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Genere.1methods of calculating bias curv?s

tron countwa are d.wcloped. using these techniques

..-

for paraffin delxwtcw type neu-

formL13asare found for several

~pecial mmas~ including three counters used in the Itabomtorye
Grapha indicatkg

the cause of various undesirable effects and how they cm be reduced are included.

Theee ma? be of?aaaia+mca in counter design. Varioua apprmtitiona of u8e
in cal-

mlating the req?onse of more complicated counters are
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special countewao ’10make the methods clear many particular cases will be treated in

mme detail. several of thEJcounters calculated were actually used in the laboratory,

while the results of the othsr cases can be used both to aee how various effect~ can

b~ altered by proper desi~fiand, when correctly combined> to estimate the response of
●

a counter whose nature is too complicated to permit exact treatment. Formulas and

graphs will be given for each countor considered.

By E “paraffin detector type neutron omxrter’iis meant a counter in which a

neutron beam falls on a radiator of some hydrogcnxmus material cauaing proton recoils

which aro then counted in an ionization chamber.

material will always be called ‘lparaffin$land the

other substances auoh as glyoerol triatearate and

ionizing gaa roapectively.

TO be deftiite the hydrogeneous

gas in the chamber ‘argon;’.although

xenon

The sensitivity of aLcounter is a function of

may be used ae detector and

the bias setting.

be recorded at the

S(P) =
number of pulses of magnitude greater than P

mmber of recoils in the paraffin

(Note that this is not the customary definition of sensitivity. The latter is the
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Dose(p) C@=
numbsr of pulses of magnitude between P and P + dl?

number of recoils in the’paraffin

It is readily seen that: DOS, s ~dS/’dPIo

‘Me problem for a given counter will

and D.S~(P). In pafiicular it is de~irable to

loctiono paraffin thickness, mall effects. the

ion chamber.

be to calcula%e the %WO quantities s(?)

know their dependence on electron CCI1=

proton ranges, and the geometry of th]

Although the method to be outlined holds in general, it will be applied with

the following simplifications (which are usually quite valid).

The incident
surface.

VariaLion in
gible.

neutron beam is monochromati~ and perpendicular to the paraffin

paraff’inthicknem from point to point on the mrface i~ nogli.-

No appreciable attenuation of the neutron beam is caused by the paraffin.

Edge effects due to variation of the electric field in the chamber are elimin-
ated by guard rings.

Moreover, in all but one caae a range.ensrgy rehrticm of the form R -E%’2

used. The exception occurs

R: aI#/2 + (tdlvasassumedo

31. General.‘1’haory

The first stop iB to find

h potential difference between the

in one counter where a paraffin range

the expression for tho pulse (P) {i.e.. the change

chamber electrodes) produced by a recoil proton
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on only one coorW3ate (q). Expre68 the number of protons having values of this co=

ordinate between q and q + dq. ‘fhiawill be of the fo~ N(q)dq=

of protons producing a pulse between P and P + @ be L(P]dP. Since

Game as the number of recoils between q and q + dq we ham:

WV lot the numbsr

this lilUJJtbe the

Thus: L(P) = N(q) dq/dP. In this formula we must regard q as a function of P give.~

by the pulse size formula. More exactly the relation is:

since negative numbers oi’protons or of pulses have no ~ignificance here. Ifkl is tk!z

total number of recoils having all values of q, the differential sensitivity is

In the cR8e more

following treatment can be

&J

than one coordinate is necessary to

used. After obtaining a pulse-size

describe the pulse the

foxmula which says:

the number of protons having coordinates be-on q~ ~d q~ + dqa, q~ md

%!$ ’%2-” qn and qn + dqn is found. (For brevity we will in the future describe

this by saying ‘tinthe region CQ$ qza ● 00 q~” “) This will be of the form:

lf(q~$qesO*: qn) ‘ql ‘qz Ooe ‘qn=

By use of the pu18e size formula, P is introduced as an

of one of the coordinates qr. The number of protons in

k qr+~, ~.. ~ and producing a pulse betwesm P andP + dP

independent variable instead

the region ql, qaj o.-.~~~.

