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ABSTRACT

Geometry correction factors for proton-recoil track samples taken £rom
nuclear emulsions have been derxved The fa.ctors apply to samples of tra.cks
that have been selected at random from the emulsion volume, and to tracks created

_under conditions of s-wave scattering with fast neutrons, The derived factors as a

function of track length £, emulsion thickness T, and angle of scattering 6 are

2T/(2 T~£) {when £ sT and 2t/T {when { a'r) for isotropic exposure;

T/('I‘ - 2 cos 0) for face-normal exposure, and nT/ (!rT - 2a)whenra < TB
ﬂT

- and : R
2(T arcsin-{- +/a2-12 . a - o

{when a = T'! for edge-normal expouvre. if_ a= 4 s8in 8,
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I INTRODUCTION , - - . =,
The developvment, in recent years, of fnicxfosco;;es"ﬁr -th‘é. éemiéutoniétic
| sc%mning of tracks has giyen a new impetus to the use of nuclear track emulsions., 1
In.the past, track measurement and analysis x_‘équired a great deal of tixﬁe. but now:=
rapid scanning of emulsions and data ‘ana).ysis by electronic computer have partly
overcome this-difficulty, However,: the‘efﬁciént use of the..ne;av nﬁicroscopé.s in
| fast-neutron analysie‘ requires aj’i.new scanning technique: tracka are selected at .
random throughout the emulsion volume, 2 In earlier ‘wofk scanning was usually
restricted to tracks that lay within a right recbtangula.r pyramid paraAllélito the
beém axis of the incidént neutrons, 3,4 Cor.fection factors for such restricted
samples have been derived by Richards. 3 It is necessary to correct a 'track sample
by a factor that is baséd on the dimensions of the emulsion and of the acannec;i vbiume.
and on the exposure direction. Otherwise the sample will be biased against fhe
longer tracks that more frequently end outside the emulsion a;xd~t};;are£ore are not
measured. Here correction factors are derived that apply to samples of proton
recoil tracks‘selected at random throughout the emulsion vélume, Isofropic. face-

normal, and edge-normal exposures are considered.
€ ,
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L. THE PROBLEM A
To find: Geometry correction facto;'s 1/P(2) fo:_sé.mplés of 'px;oton-recoili  ' :
tracks, where P({) is the prébability that a track of length £ -that origina.tes.;»-
in the erﬁulqion will also end in the emulsion. |
Given: ' 1... R A ,
(a) Samples constituted of tracks tfxat ﬁoth bégin and end in-thé emulsion and that |
have been selected at random tl;roughout the emulsion volume, |
{b) An emulegion of infinite lateral (x,y) éxtent and a 'thickness_ T ofa few,ﬁixﬁdred
micrometers, | . | |
“{c) Rectilinear tracksl; .' N L e e 5 ot
(d) Lengths and é.ngles that apply to the 'emulstion at exposure (befo_re .éroce'ssing)',“'
(e) s-wave scattering. o | _ R
The condition of infinite léterai extent is in general acceptable, - E‘o’r_.example. .
if a 600-p emulsion is cut to a i-in., square, the ratio of edge' are;. to total surface -
area is about 0.05. Thus the edge factor will \;sually amount to ﬁo moré than a
1 to 5% change in the infinite- extent correction factor. |
It has been found empiricall;y that the assumptiox‘xlvof rectilinear tracks
leads to a systematic underestimaté of the escape probability that becomes im;v :
portant for long tracks. 3 This effect amounts to 20% for 1000-pn trécks in pyramidal
samples, No similar measurements are available for random samplés, but the - -
error is about the same,
The cqnditioh of original dimensions is not reetri'cti,ve; because the measured .7
lengths and angles in proceased emulsion may easily be corrected to re-create the:
~ original geometry, ' The condition of s-wave scattering §s also not restrictive.

