw.ption nade, tha funotion F deFends only on the

R!
raU.os I’/En and ~ . The sarr.eis true for thu diff~>roni.ialpulse height

distribution, which is obtained by differo~;tifitingF with raspeot to lj%n.

The functions f(F/En) and F(l’,~) have been calcu3atod, under the

3/2
~EZWFtiOn of R.’prOpOrtiOn~l tO E , and the results are givan in Figure 4.

It may be noted that the aroGs under the uurves for f(P/En) corresponding

to different thicknesses @f the radiator are not equal. The reason is tlmt

as the radiator becomes thioker, an increasing fraction of tho recoils

Froduoed in the radiator 8.raabscrbed by the radiator it8eM before they reach

the active vcilumeof the chamber.

14.6 THIN RADIATOR: FMULLEL PIATK, ELECTRON PULSE CHAMBER: NO
mLL C_TION ‘---—-—----—-————.

This aase is similar to that discussed in SectiGn 4, except for a

finite thickneos cf the radiator. The differe~tial and il,tegralFulse

height distributions for this case were calculated, on the basis of the

energy range relations giver,in Seotion A.1. for radiators cf glycerol-

t.rictearato( C57H11006) and argcn filled chambers.

These results are .mmmarized in Table 14.6-1, where f and F are given es

a funotion of P/En for various values of the neutron cmqy ~, of the

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,

Figure 4

187

Ion pulse, parallel plate ohador with thin
hydrogenous radiator on ono plate. (A)
Differential and (B) integrhl pulse height
distributions of hydrogen recoils produced
by ?nonoe~ergetiofieutronsfallin~ Ferpand-
ioularly upon the radiator, for different
values Gf the ratic ~/Ro; between the thick-
ness of the radiator 8nd the maximum range
Gf the recctls in the radiator.
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radiatcw thickrwss, t, and Gf the [jroduot,pd,of’the gag prwssurc times the

o depth c,fthu chamber,

In Fipyro 5 the function f(P/Enj, oorl”esFondiriCto t s O and t = 175 1’

I per square centimeter and ce.lculatadfor the sar-,evalue of En (1 million

I electrwl volt) and pd (8*98 atmospheres times oentimettwa), is represented

I graphically in order to illustrate t~,einfluence G!’a finite radiator

l:hi(~kne~a~ th~ pulse hei~:ht distri~,utioncurves. The differontfal pulse

..
}loi~ht distribution fur t ~ 9, calculated on the basis of tho R@?2

3/2

I approximation, is also reIvresented in the scme figure. The difference

between titiscurve and that calculated c.nthe basis cf the m~ra accurate

energy ratigerela%ion is very Snmllo

14e7 THICK FADIATOR: YARALL?iLElATE, ION PULSE CEAIZdEIl,F.LiiCTRO1——. —. .-—— —
HJ!.5EC1iAMBERWITH (RID, OR PROI-WTICNAL COUNTM; NO WALL
CORRECTION...—

I The raciator is again plaoed on the negative plate of the ohamber, and

I t}.eneutrons are ir,aidentF4rpendioularly on it, as ahcwn in IJigurfl2. The

thickness of the radiator is now supposed to be larger than the range RO1

I cf tl~efastest recoil protons ir.the radiator itself.

The integral PUISO height distribution in the ease of moncar,er~etie

neutrons striking tho chamher is given by Equativn 26 or 26’ whero LOW

I *X(En, F, E) is always def’ir.edby Equation 25; i.e., it never becom.ecequal

to the thickness t of the radiatcm~ If we assume t~LO range to be proportional
7 Q

e
to Eol , then Equtibion26* holds and one obtiins

:“

m

1

J[

Rot 3/2 /E”?2
F (P/En) s —- (+j - (+-)

](
d{ &)

>/E; n n ~ %
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Figure 5

Eleotron pulse parallel Flate chamber with glycerol-
tristearate radiator or.ore plate. Hate separation
d = 1.33 contimetmrs; gas filling.6.7 atmospheres of
argcn. Differential piilseheight distributions fcr
hydrogon recoils produced by neutrons of 1 million
electron volt energy fallinc perpendicularlyupon t}m
radi~tcmb

(A) Infinitely thin radiatcx(~= O ,oalculatod by
hassuming R proportional to E3 . .

(B) Infinitely thin radiator(~sO), calculated cn
the basis of the e~erg~ range relation fjiven
ifiSeution A.lt

(C) ‘fThin”radiator (tr 175f/cn~), calculated cn
t},eIxsis of the energy range relation given
in Section Al.
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(27)

The counting yield of the chamber for

the oxpreusions

s bias energy B (see Equaticm 12) has

r /2227

(28)

or, if ofieaasumes R! to be proportional to E
3,/2

and r= propori,ionalto

En
-1/2

2“

[

,,2

T= 1/3 & : 1- (+3”2 j
(28’)

In the above equation

rw~.resents tho average number of recoils ~er incident neutron of energy

En ~ E producad in a thickness of the radiate’requal to the range of protcms

of energy F. Equation 28V irldicates that ~ is a function of E#. A graph of

this fungtion is given in Figure &, from which cne oan see that the countir’g

yield of a recoil chamker with thick radiator ir.creasesraFidl~ azd continuously

with ir:cweasingneutron. energy.

14*G GAS RECOIL CHAMBER: NO WALL EFFECTS

We shall essume now tk~t the chamber is filled with hydrogen, a hydrogen

compound, or a hydrogen containing noisturo,and that the linear dim~nsions Of

tt.echamber are very large comp~red with the ranRe of the fastest recoil

protons, so that tialleffecte can be clisregardod~
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Ficuro 6

lcm pulse prallel plate chamber with thick
radiator. Counting yield ~ in terms of $Bz IAxO~-;$R’(~~

/B of the r.eutronas a f’unotirm 6f tt,erktiu En
ener~y to the bias enorgyo

.

●
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If thcichamber io used as an icn pulse ohamker, then P = E and the

differentialand integral pulse height digtrjbution for monaenerge+t.ia

neutrons are the oame as in Section 3 ( seo Equations 14 afirl15). If

the ohamber is used as an eleotron pulse ohamber, Lha pulse heighk

distrihutim depends on the geometry”

If the chamber is used as an integrator.g chamber and is filled with

pure hydrogon, then t}te lr,tensity 1 of Lhe ionization current is given by

I =Ha+
2. (~g)

where 11is the number oi’recoils per second produoed in tk,echamber, e is

the eleotrcxicharge, W. is the cmer&y per icm pair~ and
En reproscnts tk,e
r

average energy of tb,ahydrogen recoils.

14.9 ‘X5 RECOIL, ION PULSE CHMbHR, CO?dFUTATIONOF WALL EFFECTS—

LOt us aonsiCor tkA8 tWO following typQ~ Of iOniZa%iOIiohambors:

(A) Farallel plate chamber, with a circular collecting eleotrode,

surrounded by a guard ring as shovm in Figure 7.

(B) Cylirrdrioal ohrimberwith axial collecting eleotrode supported

by guard electrodes as shown in Figure 8.

In both cases tk.eactive vclurriesare supposed to be sharply defined and in

the shape of oylinders with flat ends, The direction Of the incoming neutrons

is Farallel to the axis of the cylinder, as shown by ttttrarrows. In the case

of’(A), tt-.ewall effeots are oauscd: (1) by recoils hitting the oleotrode at

the far end of the chamber; (2) by recoils procluoed in the active Tolume, but

going out of the aotive volume through its lateral boundary; and (3) by recoils

produced outside t}leactive volume and entering the ●ctive vo~ume through ita

lateral boundary.
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Figure 7

Wall effects in a gas reooll psrallel plate chamber
with oircu18r ●leotrodea.

Figure 8 .

v{alleffeote tn a gas recoil cylindrical ohamher.

I

I
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.

In the ease of (B), the wall effects are caused;(1) by reooils produoed in the

active volume and crossing the bounclary II(see Figurs 8); (2) by recoils

hitting the lateral wall; and (3) by reooils produced outsicleof the active

volume and entering the active volume through the boundary A. The recoils

hitting the central eleotrode are neglected .

A general oomputaticn of the wall effeots for the t?iotypes of chambers

3/2
dosoribeciwas carr?ed out unclorthe assumption R aq E .

In these calculations, edge effeata (see Seotion 10.7) are neglected, and

aocordingljr tk,epulse hei~ht fcr a prtiole which crosses the boundrnry of tha

sensitive volume is computed by considering only the ionization produced by

the prticlo in the sensitive volume. ‘i!hisprooeduro is justified if the

avnditiona fcr an “ideslw ion pulse chamber are fulfilled; i.e., if the decay

time of’ the deteoting equipment is very long compred with the tiri of collection

of the ~ositive ions ( see Seation 10.6 ). In the practicnl cases, the

peouliaritiea in the shape of pulses produces by the motion of ions neer the

bour,dar~of the active volume ma~ have an appreciable influence or, tb.e observed

pulse height distribution,

The results of the calculations are expressed by the followi~ equaticns,

in which b represents the ndius of the cylir.drioal sensitive volume and a

its length (a is the spacir,gof the plates in case (A) bnd the length of the

collecting eleotrode in ease (B)).These results apply to chambers of any

dimensions, provided that the maximum range R. of the reaoil protons la

smaller than a.

Case (A) (see Figure 7)
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Case (B) (see Figure 8)

ThetfU1’10tiGIVS A, B, C, ~, ~, H, L, M, N, ‘Q,S, T are civen in Table 14.9-1.

14.10 USES OF REZCJILCUAEPERS

Recoil chambers arc used Scr the following purpoaee:

(A) RclaLive flux measurements for neutron beams with the same

ener~y diatrikutionc

(B) Absolute flux

(C) Determination

(D) Investigation

r.easurement for mmoer!ergetio r,eutronbeaIr.6.

of the er.ergy diskriLuticm of neutrons.

of neutron ace.ttering or.light atcmic nuclei.

For (A), (B} and (C) hydrogen reaoil chambers ar6 generally used.

No special preoauticms are needed in the corstruoticm of a ohamber for

relative metsurementa of neutron flux. High sensitivity, sma~~ physiml 13iZ0

and directicmalitymay be desirable features. Examples of ch~nibersdesigned

in order to satisfy

found below.

muoh

The problem of

more dif~ioult

efficiency & of the

implies an aacurate

pressure and of tke

ono or the otk.orof the above requirements will be

building a chamber for absolute flux meauremen{.s is a

one. In the fir8L plaoe it is neaeasary to know tl-.e

radiator. In the case of a gas recoil chamber, this

knowledge of the sensiti~o volume, of the tctal gas

conoentraticm cf hydro~en in tk.egas of the chamber.

In the ease of a solid ra.liator, the mass Gf the foil and its chemical
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composition must be known accurately. The radiator is generally prepared by

distillation in a vacuum, aridif it is made of a material containing different

ohemical speoies (like ordinary partaffin~,,the composition of the foil may be

different from that of the bulk material. Xainly for this rea8cn, the radiatoru

$

for quantitative flux measuremnt$ were prepared with glycerol-triatearate,

“whichis n definite chemioal sor.npound,rather than with paraffin~

In th6bsecond place, one must de~ermine the fractional number ai’recoils

produoed In the chamber ‘~~hichare detected with the specific experimental

arrangement. If no collimation of’the recoil protons is used (see below),

the YJIS6S obtained ran~e in size all the way from zero to a maximum. 3nly

pulses above a certain size, 3, are detected, where B is det~rnined by the

bia8 .vottin~. It is neoesaary to first know B in abeolu’tgvalue, i.s~,

in tgrms of bcergy, ~nd then to evaluate the quantity F(B/En) which represents

tho fractional number of recoils giving pulses larger than B. ThiG requires

a simple geometrical design of the ohamber, so that F(B/~) may be calculated

tinoorek:c%lly.Also, it requires an expe~imental check vf the calculated

pulse height distributio~. The experimental ct,eokis riecegsaryfor the following

reasohs:

(A) It provides the only reliable method for the oallbration of the

bias setting irLterms of

of Be

(B) It determines the lcwest

detected. In addition to

ahamber recoils of other

alsa secondary eleotrons

energy; i.e., i’orthe absolute determination

bias at ~jch only hydrogen recoils are

hydrogen recoils, one usuelly has in tho

light nuclei ( argon, oarbon, etu. ), and

produoed byr-raya. If the

time of the detecting equipment is not mall compared

resolving

‘uith the

lather will

‘i

average tii!nesepar~tion of Lhe 6purious pu18es, these
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“pilo Up’tand give riso to pulses larger than those which an

individual reooil or secondary eleotron oould produae ( see

Sootion A.12). The bias at which spurious pulses of the type

dosoribed above start being oounted is generally characterized

b~ a sudden departure of the experimental from the theoretical

pulse height distribution oww.

(C) Finally, in many oases it is found that the experimental

pulse hei~$ distribution ourves do not agree with the calculated ones,

even for bia8 energies at which one would no% expect’io deteot pulseG

due to spuri.ou8reooila or to seco~dary eleatrons from ~-rays. One
.

can think of many reasons whioh may explain discrepanciesbetween

experiment and theory, suoh-as :(1) lack of’monochromatiaity of tine

neutr~ms, either inhcren’t in the neutron sourae or prcxiueedby

inelastic scattering of the noutrans in the material of the ohamber;

incorrect evaluation of the edge eff=$s (see Section 13.?): rmnge

straggling or errm in the evaluation of ths energy-range relation ,

(only likely in “thelow energy region); lack of proportionality

betw’eennumber of ions and pulse height; or spread in pulse height

when ohambers with gas multiplication ●re used (see Seation 11.61.

often it is not possible to detemine what the souroe of the trouble

actually is, but it is clear that no chamber should be used for

abaolute neutron flux snmsurements unless the theoretical and experimental

pulse height distribution ourws agree.

may be pointed out that the measuren,titof the differential pulse height

distribution protides a much more rigorous oheck on the behnvim of the chamber

than the determination of the integral pulse height distribution. It may also

be pointed out that for aocurate results one must be able to set the-bias
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suffie$antly low to count a largo fraction of the rocolls ?roduood in the

radiator.

Another possible method for deter~ining the ratio of the numt,er of

recoils detected to the total number of recoils produoad is to collimate

the recoil protons in such a way that only protons ejected within a certain

~ng~e, 6., Wth ~e~pe~t to the dire~tion of the incotirigneutrons, enter the

2@o, and if this value ischamber. Those protons have energies above En cos

sufficiently large, one can ●djust the bias so that all of the protons aro

detected. In this way, the fractional number of recoils detaoted is determined

by the geometrical arran~oment rather than by the bias setting. An example of

a detector based on this principle will be discussed in Seokion 19.