is obtained as:
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li(qpq~,“*Oqr=l>pSq~*l)*O*qn) d.qldq2...dqr=l

The differeritialsensitivity is then:

, In-1

where M is the total nwnber of proton recoils and the n-l fold integration ie to be

extended over all values of the coorclinatee oompa&ible with the given pulse P. (It ia,

of course, very important which coordinate qr is eMminatedO since some choices will

considerably whnplif’ythe work. The proper choice depends entirely on the individual

counter being considered and so no general rule can be given.) Total sensitivity is

again obtained fr~m:

rPS(P) = ‘ax D.S.(P) @
P

a)

b)

0]

d)

e)

.

.

Before applying the above let utzdefine some tonne:

Thin Paraflfin- This moans that the energy lo~t by

ing the paraffin is negligible.

Electron Collection o only electrons are oollected

done ti s t$ma dur~mg which the positive ions move

recoil protons in travers-

in the chamber and &hi@ ie

but a negligible distance.

Posit~.veIon Collection - Both electrons and positive ions are collected.

Parallel Plate Counter = The ion chamber consists of 2 parallel

different potentials with the paraffin flat against one plate.

oo31ected at the opposito plate.

plates kept at

E3t3ctronsare

Cylindrical Counter - A collecting wire along the axis of a cylindrical chambar

collects electrons produced by proton recoils from a paraffin disc supported

against the side of the cylinder. A line perpendicular to the paraffin sur-

face through its center passe~ through the collecting tiT~~..,:.;-”.-;i\~(~~(~~

“~--’’””’’’;”’”’;’,.
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111. Plane Pardlol Counter, Thin Paraffin, Poeitive Ion Collection

This som6Nb.a%trivial case deserves consideration first because it most

clearly illustrates the general method, and eecond because it gives us a standard ca~e

with which all othor counters can be compared.

energy of incident

chamber thickness

paraffin thiekneea

a =

t=

x varies from Cl at the chamber edgo to t
at the top edge of’the paraffin

P=

The accompanyin~ diagram illustrates

plane parallel counters.

Neutron Beam

JJW

rangs in paraffin of protons of mmrgy EO

-—-J
+V

range in argon of pro%ona of energy E.

coa Q, where @ is the anglo between the path of the recoil protionand the
direction of the neutron beam.

The upper plate of the chamber ia assumed at zero potential and the bottom at + V.

EL)DcmivalAon of pulse formula

If an ion pair is produoed a distance d from tho
1
I

on the electron in mowing it to the collecting el.eabrcdeis:

positivo ion is: eV(a-d)/a, making the total work on the ion

bottom plate the work don

eVd/a and that done on th

pair eV. As this is done

at the expense M the energy of the chamber considered a6 a condenser we have:

=ev= Cv al

= e~c

N&w consider a proton originating at x and going off at an angle cos”~~.

Ii ie eaaily proved that its energy is Eo~2. siGce the paraffin is thin no energy if

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



“

.

-8-

.

.

.

one

ion

ion pair, the total number.of ion pairs formed in the chamber is WE2. Since each

pair give8 a pulse Of& = e/C, the total pulse due to the proton is:

where E2 is ‘&e energy with which *&e proton entered the chamber. Here it is amu&ed

that the proton is stopped in the argon. With E2 = E. ~.2we have P = (c3w/C)Eo~2.

For simplicity in parallel plate counters we will rueasurepulses in units of ew/Co

Thus 1?= E* p!?.

b) TO obtain the number of recoils in the region q~, q2 ~.. ~

The number of recoils in a volume element of unit area and thiokness dx is

nv 6’ dx where u is the hydrogen eoattering orws section per unit volume and nv is
H

the incident neutron flux, From the fact that the number of recoile from the iBo-

trop&c n,p ~catterin~ between !3 and E + dE is dE/Eo, which is d@ from the above

relation E = E. ~2, one has the re8ult that the number of recoils in the region X,p

is nv aH 2~dpdx. Using P instead of ~ as an independent variable ik i’ollowsthat

Hence:

(Hem x oan be integrated over the whole range frcm O to t, since all values are

compatible with a given P.)