When the s-wave phase shift determines the cross section for scattering of hydrogen

nuclei by neutrons, the angular distribution in the center-of-masgs system is isotropic.
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Measurements in nuclear emulsibns6 at 8,8 and 13 MeV and by counter telescppés7- 8

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

Case 1. Isotropic Exposure

~ ‘Consider the situation when the 'p'rofozi-recoil track length.. £ exceeds lthe :
emulsioix thickness T, as in Fig. 1. The tx;a.ck begihs at a# a.rbitr.ary deéth' z
and ends a.t the aurface of the emulsion. ' Note that there is cylindricai symmetry
about a line norma.l 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/dﬂ = No/éw = conéfant , ' L (1) .
applies sepérately for tracks of each length, | | o |
Now dP = dN/Nj = d/4n , R ', - (2)

where P is the probability tha.t a track will he within the solid angle Q.

This n‘nplies

P; o '_'91,/'4,, : : | @
From Fig. 1. Q, = er(i - COS 92) , 91 = ?.n(i - co8 91), cosG .-z/JZ and cose -l-(T z)/4. .
;Therefore - _Pu) = 30 +.T1:‘?; -3 ‘T’ | :  (4)

= 'r/u (for £3T) . ] o (5) 1 |

In order to obtain P(I) for £ <7, the emulsion thickness is divided into
two pieces, £ and T-{. For the fraction £ / T the probability is 2 as given by
Eq (5), where £.= "T.!" For the fgé.ction (T-4 )/ T the probability is unity., There-
~ fore | ' Lo ' ' | ‘i"‘ | |
PW) = 1/2 (2/T) + (T-2)/T = 1= t/2T 'j-(fqr . ST (6) |

[
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A

The correction fecto_r for isotropic exposure is independent of the n’éutron

energy spectrum,

Case 1L Face-Normal Exposure

L Consider the aituatxon when neutrons of a single energy E ‘enter tlee" . ‘
emulsion on an axis that is normal to the eurfaces of a piece of nuclear emulsion.
Consider a proton track of length l that originates at depth z in the emulsion.
 as in Fig. 2. Note that there is’ cylindricel symmetry about the beam axis. and
'that a track of proton length { arising by collision with a neutron of energy E :
. can occur only at the fixed angle 6. - Here only those tracks of given length ¢

‘that originate at depth less than z will elao‘ end in the emulsion.

Therefore

Paz/T. . | M
However, B IR | . ‘ , o C~
zzsT-Lcosf=TaL ‘_(Ep/En)%n T -4 (ﬁ/zm)’z‘n w8y

where Ep is the energy of the proton recoil of length £ g_iven by £ = 13.9 _E;
if £ is in units of p and Ep in units of MeV. The parameter‘“n Qeries_ffem
1.38 when £ = 4p to 1.64 when 2 = 2000 . 9 The value of lm, the maximum
track length. is obtained when E e E_ . - S .

Now, PU,L_)=1- (2 /) 41 “"““’/ .

or, in more usefui form,
PULE)1- (z/'r) (EP/E . (10)

Equation (10) is valid for a given E n’ when Ep correeponds to the length £,
and when £ cos 0@ < 7T, Notice, with the help of Eq. (8) ahd Fig. 2, that P = 0

in all cases where £ cosG exceeds T. e !
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Case IIL IEﬁg__Normal Exposure
o Consider a parallel beam of single-—energy neutrons that enters a piece of

i nuclear emulsion normal to an edge that defxnes the x, 2 plane. Eurther con‘sider
the geometry when a neution collides at Q with a proton thot tzavelslfor a distancé
K at angle 8 from the pa.th-axis of the incident neutron. as in Figs. 3 and 4. There |
v‘xs equal chance that the end of the track will lie at any point on the circumference

of a circle of radius £ sin 0 about V. “Beca.use there is aymmetry in the +xl and

-x direction, and Ioécaua'e thero is a "back and forth" sjiiuﬁetry as Q mckreque-_ |
tween z = 0 .a.nd z=T, or fromz =T toz=0, only the quadrant R SUV is
- used. | : -