Finally, one may usu a ~as recoil, integrating, ionization ohambisr(see

Seotion 8) for absolute measurements of neutron flux. An instrument of this

type ‘willbe described in Section 18*

The uhambers usualas neutron spectrometers must satisfy requirements

somewhat difYerent from those laid down for the chambers used for absoluta

flux measurements. Only the energy dependence of’khe effiaienayp bu~ not

its absolute wlue, needs to be known. On the other hand, the pulse hei~ht

distribution for inonoenergetioneutrons must be aecurakel-yknown; and, also,

it must be of a sufficientl~ simple shape so that the neutron .spctrum may be

calculated from the observe~ distribution of recoil pulses*

In principle, one COU13 make an ideal neutron spectrometer by using a

very thin radiator and by hating both the inoident neutrons and the retail

protons well collimated. In such a way, one would obtain pulses of a single
.

size for each neutron energy. The drawback to th!s scheme is a low sensitivity

caused by the double collinuttion,and for this reason no detectors of the

type described were built at the Los Alamos Laboratories, even though they

may be useful for somo specifio applioations~
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The next best ohoice for n neutron spectrometer is a chamber in whioh

a monoenergetio neutron beam gims a oonstant differential1 pulse height

distribution (infinitelythin radiator, ion pulse chamber; gas recoil, ion

pulse ohamber of’very large dimensions, eto.). In this ease, if N(En) dEn

represents the number of inaident neutrons with energy between En and En+ dEn,

and ~(P)dP represents the number of pulses obserwed with the height between

P and P y dP, the followlng equation holds (see FAuation 14)s

Frcnnthis it follows: (32)

> ??(En) : constant ~ :’*

()&~&) dP

p=%

Chambers apprcecl,lngthis typ were built and used successfully (see Seotions

11 and 12).

With regard to the chambers to be used for the investigation of’scattering

oross-aeotions, it will suffioe to note that they must be of sufficiently simple

design so that from the observed pulse height distribution

deduae the energy distribution of the recoils. Equation 4

distribution of reooils in the labor~tory ayatex gives the

scattering areas-section in the center of gravity system.

one may be able to

8hOWS that the energy

dlffersntial

14011 HIGH PR14SSURP;,GAS RECOIL ION PULSE CHAMBER——

Fibgare9 shows tho ocmtruotion of’a chamber used as

This ohamher is similar in its design to one described by

in Physioal Review, 58, 590 (1940). The sensitive volume

#

a neutron speatromdxwo

Barschall and Kanner

is a cylinder 8.5 centimeter
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&

in diameter and 0.5 centimeters high. In ordor to obtain a sufficiently

high field through the large sensitive volume, the latter is divided into

six sections by means of metal grids mado of annealed copper wire of 0.~08

inoh diameter, the mesh width being 1/8 inch. The transprenoy of each

grid is thus about 9’?per cent, The solid plates, which limit the sensitive

volume at the top and at the bottom, as well as grids (2) and (4), are

aornmcted together and form the hiEh vol=age el~ctrode. Grids (l), (3)

(5) are similarly oonnected to~ether and form the collecting electrode.

Each of the three grids which forms the collecting electrode is mounted

a thin brass ring. This is supported by a wider brass ring, the guard

oleotrode, by means of two small amber beads. F~eh of the three also

and

on

carries a tongue which prOkrUde8 through a slot of the guard eleotrode into

a grtiundedbrass tubing containing the connecting lead for the three collecting

grids (see detail). The capaoity of the oolleoting electrode a8sembly is

approximately 60 micromiorofarads.

The chamber was used with pressures up to 26 atmospheres of pure hydrogen

or of hydrogen-argon mixtures. Beforo admitting it into the chamber the gas

wa8 freed from organic vapor8 and frtYIR~ter. A 8mall amount of oxygen (0.!)1

per cent) was added in order to produce negative ions and thus avoic?the fast

part of the pulse due Lo tne motion of,free electrons. T}~eohamber was u8ually

operated at 6000 volts.

and a deoay time of’2.0

to minimize the nojses,

The pulse amplifier had a rise time of 0.5 milliseconds

milliseconds. This small band width was used in order

The ohamber, despite its sturdy construction, b very

sensitive to microphonicsdisturbanaea. It is also ~ery sensitive tog-rays

b8Gau80 of the high pre8kiureu80d. The large value of the decay time constant “
.

of the amplifier, which is required in order to avoid exoe8sive distortion of

the ion pulses, enhance8 the probability of large spurious pulses produced by
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Figure 9

High presau~o ga8 reccil ohamber ( see Section 11)
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the piling up of ~-ray pulses. In the ‘absenoe of~-rays, it was found

possible to record recoil protons down to an energy of about 0.6 million

eleotron volt.

The advantages of the chamber are high countin~ yield (of the order of

1 or 2 per cent) and lack of directionality (except for the wall effect

corrections )0

The wIl effeot corrections oan be expressed by the follo~ng eqmtion,

‘whiohCives tho differential pulse height distribution:

f (PAO %)
[

3 ~ (~) 1 +Lt(%) En (1 - pfin).1 (33)

The quantitiesa and Udepend on the neutron energy En and on the gas

pressure. For a suffiaienkly high pres6ure, or for a sufficiently low energy

(GC= 1,~~ O ), Equation 33 goes over into ~uation 15, whioh represents the

pulse height distribution when #11 effects can be neglected (see Seotion 8).

For a gas filling, the stopping pover of which is equivalent to that of 39

atmospheres of Hz, a is represented by the cmve in Figure 10S fiile M(En)

5s approximately given by the expression

I{(En) z 0.23 (En - 0.6) for ~>0.6

u(En) = o for En< 0.6

where ~ is measured in million oloctron volts, The neutrons aro a8sumed to

travel in a direation perpeindioularto the electrodes of the ohamber.

The performance of the chamber was tested by irradiating it with mono-

energetiu neutrons of 2.S million eleetron volts energy obtained from the

D-D reaotion. The obearved puke hei~~t distribution is represented by curve

(a), Ficure 11. Curve (b”)in the same figure represents the energy spectrum

of the primary neutronG, as oomputed from the observed recoil distribution,

4
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Valuea of tho funotimq~, which enters in Eqwtion 33
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Figure M.

Differential Fulse hoiCht diskrlbution of hydrogen
recoils cbtainod by moans of the chamber described
in Seation 11 irradiated with monoenergetic rmutrons
of 2.5 million eleotronvolts energy (ourve (a)).
Curve(b) represents tha enor~y spectrum of’the primury
noutrcma, aa computod from the observed recoil dis-
tribution. GaE filling: 13.8 atmospheres of argor,

plus 2.73 atmosphoras of hydrogen.
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s tqkin< ir.to acaount t}Ie wall.correotiona. The extent to which curve (b)

spl.roximntes ar.ini’inikelynarrow distribution giv~s a measure for the

ao.-:vu=ae~of ~h,3Oxprimntal w~hod*

14.12 ‘T:41NR4.DIATCN,ELEZTKON PU15E, PARALLEL HATE CHr’,M5EK—— .

Fj~ure 12 shiws the cGnstr~~ctionof a chamber used for absolute measurements

oi’neutron fl-- and as a neutron siectrora%er. ‘Me chamber is filled with

arccn an+.~?ros8ure.sIIpto 7 atmosphere~ can be used. A hc~ calcium purifier

is permanentlycoqnected to the chamber throu~h two 2/’3~nch t?teelpipes,

roz ShOXW in the dia~ram, Thi$ nr+’kesit possible to purify the ~as whenev~r

r,eogssary. The chamber is normally oporateclat -2000 volts.

TILeradiator is a glyooral-txistearate film of about 1!30* per 8quare

cmtimeter pr~parad by evaporation in a Vacu’m. It is placed on a platinum

foil, which is yart of the

in order t~ make sure that

to prevent aocumul~tion cIf’

hi~h voltago olactrode. Fxter~ive tests vwre nado

tineconductivity of the foil was suffi~ien<ly hr~e

oharges which mig}itdisturb t}ie eleotric field and

therefore :\i8tortthe ;w139 height distribution, For this purpose, a polonium

sotiraowas depositod on a platinum foil and then covered with a ElycerGl

t.ri6tearatefilm. The platinum foil thus prepared was placed in the chamber

in place af the radiator snd +,hepulse height distribution of t!wti-partiolgs

was determined, Then Q 1 grakl=dium source ~o%sIJ]~Crndvc$r the ?ha!fl~erso ?s

+;0pro.3uconn ir.tetlsqionizntiot~of the @s. The radium source was rmoved and
.

the j;ulschei~ht distribution was reneasurod immediately after~rdsa The pulse

haight distributions measured bafGre and after irradiation crwwi to he idmticalb

This result was taken as a proof that, even in thw presence oi’sn ion~za%lon

much hoavior than that existing under normal operating conditions, the glyoerol

$ristmrato film dces”no% acquire aliamount rf chnr~e s;]fficient to distort the

pulse hei~,ht diskribution~
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F’i&uro 12

Solid rxdiator, par811el Flatc oliamtmr( see Section M)

(1)

(,2)

(3)

(4)

(5)

(6)

(~)

(3)

(9)

(10)

(11)

(12)

(l?i)

(14)

(15)

Grid suF~’crtedon braGs ring.

Two mi1 Flatinum foil which bears tha glycerol
tr%stearkte radiatcr.

Colleotir,&electrode.

Guard electrGale.

H.V. electrode.
t

bad to the oollectizg electrwie Ln8Uk%0d from
Lhe ?xtse plate with G.E. Xovar class seal.

H.V. lead insulated from the plate with a G.E.
Ecvar glass seal ( s similar lead, not shofinin
the dia~ram, provides the correction t6 the grid).

Sylyhon hellcnm.

Structuro with ice~wa~for 1ii’ting~r,c?rotating the
rfitiifitcr in or mt of pt;si ti cn. The i“iguro shows
the r&diator liftmd out of poaitioc. A similar
.strucLurusuppcrts e blank Fletinum foil which
may be substituted for tht3radiat;m LE order to
determifioLhe Ix?.ckgrmmd.

Sc.ftmetal gackoi..

SLe61 FhtO, 1/4 inah tiniok.

Steel shell, ’1/16 Inc)t thlek.

i;lags insulators. The ends are platini>ed ar.dscluerod
t.o brass caps.

Cress-section of a lJ-shRpodycke carr”j”ingk}m knurled
3crew8

Keyvay fcr rotatinfjrediatcr.
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The collectir~ elcotrode and Lheattaohed’,eadhave a capacity”o!’10

tc 15 miaromicrofaradso The chamher wts used wi~h an amplifier havinl~a

rise time of 2 microsoccds and a decay time ool:stantof 20 mioro~econdse

The small value of tho lather time consLanL praokioelly elimir.ntesmicro-

Fhonio disturbances and makes it possible tc oFeratx tk,echamhor in the

presence of a fairly strcng V-rediation. TFteminimum pulse hei~ht which

can be measured safely is approximate-ly0.2 millicr.electron vGlt. The

maximum neutron energy for whioh the chamber can be usd is detormifiedby

tho ccndition that the rraximumrange of the recoil protons should be not

moro than 5/S the spacing of the electrodes (see Section 4). This energy

is about 2 million cleotr’cnvclts.

In the comstructloriof the chamber care was taken to avoid heayy

materials in the path of the incident neutrons sc as to minimizo the danger

of’inola9tic sonttering. All metal parts in contact with the active volume

clfthe ok.amberw6ro gold-plated and then outgassed by heatin~;ir,vacuum

in an effort to ninimize the background caused.by tecoils i’rom.Y,ydrogen

cbsorbed in the metal. This backgroun{i;*s experimentally determined by

irradiating the ckaml,eswith neutrolisafter replacin& t},eradiatGr with a

blank platir,umfoil. The number of recoils reoorded under these oor,ditions

was about ten per cent of tho number recorded with the ~diator in place.

The chamber can be used with or wibhout the grid (1) shtw,nin Figure 12.

Vhen used, the grid is kept at a voltage of?-1400 volts nith roa~tiotto

colleoti~ electrode (t}.ehi&h voltage electrode being at -2000 volts).

both conditions, the operaticn of tho chamber was tested by determining

the “

In

the

pulse height distribution with a FoloniunIsouroe on a platinum foil in place

of the radiatm. Iij%hout a~ grid, one should expect a “recta~ularm pulse

height distribution ii’the monsurements are taken with a ck.aru~eldisoriminatcr
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of infinitesimal Width, or a ‘ftrapezoidalnpulse height distribution if

a channel discriminator of finlto width is used ( t?eeSection 1?.1).

iith the grid, me should exFoct all *he ct-prtick pulses to be of

the same size (see Seotiorw 10.Z and 1?.1). The experimental curves

obtained ooni’irmthis prediction ( see Figures 13.1 ar.(t13.2).

The chamber was also tested, a&ain with an~ without tho &rid, by

determining tho pulse height distribution of tho hydrogen reo@ils wkten

tho chamber is placed in a moncconergetiar,outronbeam. falling normally

u~on the radiator. The curves oblzined Wertiof.the exPected ~~Pe* AS

an example, Figure 13 gives the results of mtcasurementstaken with tho

grid in position,.ir.which @se, if an infinitely narrow ohamel wero

used and if the radiator were infinltol~ thin, or~eshoule obl=in a

“oonsta~t’tFulse height distribution as deacriked in Sectior 3~

14.13 THIN RWIATOR, ELECTRCN PULSS, PARA’LLELPLATE DWBLE CHAKBFX

This chamber, based on the same principle as that described in Section

12, -was desi~ned primarily for tho purpose’cfmeasuring fission cross-seotions.

‘It consists essentially of’ a ilss’ion chamber and a recoil chamber in the same

ease, the latter being used aa a neutron flux meter. The fi88ionaLLs naterial

and the thin layer of hydrogenou8 material are deposited on two thin platinum

foils which are placed baok to b.a.okand constitute the oommon high voltage

eleotrode of the two ohambers. Thus the two samples are almost exactly in

the sank!plane and are ceparated by an amount of material which does not

produoe any appreciable amount of.scattering cr absorption of the neutron

beam. The neutron flux is therefore the same for both samples and the ratio

of the oross-eaotions is simply equal

per gram *tom of the active material.

to the ratio of the number of proooasos
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Figure 13

Differential pulse height distribution’e&tairLed

with the chamber with &rid shown iri k’i~~re 12 .

irrndiatad with rnonoener~etist~eutror.8of &-G
differar.tenergies.

.

,.
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; xtrw.a cere has taken to avoid

neutron botim,so as to minimize

of neutrcys. The clamber walls

pressure they had ‘toWithstin[i.

tiny Ilee+y- matorisl alcni;the path of Lhe

the dsngor I-,fscattering and ahs orptj.on

were mado as thir.as su~teble fGr tiie

Only glass insulatorsw8re used inside

the chamber. The seal between bra8a cap and the base plate was rmde

gas-tight by means of a fase wiro gasket, so that no othor materials but

metal and glass are in contact with the gas. Tho len?s to the CO1letting

electrodes and tc t.iiehi~h voltage eleclxode wero shielded from each other

I,ythe brass tubes supporting th,eoh,timhor{ see Figure 14).

Both argcn and x;ncm, at pressures up to about 9.5 .

a+mospheros, were used as gas fillings. A hct calcium purifier was

~ermanently attached to the chamber. TM chamber was operated at a voltage

between 2000 and 3000 volts, doFendinE on the pressure, with the high

voltage electrode negetive.