3d= (total number of recoils with all values of x) = nv 6H t

.“.D.S. = ljEo

m
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xv. Plane Parallel Counter, Thick paraffin, Positive Ion Collection——

In Section IIZ it was found that if positive ion collection ia used the

pulse due to a particle ontes.-ingthe ion chambar &th energy E2 ia (in our unit):

P = E~

Lot us exprese E2 intxmms of.’ X and ~.

/’?
Paraffin

‘@x”

Chamber

In paraffin the range-energy relation assumed iss

R=aE3/2; Ro= aEo3~2

Denoting the recoil energy byEl[E~= E. ~2) we got:

R =CZE15/2; R-r=6E2 3/2; ~=&(ElZ/20E23/2)

Then

r

The number of recoils in the region x,~ is nv 6H dx d~2. Indxxad cf x we now intro-

The number of recoil~ in region P, ~ is:

Differentiating the formula for x gives:

-- .

where M= (total number of’recoils with all E2 and ~) = (number with all x and @

=nv @t.
E P-1= minimuN ~ that will yield the given pulse. It i8 obviously the p
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similarly ~~ s maximwn ~ that yields the gives pulse. Ei’bhcrit is the p at x = t

that oauses tho given P or, if such p.would & greater than J, p2 should bo taken a~l1.

Expreaaing this mathcmaticallywe have: ~ is the emallor of 1 and the solution of

&$’ - @lo fq - (P/Eo)~@ = o. Using these facts one finds:

D.S.(P) =
1

@/Eot)(P#@J~@ [~3 0 (P/Eo)3@

Hen-ep2 occurs as an awkward parameter. It complicates matters

obtaining an analytic expression for S(P). However, this is no

by preventing us frcm

groat loss in any in-

dividual case, since having D.S.(Y) vs P either graphically or as a table of values,

one can find S(P) by numrical integration. Graphs of D.S.(P) and S(P) for several

values of Ro/t are

down the cmnrbers~

low energy recoils

given in J?ig8~2 and 30 lt is seen that thick paraffin tends to cut

response to the smaller pulses. Tlxiamsrely Bays that acme of tka

are abnorbed in the paraffin and never reach the ion ohmnber. The

mnnll effect of thick paraffin on D.S.(P) for large P allows us to mako the following

approximation for mora complicated countere (if &/t is Inrge). For low-energy pulses

we aseum thiclcparaffin$ but ignore other &f’ect8, such as electron collection and

wall ef’feotswhich are unimportant at thoso energies. High energy pulses are then cal=.

culated taking into account the ignored effects but asouming thin paraffin, Of oourse

ii.’R#t is not large this assumption is bad as Fig. 2 shows, since the high enargy

responee is also cut do~. Prevention by the paraffin of any but those protons start-

ing quite near the paraffin surfaoe from produoing the maximum pulse causes this

effect.

.
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Electron collection forcee us to UBC$a different pulse eizo formula. Now

the pulse caused by the formation of a single ion pair a distance d from the posi.

‘hiveelectrode is only that due to the electron (i.e.,4SV = ed/Ca instead of e/C).

Consider a proton of energy,E2 entering the chamber at an angle cos=l~ with the ~

normale If A measures the distance along the path, the number of ion ~

P=- (eYJ/’ca) r2 (dZ/dX)(a-Ap)dA
*O

iaR= ~’ E3~d and R2= d! JZ23/2.

terms of E and agd.n t3ettingew/C

pairs formed in 0 is: Ow(dE/dA) d~. Now d= a -h~. Thus I
Z’q
~fi

where the range in argon :<<1

After expressing A in j

= 1, integration yield5s 1

~(1 3R2
P= ~ “~~p) ,

For thin pa~f~ the energy of a reooil entering the chamber at b is Eo\L2.

