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A CONTRIBUTION TO THE MEASUREMENT OF SMALL ANGLES
OF SCATTERED PARTICLES INJA PHOTOGRAPHIC EMULSION

MARIANA KARABOVA, JOZEF TUCEK, Kokice

This paper deals with the exact measurement of the angular distribution
of secondary fast particles in nuclear emulsions, especially in the region
of small angles. The main consideration is the evaluation of statistical and
geometrical errors.

INTRODUCTION

Angular distribution of secondary particles is an important information
as regards strong interactions. In case of an elastic scattering of high-energy
particles it is especially the region of small angles which is important for the
theoretical interpretation of the process {1]. . . ‘

‘Problems in measuring small angles are caused by the fact that space angles
are measured by the coordinate method. The measurement of the coordina-
tes z, y and z is influenced by differerit errors, on the one hand by the measuring
apparatus (Zeiss KSM-2 microscope in our case) and on the other hand by
the photochemical processing of the emulsion. The particle track is deformed
by a multiple Coulomb scattering and by the distorsions of the emulsion.
Moreover, the grains of Ag forming the track of the particle, determine the
axis of its path only mwwuoxmﬁma&%v statistically. In the region of small angles
some specific geometrical corrections take place, too. We tried to consider
ail the above mentioned factors and to determine their influence on the resul-
tant angular distribution. o

MEASURING METHOD AND CALCULATION OF DEFLECTION

In the present paper we shall use the following notations: 9 — deviation
of the particle from the original direction; ¢ — projection of the angle on the
plane of emulsion; 41, A5 — angles of the primary and the secoridary tracks

with the plane of emulsion (so-called dip angles). For angles defined in this way

cos & = cos g-cos Ay cos Az — sin 4y sin A (1)
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and for small angles

02 = g2 + (41 + A2t = ¢* + & (2
are valid. :

Since the angles in the plane of the emulsion are measured with respect
to the fundamental motion of the microscope table, the relation ¢ '= @1 + ¢2
is valid, where ¢, is the angle of the primary track and g2 the angle of the
secondary track with respect to the direction of the table motion. The angles
are measured in the direction of the secondary tracks and against the direction
of the primary track (related to the point of interaction).

We take variances o2, or squared standard deviations or, more exactly,
a statistical estimation of these quantities as a measure of errors. With the
assumption of the independence of ¢ and § according to [2]

o9 \2 op\2 1
a5 = 20 o + 55 o = = (¢°02 + 8%0%) (3)
is valid.

The angles ¢ and 4 are measured by the method of the coordinates. The
point, the coordinates of which are to be measured, is chosen as a centre of
the short track segment Al (of about 30 p) in which some grains of developed Ag
are placed. The coordinates of the centre of the segment Al in the direction
of the fundamental motion of microscope table (so-called x motion) are mea-
sured by the precise turning of the micrometric screw of the table. The direc-
tion z is orientated approximately in the direction of the primary track.
The coordinate y is measured in the emulsion plane perpendicularly to the
direction z, by help of a special micrometer, namely by centering Ag grains
lying in the segment Al. The corrdinate 2 is measured in the direction
perpendicular to the emulsion plane from the boundary of glass plate
and the emulsion to the centered upper edges of grains Ag lying in
segment Al.

Having measured the coordinates of two points of the primary track (the
distance between them must be long enough in comparison with the segment Al)
and those of two points of the secondary track we have

Yr— Y2 Ya— Y3
pr=tggp=—"""\,, g2=tge2a=""".
r — %2 Xy — X3

We choose equal lengths of z; — 2z and x; — 3 and we denote them as

usual as the so-called cell length ¢. Then

n—y2—Ys+ Y
- .

o=@ + @2 = (4)
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Analogously for the dip angles

z1 — 22 Z4 — 23
B~We®&~“i|«l\lm, m_mWemm_wH‘Jll? (5)

7l — 23— 23+ 2
= Ay + A = . 8

is valid; s is the so-called factor of emulsion shrinkage caused by photochemical
processing. In our calculations we take the value of s = 2.3 [3].

In practice we estimate the track points 1, 2, 3 and 4 in which the coordi-
nates y; and z are measured in such a way that we measure the coordinates
W: , 2; with a relatively short cell length £, along the track. According to the
size of the so-called second differencies we estimate the region of scattering
with the exactness t,. The edge points of this region are the points 2 and 3.
Then we estimate point 1 at the distance ¢3¢ from point 2 against the
direction of the primary track and we choose point 4 at the same distance
from point 3 in the direction of the primary track (Fig. 1).
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Fig. 1.

The measurement of angles is influenced by the error of the measuring of
the coordinates y;, z; (we neglect the error of the coordinate x considering
the precision of the screw of the microscope table), by a multiple Coulomb
scattering and by emulsion distorsions which deflect the particle track from
the line in the intervals 1—2 and 3—4. Statistical errors of coordinate
measuring were estimated by repeated measuring of these values at different
configurations and the density of the track grains. Thus we obtained the
values

oy = 0.07u, o, = 0.19u. (6)

Multiple scattering and distorsions were estimated by means of the mean
square values of the socond differencies (|Dy|> and {|D;|> as it is usual in the
measuring of multiple scattering [4]. For ¢ = 500 u we have

Dyl =035, (D) = 046 . (7)

Since the errors of the measuring of coordinates and of the track deformations
(multiple scattering and distorsions) are mutually independent, we get
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k {|Dy? + 205 A
(8)

2 2
g, == @] =
L2 Fa nm
; k <|D:)>% + 242
oo = DAy + 207
12 ’

k &w@oﬂ@m on the choice of the characteristics of distribution of the random
variable. In the given case k = (w/2)¥ [5].
Assuming that g1 and gz as well as 4 i
L and Ag are independent
the substitution of numerical values ’ i wsh A

6o = 1.16 mrad o5 = 3.78 mrad, 9)

.%Eow can be used for the calculation of op from formula (3).