AS hydrogenous radiators, glycerol tristearate films Gf ~.ric,u~thick-

nesses were used. In order to avoid edge effeots ( see Seution 10.7), the

dianeters cf the hydrogenous foil and of the fission foil were chosen so

that the ranges of all hydrogen recoils and fission fragments were well

within tke sensitive volumes of the chambers,

‘rhoamplifier used with the recoil ohamber had a rise time of 0.5

microseconds and a deoay time of 20 tiaroseconds. The pulse8 were

analysod with an electronic ohannel discriminator.

The operation of tho chamber was tested with polcniumq-partiolos,

a8 descrited in Section U. In addition, che pulse heigk.tdistribution

of hydrogen reooi.ls was measured fcr a number clfneutron energi8s. In

these measurements, the -platescf the ohamber were perpendicular bo the

neutron beam with tho glyaerol-tri8tearate film facing away from the
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.

Figure 14

Double recoil and fission ahambor (see,,Section13)
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Figure 15

Differential PU180 height distribution 0WV8S of
hydrogen reooils obtained with the chamber described
in Section 13 by using monoenergetio neutrcn beams
perpendicular to the radiator. The ohannel 8haFes
firoindimted in aaoh graph. Experimental results
are represented by dots, circles or crosses. !l!he
vertiioalbar8 give the standard atatistioal errors.
Points differently rtmrkedrefer to different sets
of moasurementx. The dotted lines are theoretical
ourves without ohannel oorreution. The solid lines
are theoretical ourves with channel oorreotions.

Graph A

Graph B

~ Graph C

Graph D

Graph E

~ g 0.457 Mev; t.67f/cn2j 3utmoiapheresargon.

En ~ 0.57 Mev; tg 67&/om2; 3 atmospheres argon.

% = ~~o ~e~; ~=
17S~/cm2; 6.7 atmospheres argon.

% = 1.6 Xey; ~ = 173 P/om2J 9.5 atmospheres argon.

En : 295 Mevj ~= 173 ti/cm2;9.C atmosphere xenon.

.
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neutrcm 8ource~ Some of the results obtained are reprcduoed

‘wheretb.eacrrespcnding theoretical curves (see Section 6)

A channel correction wa3 applied to the theoretical aurve8.

it[Iigure 1S,

are also given.

This correction

was determined experimentallyby means G1’6rtificial pulses. TM share of

the ohannel which is ir,dioatedir each curve .:*asfound to be approximately

trapezoidal, the deviati~n from a re.otsngle,of oourse, bei~ due to noisos.

The abscis8ae c}fthe experimental and IJx30rotioalcurves were retched at the

hi~h energy end near the point of’steepest descent, where the influenoe Or

the channel correction is a minimun. The ordinates mre matched a little

below the peaks of the ourves~

It appears from an inspection of the figures tWt the agreement between

thooretioal and experimental Fulae hei~ht distribution ourves is exoallont.

Tho deviation at the law energy end are o%used by spuriou8 Fulses produced

by piling-up of &rgcr. reooih or of olectrcn recoils from if-rkys. The energy

at which these effeats set in depends, of oourse, cn the experirantal conditions.

The directionality of the ohamber ws tested by taking counts with the ohamher

inverted; i.e., with Lha glyoer~l tristenate film perpendicular to tho beam

but facing the neutron souroe. Under these conditions,and with neutron energies

around 1 millio~ eleotron volt, tho countin& rath W=S fcund to be about 3 per

oefitof that reoordad in the same neutrun beam with “thechamber in normal

po8ition. The per cent ootintingrate inoroases Gomowtit with increasing

energy and is about 5 per cerrb around 1*6 nd.l]ionbleotron volts. Tests wore

also mde with a blank platinum foil in place of the radiator- In most cases,

the oounting rate with tie blamkms.abmd” 2 per aeht of that .raoordedwith
,...

a radiator.of,173@Fer s“q~rb cen’t~ma’tir%hicknesa. ,

-..

,,
.“,. .,, ,

~.,,
.. . . ... .

.,..’ .’. ..-. .. . .
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14.14 GAS RECOIL, CYLINGRICAL CPJOiBER

Figure 16 shows the construction of a ck.ambermhick.~as used for rxoasuritlg

difforo~,tlalscattering crces-~autions Gf light nualeio The chamber ia cylin-
.

drioal in shape with a +.niTI‘fiiraas the culleotin~ electrode. It iS built 8s

light.xs possi?l~ ixiorder to minimize ~~ela’;t.icscattering and abswptio~ Gf

neutrons, The chambe: can be use: both with tir.dwithcut ~RE multipliaatior. ●r,d

ir,either ease ‘.?.eouter oylindcfr 16 kept r,egativewith respct tc the wire.

The recoils tinderinmstigfitio~arise fr<m the gas. Ir,order to rerluoc the wall

ef’i’ectsit is advisable t.fJ use a suf!’icicntly }~ighgcs pressuro so tkt I.hemax-

imum range 01’ tk.ftrecoils is a swill fra~:ion of’t!”.ediameter of the charter

(2.5 centimeters).

The orera.tiw of the chamber ‘~@stested by USiW, the N14 (ri,p)C]4reacti,jn,

atmr&’pb.6retscl’nitrogen and 1.5.Kt.mC&plieresGf ar~or!. Under these oor.diticms

the rer.geof the 0.6 tillion electron volt rrot.onsla abwt 0.5 centimcterh

;%=sproduaed by the faot that only t.i.efast pm-rtof the pulse %as recorded (see

by oorwldering .thc irotw, tre.o-kaas irti”initeljs~ort+,which invelres (a) tieglect.

ing t,hewall affecie an~ (b) aesumir.&lin Lt.ooalculatfon of t“heeleatrfinpulse,
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FiGwe 16

Cylir.driealchamber (see Seetion 14}

.-
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is conceritratodir.or.opoint. This theor-

Roth of the ex~erimental Fulse heigiitdistributions appear to be sGme..

What :~idarthan one mi~;hthave anticipat.od. The

without gas multipligtiticnfrom ‘theocrrespondi~

be aooc.untedfor by wll el’fecta. In the case’of

~as multiplication there was probably some spread

departure of the ourve taken

theoretical curve m??ypo8sibly

the mmisurationtstaken with

in pulse height due to laclc

cf tinii’ormitJof the wire, or.deff”ects,or to a small amcuritof ca~.turesince

the gatiwas riotpurified. The measurements wititgas multiplication wore repeated,

8fter reb<l?c:rigtt,ecet.itre?wire assemtly, with a higher pressure h the uh8mter

(0~5 *tmc/sphe~”esr:”nitrogen, 4 a.tntosTJk1tire8of &rgcn). Tk.apulses mu% analyzed

photqgrhyhioally. The Fulso h8i~ht distribution thu6 c’o;air.edi8 reprasfictedix

F’i~we 1(?. This curve is consideyaklynmrrwer than the correspor:dingcurve (b)

in Figure 17. TM differrmcs is probably due prtly to a decrease in the wall

effects ar.d~arLly to or,improvement in the uniformity of the Cas multipliisation.

The c}~tnberwas used succe&&fully for rr.em8uringthe differential aoatterimg

cross-aeation of keliun and of nitroger.~
. “.,

A chamber of similar dosiga operated as ● proporticmxl oounter -S Rlao uued

as ● neutron flux meter. For the naasurements at the lowest nemtron amrgies

(0.93 mlllicn 62ectror volt) the chamber waa fillc? with pure hydro~en at A

preu:ure of IC cemtim8ter* I& and”the-roltsge wus ad$xsted ●o es ta obtain a gas

mult.ipliaationof about 50. For the tceasuraira~,tsat higher energies, higtir “’-

~,rossvraccf hydrogen or hydrogen-argon mixt~res

thmt,.(’craaoh neuti”m energy t}.cpressure shculd

str5.kethe mast favorable comprotiiae.$etvwenthe

were uoed. It may be noted

be Rdjuetbd in ciuoh a way as %0

&-ray hackgrour.d,which increaaes

w~tkl hor6ash~ \)~68sure$and the *all eft’eot8,whioh decrease ‘w:L”Aincreasing

pressure. For a counter Gf the prGporLi(ma shown in Figure M B-iththe neutron

beam parallel to the ~xia, the ;~estcondition is reack.edwhen the maxisum range
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b Figure ]E

Di.fferentisl pulse height di8trfbution ourwe obtained

14 (n,pk
14from tk:eN reaotiw. in the oylindr%aal

ohmher c?emr~bed in Figure 16. Gas filling O.E
atmosphert4sof Nz,4 atmospheres cf argcmc Gas multl-
plicat.icnabout 15. Fulaes analyzed photogmphioallys
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cf tkterecoil protons ir.tk.ecente? 16 c? tk6 order of ttLert.liuac.ftk,e

counter. Also, in mcler to mit,imizethe ~-ray hckgrounci, it la adtisab16

te use,tib.ereverpossible,~ure l~ydrogeY.raLhei- t}mn a hydrogen-argonmixture.

A number cf [Julsel.eight.distribucior curv’esuere measurai by expoaixg the

cu~rl:oi to monoer&6rg6tio neutrons tra~eli~ ~’arallslto tileaxis. The result2
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Fi.gwu 19

(o) Obser~ed with 9.5 millior.eleotroz:Tolt
neutrons (R. s 1.2 h).
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14.1[1GAS RIXCIL PROPCRTICNAL COUNTKR

Figure 20 illustrstes tl-,eoowtruoticm cf a ohamber(simi lar in

prinoiple to ti.atdesoribod in SeOtlOn 14) which was used a8 & flux meter

for n~utr~rm of low energy (down to 0.035 million slecton volt). The rtcst

interesting fouture is the ar~ngcment cf the collectir,gelectrode and of

the supporting guard eleotrode which are so designed as to avoid any deY~rra-
\

aticm of the eleotria field near the ends of thQ collecting elec+..rode( see

SeatiOn 11.S). The oolleoting eleotrodo and the guartieleatrode bo~h consist

of Secti(m uf hypodermic rjeedles,0~042 inoh O.D. They are meehanioally

eonrieoterland eleotrioally insulated by means of gls.as tubes about 0.025 incl~

O.D., as shuivnin the detail in Figure 20. The e16ctriual ccnneotion to the

oolleotlcg eleotrode is mde byneans of a thin metal wire whioh slides through

the guard eleotroc!eand is soldered to the inside of the collecting eleotrode.

The Nmlls of %he counter and the outer o~se are ma?o @f durel in waler to

minimize the da~ger f.ifscattar:ng and abaorptior.M neutrcna. The Kovar pleoes

are soldered to the dural end plstes with the following technique: First, the

Kovar pieoes are tinned with soft solder 8nd the dural ~leces ●re covered with

Eelmont aluminum solder. Then each Komr pieoe is soldered to the ccrrsspm.ding

d“uralpiece with alum<r.umsoliier‘riithoutusing any flux. The 8crow connection

between the pieoes (3) and (5) makes it possible to adjust the pos~tion of the

guard electrodes suppcwtin& the collectin~ eleotrode before the ltst Korar

piece is soldered into pkee The counter %as used orilyat lcw energies (dowm

to 0.035 million eleotron volt), usually witl.a gas filling of pure hydrogen at

1.5 centimeter Hg prassure and a Gas multiplic~ticw around 50. TM pulse height

dis?rit,uti6ricurves obtained With monoenergeLicineutrom are ver~ ejmiiar to

those obtained at the ccrrecponding energie~ with the ccunter c!esarlhedin Section

14,and do not agl%c very well with the csiculoted oumase
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Figure 20

Proportionalcounter(8ee Seation 1:)

(1;

(2)

(3)

(4}

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

:13)

(14)

Outer durfilcase, grounded; 4 i.nohesG.D.,
1/16 inch wall, 13 lnchas lorg.

Kovar tube, 3/f8in~h O.D., it is grounded
during operction.

Kovar tube, 3/’8inoh O.D., threaded on the
inuide.

Gla$s.

Brass rod, threaded on the outside.

Luoita spaoer ring.

Dural tube, 3 inches @.D., 1/32 inoh wall in
the thi.nr’ersection.

Hypoc?erm.ioneedle, 0.042 inch O.D.. it forma
the guar,ieletrode. ,-

Hypodurnic needle, 0.042 inch O.D., 4 inohes
long; it forms the eclleetirigeleotrode.

Xovmr tube, 1/16 inch wall; 2-1/4 inch O.D.

Gaa inlet and needle valre.

Amphenol conneotcm tc tilficol]aetir.gelectro5@.

AmFk.enoloonneotor tc We }ii.KhVcltage e]OCtrOd8.

Glass spoer.
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This ohamber, the aonstruotion of which is shown in Figure 21, was

aesigtiedas a direction:.1aetector for retitive flux measurements, The

radiator is a thick par.ffin layer de;~sited on ,1section of tke removable

hemispherical cap and coated with a very thin layer of graphite to make the

surface conducting. The chamber is made gas tight with neoprene gaskets

throughout. The inner electrode assembly Is put Logether, then phced in

position xld fast.cned with the nut (a). The. gaskets between the collecting:

electrcde and tie inner lucite insulator,ax? between this insuktor and the

guard electrcde,are

guard ekctrode and

nut (c]. The @sket

by means of tie nut

tightened by means of the nut (b). The gasket between the

the outer XJcite insulator i9 tightened by means cf the

between this insulator and the brass collar is tightened

(a). The brass disc on the stem of Lhe collecting e3ectrode

is used tc reduce the disturbing effect cf recoil protons from the lucite

insulators. The chamber is filled with argon and pressures up tc G atmospheres

can be used. The chamber is usually operated at a vol~ge of -2000 volts. A

small hole in the chamber wall. covered with an aluminum foil enables one to

introduce @-partickg from a polonium source Mm the chamber for testing

Wrposes. As already ~nticned, the chamber was designed as a directional

counter which detects only those neutrons tiich enter the chamber through the

paraffin zadiatcr. The W!irecticnality factora. def~ned as the ratic between

the numbers of counts reccrded when the tieutr.ns enter the chamber thrcu~h the

coated and the uncoated surfaces, respectively, was improved b<y lining the ‘

chamber wlLh gold sheet. In this way a value for this ratio of about. 100 was

obtained. The camting rate, as a functicn of the an~le of incidence of the

neutrcns is sh[wn in Figure 22. In these measurements the incident neutrons

had an energy of 3 million electron volts, The two curves were taken with

,

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



FiRure 21

Spherical chamber (see Section 16)
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Figure 22

4nruhr response of’ Lhe chamber represented in Figure 21.
The black areas represent the portion of the shell lined

. with pamffin, rhe arrow marked N represents the direction
of the incoming neutrcns, Neutron ener~ 3 million electron
Vults.

\
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biase@ adjusted in such a way as tG calnt all pdlses larger

million elecbrcm volts, respectively.

