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Elastic p-p scattering at 6.2 BeV was measured by perpendicular irradiation of nuclear
emulsions. A total of 325 elastic scattering events were identified (including 141 events
reported in [1]), The differential cross section in the 1.3—10.5° c.m.s. range is obtained;
the elastic scattering cross section is 9.8 + 0.9 mb. The experimental results are analyzed

on the basis of a quasi-classical model.
INTRODUCTION

IT is known[!] that the irradiation of a photo-
graphic emulsion in a direction perpendicular to
its plane yields the events of interest more rapidly
than the usual parallel irradiation when measuring
differential cross sections for high-energy elastic
scattering at small angles (to 1° in the c.m. sys-
tem ). We investigated proton-proton scattering at
6.2 BeV and c.m. angles =10.5°. Our data together
with those in [2] give the differential cross section
for elastic proton scattering at this energy within
the broad c.m.s. range 1.3—27.6°. This is of de-
cided interest in connection with the theory of
Regge poles.

1. EXPERIMENT

Our work was performed with three emulsion
stacks (A, B, and C), irradiated perpendicular to
their planes with 6.2-BeV protons in the internal
beam of the proton synchrotron of the Joint Insti-
tute for Nuclear Research. The 10x10X2-cm
stacks consisted of NIKFI-BR pellicles 400 u thick.
The mean beam density in the central working zone
(400 mm?) was (6.87 + 0.11) x 10°, (6.81 + 0.12)
x 10°%, and (4.84 + 0.07) x 10° protons/cm?, re-
spectively; the beam angle was 89.5° + 0.5°, 89.3°
+ 0.3° and 88.9° = 0.5°, respectively. One cubic
centimeter of standard emulsion contained (2.95
+ 0.23) x 10?2 hydrogen atoms. [3]

Stack C was loaded with water; the rate at
which the desired events were observed was thus
increased several times.[*] The mean thickness
of the loaded pellicles was 1000 4, with 1 cm?® con-
taining (5.33 + 0.27) x 10?2 hydrogen atoms. The
sensitivity of stack C to positrons from 7* — pu*
— e* decay was 14 grains/100 .

Elastic scattering events were sought by area
scanning using microscopes giving X420 total mag-
nification. A single person scanned an average of
12 mm? per day. The total scanned area was 3.66
em? (0.27 cm3 in A, 1.89 ecm?® in B, and 1.50 cm?
in C). In order to determine the scanning effi-
ciency and to enhance the reliability of the results
the entire volume was scanned twice.

2. IDENTIFICATION OF ELASTIC SCATTERING
EVENTS

All two-prong stars outwardly resembling elas-
tic proton-proton scattering events were registered.
The actual elastic scattering events were then dis-
criminated using kinematic criteria similar to
those described in [11. The technique of (1] was
to measure R, ¢, and y (the range and angle of
the recoil proton, and the scattering angle of the
incident proton). The angles ¥ were measured
accurately in only one pellicle. When a slow sec-
ondary proton undergoes interaction and its
range cannot be determined, we compare its ioni-
zation with that of the slow secondary proton in
another event with a similar scattering angle in
the same pellicle. ‘

From the distributions of events with respect
to |A¢ |, the difference between the measured
scattering angle of the slow secondary proton and
the angle corresponding to its range kinematic-
ally, it was found that_the mean error in measur-
ing the angle ¢ was [A¢|=2° in A and B, and
|Ap | =3° in C. From the distribution of events
with respect to |Ay |, the difference between the
measured scattering angle of the fast secondary
proton and the angle corresponding kinematically
to the given range for the slow proton, it was found
that the mean value of |Ay| was 4’ in A and B,
and 7’ in C.
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Efficiency of double scanning
0. de No. of - do/dS2,
c.m.» CC8 Stack A Stack B Stack C events mb /st
1.3— 2,5 0.6240.09 0.80+0,09 0.92+0,02 28 111422
2.5— 4.5 0.90+0,04 0.89+0,06 0.914+0.04 73 84+10
45— 6.5 0.78+0.08 0.90+0.03 0.94+0.03 73 54+ 7
6.5— 8.5 0.76+0,07 0,83+0.04 0.8340.05 73 414 5
8.5—10.5 — 0.68+0.09 0.79-+0.08 50 28+ 4
>10.5 — —_ — 28 —_
Total 325

Quasi-elastic and other background events con-
tributed about 1%.