Situation when £ sin@ < T

It Q lies at a depth exactly equal to? sin§, then all possible tracks
(of the given £, 0) end within the emulsion along R 8 U. However, if Q lies
at a depth less than £ 8inf , suchas £ 8in @ sin¢, ‘th_en only a-fraction of the
possible tracks--those ending on arc S U -~ will end within the emulsion. In fact
.‘ the probability that a track (of given {£,6) will lie on arc S U is given by
P(z) = (2/7) arc sin (z/2 8in6), for z <L sinf.  (14)
The average probability? that a tréok willzlie along arc S U as 'zv ' variée from -

Oto £ sinf is given by

fein® -

This average probability applies to the fraction (2 ein 6)/ T of the emulsion, The = -
' proba.bility for the fraction 1 - (1 sin 6)/'1‘ ie unity. Therefore

ﬂc-'

p(z e) = {1« (28in 6)/T} + (1 - 2/1:) (2 sin e)/'r =, 1 - (Z/'n) (£ sin e)/'r _(1'3)
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In more useful form, o
P(L,E ) = 1 - (Z/Tf) (2/T) (4 = E /E )%' ’ fbr l sine <T,. (14)
is the probability that a proton track of energy E (and length 2), arising by

colhsion thh a neutron of energy E at any depth in the emulsion, w111 also end

~ inside the emulsion,
When 2 sin 6 >T, P(z) = (2/7) arcein (z/2 ein) . us)

- as in Fig. 5, and

P, ("z"‘.le)"g ‘(z/n){.: "_(d'z/r)’P(z)';,7 «..9 ,,?“ " (16)

P, “,0) = (Z/nr) [T»va:rcsm(T/anb g -’rz fadafy . T (47)
in which a = 2 sin _6-. L v | “ B
| L DISCUSSION
It should be vempha.sized‘tha't the de:rivled factors of Cases II .arvxa iII depend
upon a knowledge of the angle of s:cg.ttering,a;s well as upon the lengtl'; of the track.
"In this they differ from the pyraznidal-saméle corre.ctionfaétors that 'appl)} té all
track lengths within some maximum acceppanvcbe_' angle. Alsc;. because the track
| iength is not independent 65 the anglé of‘scattering. it is incorvrectto icbta.in an
Yaverage" correction factor from Eqs. (10). (13), and (16) by integration over 6.
In practice, tracks must be Borted into 6 intervals. and (thhin the appropriate
] interva.l) into length intervals. before suitable correction factors can be apphed

Some examples of geometry correction factors for variov.e exposures, scattering

angles, and lengths are presented in Fig, 6. N ‘ i

i
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FIGURE CAPTIONS : | S

 4." Croes sectlon of a piece of nuclear emulaibn of thickness T.

Fig. 5. Cross section of a piece of nuclear emulsion of thi_ck‘nesé T cut

- Geometry for isotropic exposure.

Fig. z Cross aection of a plece of nuclear emuloion of thickness T.

' Geometry for ﬂaca-normal exposure, |
Fig. 3. Geometry of edge-normal exposure. QV is path axis of
incident neutron. | |

Fig. 4. Cross section of a plece of nuclear emulsion of thickness T cut

norm&l to path axis of incid_;ant neutron. Geometry for ekdge-nqrfnal g

exposure when £ 8in 6 €T,

<

normal to path axis of lncment neutron. Geometry for edge-normal“

exposure when £ sin 6 T,
Fig. 6. Geometry correction factors for protoi;frecoi_l track; in nuclear
.emuleion of thickness 600 e o _Ep = En . |
1! maximum for face-normal exposure, .
11 niinimum for mcéox;ormal exposure, (En = 20 MeV)..
I11: isotropic exposure, | | o ‘
1V: maximum for edgg#norm&l exposure, :(Ep. & 0.75 En) '
V: edge-normal expo‘aure for 6= 45, .. . (Ep = 0.93 En)
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this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
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with the Commission, or his employment with such contractor.
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