The deyndence of the counting yield of the chamber on

Investigatedand fcund simihr to that described W ~~ati~n

Lhan 1,4 and 1,7

the bias energy wss

281 and shown in

Figure 6. A close agreement cculd not be expected because the assuinpLions under

which Equation 28? was deduced (plane radiatcr, ion pulse chamber) are not ful-

filled.

It may be noted th~t the chamber described was not provided with a gas ~rifier,

Some difficulty was experienced during its operation because Of a gradually in-

crc~aging c~t~i~ti~ of the ~~ of the ch~ber leading to ebchwn attachment,

This was probably caused by organic vapors slowly evolving from the lucite insul-

ators and the neeprene gaskets.

● 14,17 T.HTNMJIATOR, PROPORTIONALCUJI{TER

Figure 23 shcws the construction of a counter designed as a flux meter for

neutrons of low energ~es, Argon and krypton at pressures ran@ng from 12 to 170

centimeters HE were used as gas fillings. ‘l%evoltage was chosen so as to obtain

qas wltiplications between 5 and 50, The radiator was a layer ofglyaerol

Lrlstearate deposited by distillation in vacuum on a platinum foil. Its thickness

vari.eclfrom 60 to 390 J“per squa= centimeter. The counter was operated with the

case grcuhded and the center wire at a hi.~h positive potential. The guises were

taken off the center wire by capacity coupling.

If the gas pressure is sufficiently high so that practically al.1 recoil

tracks from the radiator terminate in Lhe gas, the yield of the counter shculd

depend on the neutrcm energy”% and the bias energyB as indicated in Figure 1.

Eqerimnts were carried owt to test Lhis prediction and the results were

in fair agreement with Lhe theery.
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Figure 23

Thin radiatcr proportional counter (see Section 17)
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14,18 INIWRATXN(3GAS RWOI L CWW3ER———. —-—

FQ$& 24 shows the construction of an “Integratingchamber designed
.

at the 3ritt~h,T. A. Prcject for the flux measurements of monoenergetic

neutrons. The chamber is fi 11 d with ethylene

coated with paraffin wax to a thickness larger

the recoil protons, The.surface of the wax is

(C2 H4 ) and the walls are

than the maximm rmge of

made conduct ing by evapora bing

silver to a thickness of 0,2 milligrams per square centimeter The paraffin

wax used had the composition (C H2)nj i.e. , it contained carbon and hydrogen

in the same proportion as the gas filling of Lhc chamber. Under these cir-

cumstances,tin the instrument is used as an integrati~ chamber, the wall

effects.are eliminated, In other wotis, the ionization per unit volume of the

gaa 1s the same as if the dimensions of the chambers were infinitely large

ccmiparedwith the range of the recoil protons. The ionization

duced by the hydrogen recoi Is, IR is then given by E@ation 2$3

rewritten as follcrwsz

current pro-

which may be

where A ,is the volume of the chamber, @ the neutron flux density, i.e.,

the number of neutrons per second and per square centimeter, YIH is the number
●

of hydrogen atoms per aubic centimeter of the gas, and ~H is the total
,.

8cattering cross+ ection of hydro~en.

To the ionization current produced by the hydrogen recoils one has to add

that produced by the carbon recoils, whjch has the expression;

where ~c is the number of carbon atoms per cubic centimeter of the gas, ‘c (En)

is the total scattering crcns.section of carbon and (E)av is the average energy.

. .
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Figure 24

Integratln& gas recoil ionization chamber ( see Section 16),
‘lacuum se~ls on Lhe body of the chamber made with low melting
point wax.

.,
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Of t~ c.arbcn recoils. Zecause of scxne uncertainty in W: values rf <c

and (E)av , the relation between Ic anj. n is noC 90 well known as that
*

between 1~ and n. v%,the Wwr hard, Ic is mall comtparedwith IH since

!.hecar’ac,ncross-section +.3 cGrisicieratl’lysmalkr than th.ztof hydrogen~so

~hAL this uncertai~ty does net introduce my appreciable sarce Of error,

Ver:i afte:lneutrms arc acconxnie? byti-rays, while, with a pulse

chanb~r. the if-ray p21.s29cafibe biased off, ~ij,s ~nnot ‘oe d~e .#ith an

i n t,Pl:ra ~ing chamber. However, jt is possible Lc separate the effects of

r,eutmms from those of ~.?ays by determining. the ionization current simult-

aneously with M! chanoer described above and with a second identical

chamber in ~ich all hydi’e,ren has been replaced wibh deuterium.

The subst.itiitionof ~e~$arium for @irogen in an ionizaticm chamber

iqes not ckinge the sensitivity of tie chamber for ~-rays (t?lisw33 exper-

imentallyverifisi). It c!umges, hcwever, its sensitivity to ne~trons.

H~n~e, the differea:e of ionization curcen:s is proportional Lo ME neutro:~

?lUX,

Ii’one assures isotropic scatterin~ of neu~rms cm deuterons in the

:unt Prcf gravity sysbea, the difference of ionizat.icn cmrents, ~ I, is

related :s the neu Lron flux demity n by the equation:

where ~ (~,t is t.\Ietot.~1scatkri?:g cros:j-section of deuterons,
D

n is the

number of eitAer hydro~en or de-~terium atcms per cubic cmt.imeter, and

:8
~ ‘~~) NFresent3 the xver.iye cne~y of the cbdtwrium recoils, It may.

‘:je pointed Out that tnf; asslxlpticm of isotropic scatt, erinzof ne.ltrons on

delltarong, which enters in ‘,he evaluat, im of the avc.ral?eenergy, is somewhat

dncer:aino

I
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14,19 CQINCII)lWCEPROPCR1’10NAL OWN Mi.-. —— ——

;\Pc)\?crLional counter3, thu~ mcdu:l~ simultaneox pulses, The rati:?Of L!9

:~umbcr of recoils recorded to th,:total n:.lmkr o ~ rec3i19 gene rat?.iin the

r,~’i:l;cr i9 determined by thn solid an~ le defined by Lhe diaphragms. ‘rile

“rem Lhe cui3iciE5thrc~’.l~hgrcund joints, The thin wire rings on hotn SM9S of

.-me ane~ker, This wa.vfound necessary because otherwise the o.per..tion of the
,..

:’mmters was modi f i d by tht~ :nsertion cf .an alu~.inuz f oi 1 between them,

Yeaswments of Lhe cokcicience ccun Lirlg rate versus bias were carri92 out

tnan 3 certain vane, Whi;h, in turn, was well above the bac?kgrmnd noises.

l+.must be noted that the instrumnt described did not prow very rt?liab Le

.1s an absolute neutron flux meter. Howmr, it.fs likely th!~l..a s~tisfact.or.v

instrument based on the same ;,rinciple could be built by improving the desi~n of

the counters. Multiple wire proportional oeunt.ers (see Seotion 11.7j might

prove pirticdlar~y suitab16 in this arrangement.
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Figure 25

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



I
I

a
t“..

i

[..-.

-– -— -.. . .

fl%lf~L~oWa ELCOTROOC No. I

n
H r II / ~—- VOLTAOC~

.

I

.

. .

w ‘=””
H I II ‘Uutiw -\

// n II

8s

4iiBnMM(g)

/
tr

OiAPURAOM0 )
u’

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



_—

.

, \

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



CHAFTERKJ.j

I

In principleit is pcesibleto use the (n,cx)ant?(n,p)reactionsfor

measuringthe energydistributionof a neut.rcmbeam. At any givenneutron

e~ergyp the totalenergyreleasedin the reactionis ccnstafitand depends

on the neutronenergyin a simpleform,providedthat the reactionproducts

are emittedin the groundstate(thisis the casein mariyreactions).The

totslenergy}whichIs thesum of the incidentneutrcmenergyEn am? the

reactionenergyQ, is dividedbetweenthe two outgoingctuqed particles.

If thereactionoccursin a gas withsufficientstoppingpcwerto prevent

the escapeof any of the particlesfrm the ccuntlngvchme, one obtains

pu3sesthe sizesof whichare proportio~l.ta En+ G. Since Q is ccrm@nt

and usuallywellknown,suchm arrangementpcvides an almostidealrethod

for nieasuriryjtileenergy cf mofioenergetlcnrutrur~for whid. (En+ Q) > 0.

Fcr accuratemaEurcmemts ~ shculdnot be tfio18rge. Hmever, for the

determinationof the energydistrilwtionc,fnur.-m.er;oeziergeticneutrons,it

wouldhe necess~ryto know the w,er~ depem?ewe c,fthe crc]s~section

gc:cvretely.Unfcrtuwtoly,thifiis riotthe c~seand, moreover,all raictiowj

with suffjcienllysml] Q exhitdtprox~tnmcec?resor~lr.ceswhichmake the
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Mble 15.1-1

Reaction Q

1. ~~6 + ~n~-4 +4,63 Mev#eL + ~H3 .

2. ~B
10

+onl-2HeJ’+3U7 +2,
Y

and 2.78J&v
SOO bolew)

3* #
u U

+ ~nl ---+ pl + & +Ge60 M!v

L # 14 + ~nl--P ~Ee4+ ~J@ -0.28Me!v

,.

,. -,--- ..Q

Remarks

ResonanceatE
Q high,& very

: ,27Mev.
large at En ~ 0,

No resonances, Q fairly Inrgeg
a-very largeat En s 0.

Si@WIShOWXI6hRrp FM?OWLIICOS
at .55, .7 and 1.45lb

Sigma showsresonanceat
1.5 Mev

Extensiveuse kas been made of (n,cf) reactionsfcr detest.ingslowneutrorts,

ChereactionB(n,oL) is most commonlyused becausethe crosssection Is very

largeand furthermoreknown to clbeythe I/’v-&w in tlielow energy region

[En < 500 eV). The valueof thecrosssectionfor Vn : 2200microseconds

,s703 * 9 x lG-U cm2

Lhereforo3830x 10-~

~which,becauseof thti

for the netural.ikotopicmixtureof BIG

30
cm2 for pureB . Reactions1 and 3 in

positiveQ value,occuralso at thermal

and B1l,and

Table15.1-1

energies) have

:onciiderablylowcwcrosssecticnthan the reactionB(n,@ ). In the caseof

~eaction1, theswterialsare not as easy to handleas boron● For theqe

?ea.sone the followingsectionsshallhe confinedto the discussionof heron

Ietectors.Such detectcrshavenot onlybeeu used to

?lUXbut also to detectfast neutronsafter theyhave

suitablemoderator.

measure smallneutron

been S1OWR5downby a

The B(n,q ) reactionhas been extensivelystudiedby Bower, Breticher

,XX3Gilbert.(l)The reactionis not moncenergeticbut leadsfor thermal

~------------ ————.

FrocF CambridgePhil.Soc,, & 290, 193g
..— ——— —.

mutxons onlyrarel~to tbe groundstateof Lf7. The majorityof tie disin-

tegrationsresultin the wellknownexcitedstateof Li7 at .44Mev. The

,
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rangenof tie pwticles are givenas .7 centimetersfor thee-particles and

.4 centimetersfor tieId nuc3ei* sin~e the Q val~leOf tie

to the excited state ofL3 is 2..34Mev, the ~ nucleus,for

oarries.85Mev.

Solid boron

case the filling

stablecompound.

as wellas gaseouscompoundscan be bed.

consistsmost frequentlyof BF whichis a
3

reactionleading

thernelneutrons,

In the latter

comparatively

However,considerabledifficultiesare encounteredin

purifyingthe gas sufficientlyto preventelectroncapture,particularly

at pressuresin exce%sof one atmosphere.Careful.distillationfrom frozm

(-l=°C) commercialBF3 improvesthe gas considerablyin thisrespect,

apparentlyby removingsubstanceswhichcapturethe electrons,suchas HF.

However,the bestBF3 fillingswere obtainedby thermaldecompositionof

C6H5N2W4. The difficultiesof purificationare avoidedby using thinfilms

of solidboroncoated

chamberwithan Inert

filmscan be prepred

tungstenor tantalum.

with the gaseousones

on the electrodesof the detectorand fillingthe

gas likeargonora mixtureof argonand C02. The

by decomposing borane(B2C6)on heatedfoilSof

The disadvantageof this typeof detector●s cosqxmed

arisesfrcm thefact thatin orderto obbin high

counting.yieldss largenumberof foilsmust be used sincethe rangeof

the reactiionpartioleaisvery small. For absolutemeasurementstheuse of

solidfilmsis-advisablebecavsethe amountof irradiatedmaterialcan be

(2)veryaccuratelydetermined. It may be mentionedthatthe use of BIG ISOtOpS

~– - —

Tungsten as a carrierfoil has provedto be unsuitatJefor such
measurementsinceboronapparentlydiffusesinto the metal. This does
not seem to occurin the case of tsntalunfoils.

—.*———

obviouslyincreases the sensitivity of both t~es of detectcrsby abouta

factorof 5 as conqxmedto detectorsusing the natural

81.6 per centinactiveB11 10
and 18./,per centB .

Yor absolutexceasurementsof a slow neutronflux,

Isotopicmixtureof

a knowledgeof the

———

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



neutrcnenergyis of courserequiredsincethe crosssectionof the B(n,oL)

reactionvariesrapidlywith energy. Correctionshavo to be appliedfor the

finitefilm thicknessin the caseof solidfilmsand wall correctionsin the

case of gas filleddetectors.

Letus considerfirstwe caseof a parallelplateion pulsechamber

witha solidboronfilm of finitethicknesst depositedon the high voltage

electrode.The detectionefficiencyF(B) (numberof countsdividedby the

numberof disintegrations)is givenby the eqwtion:

(1)

whereR. is the rangeof the emittedet-particle,R(B) the rangeof an

X -p=ticle of energyB. Both rangesare to be measuredin the material

of the filn (seeSectionA.6). In thisformula,(Equation1), it is assumed

thatall d -particleshave the same energy,that CR . R(Bfi~t, and thatthe
o

yulsesfromthe lithiumnucleiare not ccuntecl(B >.85Mev). The formula

does not rigorouslyapply to the caseof an electron -SO chamber. However~

it appliesapproximatelyif the rangeof the&-particles in the chamberis

sufficientlysmalland the v~lueof B sufficientlylow. If the Mas e&rgy 18

lower than .85Mev so thatLi pulsesare also counted,the expressionfcr the

detectionefficiencybecomes:

F(B) :1.+
[~%i?%) + & *,,,- ‘2)

2- 1

where

Again

the subscript1 refersto theO(-pertioleand

[
thisformulahcldsonly if R . R2(B)]>t.

02

the subscript2 to the Id~

Let us considernexta

cylindricalgas filledchamberof radiusb and operetedas an ion ~lse chamber.

The computationof the exactexpressionfor the detectionefficiencyis very

complicatedif the finiterangecf the Li recoilis takenintoaccount.

