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Scattering constant (K) has been determined in Gg
nuclear emulsions by Fowler's coordinate method for cell lengths
3 mm to 4 cm and by coordinate displucement metnod for cell
lengths 4 mm to 8 cm. Whereas the former method gives satisfactory
results at all the cell len_ ths investigated, the latter method
has been found to be useful for cell lengths greater than 3 cm.
Our results, within statistical errors, agree with the theoretically

expacted values,
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In recent years, many workers (Hossain at‘ali and

Yash Pal et a&d ) have performed multiple coulomb scattering measure-
ments with cell lengths runging from 2 mm to 40 mm uSing Fowler's
coordinate method and have pointed out a possible discrepancy between
the experimental and theoretically expected values of scattering
constant (K). &ditya$ has made use of coordinate displacement method
(hereafter denoted as grws method) for the study of K from 3 em to

96 cm cell lengths and has estimated K to be 27.6 + 1.3 instead

of 31.3§ - the value expected from Williams theory taking into

account the finite size of the nucleus.

The first aim of the present investigation is to compare
Yoms method with Fowler's coordinate method lor the deternmination of i.
For this purpose, i hus been calculated by both of these methods

utilising the same tracks in the 7 stack. Secondly, since the

world data of K at cell lenzths *2? 1 em does not agree with the

theory, K has been redetermined right from 3 mm to 8 cm cell lengths.

A Boristka ﬁﬁ microscope has been used for mulitiple
coulomb scattering measurements under temperature stability conditions,
Observations have been made with 88 x oil objective and 10 X micrometer
eyepiece, the least division on mEcrometer scale estimated being
0.0014474., The linearity of the stage hus been checked with the help
of thexsk a straight line etched on the glass plate with grating
ruling muchine at Upsals.
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Two G, emulsion stacks, one exposed to 17.2 Gev/e 7 and

B
the second to 19.8 Gev/c protons at CERN have been studied. Both the
stacks were processed at CERN by dry hot stage technigue. In both of

them, the average dip (6) of the tracks corresponds to cot & = 170,
The average flux of tracks in v stack is & x 1§%zgﬁ§ and in proton
y 3
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stack it 1s & x 10 /em ™. Because of high density in proton stack, it

has not been possible to follow the beam tracks beyond 3 cms from the

leading edge of the proton plates,

3 ttering Constant (Fowler's coordinate method).

when a charged particle passes through a material medium,

it undergoes multiple coulomb scatlerings and pf of the particle is

tgf

z
given by the relation pp = K / 873 D, Mev/c, veeenee (1)

In this expression, D, 1is the mean arithmetic value of the second

differences due to pure coulomb scatterings and © 1s the cell length

employed in microns., K 1s the scattering constant with the units

1/2
]

{ (degrees) (Mev) (100u) . However, due to the presence of

spuriocus scattering §ﬁ§ irreproducible noise I, (i.,e. temperature,

reading and grain noise plus irreproducible stage noise) and producibla

. s

stage noise ) the measured signal (D J on the microscope does not

meas!

represent D,. Dp,.q ~1s related to these quantities by the relation
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To eliminate Ds and D, , D has been derived from D by relative
k' e meas.

scattering of two neig

i
e

hbouring tracks. For relative scattering D, ,
e Fa

s P

RN = L T &
% in the present measurements is (0.08 + 0.01) pm. By combining

equations 1 and 2, K can be calculated for the cell length under
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investigation. It is obvious that if instead of T, , T,,, 18
. , ‘ 3/2 -
used in expression (1), then pf = i t / €73 Dpeus. coveses(3)

and K now calculated from eyuation 3 would be higher than from

eugations 1 and 2.

