
UCRL-11296 

University of California 

Ernest 0. 
Radiation 

Lawrence 
laboratory 

GEOMETRY CORRECTION FACTORS FOR PROTON-RECOIL 
TRACK SAMPLES TAKEN FROM NUCLEAR EMULSIONS 

TWO-WEEK lOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Dioision, Ext. 5545 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain cmrect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process,.or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



. ' 
I 

·· ... 

r ..... 
' 
t 

' j 
' I 

. -· . -- -"-(; 

For ?hys, Rev. 

I 
) 

~ 

I ' ~---·~ v -, -- - ~ ~ ~ _...., ------ ~ ___ ___, _ ___.t, 

UNIVERSITY OF CALIFORNIA 

.Lawrence Radiation Laboratory · 
Berkeley, California 

AEC Contract No. W -7405-eng-48 

'\. 

··""'~ ., . 

CEOMETRY CORRECTION FACTORS FOR PR.OTON;.RECOIL 
TRACK SAMPLES TAKEN FROM NUCLEAR EMULSIONS 

Richard L. Lehman and J. R.. Way~~nd, Jr. 

Februa~.Y 14, 1964 

' ~ ' r 

.. r 
.... ·· 

. ~ ; 

. '. 

". ·.· ~-

UCRL-11Z96 

. ·~. 

. . ~ ' 

·, 



-iii-

. GEOMETRY CORRECTION FACTORS .FOR. PROTON-RECOIL 
TRACK SAMPLES TAKE.N b~ROM NUCLEAR EMULSIONS* 

Richard L. Lehman and J. R. Wayland, Jr. t. 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

February 14, 1964 

ABSTRACT 

UCRL-11Z96 

Geometry correction factors for proton-recoil track samples taken !rom 

nuclear emulsions have been derived. The factors apply to samples of tracks 
. < 

that have been selected at random !rom the emulsion volume, and to tracks created 

. under conditions of s-wave scattering with fast neutrons. . The derived factors as a 

!unction of track length l, emulsion thickness T, ~nd angle of scattering 6 are 

ZT/(Z T-1) (when 1 E;T; and ZI./T (when J. ~T) for isotropic exposure; 
. ' . ' 

T/(T - l cos 6L £or face-normal exposure; and wT/(wT - Za.)~hen-a. ~ T} 

,_,,. and '1fT 
.-Z-(T_a._r_c_s_i_n __ .,,~~+-,/-:::/~a.~Z!:'!."""T~z""'_-.-q. 

{when a. ;;, T} for edge-normal exposure, if a. = 1 sin (J • 

'. 

·'··: . 

. ,._.-. ....... ....._,..._,......,..., ............ --..,..._~ __ ~_ ...... w--~---..~·-··-•4 4 ..... _____ ..__t..,._.. --· __ __.__ _ _. ___ _ 
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I •.. INT .RODUCTION / 

.I 
•' 

The development, in recent years, of microscopes for the semiautomatic 

scanning of tracks has g~ven a new impetus to the use of nuclear track emulsions. 1 

In-the past, .track measurement and analysis required a great deal of tim:e, but now·~, 

rapid scanning of emulsions and data analysis by electronic computer. have partly 

overcome this· difficulty. However, the efficient use of the new microscopes in 
: 

fast .. neutron analysis requires ct. new scanning technique:· tracks are selected at . 

2 random throughout the emulsion volume. In earlier work scanning was usually 

restricted to tracks that lay within a right rectangular pyramid parallel to the. 

beam axis of the incident neutrons. 3• 4 Correction factors fpr such restricted 

samples have been derived by Richards. 5 It is necessary to correct a track sample 

by a factor that is based on the dimensions of the emulsion and of the scanned volume, 

and on the exposure direction. Otherwise the sample will be biased against the 

longer tracks that more frequently end outside the emulsion and therefore are not 

measured. He_re correction factors are derived that apply to samples of proton 

recoil tracks selected at random throughout the emulsion vdlume. Isotropic, face

normal, and edge-normal exposures are considered. 
i1 

' ' ,. 
. ' 

.· .. , 
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11. THE PROBLEM 

To find:· Geometry corr~ction factors 1/P(.t) for. samples of proton-recoil', 

tracks, where P(i) is the probability that a track of length . t that originates.·· 

in the emulsion will also end in the emulsion. :-·'. 

Given: . \ .. ' ~ 

I 

(a) Samples constituted of tracks that both begin and end in the emulsion and that 

have been selected at random throughout the emulsion volume, 

(b) im emulsion of infinite lateral (x, y) extent and a thickness T of a few huridred 

micrometers, 

·(c) Rectilinear tracks, ., •••••• i_· ·,. ' '·~ > 

t' ' . : ': : '· 

(d) Lengths and angles that apply to the emuls.ion at exposure (before processing), 

(e) s .. wave scattering. 