Furthermore,it

energy rel.a tiqn

cannetbe carriedout withoutan exactkncwledgeof the nr)ge

of very”slow Li particles.Thw it shallbe assunedthatthe
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ionizationfrcm the LI recoilis confined to a verysmallregionarcundthe

originof the diaiPtegratioL.The contributionof the M, in the caseof

thermalneutrons,shallbe takenas equalb .85 Mev. This assmptim iS rather

crude since the range of the Li reccilaccordingto Bower,Brotscher$and

Gilbertis abwt @l of the totalrangeof the two Farticles. It app=rs~

howcwmr,frcm the photometrictracesof CICUCIchamhertraaksthatmost of

the ionizationof the Li recoiloccurscloseto the pointof originof the

disintegration. Under theseassumptioristhe detectionefficiencybecomes

wherer(B) is thatPortiofiof the range

pointof ori~in)whichit must spendin

produce,togetherwith the Xiireco~l,a

.

of the cX-prtic3e (measuredfrcm the

the sensitivevolumein order to

pulseequalto the bias energy.

If R. ia the rangeof the X-pu%lcle, E(R) the energycorrespondingtoa

certainrangeR, B the bias enor~, anclE~ the energyof the M recoil,we

havex

B‘ELi
= E(RO) - E[R o- r(B)] (4)

In derjvingEquation3 it is assumedtit r(B)<b.

In moat casesthe best prccedureto obtainthe countingrate at zero

bias energycou”istsin determiningthe numberof countsas a functionof

thebias and extrapolatinglinearly to zerchiss. This prodedureprovesto

b~ satisfactoryif the measurementsextendto a sufficientlylow bias.

~OR~W OF~SJJiS~

F1gure

can be used

paraffinin

‘he chamber

1 showsthe constructioncf a h$ghlysensitiveboronchamberwhich

for detectir.gneutxcnsof all energiesby slowingthemdown in

orderto increasethe crosssectionfor the B(n$%) reaction.’

comhte ~f a cylindricalveesel witha central electrcxb

embeddedin a blockof paraffin

\

supported by gunrdelectrodes.It ia
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Figure1

High sensitivityborontrifluoridechamber.
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O x 50 x 50 centimeters.The d$&oters of the innerand outerelectrodesare

-1/4 inchesand 4-3/8inches~’respectively.The gas fillingconsists of

F3, sFeeia~y prepred by decompsitim of C6H5 N2 W4, at a pressureof 74.6

entimetersHg. The chamber is connectedto an amplifierof .2 microsecondrise

ime and 20 microsecondsresolvingtime. Figure2 showethe dependenceof the

ounting rate on chambervoltage. The drop of the curvebelow3 kllovoltishows.

hat a considerablefractionof electronsis capturedevenin as pure a gas as

he oneueed. Figure3 shows the bias curveat 4 kilovoltschambervoltage.

For all neutronenergiesthe highestsensitivityis obtainedif the source

s placedin the cylindricalcavityof the innerelectrode.However,the

ensitivityis thendependentverymarkedlyon the energyof the primaryneutrons,

md sourcestrengthcomparisonsare onlypossibleby a carefulcalibrationat

mricus neutronenergies. If the source1s movedaway from the chamberin a

~laneperpendicularto theaxis, thesensitivitydecreases(seeFigure4). The

lecreaseis more rapidfor less energeticneutrcns,and thereexiststherefore

~region(13 centimeter~fromaxjs)where the countingyielddependsonly
m>

]lightlyon the energy. From the sameFigureit appearsthat the maximum

sensitivity,definedas the numberof countidividedby the numberof emitted

~~trons,is of the orderof a few per sent,in fairagreementwithan estimated

ralue. The detectcu’has beenused for measuringthe strengthof very weak

)Ourctm● The backgroundis about15 ccuntsper minute.

BFa COU~ A_ ‘~. OF HIGH_ TIVI~

The app’atus consistsof twelveBF3 proportionalcounters

Lheir axes on a cylinderof 9 inchesdi~meterand embeddedin a

arrangedwith

cylindrical

~lockof paraffin18 Inchesin diameterand 16 inches

~yllndrlcalopeningof 5 inchesdiameterIn whichthe

:ountersare 2 inchesin diameterand 12 incheslong$

in length,witha

source is placed.,.

and are of simple

central

The .

construction.

!he central electrodeis 1 mil kovarwire

YOguardelectrodesare used,whichmakes

supportedby glassinsulators.

carefulcleaningand dryingof the
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Figure2

counting rateversuechembe.rvoltigefor tie borontrifl~oride
chamberof Figure1.
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Figure3

Countingrateversusbiasfor borontrifluoridechamber
of Figure1. Voltage@OOV. Pressure746 ~“Hg.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



s
n
m
=
m
~

1
-

1
3
A
3
1

3
S
1
0
h

M
3
1
d
l
l
d
W
V

-
I
n
mm

O
c
n
@
N
@
m
s
r

m
a
-
o

U
)
az

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



. .

Figure4

Sensitivityof borontrifluoridechamber(Figure1) versue
distanceof sourcefrcmchamber,in a planeperpendicular
to theaxis of the chamber. The variouscurvesare taken
with sourccmof differentaverageprimaryneutron energies.

.
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insulatorsnecessary.“The ccuntereare filledwithBIO enrichedBF3

containing70 per centBIO to a pressureof 600 millimeternHg.Witha Po-Be

neutronsourcein the centerof the paraffinblock,the sensitivityis 33

per cent. The counterswere connectedin paralleland operatedat -2&M,volts.

The resolvingtimeof the amplifierwas .5microseconds.Figures5 and 6 show

the dependenceof the countingrateon the ccuntervoltageat fixedbias,and

thedependenceof countingrate on thebks at the normalcountervoltageof

-2600volts. Both curvesexkibitflntregionsarcundthe operatingpoint. In

addition to its very high countingfield,thisarrangement has a high resolution

and is thereforecapableof countingat high rateswithoutappreciable10SS.

At 40,000 count,sper secondin the twelvecounters,the loss is only 5.5 per

cent. Thisquantitywas meamred iIIthe ueual aay by comparing the counting

rate8of

counting

From the

thatthe

two differentsources,measuredindividually,with the observed

ratewhen the sourceswereplacedsiinulM4neously$n the detector.

measuredloss&? the resoltingtimeof the amplifier,it is apparent

totalresolvingtimeof the arrangementis mainly determinedby tie

counters.

I?MT RESPONSECOUNTERS

Tho detectorsdescribedin the two precedingsectionshavesensitivities

whichdependvery’stmnglyon the energyof the primaryneutrons. Several

attemptshavebeenmade to findan arrangementof ~raffin surroundinga

borondetectorsuch that the numberof borondisintegrationsis proportional

to the numberof primarysourceneutronaand independentof theirenergies

overa widerange. Thesedetectorskve been termedlongboroncountersor

fht response-counters.The theoreticaltreatientof theresponseof such

an arrangementis very complicated.Qualitativelythe followiagarguments

mightserveto illustratetheirperformance.Supposea borondetectoris

embeddedin a cylindricalblockof paraffin. A sourceof neutronsis

on the axis ata large dfstance from the front face of the cylinder.

placed

The
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““Figure 5

Countingrate versuscountervoltageof Mgh seneitlvitybo~on
trifluorideproportionalcounters.
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Figure6

Counting rata versue bias at ~600,volte counter voltage of ‘ ‘
high sensitivity boron trifluoride proportional counters,

\

,.’ . . . . . . . . . A ,

1.
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detectoris assumedto extendto the frontfaceof the blockand’bevery long

comparedto the mean freepath In paraffinof any neutronti be detected.

Neutronsentering the par~ffinwillbe degradedto thermalenergies‘anddifhse.

,,

wax:, T~e central electrodeof the counterconeistsof... *,

diameter. The counter k filled with enriched(80per

a kovatrwire of 10 mil

10cent B ) BY to a pressure
3

intothe detectorwheretheywill

large crosssection,the counthg

fluxof thermal neutrons. For an

giverise to B(n,%) reactions. Due to the

ratew$ll be essentially determined by the

infinitely large slab of paraffinthe efficiency

wouldbe higherfor higherneutronenergiessincelow energyneutronspenetrate

onlya shortdistanceinto the paraffinbeforebeingthermalized.Theyhave

tharetore a better chance of escaping back through the front face (instead of

passing through the boron detector) than neutrons which were originally of

higher energyand are thereforethermal.izedat a greater distancefrom the front

face. The reasonfor this3s twofold. At higherenergies,more collisioM

are requiredfor thermalization~andthe collisloncross sectionis smaller

than at Yow energies. In order to minimize the dependence of the efficiency
--.:-,.

on the energy, one has to limit the dimensionsof the paraffinso that the
..-
thermalizedfast neutrons have an increased chance to escape from *O paraffin..

Obv$ouslyit is not possibleto accoinplishthis for all energiesfrom thermal

to several’l!ev.However,arrangementshave been foundwhich exhibitrather
.

flat responsecurvesover energyregions of severalMevo

Among the variousconstructions,two shallbe descrlbodwhichhaveshown

the best f’latresponse curves. The firstone (so-called8% low counter) - -

shownin Figure7 consistsof a paraffincylinderof 12 incheslengthand 8 inches

diameter. Alongits axis a BF3 proportionalcounter,1 inchin diameterAnd 8

inches active length, is embedded. It protrudesslightlyover the frontface

of the paraffinbut is protectedfrom direct thermal neutrons by a cadmium

shield. The counter is e~ectrically shielded by an aluminum tube. For insulation

purposes the space between the counter wall and the shield is filled with ceresin ‘

I
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Figure7

“ Detdl of 8 inch flat response counter.

.
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b

of 25 centimetersE?g. With -2700voltsappli@ to the wall,a gas amplification

of about10 is obtained. The sensitivityversusneutronenergyis represented

in Figure8. The measurementswere takenwith the sourceof neutronson the

axis of the detector1 meterfrom the frontface. The arrangement was in the

center of a room 20 x 15 feet, and %1 inches above the floor so as to minimize

the effectof scatteringand degradingof the neutrons by floors and walls.

Neverthelessit is believedthat15 per cent of the countedneutronsstill

werescattered.The absolutesensitivityis about one count for every105

neutronsemittedby a sphericallysymmetricalsource. The most reliablepoints

of the sensitivitycurvesare those taken with the Li(p,n)and D(D,n) s-~-e

The fluz of thesesourceswag determinedby U-235 fissioncounts. Theirenergies

are exactlyknown (pointsat .5,1.0,1.5 and 3 Mev). Similarly reliable are

the points at .15 Mevanc?.023Mev whichwere tikenwith (lt,n)sourcesof

knownstrengthof (Be+Y) and (Be+ Sb), respectively.For the pointsat

.4 Mev, 2.2 Mev and 5Mev, sources witha complexneutronspectrumwereused to

tich a certainaverageenergyis ascribed. Thesepointsare thereforeopen

to somedoubt. This is particularlytrue for the pointtakenwith the&-Be

source. It is furthermoreestimatedtlmt the responseat thermalenergyof the

neutronsis around70 in theuniteused on Figure8.

A considerableimprovementof the responsewas achievedwith the arrangement

shownin Figure9. Here the counterW shieldedwith an additionallayerof

wraffin separatedfrom the innerpartby a boron-carbideor boron-trioxide

shield,whichreducesthe numberof countscaused by stray neutrons to about

5 per centwhen the sourceis againplacedat 1 meter distancefrom the front

face. The sensitivityfor low energyneutronsis increasedby drillinga set

of holesinto the frontface of the paraffincylinder. Theseholesgive the

slow energyneutronsa betterchanceof enteringthe borondetectorbeforebeing

refleotedback throughthe frontface. Eightholes1 inch in diameterand

3-1/2inchesdeepare drilledparallelto the axl.sof tie paraffincylinderwith

theircenterson a circleof 3.1/Zinchdiameter. The borontrifluoridecounter

,.., -

-:

.
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Figure 8

Sensitivity curve of 8 inch flat response counter.
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Figure 9

Detail of 15 ihch shielded fist response counter.
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2>7

used in this arrangement has a diameter of 1/2 inch and an active length of

1.2inches. It is otherwise similar to the one used in the preceding arrangement-

The dependence of the sensitivity on the neutron energy is shown in~igure 10.

The thermal energy point was measured with photo neutrons from (Be+Sb)

degraded strongly by a layer of heavy water. The point at .023 Mev was obtained

with the same source without degradationjand the polntat 1.2 Me~ bya ~(p,n)

source, the flux of which was determined by a U-235 fission detector. These
..

points are therefore very reliable. The points at .4 Mev, 2.2 Mev, and 5 Mev

(Ra + Be) aro taken with a complex neutron spectrum and are therefore somewhat

questionable.

The chamber is of the parallel plate type with the boron covered foil

on the negative high voltage electrode. The electrode separation is 064

centimeters and the diameter of the electrodes 1.6 centimeters. The chamber

is filled with argon at abcut 3 aQmepheres pressure and operates with a

collecting voltage of between 100 and 200 volts. The boron is deposited on a

tantalum foil by thermal decomposition of B2C6. The deposit has a diameter of

1,4 centimeters and has a thickness of about 25 ~/cm2 which is considerably

less than the range of both the d-~rticles and the U recoils. The bias

curve obtained with this chamber is shown in Figure 11. A sufficiently flat

plateau is found)and the correction for finite thickness given by Equations I

and 2 can be applied in order to determine the counting rate at zero bias.

15.7 ABSOLUTEBF3DETEWORS

Two detectors with gaseous boron compounds suitable for absolute flux

measurements are shown in Figures 12 and 14, Their common characteristic

is the accurately known volume in which the counted pulses orlgi~te,

In the cylindrical chamber (Figure 12), there exists only a small region

where it is uncertain whether or not detectable pulses originate. This region

is one where the collecting electrode passes from the opening of the high

voltage electrode through the guard electrode. The counting volume was

., ..... ........--------. -. .... .., .... .... .-—. ...%A ,.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



258

----

F>gure 10

Sensitivity of 15 inch shielded flat response counter at different
neutron energies. h
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Figure 3.3

Bias curve of boron foil counter.
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Figure 12

Definite volume boron trifluoride ionization chambe~.
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determined by filling the chamber with water. The counting rate C is related

to the neutron flux density ~ by the equation:

c: $

where n is the number of BIO

and A is the active volume.
2

A~n
_

(5)

3atoms per cm , &the disintegration cross sections

For the chamber shown in Figure lZ, ths countlw

2
volume ia 17.$6 cm>. The volume of the uncertain region is .31 cm=, m less

than 2 per cent of the main counting volume. The corners of the counting

volume are carefully rounded, a precaution which greatly reduces the wall effecti.

Figure 13 shows bias curves obtained with this chamber at different pressures

and suitable collecting voltages. The various curves were taken with the

chamber in the

counting rates

within a small

rates for zero

same neutron flux. The numbers attached to each curve give the

per unit pressure at equal temperature, and It is apparent that

error of abfut 1 per cent these numbers are equal.‘ ‘Thecounting

bias were not calcuhted but were’obtained by linear extrapolation

of the observed curves. Since the slopes are quite small this procedure seems

to be adequate. A calculation of the correction due to wall effects for this

type of chamber would be very inaccurate.