Hence P= 3 R’
Eopql -;:

ing P instead of ~ aa a

D.S.(P)=

~!). The fraction of recoils in region ~ is d~2. Introduc-

variable gives:

where ~ iB obtained from the pulse size formula. Again the result is expressed in

%erma of 8 parameter. Hence S(P) must be found by numerical integration. Figs. b and

~ ahowa typical example. Electron collection has the effect of pushing the maximum

pa~se down somewhat and causing a pealcingof the differential sensitivity in tho re-

gion of large pulrxm.

‘theformula8 for this case are particularly useful in conjunction with tho~e

of Section ~, sinco to a certain approximation a plane parallel cczupterwith thiok

paraffin and electron collection can be treated by using Section 3V formula~ for emall

.
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w~zggWhm designing fast neutron counters (say o %l’-W”ei of 5 Mev) these

formulas can be of considerable aid. For

effect caused by electron oolleotion. To

sensitivity curves and how they depend on

ignore the paraffin thickness and uso the

such energies the main worry is the peaking

obtain quick estimates of the differential

chamber depth and argon presmre$ one can

last expremion abovo for D.S.(P]. Fig. 6

shows how the differential sensitivity curves vary with R%.

On examining the formula it appears that even for some R~a less than 1 a

negative differential sensitivitywill appear. If this happened for R~/s71, it would

not be surprising since protons would riotspend all thsir energy in the chamber and so

some correction would be expected. The present situation must be explained di.fferentl

The answer lies in the vanishing of bp/~~2 because of the competition between tho low

energies of wide-angle recoils and the shorter electron paths f’rom forward recoils. P

2 looks roughly like the acc~panying diagram. Thus some pulses oar?ae a function of.’y

be oaused by two different ~!s. The remed3ris to break.

D,Se(P) = pq + I%jl

with ~k the solution of

P

Here k ia either u or

tion of the puls~ equation

P I

l?. The additional restriction is thatrg must be the SOIU.

less than ~. and ~ must M greater than p=, If for a givm
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VI. Plane Parallel, Thick Paraffin, Electron Collection

This is the type of plane parallel counter actually

As coordinates we take p ~d the energy (E2) with

used in the laboratory.

which the proton enters

the chamber.

In Section V it was shown that: p =
%[ :;:(.-.-y’’,]g ‘Me fc?m.,,

Z
[ J

=dbEo3/2p3 . E2~~2- wa~ found in Seotion IV. Since the mmbor of reooils in the

region x,p. is nv ~ dx d~2 the number in the region %Op is equal to

Using the relation between x and E2, the number in the~~ ~H I@%%Jp I ~pe ~20

3 *region E2, ~ becomes -%v’ 6H ~aE2 dE2 dr2.
2

Introducing P as a variable instead of

ttime M= nv 6H t. ~ iB the value of p at x = O tha$ will produce the given pulse
..

and 80 i8 given by: P = ~*@~2 - -—; : p$). S5Ailarly ~ is the value of + at x = %

that will yield P. To find it let us consider the equations it must satisfy: for emy

Since it must produce the given pulse it must also fulfill: -

●
From these equations it is poasibleo given P, to find ~2. If, lxmeverO this yields

sensitivity cannot

curve for one such

U/henintegrated it
*

b

.

should tm used. Unfortunately the expression for the differential

ba intogratod directly and so numerical moans must be used. The

counter has ‘beencalculated for Rossi. It is shown in l?ig.7.
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that the two effects of thick paraffin end e3ectron collection combine as expected.

Thick paraffin cuts down the number of small pultieswhile electron collection lowers

the maximum pulse snd causes a peaking of the large pul~eso

For this type oounter a range energy relation in the paraffin of the typo

R=aE5/2+ @E

Similal”‘tothe

haa also been u~ed. The formulae that resulk after a calculation very
.

of equations:

[t=~d EQ3/2~3- E23~2] +-~~ ~o~2 “ ‘2]

F = ~ ~ - (31!5)@/~) &(~/Eo)3~2]

Figs. 9 and 10 show the differential and integral mmsitivity wrves ob=

tained in a particular case for Staub using these fc)rmulas~ The principal effect of

the addition of the (JEterm is to keep the differordxha~sensitivity finite at P equal

to zero.

,

.
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