The condition of infinite lateral extent is in general acceptable. · :h"or example,. 

if a 600-IJ. emulsion is cut to a 1-in. square, the ratio of edge area to total surface 

area is about 0.05. Thus the edge factor will_ usually amount to no more than a 

1 to 5o/o change in the infinite- extent correction factor. 

It has been found empirically that the assumption of rectilinear tracks ,. . 

leads to a systematic underestimate of the escape probability that becomes im-
3 . 

portant for long tracks. This effect amounts to ZOo/o for 10,00-IJ. tracks in pyramidal 

samples. No similar measurements are available for random samples, but the · . 

error is about the same. 

.' 

',, 

The condition of original dimensions is not restricti.ve, because the measured ~ 

lengths and angles in processed em_ulsion may easily be corrected to re-create the ' 

original geometry. The condition of a-wave scattering is also not res-trictive.· 

When the a-wave phas·e shift determines the cross section for· scattering of hydrdgen 

nuclei by neutrons, the angular distribution in the center-of-mass system is isotropic. 
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Measurements in nuclear emulsions 
6 

at 8.8 and 13 MeV and by counter telescopes 7 • 8 

at 12 to 21 MeV have shown no departure from isotropic scattering. 

Case I. Isotropic Exposure 

Consider the situation when the proton-recoil track length l exceeds the 
\ . 

emulsion thickness T, as in Fig. 1. . ~be track begins at an arbitrary depth· z . 

and ends at the surface o£ the e~uleion. Note that there is cylindrical symmetry 

about a line normal to the emulsion surfaces through the track origin. Isotropic 

exposure implies that there is no preferred direction for tracks of any length. 

Therefore, the relation 

dN/clO = N0/4'11' = constant 

applies separately for t.racks of each length. 

Now dP = dN/N
0 

= dO/ 41f , . 

(1) 

(2) 
. . .. 

where P is the probability that a track will lie within the solid angl~ 0 • ' 

This implies 

(3) 

·! 

I 

I 

l • j 

From Fig. 1, o2 = Z11(1- cosBz), o1'~':t!wft- cosB1); ~-o$·.e 1=z/L~ and cos6 2=-(T-z)/.t •. 
. . ~ ' . 

Therefore t T-z; 1 z , 
P(l) = 'Z (1 + -:r) - z (1 ... T) (4) 

.I. 

. m T/Zi (for l > T) • 
. f 

In order to obtain P(.t) for I. < T, the emulsion thickness is divided into 
.. 

two pieces, ~ and T .1. For the fraction 1 /T the probability is i as given by 

Eq. (5), where J. = ''T." For the fraction (T-l)/T the probability is unity. There

fore 

. P(l) = t/Z (J/T) + (T·l)/T = s.·. l/ZT (for l lEtT)~: (6) 

;. 

I· 

I. • .. ' 
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The correction factor for isotropic exposure is independent of the neutron / 

energy spectrum. 

Case II. Face-Normal Exposure-

Consider the situation when neutr.o!ls, of a single energy . En enter the . 
. . 

emulsion on an axis that is normal to the surfaces of a piece of nuclear emulsion. 

Consider a proton track of length I. that originates at depth· z· in tl;le emulsion, 

as in Fig. 2. Note that there is. cylindrical symmetry about the beam axis, and 

that a track of proton length l arising by collision with a neutron of energy E ·. . . n 

· can occur only at t}le flxed;. angle 6. Here only those tracks of given length 1. 

that originate at depth less than z will also' end in the emulsion. 

Therefore 

P = z/T ·• (7) 

However, 

z = T • 1 cos 8 = T • I. (8) 

where Ep is the energy of the proton recoil of length l given by 1 = 13.9 .E: 

if I. is in units of 1.1 and EP in ~ts of MeV. The parameter . n varies from 

1.38 when l = 41.1 to 1.64 when l = 2000 J.l. 9 The value of lm, the maximum 

track length, is obtained when E = E • 
p n L. 