In the proportional counter (see Figure 14), the counting volume is limited

by two discs of semicohducting material carrying sufficient current to prevent

accumulation of charges. The diqcs establish at the boundary of the counting

volume an electric field which varies radi~lly in the same swmer as in the
.

central region of the cbunter, In this way the usual end effects of proportional

counters (see Section 11.5) are avoided.

The discs consist of soft glass, coated with ~AquadagH, and metalized on the

outer edge in order to insure contact with the counter wall. The central 10

mil platinum wire is fused into very small holes in the glass discs.

●
The

technique of drilling small holes into the discs is as follows: The glass plate

is cemented onto a rubber diaphragm covering a vessel connected to a rubber
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Figure 13

Bias curves of definite volumeEFa ~onization chamber.
Curves taken at different pressur%s. The numbers accompanying
each curve give the counting rate at unit pressure at O%e

.
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Figure U

Definite volume boron trifluoride proportional counter.

1.
“ 2.

3.
4.

t
7.

&
10 ●

Kovar-glass seal.
Outer shell.
~rotecting sleeve for collecting electrode.
Gbss beads.
Glass discs (edges metalized or painted with “Aquadag”.~
Spacer
Inner shell.
Collecting electrode (.01” plntinum wire).
Vent holes.
Kovar tube.
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squeeze-ball. In this way the disc can be pressed gently and with uniform

pressure against the drill. The latter consists of a short piece of tungsten

wire, the diameter of which 1s slightly less than that required for the hole.

It is soldered into a round piece of brass which is clamped into a c“huckdriven

by an air turbine or a suitable high speed electric drill rotating at about 7000 -

rpm. Six hundred mesh Carborundum with water serves as a grinding agent. ~iti

this arrangement, holes as small as 3 mll in diameter can be drilled. In order

to fuse’”theplatinum wire into the glass, the wire is threaded through the hole

of the disc which is then placed into a furnace at the annealing temperature

of the glass. The fusing is accomplished by passing a current of suitable

strength through the wire so that the gl?ss melts onto the wire.

By shooting ci-particlesradially into the counter through m5.cawindows,

it was found that the gas multiplication is very constant up to a distance of

1 millimeter from the discs. Figure 15 shows bias curves ob~ined at various

pressures. The gae multiplication was made sufficiently high so that @ses

from secondary electrons from W-rays within the counting volume were at least

as big as boron disintegration pulses outside the counting volune. The bias

curves are quite flat and can easily be extrapolated b zero bias. The counting

rates at

curves.

detector

zero bias per unit pressure at O°C are given with the corresponding

Tnese counting rates are very closely the same. This shows that the

can be used for absolute measurements.
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Figure 15.

Bias curves of,def$nite volume wj counter. Curves taken at
different presgmes. The numbers acccm~nying each curve
give the counting rate at unit pressure at 0° C.
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QHAPTER 16

F~S ION ~_TO~

}6.1 XNTRCIXJCTIO~ \

The main purposes for which fission detectors are used are:

(a) Measurement of the rate of fissions in a given neutron flux for

the determination of the fission cross section; measurement of the rate of

fissions in a material with known cross sgction for the determination of

flux of nonoenergetic neutrons. In both cases it is important to know accu-

rately the amount of fissionable material and to count quantitatively the

uumber of fissions occurring in the material.

(b) Relative measurements of neutron flux of sources with identical

spectra. In this case it is desirable to have a detector of high counthg

yield, but the absolute value of this quantity does not need to be known.

The various fissionable naterials offer the possibility of constuct$rig

detectors with different yields for different neutron energies since the

materials have different threshold energies.

(c) Invee~imtion of tie energy disttiimtion of the fission f~gments.

Detectors for thie purpose are very similar in construction to the ones used

for the study ofcX-~rticle spectra.

In most crisesthe fissionable material is used in the form

Since the mean range of the fission fragments is only about 2.1
.

air it is evident that only very thin layers of materinl can be

of thin foils.

centimeters in

used for qbsolutu.

QUt2
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detectors, ThiE ma)i6s it rlecessary to spI”6md the mRteri&~ CVC1’large 9reas

ii detectcrs of hi~h counting yields are c?enired. The use of a gaaeoufl

f~ssicmble compound would avcid thie difficulty. Uraniun-hexafluoride (t!!6)

might te suitable, but v ~rturmtely experinwts in this direction have riot

keen 8ucceseful. Electron collection, which in the c~Ee of fissic’ndetectars

is cf prime imporWnce (because of the necessity ~f achieving short resolving

tinefi; see belcw)t could not te ohtxdriedin t~s @s. Moreover~ the highly

corrosive nature of III” causes difficulties with conmn ir.sulatcrse
6

The fission pulses originating from a sclit?depcsit of

material show, of courset a wide spread in energies rangirig

about 110 ldevt This is partl~ due to the natural spread of

fissionable

froc zero tc

abcut 40 and

llCIMev, and prtly due to the energy loss which the fra~,~nt~ undergc in

~~sitlg thrcug~ the fissionable msteria~. Nevertheless it is pmsible to

GbtaIn l.tiaac~es WhIGh (te~om about half the mayrfrrumer.ergy)SI1OWa rathex-

ftit pbt.mti. It is also worthwhile to remember tht since two fissic.nfragments

rbsult from every fission process, the nur.berof fission pulses observed within

a solid an~le cf 27Y is equal to the number cf fissicne produced in

In every fissicn detector, tk.efission pulses are superimposed

a background of very mmercm d-prticles (s~e Section A,]]}. It

the material.

over

iB there-

fore irrportint that the resolving tim6 of a fissicn detector and ite amplifier

be made as short as pos8ikle in order to 8w1c? piling up several ~,.~rticle

pilleee to a height comparable to a fiss~on pulse. S3nce the ~,-~rticles

hAve energies of

of abcut. 80 Mev,

observe a rather

arcud 4 Mcv, whercm the fiaF~on fragmenti~ l~ve energle8

one cah allcw a pile-up of abcut five ~ -Particies and sti’1

large fraction of the f~SSiOrJ pwhes. This consideration

usunlly seti an up~er limit cn the tc+~l amcunt of material which can be put

● ifit.ot4detector, An approximate estimate of the pile-vy of ~-particles can

be ohbi.ned frcrr the fo130wing formula (see Sectim A,12):
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)

C(n) ie the rmLer cf counts per unit time ccritaining n unresolved pulses;

No is the ~g

of rectangular

of height P do

numLcr cf pulses per wit time. The pulses are assumed to be

shape cf a duration T . It may te pointed cut thnt n pulses

not necessarily give a pulse of,height nP. The resulting

size d0p3U&3 largely upon the frequency res~xme cf the amplifier, since the

pulse height nP is only reached dur~rg a time t~ T . It should be nctod t~t

for Fr&ctical purposes this formula halts only approximately since in most

cases the pubes will be of an exponefitial

right order of magnitude if one takes T as

defined in Section 10.3.

character. However, it gives +e
,,

equal to the resolving time as i

In Deny instances where it is desirable to have as much fissionable

material as possible in a chamber, the pile-~~pclf~-~rtticles can be effec-

tively reduced by adju~ting the dimensiori~of the detector and the pressure

of the gas so thnt the fis~icm fragments spend in the

a fraction of their range. Since, iri contxast, to the

~ .p~,rtl<:les, the highest en6rgy 10BS per unit pth

sensitive volume only

behavior c,f

length occur~ fcr fjsl?lcw,

frngmenkq at the beginnir.g of the track, and since the rar~e of the

q-p~rticles Is rcug}’ly twice the range of the fission fregmer,ti, such an

arrangement leads to a lnr~e increase in the rel$.tive size of flssiofi pulses

as compered to q-prticle pulses. An additional improvement ccms~sts in

placinl’over the fissionable mat,erlala plate in which a large number of

suitable holes is drilled. In this way the fissicn fragment& and Q.-wrticl.es

are ccllinmted to a certain extent, and are prevented frcm enter~z+’ the chamber

at small angles with respect to the electrcde,
.

EJefi in a shallow ~arallel

plate chamber, most of the ~eirticlcs

or e large pmt of tl.eirpth witk.ir

an unfavorable raticlof fissicn to

Sjnco in ~ny fis~jon detector,

ec)itted at a grazing an~le wculd hve all

the countir.g volume and therefore give

CX pulse height,

the size cf the fiss~on ~ises vRr!os
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from zer(~ to a maximum value,, ore will always chs~rv~ only a fracticln of

the fissi@r& c,ccurring in the material. Fcr absclute measurements of flux

~r cwss sectiorl, it is necesssry w correct for the fi.tite thickness of the

foil; i.e., the detection of efficiency, defined as the number of observed

pubes di~tided ty the nunter of fissions, has to be known. Fcr a Flane foil

clf fissior~ble material, ~rranged EO thnt no fission fragment. cari escape frcn

the counting volume Wit}JOUt producing a detectable pulse, the detection

effi.cieficy is givec by:

F(jj;I :1-
2(R0 (2)

-tR(B)).

wher% t la the thickness of the foil,~c, the range cf the fission prticles

in the fiaaiorabla nmterikl, and R(B) the rtingo of a fission ~rticle of

energy equal to the kiss energy E, In deriving this relation (see SecLiorI A,6),

it is assumed that all fission fragments have the sane range R. and that the
‘.

thiekncss t of the foil is t< [R. - R(B): . In Figure 1 a calculated Mas

curve is compared with experimental data. At h~gh bias; the experimental

pcitite devinte ccnslder$ibly from the curre,- This i.e to be eqected in view

of the assuropticms uade in the calculation, In the case of a cylir.dried

fisstcfi ckmct:er, carryir;g fissionable waterial CD the inside of the outer 4

elect~cde, an additional corrwt~on, a Nwalj correcticfi’t, has to be applied.

For an infinitely thin layer of fissionable material, the detecticn efficiency

which takes into acccunt particles striking the cylindrical wall is given by:

where b is the

prticle ~hick

-daF(Ei):l- ~b-

radi~ of the chamber and r(B)

must be spent, iri the sensitive

●
to Froduce a pulse equal

very SQIA1l compared with

the w331 cormticme are

to the bias ensrpy B.

(j)

is that portion cf the rahge of the

volume of the thaw.berin order

It. is assumed that r(B) is

b, The necessary data for cari~utirgthe thickness and

fcund in Section A,lO, which gives stopping power and
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Figure 1

Bias curve Of an ion pulse chamber Carrying a thin fissim fOll on
a plane electrode. Cur_ve cal~~t* accomiing to Equation 3. Crosses

represent measurements using a foil of appropriate thickness.

t..e.v .. . . . . . . . -..0. . . . . . . . . . ,,1 : . - . ‘

.
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,

range energy relations for fissicn wrticles. If both corrections are small, ;

the final expression for the detecti~ efficiency is the product of Equations

2and 3.

~PARALW PLATEFISSION CHAMBER. .—

A chamber suitable for the absolute measurement of the number of

fissions is shown in Figure 2. It ts operated ata preesur- of 1.5 ata cf

argon or nitxogen ~th a collecting voltage of -300 volts at the electrode which

carries the foil. The lergest amount of I’%*m which has been wed was 1.2 mg

deposited ona circle of 4 cm diameter (qS’&/cm*).” With pure argon$ the

rise time of the pulses is of the crder of 1 microsecond. The amplifier had .

8 res61ving time of .1 microsecond. Th~s arrangement reduces the piling up of

O(-particles to the size cf a fission pulse very effectively. No such pulse .

was olxerved over a

with a .434 mg foil

shows a practically

,

period of weeks. Figure 3 shows a bias curve obtained

of plutonium irradiated with slow neutrons. It clearly

horizontal plat&u over a cmsiderable

J6J S&@LLFISQQN CBM@$JJ

A chamber suitable for quantitative flux measurements

dimensions is shown in Figure 4. The small dimeneiom are

bias range,

and of very small

a particularly

desirable feature for measurements of flux in a neutron atmosphere where the

introduction of large cavities would change the neutrcm distribution. The

volume of the chamber including the long support is only abcut 50 CM3. It i8

filled with approximately 1 atmosphere of argon. The in~er electrode serves

as the high voltage electrode and a6 the collecting ele~trode, the outer

electrcde being grcunded. The inner electrode is ccupled through a small

capacity to the input of the amplifier as shown schematically in Figure 4. ,

!WJspurious pulses comprable in eize to fission pulses were detected if

the Collecting voltige was kept below 250 volts. Foils contalnfngup @ .-

10 lEg/C112of U235 were USCK?O The material waa deposited on a 1 mil platinum
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Figure 2

Parallel plate type fissl:!nchamber for absolute measurementsof
.fission rates.

10
20
3.
4*
5.
6.

;:

1::
lJ,

Gas tigtrtcover,
Mounting position of sample.
High voltage electrode.
Collecting electrode,
Guati electrcde.
Polystyrene insxlator,
Gaaket.
Collar for connection with preamplifier.
High voltage lead,
Lead Lo preamplifier.
Gas inlet.
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FiLnre 3

Fission bias cwve takerlwith chamber shown M r’iqure2.~
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Figure 4

Small fission cha,mber,

,. . . .,. .

i%e inspt drawing shcws the electrical connections for the case
that Lhe inner electrc~e served as hiflhvoltage and collecting electrode
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fcil which then was rolled into a cylinder and =]ipped into the chamber. The

● totil amount of material in this case was 60 mg of lJ308.

16.L FIAT FISSICNCHAk!BIJiOF HIGH COUNTING YIELD

A chamber for very large amounts of material confined to a ccmqxiratively

small volume is shown in Figure 5. It w~s used with 750 rngof U30g on each

238
plate ( 63 Fer cent U235, 37 per cent U ). Tne chamber was operated at pressuree

between 1.’7 atmospheres and 3.4 atmospheres of argon with a collecting voltage

of 100 to .X@ volts. S.izcethe layer of material i8 very thick, no plateau ~n

the bias curve

response and a

piling up ofd

could be obtained. Using an amplifier with a square transient

resolving time of about 0,1 microsecond, seriow trouble from

-pulses was enccunterede

2!M MULTIPLE PLATE FISSIOL!&AMB1’fi@ EIGH COUNT3NG YIELD

In this ct~mber, shown in Figure 6, a very large amcunt of material is

distributed over a number of electrodes. Twelve of the fourteen electrties

were covered with enriched uranium on both sizes. The two front and botti

plates were only plated on one si[le. The plates consisted of .8 mil aiuminum

foiie of 20.5 centimeters diameter mounted on 1/16 inch thick aluminum rings.
,. f

Alternate electrodes are connected, so tht they fmm two sets, ono set sewing
. .

c

as a collecting electrcde, the ether as the high vcltege electrcde, Nlth a

C-ting Of 1 mg/cm2 of uran~~lmta total of 7.74 gm was deposited on the platee.

The material was not highly errie}:ed,si~lc’eonly ,89 gm

chuber w?@ filled with argon at atattis~he,rlcprrssure.

bias curve was ob~ined. The chamber is therefcza cniy

umasurnments of neutxm flux.