GEOMETRICAL CORRECTIONS OF THE ANGULAR DISTRIBUTION IN THE
REGION OF SMALL ANGLES

.Em. 2 shows a plane perpendicular to the direction of the momentum of the
primary particle. Onto this plane a amit. sphere is projected in the centre
of which particle scattering took place. ‘Point 4 is a point of intersection of
the secondary track with the unit ‘sphere. The radius vector of point A4 is
numerically equal to the scattering angle 9 for small scattering angles. The
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corresponding statistical errors o, and oo are determined by ellipses with the
half-axes @ + oo and @ £ do. In polar coordinate ¢ = 9 cos a, 6 =9 sin &
and o2 = cos? x(d; — %) + of. Assuming that the scattering is symmetric
about the axes, the mean value of the error of the scattering angle (ap) is.

equal to
n/2
o (e
log) = — <?w — a%) cos? a + 0y do. (10}
. ks
o

By inserting & = (62 — a2)|o} = 0.91 we can simplify expression (10) and.

express the corresponding elliptical integral [6] as

@n — DIL]E en

Eoe) 205 | ™ 1 £2 &t
oy 2 === — =
¥ w2 4 64 gl | 2n—1
1 2 g2
gy —e =T 352, (11
4 gs

ured in miliradions (m rad). The advantage is that with
he value (oo does not depend on the scattering angle 9.

Let us have a certain distribution of the scattering angles measured by the:
described method. We demonstrate this angular distribution by a histogram.
&, D2, O3, ... aT€ the dividing values of the chosen intervals of the histogram
AY =@y — D =703 — 92 (Fig. 3). We choose A9 > 2 <L 09).

interval of the width (os)y for each of the considered.
bution of particles in each

The angles are meas
the given assumption b

We separate a sub
intervals A49. For the sake of simplicity, the distri
of these subintervals will be substituted by ,,& line** in its center. We assume

that for all Ny = N3 (osp|AD particles of the first subinterval we have measured

the scattering exactly for the angle 2 — % {asy. For N , We assume similarly

that for all Ny = N (09[4 particles of the second subinterval the scattering
exactly will be for the angle 92 + % {oa)- In fact, owing to the scattering of the
measured values, a part of the particles of the first subinterval can be among
those of the second interval and conversely. The probability of these ,;passes‘®
can be estimated by means of areas, see Fig. 2.

1f we know the probability P; according to which a particle measured in

the first subinterval belongs to the adjacent interval and if we know the
number of particles in the first subinterval N 1, then the number of patricles
subtracted from the first interval and added to the second will be equal to

{o9)
o N:P;. (12)

ANy =
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“The probability P1 is a ratio of areas 81/Sz, where Sy is an area limited by
a circle with the radius 92 and by an outer ellipse which is limiting the errors
of the angular value 9, — } (os); S is the total area of errors belonging to
the angle #2 — § {gs).

S
(82 — } {aa) + 0p) (B2 — } (oo) — 00) — T} N
(83— 3{00) + 05) (B2 — (08D + 08)— (92— 3{00) + o) (B2 — $C00) — os)
2.019; — 7.92

== . (13)
9.869; — 14.40
From the second interval we shall subtract
(o)
ANy = !m_|%\ N3P, (14)

where P; is again a ratio of areas S;/S; from Fig. 2. The area &5 is limited by
a circle with the radius 9, and by an ellipse limiting the errors of the value
D9 + } {os> and 8§, is the total area of errors of the value 92 + } <os).

m\

Py = \|w =

Sy

_ 8% — (95 + } {o8) — 0g) (B2 + § <oa) — 99)
(D2 -+ } <oo) + 0o) D2+ } C00) + 00) — (P2 -+ } (ga) — 06)(B2 4§ (G0) — 0)

2.019; + 7.92
ey —. (15)
9.860, - 14.40

THE APPLICATION OF THE METHOD TO THE MEASUREMENT OF THE
SCATTERING ANGLE OF DEUTERONS

The above described method has been used for measuring the scattering an w_a
of deuterons on the atom nuclei of the photographic emulsion NIKFI BR-2.
The nuclear photographic emulsion of the type NIKFI BR-2 has been irra-
diated by a deuteron beam with the mobility 2.43 GeV/c in the High Energies
Laboratory of the Joint Institute for Nuclear Research in Dubna. By means
of measuring the coordinates y and z with the cell £ = 500 p. along the primary
track we have detected the cases of deuteron scattering to very small angles
practically without a subjective error. We have found 47 cases of deuteron
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angular scattering in the interval 6—100 mrad on the total length of 10.2 m.

Fig. 4 shows the measured angular distribution. The maximum dispersion
of the scattering angle is (6s)msx = 3.78 m rad. For angles from the interval
6—10 m rad o can get larger than 50 9/, 9, according to the values ¢ and 4.
Therefore the cases from this interval are considered only for the geometrical
correction for the minimal angle ¢ = 10 m rad.

10
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Fig. 4. Fig. 5.
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Fig. 5 shows the same angular distribution as Fig. 4 after the above mentio-
ned geometrical corrections have been made. It can be seen that there are
‘considerable corrections especially in the region of very small angles, where
the dispersion of measured values is relatively the largest one. The suggested
method of geometrical corrections defines more precisely the angular distri-
bution in the region of the especially important extrapolation of differential
effective cross-sections with respect to the zero angle.

This method can be easily applied to other particles, eventually to a different
material.
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