Now, P(l,l ) = 1 - (1 · /T) (l./1. ) (Zn+t)/Zn , 
m m m "" . :'. (9) 

or, in more useful form, ,, 

UO) 

Equation (10) is valid for a given En• when Ep co.rresponds to the length .t, . 

and when A cos 9 "T. Notice, with the help of Eq. (8) and Fig. z, that P = 0 

in all cases where l cos 6 exceeds T • 

.... •· 
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Case III. · Edge·Normal Exposure 
/ 

C,onsider a parallel beam of single-energy neutrons that enters a piece of 

, nuclear emulsion normal to an edge .that defines tP,e x, z plane. Further consider 

the geometry when a neutron collides at Q with a protorx that t:ravels for a distance 

l. at angle e from the path-axis of the ·incident neutron, as in .Figs. 3 and 4. There 
' . • ' ·. ,:!., ., ' 

is equal chance that the end of the track will lie at any point on the circumference 

o~ a circle of radius l. sin 0 about V. Because there is symmetry in the +x and 
\ 

•X direction, and b~cause there is a 1'back and forth 11 sy~etry as Q moves~be• 
' . . 

tween z = 0 and· z = T, or from z = T to z = 0, only the quadrant R. S U V is 

used. 
d 

Situation when I. sin 8 "-' T. 

'u Q li.es at a depth exactly equal to.t sinQ, then all possible tracks 

(of the given I. , 8) end within the e:n1ulsion along R S U. However, if_ Q lies 

at a depth less than 1· sine , such as l sin e sin~. then only a ·-fraction. of the 

possible tracks--those ending on arc S U ... will end· within the emulsion. In £a.ct 
' . . 

the probability that a track (of given l, 8) will lie on arc S U is given by 

P(z) = (2/n) arc sin (z/1. sin 8),· for z ~ J. sin e. (1 1) 

The average probability that a track will lie along arc. S U as z varies from 

0 to I. sin 8 is given by 

L 

P(z) = 1. - ~ .. (1.2) 

' . 

This average probability appUes to the fraction (.l sin 6)/T of 'the emulsion. The · 

probability for the fraction 1 •. ( l sin 8)/T is unity. Therefore 
' ,· ... ~ ' 

P(.f, 9) = ( 1 .;. ( I. sin 6)/T) + (1. • Z/n) (A sin 9)/T ~~·. 1 - (Z/11') ( .t sin 6)/T. ,, (13) 

. \ 

. ! 

' ·i 
I 
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In more useful form, 

P(L,E)=t•(Z/tr)(l/T)(i-_E/E)t, for lsin6~T, (14) 
n p n 

is the probability that a proton track of energy E (and length .t), arising by 
p . 

collision with a neutron of energy E at any depth in the emulsion, will also end .n . . 

inside the emulsion. 

When I. sin 6 ~ T, P(z) =. (Z/n) ~rcsi~ (z/1. sin 9) 

as in Fig. 5, and 

in which a. = .1. sin e. 

T 

P a;r ( I , 6) = (Z{1r) . s (dz/T) P(z): • 

0 

III. . DISCUSSION 

(15) 

/ (16) 

(17) . 

It should be emphasized that the derived factors .of Cases Ii and III depend 

upon a knowledge of the angle of scattering as well as upon the length of the track. 

· In this they differ from the pyraznidal-sample correction factors that apply to all 

track lengths within some maximum accep;ance angle. Also, because the track 

length is not independent of the angle of scattering, it is incorrect to obtain an 

''average 11 correction factor from Eqs. (10); {13), and (16) by integration over 6. 

In practice, tracks must be sor~ed into 6 inter~als, and (within the approp~iate 

9 interval) into length intervals, before suitable correction factors can be applied •. 

Some examples of geometry correction.factors for various exposures, scattering 

angles, and lengths are presented in Fig. 6. 

-~ \ 

. ; 
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FIOUaE CAPTIONS / 

t. · .Croea aectlon of a piece of nuclear emulsion of thlckneas T. 

Oeometry for isotropic exposure. 

-~- ______ Fig. z. Cross section of a piece of nuclear emulsion of thickness T. 

, !I 

... J' 

Geometry for lace-normal exposure. 

Fig. 3. OeoaJ.etry of edge-normal exposure. OV la path axil of 

incident neutron. 

ng. 4. Cross section of a p!ece of nuclear emulsion of thickness T cut 

normal to path axle of incident neutron. Oeometry for edge-normal 

exposure when J a in 8 ~ T. 

Fig. 5. Cross section of a. piece of nuclear emulsion of thicknea .. T cut · 

normal to path axis of incident neutron. Geometry for edge-normal 

exposure when J sln 6 ~ T. 

Fig. 6. Oeometry correction factors for proton-recoil tracks ln nuclear · 

'' 

(' ' 

emulsion of thicknes3 600 p.. 

1: maximum for !ace-normal exposure. 

II: minimum for face-normal exposure, 

lJI I: isotropic exposure, 

IV: maximum for edge-normal exposur~, 

V: edge-normal exposure for e = ts• •. _ 
1 ;rl 
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