NCIplateau in the

sui+ahle for relntive

f?h?~section describes a fiss~cm detectol.of very high cc*untirtgyield

combined ulth very SM1l dimensions. It consists of two concantrlc spiral~

closely s~ced and coated with fi~c.imable wterial on both sid6s. The two
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Figure 6
,. .
High co&ting”yield chamber.

,1

1. Lead through insulators (lucite).
2, Gas inlet. .
3. Heavy second top plate to be removed after filling of ckmber.
4* Aluminum rings supporting foils.
5. Supporting rod and lead.
6, Metal spacer.
7, Lucite s~cers.
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spirals represent the Mgh vcltage and collecting electrodes uf the chamk’r.

Since the preparation of the foils and the assembly of tk,esplzvtls is uniqua$

a detailed account ilfthe procedure is ~iven in the follawir.gpragraphs.

Preparfitioncf foils;Uranyl nitrate is dissolved in n mirdmum quantity

of almhc,l. A sclutior,of 1 or 2 per cwnt of Zapon lacquer in Zapon t.hirmer

is prepared and added to the first solution until the ccncentrat;on of

wany] nitrate is ab~ut 50 ~g/cc. The nitrate concentrationmay be much

lower, but the valuo mentionod should not be greatly exceeded.

This solution is ap[lied to an aluminum foil in a thjr layer by mans of a

130ft brush. The brush should not again touch any ~ortion of the foil from wnicb

the sGlvent has evaporated. The fcil is then biked for three or far mll[utes

at about 5W0 C to burr,off the i?ai)~~lacquer and to convert the uxmnyl titrate

to U3C18. If platinum foil is used, Lhe baking temperature may be 800 cr %Oc C.

The hjgher t.emperatwewill result ik more nearly comrlete elimination of Zapon

and qu9fitit.ativeconversion of uranyl nitrate to U3088

When the foil has cooled, it is rclled.fist between sheets of pFer

and the coated side is rubbed smcoth tith a soft tissue. Initially, the

coated surf~ce will exert considerable fricticmal drag on the tissue but

this rapidly diminishes, without apparent remcval of oxido, and a smooth,

lustqcus surface is produced,

A sing]e layer of U308 ar.pliad

quite thin. However, the procedure

density i8 reached. The coating is

bending of,the foil.

If the foil is to be cceted on

b: this method is, and apparently must be,

may be repeated until the desired surface

very tenacious and will withstand sharp

both sides, as fcr spirals, it is advisable

to pint alternately on the two eldes rather than tctcon~lete the coating on

orx sido before beginr~itgthe other.

o Small areas of foil arc ccmvenjently painted, on a flat surface, by

hand. Larger areas are more easi3.yhandled if the foil is wrapped arcti

an alumimm drum which is rotated agairwt.the brush,
.
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Aluminum foil which has been used in meet of the spirals, is prepared

for coating by lightly 6tching the surfaces in a dilute sodium hydroxide

z40MAon, It is carefully cleaned witk water and alcohol and thorou~hly dric.d

be$dre the pintjmg is begun.

Preparation of spirals:

first, illustrated in Figures

for t?pacingthe foile as they

Spir@s have been wound by two methods. The

7and 8, makes use of a strip of material

are wound. Ordinary sewing thread of thn

desired diameter is wound on-a straight, stiff metalbrsomewhat longer than

one of the.foils. The turns are wound tightly together until the width of the

windimg is sllghtly less than the width ofa foil. A dilute solution of

Amphenol 912 Cement and thinner or benzene (about 1 to 5), or of rubber cement
.,.-

and benzene ( 1 to 10), is now painted on the threada. After dr$ing, the

threads are cut at one end of the bar and are removed from it as a strip ttice

the length of the bar. h either solutionthe concentrationof cememtshould

be as small as till produce a coherent Strip.

The winding form in Figure 7 is a piece of # metal”tuting with a

narrow,

a foil.

hole is

smooth-edged longitudinal slot a little deeper than the width of

A flat-faced cylinder 1 inch in diameter and drilled witha ~ inch

pushed intc the tube to provides guide surface to prevent the foils

frcm wandering axially as they are wound. The f&l ends, provided with wire

leads soldered across the ends, are inserted Into the slot and are bent

over against the inside of’~he tube as shown in Figure 8. The middle of the

thread strip is inserted into the slot and the spiral ie formed by winding,

under tension, half a turn at a time, foil and thread alternately. The fingers

are used to smooth the foil and thread to aid in producing a tight, evenly

spaced spiral. When the winding is completed, narrow strips of an adhesive

tipe may be wound around the spiral to hold it together temporarily.

Final ptages in producing a spiral consist of sealing the ends in

supporting and insulating material and reraovingthe threads. By meansof a

force exerted on the guide cylinder, the spiral is phed partly off
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Figure 7

Method of winding spirals for spiral ckmber.

“
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Figure 8

Fastening of ends of spirals.

*

.
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?

the mandrel and abcut a third of the threads are pulled, one ●t a time, i

from the end ef the spiral. Wrir.klededges of the.foils may be straightened

with a scr~ber.

Sulphur Ur ordinary red sealing wax provides satisfactory support and

insulation for the ends of the spiral. If sulphur is used the lead wires

should be platinum or another metal which does not form a conducting mlphidee

Otherwise flakes of sulphide may fall from the wires and short the foils.

Ordinary ‘flowers of sulphur” does not seem

Better insulating and mecbnical properties

of three prts by weight of sulphur flowers

aluminum oxide.

A small qumtity of this mixture is melted to the tiscous stage on ?
&

to insulate the foils satisfactorily.
t

are obtained by using a mixbne ;

and one part of finely powdered :,. -

. i

a pyrex plate or in some shallow fl.at-bottimedvessel and is stirred to #

keep the aluminum oxide in suspension. The exposed end of the spiral,

still on the mandrel, is carefully lowered into the molten mixture and ~

gefitlyroteted to aid in wetting the entire end of the spiral. Unless care

is taken in adjusting the temperature, sulphur in its fluid phase wilJ rise ,

to a considerable height between the foils. Excess sulphur may be removed

by judicious application to a heated glass surface. The central hole in the

aplral must be reopened if sulphur has covered it. A heated wire may be ueedf

in removing sulphur.

Tempomry supyort for the sealed end is provided by appl@ng a narrow

strip of adhesive tape around the spiral at this em!. The tape previoudy

applled is now gently removed and the remainjng threads are pulled from the

open end of the spiral as before, Tape should be reapplied to keep the outsiile

ends of the foils in place. The wire leads are now bent back on themselves

and are pulled through to the coxcpletedend of the spiral so that they will .

not interfmw with the sealing of the remaining end.

If sealing wax is used for insulationjcare is necessary in sealing the ‘

second end of the spiral to avoid softening the wax at the othe~ ●nd.
(

‘!
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A set of foils used in one of these spirals is

of the large spirals is ready for dipping while the

shown in Figure 9. One

other is eOmpietOd and

ready for installationin its chamber,

Should the spiral be damaged after completion,
.

the foils maybe

easily Balvsged. Sulphur-insulated spirals maybe taken apertby pulling

the two foil ends. Those employing sealing wax are placed in acetone or

alcoholuntil the foils may be easily pu+led apart. All resaining nax is

then removed with clean solvent. After all visible treces of @nilatlng

mterial hsve been removod, the foils should be bakedfor a few minutes
/

at about !WOO C. They may the’nbe smGothed a& straightened

them between sheets of ~per on & flat surface and drawing a

by plaaing

smooth cyl.inder-

along the foils.

A second method of winding spirals

the winding procoss and these remain in

and insulate the foils. This method is

uses only two or three threads in

the spiral, serving both to support

particularlytadapted to the winding

of very small spirals but way also be used in preparing the Mrger ones.

The winding mandrel consists of two lengths of ~6w steel rods.tich

milled to a semicircular crcxksectiqn for”dbotitah inch of 1422le@A.” ~ ‘,:,

These are insmtecl Into the bear~ngs of’”the.apparat.us

the milled sections”overlap. Threads which’have been

d~],uteAmphenol cement and dried are inserted between

shown in Fi@re’10-80’Wet

WW3CUSIY socked tn

these sections, Their

spacing is determined by the grooved rods iQ the foreground and background

of Figure IC. The ends of the foils are inserted between and on o~qmsite

sides of the threads for a little Iesa than l/16 inchof

are carefullyaligne~and the small cylinders are pushed

section to serve a& clasipsand as guides for the foils. ,,.
.

the foils are then placed in the clamps shown et the

Figure IC. .,,

Tension of t~e fcile and t.hr~ds is provided by

adjusted to the foil and thrOSd which are used. Too

top

their lengthj They

onto the split .

The free ends of

and bottcm of

weights and must be

~ch tension causes the
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foilstG be creasedend the threadsto wander. Too littleteneicn produces

a hose spiralwMcI1will com a~rt when it is removedfrom the niichit,o.

In the caseillustratedone lead is solder~dto the jm!ideerilof one

foiiand one to the out~ideefidof the other.

After thealignmenthas.been completed;the spirali8 woundhy turning

the shaftshownin Figur610. Y/henabout.I inch of foilremainsWWOUJY’*.the

tap clampis looqefiedand a stripof .CO1inchhphenol polystyrenetaps

slightlywidertharithe foils&nd about3 inches long is cement@ to the

last+in.chof thisfoil. Tensi~non.the foil 15 maintainedmaritallyand

windingis contimux?untilthe bottomclampmust be disconneeted~The threads

will guidethebottomfoil for the lasthalf turnGr 60. When the end @f

the top foil has r~ched the epixal,a sharprazorUade is usedti cut

the.top threac2E juetbeyondthe end of the top foil. Aftera furLherhalf

turn the otherthresdsare similnrlycut. With the guide cylinc!qrs pushed

hack,severallayerscf the Am~henc2tapeare appliedand the en: is fast6ned

downwith6 smelldropof Amphenclcement..
\

Tke spiralis now completedand Is removedfrom themachine;by

Jlooseningthe set scre~which hold the split redsin %heirbeari,gsand

Fulliogthe reds from the spiral. If the spiralis s)xn’ted,th~’trcuble

J
will gonereUy be foundin the centerof thewhxling. Carefulprobingin

tl161/16 jzxhcentralholewilluslwllyremovethe distortionwhi~hShGrtithe

foils. Small spimls prochzcodb:+theabove

The spiralsare mountedin a suitable

chamberis connectedto the fillingsystem

la evacuated.The entireckmber is baked

negligible.The temperatureof the spiral

techniqueare shownik Figure11.

smallcontainer.A completed
\

at the valvewhichis providedand

until evcdutionof vapc.rr318

end of thechamberwill be limited,

of course,by themeltingor softeningtemperaturesof the insulatingmaterial

of thespiralor by

of the two foils ia

tie solderused in sealingthe ckamker. Sinqe the spcing

qtite8nWl (20uIi18)it is necessaryto operatethe

4

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,.

#

. . .

FigureU

Threespiralchmhere of differentsizesreadyfor assembly.
In the foregroundare two coatidfoils..

.
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2$8

chambersat ratherhighpressures,from

,,-----,. ..- ......<}. ,.. .

5 to 10 atmospheresof argon for WQ

largertype, lC to U atmoephwss for the s=llexbtype. For tie samer=aon ~0 “ ‘

collectingvoltsge is quitelow; 135 voltsprovedto be satisfactoryfor both

types regardless of foil spacing.

The capacityof the spiralchambersis as high ●s

Theycan be operatedby eiMm ground~ngone foil,the

500nicrcmiorofal%ds.
,.

other one serving as - ‘“ “
hlgh~oltageand collectingelectrode}or by applyingtho collectingvol*g9.,

to one spiraland wing the otheras,collectingelectrode.Xn the formercase,
.

ths collectingvoltageis applied’thrcugha 45 mewb reshmr and the i~~t of . -

the amplifier

leakre81etor

in the second

coupledthrcugha

in the firstcase

ease. Due to the

t.h countingbias has to be set

condenserof 100 to 500 micrdntcrofara~s.‘M 1

shouldbe about .25megohms,and about .,1megohms
...-.

largeamountof materialused in the~edetim~rs, “
. . . .

at a comparativelyhighvalue,in order~: avoid .,$
. . .

pulsbafroma pilingup of O@ulaes. Consequentlythe detectionefficiency

IS Somewhat10WO For a background of not niorethanone to two cuunteper minute

due to pile-up,the detection’efficiencyWZR foundto be between80 and 90 per

cent. The amplifierused with thesechamberehad a r-olving timeof 1,5

microseccmds. The rise time of the @ses is lessthan0.2 micro~ecod. If

not more than .25mg/cm2of U308 are used~ thebias cuwes showa platiau. The ““-.

followingtablegivesa list of constructior~which,wereacxlly used.
., .. ,-

FoilSpac~rig Dihmeter Length Mefil Az%a &x. Deposit
,.

in mila inches tnches in cm? mg u

20 1 1 2C?0
~. ., ,’

>
20 1 1 360 550 ‘ ~

7 3/$ 35 - ‘ - “’,●3 22
. .

.... .,.

M97 INTEXX.ATINGFI.SSSGNCHAY#J&
-. -.,..-.. ..

,..,-. J.-A
‘,

Figure32 showsan lntegratin-gionizationchamberwad for relativeflux --
..- .

measurements,inoverydenseslow neutronatmospheres.-The ionizationcurrent
. ..

can be measureddiredtlywi.W a galvanometer● The chamberis constructedin ~.“,,. ~.,5-,=,.......... ...

sucha way thatthe ionizationcurrentis predcmi~ntlypr~duc~ by fia~i~~ —
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fragmkmtiand only to a sma23extentby lJ’-raye~ electrons.One hundred ,,

and eighty-fournigof U235 (345mg of 63.1 per oent enrichedU308)are . . -

depaited in the formof nitrateon both sidesof the~ electrodeswith tie ‘..

exceptionof the end plateswhichare coatedonlyon one side. The plate .*

spacingis 25/32N. Alterr~te~latesare connectedto the collectingand to
.-

the high voltagelaads. lt war*foundthatresidual.ionizationdue to .&e ~ - ~.

act~vity of the chambermater~al~ producedby previousneutronbombardment,

couldke greatlyreducedby usingordinarycoldrollediron for the”contaiwr

and partaof the internalstructure.The chamberis filledh a pressureof

ono atmosphereof argonand operatedwith volt.agesup to 18(Y2volti. ‘With

the maxfmumvoltage,a linearrelationbetweenionizationctumnt and neutron

fluxwas foundfor currenteup to 21 xaicroampares.

.. .

t

.

—.

. . .. - . . ,. ..- ,. ...
,.

,. .

.
. .,,

,.. . . ..
.’;
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AJ RANGE ENER~&MJIOJNS AND STOPFJNGlYIW.El

Figures1, 2, and 3 show therangeenergyrelations

prot.ans,and deuteronsin air at N.T.P.(760mmHg, 150°

Livingstonand

oxpressioneto

for deuterons,

the rangeof a

.-
for M -p8~thi0t3

... .