Tracks were picked up at 1 cm from the leading edge of the
plates, keeping in view tneir direction and magnitude of inclination
in projection as well as depth in the emulsion. Tracks once picked up
were scattered up to thelr point of ir eraction or maximum for 8 cnm
im~WW stack and 2 em in proton stack, - tracis were scattered with a
cell length of 4 mm while a cell length of 1 mm was used for proton
tracks. None of the tracks which were studied left the air or glass
surface of tne emulsions due to large angle deviations, In all,

7 meters of w tracks and 3.8 meters of proton trucks were scattered.
The average separation of ™ tracks in pairs at the point of start
ig 8O0 in projection and 804 along depth of unprocessed emulsion.

The relative scattering results - K, , K, with 4D replacement and
K, with 4D cut off are given in table 1. Similar results for

19.8 Gev/c protons from 3 mm to 10 mm cell lengths are given in
table 2, Because of high track density in this case, an average
separation of 20x along projection and 104 along depth between the
tracks in pairs could be achieved, thus facilitating the evaluation

-

of K under better conditions of elimination of Dg .

The mean value of K from 4 mm to 40 mm cell lengths in 7

stack is 31.1 + 2.3 and that in proton stack from 3 mm to 10 mm is

30.2 £ 1.7,
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4, scattering constant Qwag method),

The root mean square deviation along @f@j%mtiam~{¥y&$3
ol a charged particle going in x-direction aflter a traversal of

distance ¢ microns is related to its pB by the relation

be = = e [ Mevy N 'S
prot o s W{:‘W s
V?ﬁ 2. kf&m%

In case of a beam of mono-energetic particles avallable
from accelrators, there is always some initial divergence in the
trac4s which has to be taken into account in order to estimate the
Eyﬁg deviations due to scattering. e have estimated the average
initial inclination of each 17.2 7 track by taking fiMe readings
with an interval of 2804 over 1 mm distance, from 9 mm to 10 mm
from the leading edge of the plates and hence onwards coordinate
readings of the tracks in projection after emery 4 mm interval
have been utilized. K (Y,,.) from 4 mm to 8 cm derived from eqguation 4

is given in table 3., For comparison, K éﬁmﬁdﬁ Vo epaloulated  from

egquation 3 is included in tnls table.

from table 3, 1t is seen that K ( is in general

4 *
grmg}
gquite high up-to cell lengths ~ 32 mm. There seom to be two major
causes for thnis effect.

The actual inclination of traciy may ne diflerent from the

P

i
exporimentally estimated inclination., This 1s mainly due to the
presence of distortions in the 1 mm region over which the inclination
of the track has been adjudged. Brror in the inclination would
depend upon the magnitude of distortion and also on the nolses

o

assoelated with the measuraments, Tn

5 average total error for the
1 mm region which has been used for finding the inelinations of the
hean trucks in the present experiment 1s =~ 0O.18u. Ghe effect of

tnis error would increase linearly with t whereas ¥, . magnitude

8
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increases by t . whus 1t is only after a certain distance t thut
Lrms magnituce would predominate tne inclination error und that seme

reliable results can be derived. In the present experiment, Yrms

value at cell size 32 mm 1s (18.3 + 1.£) u« as compared to the inclination
grror 4.8u ab tals cell lengtn., This gives signal to noise ratio of
about 211 and thus the value of K found by Yyomg method is reliuble at
cell length 7 32 mm. From table 3 and ¥, we find that K (Ypps)

is higher than K, (Fowler's method) up to cell lengths ~ 32 mm but

after this K by both the metnods agree with =ach other fairly wvell.

ii) The distortions in the emulsion at any place alon: tne
track chunge the grma displacement of the track., By plotting tne
tracss on graph® paper, the muximum displacements in the contours of
the tracks due to distortions in the region where measwements have

been made are ~ 5u, whereas the Y value at 32 mm is (18.3 %+ 1.8) u

rms
and at 80 mm it is (88.6 + 6.8)u. Thus this type of disturbance due

to distortions at these cell sizes is also nezligible,

the average value of K from ¥ method for 4 cm to 8 cm

rms
cell lengths 1s 32.3 *+ 3.3. One significant advuntage of this method
over Fowler's coordinate method is that with its help we can {ind &

over the wnole lengta of the track followed, thus allowing the evaluation

of K at very high cell lengths. Moreover, ab higher cell lengihs,

fall considerably.in case of Foulerls-method
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Lonclusions,

1. In stacus exposed to ~ 20 Bev particles, and where distortions are not
large, coordinute displacenment method 1s quite uselful to find K at & cell
lengths 7 3 cm.