3. RESULTS AND DISCUSSION

The analysis yielded 325 elastic scattering
events: 20 in A, 160 in B, and 145 in the water-
loaded stack C. The efficiency of double scanning,
the number of events, and the differential cross
sections for different c.m.s. angular intervals are
given in the accompanying table.

The scanning efficiency was determined from
the formulas in [5], and the statistical fluctuations
were determined from the formulas in (81, The
efficiencies calculated by the procedures given in
(5] ang [ agree within the error limits. The dif-
ferential cross section is given with only its sta-
tistical error. For c.m. angles greater than 10.5°
the scanning efficiency decreases rapidly to zero;
28 elastic scattering events were found in this re-
gion. The given number of events does not include
those found at distances up to 30u (in A and B)
and up to 60u (in C) from any surface of the un-
developed emulsions, because the efficiency can-
not be determined accurately enough in this region.

The correct use of double scanning to determine
the actual number of events has been discussed by
several authors. 8] In order to check whether
double scanning enabled a corrected evaluation of
scanning efficiency in our work, we performed a
third scanning of 600 mm? in stack C at the much
slower rate of 3.5 mm? per day. The first two
scannings had yielded 58 elastic scattering events
in this area; the third scanning detected 52 of the
previous events and 6 new events. The efficiency
of the third scanning was 0.90, which is consider-
ably above that of the first two scannings. How-
ever, the actual numbers of events counted from
the first two scannings and from the third scanning
do not differ by more than 2 or 3%, which is con-
siderably smaller than the statistical error. This
result indicates that in the present case the diver-
sity of events has little effect on the scanning effi-
ciency, and that the actual number of events was

determined correctly from the first two scannings
having 0.7 efficiency. With a still higher efficiency
of a single scanning the actual number of events
determined from double scanning would be estab-
lished with even greater accuracy.

Our data and those in [2] yield 9.8 + 0.9 mb as
the cross section for elastic proton scattering at
6.2 BeV.

The results were analyzed according to the
scheme given in [9], where it is assumed that the
nuclear potential is a Gaussian function of separa-
tion, and that the ratio of the real part to the imag-
inary part is identical for the potentials of singlet
and triplet states:

Vs = — (1 + iw)e ", Vi = «V,.

The differential and total cross sections were cal-
culated using phases computed from the given po-
tential by means of expressions for the elements
of the M matrix. The best curve and the corre-
sponding values of the parameters «, v, u, and w
were obtained by least squares. The calculated
value of x? characterized the deviation of a calcu-
lated curve from the experimental points. The
calculated curves were plotted for three cases:

N w=1, u=0, ‘
2) x==1, u=0, 6 =42mb,
3) »=1, u=0, 6; =42 mb.

The experimental data are represented equally
well by all three cases, within statistical errors.
Similar calculations were performed using our
data combined with those in [2]; the results agree
with experiment, but with doubling or tripling of
the error limits. Our data yielded (1.24 + 0.10)
x 1071 ¢m for the mean interaction radius in all
three cases, whereas the two investigations com-
bined yielded (0.94 + 0.10) x 10713 ¢m. For the
effective interaction radius rgss = 0f/4mo,; -
we obtained (1.20 + 0.12) x 10713 ¢m.

The accompanying figure shows the dependence
of the differential cross section on the square of
the transferred transverse momentum (the Man-
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Differential cross section for elastic proton-proton scatter-
ing at 6.2 BeV. o— present work, A — from [2].

delstam variable t). The analytic form of this
dependence is [11]

2 ds ds

(é_;) 5_;2 :_m/ (E)m: F (t) = e-ot+.
The coefficients a and b were calculated by least
squares; the results are: using our present data,
a=15.0+2.2, b=0.1%0.3; using the data in [?],
a=7.7+1.0, b=-0.5=* 0.3; using the combined
data, a=8.3 +0.7, b=-0.4 + 0.1. In the calcula-
tions we omitted the first experimental point of the
present work, which was affected by multiple Cou-
lomb scattering, and the point at 7.6° (c.m.) in [2],
where the authors mention a possible systematic
error.

In conclusion we wish to thank the directors of
the High Energy Laboratory of the Joint Institute
for Nuclear Research for the irradiation and chem-
ical processing of the emulsion stacks. We also
wish to express our thanks to M. G. Shafranova,

E. N. Tsyganov, B. A, Shakhbazyan, and I. N. Silin
for participating in discussions of the results and
for performing calculations on the M-20 computer,
as well as to the laboratory staff which performed
the work of scanning.
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