C) accordingto

Bethe. Thesecurveswereobtainedby fittingtheoretical

expetfmentaldata. In orderto obtainthe rangeenergyrelation

it shouldbe rememberedthata deuteronof energy2E has twice

protonof energyE.
. .

Figure4 showsthe rangeenergyrelationfor protonsin

toBethetsmethods. The reaultiwere fittedto experkental

argonaccording

values. In

additjonto the rangeenergyrelation,Figure4, showsthe stoppingcrops-

section(Y as a functionof energy. This quantityis directlyconnectedwith

the specificenera loss, -dE/dx,by the equation

$
,

a-:. .-L*
n

wheren S.sthe numberof stoma per cms (at N.T.P,, n s 2.548 X.2C19], The

thirdcurvein Figure4 marked~gives the distanceof the centerof gravity

of ionizationof a trackof energyE from the pointof orjginof the particle,

measuredalongits path:
E

I

.0

J

R.
.

Q(EO) = R(EO) - + R(E] dE = + (-dE/dx)x dx (1)
o 0

0 0
Figure5 showsthe same threequantitiesfor xenon.

Figures6 and 7 show the rangeenergyrelationeof protonsin paraffin

(CH~ *n+2)ad glycerol tristearate. The curvesare basedupon calculated

valuesof tho stoppingmmtberB in C, O, and H. The.qtippingnumberB $$

relatedto the energy10SS..dE/dxby

#!L :
d% m#

the equation

nB (2) .

whereZe in the

electronmass.

,.. .

charge of the incidentpmticle, v its velocity,and R the .-. . . .,-...’.. .. ..............
Tie expressionsused for tho c&fitaticmof thesecurvesa~es

291 ‘: “._,.’. .“ ...2. ;. ,,h.”. .. .-,:.,-..
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Figure1

Ranceenergyrelationfor~-prticles. (Livingstonsnd 13ethe)
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Range energyrelation“for protonsand deutercns.(Livingstonard Bet.},~)
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1

— Figure3—

finge energyrektion for proti~. (M~ll@~n and Be~e)
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.

Figure4

Range er,ergyr61ntion,stippingcrosssectionand centerof
ionizatjcrifor protcnein argon (76Gmm HE; 15°C).
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—
i

Range’efiergyrelaticm,stopping
ionizationfor protonsin xenon

—

——

crcasaectienand centerof
(760mmHg~ 15° C).
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Figure6
.-.

Range energyrelationfor prctorxin preffjna
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Figure7

Range ener~ reintiofifor protonsin glyceroltristearatas
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BC :904406 log10(E/@094704)-

+ 4*3479 hlo (E/.22356)

Bc = 9.4406lwlo (E/N094704)-

.
+ “1.0497qnK)

2.2652cK(l~L) ,

-1.049’7 cK(l~K) for E >.8

2.2652 CK(I~J

for ,03< Fi<,8

~ :2.2652 ~(@ + 1.@497 F&@ for E< .03

%
: 2.X259 loglo E

B
H
s ( E/’lo@ BK(@

with q : E/ JX?9863

Q3x!aL,

BO:” 18.421 log10 E
...
+’=24.74.1

● ✎

‘o : l&253 loglo E
.

+ i?2.@6

‘o
= 3.4199 BK(~L)

R nd
%= E / .034378

- ●55W3 Cx(l/@ + 4.800 for E>.03

for E4.03

- 304199 cK(l@) - pfQ
....

for E>l.5

- 3.4199 c&@ + BK(~X)

+ BK(qK)

The functioxisC (1 ) and BK(~)used in theseexpressions
K+

Figure8 accordingtoLivingstonand Bethe. The enemgies

for .09<E<1.5

for E ?&.09

are representedin

have to be takenin Mev.
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. Figure8

The f%nctiond~(~) and C.(l./-)for the calculationof stopping
number~. (Fromh!,S. Liv}rlgetoriand H. A. BethotRev. Med.
Phya.,jl,245,1937)e
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he~ ENERGY‘tin SPENT Ix THE FORVATIC’.NOF ONE ION P.41R

Table A02-1 gives the mrious velues.of ‘/i.for different gsses$ partiales

and energies.

Table Ae2-1

Gas

Air

Atr

Air

kir

H2

He

co

i’02

c 2%

C2H4

c#2

Ne

A
.. ..

A

Kr

. ..-.
..

Xe” “-

‘JYOin ey

32.0

36*9

35*1

3566

36sCI

31.9

34*7

34.!3

27-5

28*2

2?.6

27.!3

24e9

26.9

23s0

21,4

Pwticle and Energy

electron8 ●3 Yev
1

protons 205-7*5 ?&)V
I

~ -partiole8 7-8 h!eV

cd-partioles 503 h!ev I

~-part icles 5*3 Mev

I
& -pa*ioles 5.3 Mev

-.)
~ -particles 5.3 Yev

)
# -pnrticles 5.3 Mev

}

~-part iolea 5.3 Mev J

d-particles !5.3I!ev
)

‘~-;ar~ioles 5.3 WV
)

electrons . 17.4 KV

~-particles 5.3 L!ev

O&-particles 1.3 Mev

Referenoe

L. H. Gray, Proc, Cmn-

bridge Phil. SOC*, 40,—

72, 1944

K- Schmjeder

Ann d. Phys., 35, 445,

1939.

K. Sohmieder

Ann= d. Phys., 35, 446, 1939.—

D. D. Niccdemus, Thesis,
Stanford University, 1946

KOSchmieder
Ann. da Physe, 35, 445, 1939.—

R. W. Gurney
Proc* Boy. Sot., A1)7,:332,1925
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A.3 RANGE OF lWiCTRONS 11(ALUMNW : SFM 1FIC ICl{I&4&Q (2F... .—. —.-—

JHJETI?ONS 1 Ii AIR

Curves (a) and (b) ifiFigure ? S}OW the extra}~lated r&nge of clectrcm

in alumimm as a fur.ctionof their erm’gy. Curve (c) shows their specific

ionization in ion-pairs per cm in sir for N.T.F. ,

AJ SCA?TZRING CR L_..OSS&ECTIOIF. OF FM’1’CM3 ND DhUTFWX& FOR NF3JTFM3JS

,. Figure lC’andFi@re U sncw the acatter%ng cross-sections c.fFrGtQns

and deuterons ( at ro6t.) versus the energy of the Impir.gicgneutrorm.

The protcn curvtiis the pl~t of a theoretical expression which fit.athe

experirlentaldata vexy weilg The deuteron curve is purely cxperir.e!ltal.

Figure 32 shcws a

for Al, W, Sri,and Pb

three co~por4entsof %

plot of tk-ecoefficient of at~enuetion Z of l.f’-r~y%

versus the ener~~ of the cjuantun. For lead the

( i.e., the ~ho+xelectric,Corl~ton,and pair Fr”ductio];

coefficient) are shcm.. If r js the total cross-section per atom, and n

the number of atoms per cm3, then z is defined as XZor ●

Suppose particlas of uniform range are emitted ieotropically frcm a

nwiteriallayer of thjckness t, one particle being emitted per disintegrct.ior,.

The recording device shall be biased such that every particle losing P.rI

tiwountcf energy E>B in the detector ificou.titei?.The obst?wed numhr

of counts C divided by the true rxucberof disirltegrationeCo is the dekcticn

eff~ciency F at the bias B. The

betweo~ x and x +dx (see Figure
-,q

a I
dc = Zlr

o

where &o Is that mgle at which

nwnher of counted particles from a Iayor

13) Is Eiven by

sing d~ dx

the,particle, upon Gmergi]]gfrom the foil,

has just enough m-.a-gy to be counted. Let tlw range st this energy b8R(Rj,
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Neutron proton smttering cross section+
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Attenuation coefficient fop ~.rays in Ptt,Sn, Cu, ar,dAl; afia
fllcctionof frequency (from Heitler~ ‘Me &uantum Theory of
Radiation”). The dcttcd CUV66 show the threo ccxrcmcfits of
% for lmd,
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and the total !.moer c.f COJntE i8

from the photometrjc tr~ces of cloud chamker Wck: rrcw P(:l}ct j dis:rtegra-

slow Cx-pir’iclcs . The atomic stapping lower relative to air for very slow

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



reduced tee.use of the particles,

Allglewith rw~ect to the radius,

the cylindrical wall surface. If

effect.(see Section A,6) areibctL

of the efficiencies for ach effect separately. This requires, therefore, tht

r(Bj<~b, r(13) k,eing th~t prt of thii ir.itial range in the gas of the

of a cylir.drical detector 1s glwm by the ratio of the area of t!mt part ‘if

4~r2(B) (see F\gure ti).
1

‘Mt us ccnsider a polar system cf cocmlil~tes with the crlgin on the

wall of the counter, the pclar axis alorlsthe radivs, ad the plane ~ ~ Q

perpendicular to the axis of the cyii]ti~r. The difference f between the

surface of the >.nifspher-emnd its pert locEted insiciethe cylin<?erie

given by

The boundary curve of tilesurface is giveriky the equat.ioriscf the sphere

and the cylir.der

r: r(B)

=2 sin2Q cos2? +r2 COB2@ -zrbcos~ : 0
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LT b

CURVE OF INTERSECTION BETWEEN
SPHERE OF RADIUS r(B)WITH CYLINDER
OF RADIUS b
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I

J,

.

. dm-
b

Tho totil detection efficiency tiking the thickness of the foil into

accour,tjs therefore

F(B) J_
total : 2

(5)

~ WALL CQRRECTICNFGR CY1.Ih~liICALDETIZTGR WITH VERY SMALL IN?~.—— ——..,

Q&lMJ&llA!&iTIc~ o~I~~~A’f~IN TM ~

If the dlsitlLegration9@kc place iJJthe gas filling of a large

cylindrical chamber of radius b, scfieparticles will hit the walls teforo

i“ving producod a s~fflcie~t ion.izetionttibe recorded at the givarIMaa.

It shall be assumed ttiitall the disi~ltegratione~ergy goes into one particle,

that all particles hew tritssamG range R. measured in the gas and small compared

to b, anti that they are emitted isotropically.

If eartesjan coordirmtes are introduced (see Figure 15) with the ori&-n

at the point P, the z axis on e radius, and the y axi~ paralld to the axis

of the cylinder, for any given direction of emission of the putjcle, therti

!.s a po~r;t F at a distance 3~ froffttheaxls@ suck that the ~artcicleloses

ac ~cergy E equal to the bia~ cnorgy befcre st.riki~lgthe -ii. FJ..rp~ticlee

beir,gemittsd in the direcf.iotigiven hy tilepo18r angleo ig ana
i
P , MC?

.:,r;,,.-r*Q...qe?f!.?jem~ fs

I
I

I
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‘F=
[
J?+.Q)2 S+fw??

The equation of the cylindrical wall is

(rco8~+~)2 +(r Sin@ COS~ )2 = b2 (6)

and nz =b%~l- ( 2r/b ) cQs&~ if M gher tenm

in ( r/b ) are neglected. Thle dete.rmln6s~ for every given r, (9, and ~ .

L& r(8) be that portion of tho initial ralv% WhLC~lbss ~ be ~t~n the

r(Fl) s R - R(E . B)
o 0

.

where R. is the original range of the particles ~ E* tho ori ginal energy, and’

B the bia~ energy.

In order to find the total detection efficiency, th~ ititegratianhas

to be extended from O to @m( ~ ), wl’ier8@m( ~ ) is given b~ the relation

Equaticn 6 with~: b. The integration over
P

extends from O to 271 . For

-++
F:l-r B (7j

A.10 RANCXZEhT2iGYRhLATION FCR FISSIIJNFRAGMENTS: STOII’lNGPOWER CF

VARIOUS MP.TJWAKY FGii FIS~JN FMG1’MTS2

The mean range @f fission fragments in various materluls has been ccmpted

from the meas~remen~ of Bohr, B#ggikl, Bre8tr@, and kur~?se~~t anti 18 ~h(m
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in Figcre 16. The two curves represefitaverages for the two groups of

fregrcent.s and tfie stopping power of vsrlcus materials for fi@9icn fragamtu

~re given in Table A. N-1, The values for the rar,ges are not considered

t.c~be very accurate except for air.

Table A.IC-1

Air

Al

CGilodim

u’!;

Jig

Au

u

Kear.Rarge of l’isriin
$Frligmnts in rr)g/cm .

2,7(I

3.’7

2,6

5.2’

6.i

UO14

12.6

10*O

1 .Ca

1.51,

2.40

3.0s

3.96

(4.2)

●

I
I
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FigUrQ16

Range energy relation for fission fra&ente (Bohr, Bd.ggild,
BrostX, and I.aurits.en,P~ys. Rev., ~, 839, 1940; also
B@g~ild, Brostqim, and Lauriteen, Phys. Rev., ~, 275, 1941).
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A.12 P.ESCLLvrION AND PILINGW OF PULSE

in the following discussion rf the resolution of pulses, two cases will

be treated:

In the first case, it is assunsd that every pulse which is ccunted

~ralyzes the detection equipment for a time Z uhich is large ccwaparedwith

t.hoduration of the !mlse. The dead time Z shall be independent of any

other Fulse occuring during this t~me. Such a situation arises, for inst~nce,

In the case of a Geig@r-.Muellercmnter or in the cases of n theyratrofitriggered

by a very short pllse. The probability that n-1 additional pulses occur within

the tine~ aftar a pulse %s given

where no is tk.eaverage number of

per unit time containing n pulses

by Poissonls formula

XQLU.L ,-%3
( n- 1 )!

,(8)

pulses per unit time. Tk.enumber of counts

is given by

C(n) z K ● l?(nw

●

where the cons~nt K is determined by the normalizing condition
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Thus we get for C(n)

(9)

:~’& 2:OL
cz— c(-q + co.. . — -- ? :!.XW2 (12)
CL! 1 +-dnol+W@ 1 +-c CO*CO

L2

The rate of accidentii coir.ri?enre~& if two rnccri!ingdeviee~ gi.ting

For (C + Cog)<~ 1, one obtains, neglecting higher than 1inear terms:LJ1 *

(13). .

dead LiRa @ not R ccnFtant,

within Z , but thnt Llie r~cording

the VO1tagc of the collecting

electrode has been at zero for any arbitrary short time preceding the @sea
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Again 2et ~ be the pulse rate. The probability that a ~:se is followed by

a ‘gapfi of duration Z, (no further FulsQ during the t~me z ) i~ g.fvenky

~-% no
● TY,usthe counting mte Co (number cf reccrded ccuhti Fer tit time) is

- -t ljo
c Zp e
o 0

The nwber~ of single, douhls and n fold counts

~(l) :n e--%)o

of at least % before and after a pulse;

Iulse be followed by on~ other within the time % ; %t]d

?Or the dotern:ir!ationof the resclti~: time Zxe hsve, usiligthe some

The piling up of square

diECUPCd below.

i
1
;

r
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~t variouc values of R(B) in air ( R(h) = the range of an~-[article whose

enargy is equal to tl.e bias ener~ B ):
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