2. The present experiment on K does not show any deviations from theory.

sote on scattering megsurements (By #. M. Sood and V. §. Bhatia)

It is usual to make fine observations in emulsions with oil
objectives. However one can suspect thalt oll can produce some disturbance
in the track contours and thus can be one o. the sources for s.s. In
order to check this polnt, one Gg plate exposed to 27 Gev/c protons was
covered with polythlene (refractive indesx 1.5) and then eleven tracks
ware scalttered in projectlion and depth with 100 x oil objective and

cell length 4

again, polythlene was removed and sandal wood oll was
poured on the emulsion plate directly. The same very elaven tracks were

scattered once again. 1he results are as follow:

Without oil with oil
bignal in xy plune 142 % 0.y A HY 2 ele M
signal in xz plane €72 % o455 p Tooo ko ooy A

Our results do not show any effect of using oil objectives

for multiple scattering measurements.
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TABLE I (v = stack)

X -2/

Cell length Ky K.(4 D replacement)  K.(4 D cut off)
(m,m,) -

4 34.4 £ 0.9 33.6 £ .8 32,3 * .8

8 32.7 *# 1.2 3.9 # 1.1 30.7 # 1.0
1le 3l.2 £ 1,6 31.0 # 1.8 30.6 = 1.4
16 30.5 £ 1.6 30.4 % 1,5 29.3 * 1.4
20 30,8 # 1.9 30.8 = 1.9 30.8 £ 1.9
24 29,2 £ 2,9 29.2 * 2,9 29.2 * 2,9
28 32.0 % 3,& 32.0 = 3,8 32.0 # 3,8
32 32.4 = 3.8 32.4 * 3.8 32.4 % 3.8
36 32.3 *# 3.E 32.3 * 3.8 32,3 * 3.E
40 31.3 % 3.6 31.3 % 3.8 31.3 % 3,E

TaBLE II (Proton stack)

3 32.2 % 1,1 31.2 # 1.0 30.9 * 1.0
4 32.2 % 1.2 31.8 # 1.2 30.4 = 1,1
& 31.2 % 1.4 30.0 # 1.3 29.0 # 1.2
6 29.8 % 1.6 29.3 # 1.8 28.7 2 1.E
7 29.8 * 2.2 29.8 * 2.2 29.8 * 2,2
8 29.2 % 2.8 29.2 * 2.8 29.2 # 2,2
@ 3l.2 # 2.3 31.2 # 2.3 31l.2 £ 2.3
10 32.3 £ 2.4 32.3 £ 2.4 32.3 * 2.4
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Cell length K(Dpgus. ) K
(mom. ) Fouwler Method Yrys Method
4 43,4 * 1.8 §3.0 * 5.3
8 35.8 * 1.8 47,3 * 4,7
12 33.9 £ 1.6 42,6 £ 4,3
16 33,2 * 1,8 41,3 * 4,1
20 34.4 * 2,3 37.6 * 3,8
24 34,2 £ 2,6 35.8 £ 3,6
28 4.9 * 3.9 35.0 * 3.5
32 35,5 = 3,9 34,2 % 3.4
36 36.2 % 4,0 33.1 # 3.3
40 34,4 * 3,8 33.1 # 3.3
44 e e e e 31.9 + 3.2
48 e e e e 32,4 % 3,3
52 e e e e 32.6 + 3,3
56 e e e e 32,1 # 3.3
60 e e e e 31,9 # 3.3
64 e e e 32,8 # 3.3
68 e e e e 31.2 # 3.2
72 e e e 32,7 % 3.3
76 e e e e 32.7 # 3.3

%Q & # # #* #* & ggl? ﬁ :3*3



