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INTRODUCTION

In this paper we present the results of investigation
of the angular and energy distributions of protons from
the reaction =+ + Xe at 2.34 GeV/c, in which at most
four charged secondary particles are observed.

Previously /1-3/ we have found that the interactions
of fast pions with Xe —nuclei, in which a small number
N of charged secondary particles is observed, do not
differ from the corresponding interactions of free nucleons
with respect to the characteristics of = -mesons produced
in these interactions. Taking into account simple model
assumptions we estimated that half of these interactions
occur for the values of impact parameter > 0.8R, where
R is the radius of the target nucleus /3’

However, in this so-called class of quasielementary
interactions about 1/3 of protons were observed to
be emitted at angles greater than 90° in the laboratory
(L) frame/4/, which was not observed in collisions with
free nucleons.

The characteristics of protons emitted backwards in
L are of great interest from the point of view of cumu-
lative particle emission’/5’ and of nuclear scaling 6/
Important information concerning the nuclear surface
can also be drawn from these characteristics. In the
present paper use was made of the photographs obtained
in an exposure of the 26¢ xenon bubble chamber to a »*
beam of 2.34 GeV/c.

METHOD OF INVESTIGATION
"Out of 50000 scanned photographs from the xenon

bubble chamber, 2358 events of »* - Xe interaction were
chosen , in which no more than four tracks of charged
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secondary particles and an arbitrary number N, ofgam-
ma quanta were observed. In each event, in which secon-
dary interactions were not observed, the emission angles
and ranges of charged secondary particles were measured.
These particles were further counted as protons. The
contamination of »~ -mesons did not exceed a few per cent.
Deuterons among the registered secondary particles were
not identified. The minimum value of the path length
amounts to 8.5 mm. This corresponds to the proton kine-
tic energy E, - 30 MeV /7/. The maximum value of
the kinetic energy of protons, which stop in the bubble
chamber, is equal to 260 MeV. It should be remarked
that for protons with Ek <170 MeV the chamber is a de-
tector of 4 » -geometry.

A relative error in measuring the proton energy did
not exceed 2 per cent, the error in determining the angle
of secondary particles was not greater than 5 degrees.
The statistical weight, which is due to the geometric
shape of the chamber was ascribed to each registered
track of the charged particle stopping inside the chamber.

Table 1

The numbers of events in n *-Xe interactionsat2.34GeV/c
in which the number N, of charged secondary particles
and the number N, of protons with E =30-250 MeV
stopping in the chamber are registered

. New 0 1 2 3 4 all
0 8 311 354 285 128 1086
1 - 38 287 303 153 781
2 - - 31 179 160 370
3 - - - 22 93 115
4 - - - - 6 6

all 8 349 672 789 540 2358
4

We estimated maximal statistical weights connected with
losing the tracks caused by their mutual superposition and
also with losing tracks of particles emitted at small
angles with respect to the optical radii passing from the
point of interaction to the objective of the camera. For
protons of kinetic energy E , >30 MeV these values do
not exceed l.1. The maximal statistical weight of the
proton track connected with its secondary interaction does
not exceed 1.2.

Table 1 gives the numbers of selected »* - Xe inter-
actions corresponding to different numbers N and

h
numbers NP of protons which stop in the chamber.

EXPERIMENTAL RESULTS

Below the angular and energy distributions in L for
different intervals of emission angles and for different
emission multiplicities of protons emitted in 7t - Xe in-
teractions are given, in which no more than four charged
secondary particles are observed.

1. Angular and energy distributions

Fig. 1 shows the distributions of protons against the
emission angle in L for different multiplicities k of
emitted protons in the reaction 7 +Xe = k p + anything
(k=1,2,3,4) at 2.34 GeV/c. In this figure is also plotted
the angular distribution from the reaction* +p » p +
+anything at 2.34 GeV/c /8/ using the material kindly
delivered to us by Dr. Shafranov. From this figure the
conclusion can be drawn that the quoted distributions of
protons from the reactions* + Xe »> kp + anything at
2.34 GeV/c do not depend on k withing experimental
errors and essentially differ from the corresponding proton
distributions from the reaction #%+p at 2.34 GeV/c.

But it should be stressed that the ratio F/B of the
frequency of forward emission to that of backward emis-
sion (in L ) decreases with increasing number k (see
table 2). '
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Fig. 1. Angular distributions of protons from the reaction
zt+Xe »p + anything at 2.34 GeV/c, in which no more than
four charged secondary particles are observed. These
distributions correspond to different numbers k of
emitted protons, the distribution of recoil protons from the
reaction 7" p at 2.34 GeV/c being attached ’% ., The
distributions are mutually normalized.

Table 2 also contains the values of mean proton kine-
tic energy E, in L and the values of the dispersion of
the proton distribution for different classes of the num-
ber k. We remark thatonly interactions with N, <4 were
taken into account. These data imply that the values of
mean proton kinetic energy E, do not depend on the
multiplicity of their emission and are approximately
equal to half of the pion mass. This confirms our earlier
results concerning all »+ -Xe interactions for different
numbers N_; of charged particles /9’
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Table 2
The values of the ratio F/B for proton emission from
the reaction n*+ Xe= kp+ anything at 2.34 GeV/c. E, is
the average ualue of the proton kinetic energy in L |,
oR is the dispersion of the distribution of protons
acéording to Ey . The number of charged secondary
tarticles does not exceed four

k 1 2 3-4 all
F/B 2.5+ 0.1 2.1+ 0.1 2.0+0.1 2.3+ 0.1
E ,(MeV) 754107 178.1+ 0.8 76.3+ 0.6 77.1+ 0.7
g (MeV) 32 33 29 32

_%7
oo
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Fig. 2. Energy distributions of protons fr&rgz ett;)ze reaction
7t + Xe » kp + anything at 2.34 GeV/c, in which no more

‘than four charged secondary particles are observed. These

distributions correspond to different numbers k of
emitted protons. The distributions are mutually norma-

lized.
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As it follows from Fig. 2, where the energy distribu-
tions of protons for the classes of interaction with different
k values are plotted, and from Table 2, the shape of
these distributions does not depend, within errors, on the
number of emitted protons.

Fig. 3 presents the energy distributions of protons
from all classes of interactions for all k. In the

N
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Fig. 3. Energy distributions of protons from the reaction
7+t +Xe » kp + anything at 2.34 GeV/c, in whichno more than
four charged secondary particles are observed. The mu-
tually normalized distributions correspond to different
intervals of proton emission angles.

same figure are also plotted the energy distributions of
protons, for which cos Bp50 and cosf,<—0.5 respectively
(6p is the emission angle of the proton). The distribu-
tions are mutually normalized. We can remark that the
energy distributions of backwards emitted protons do
not show a perceptible dependence on the proton emission

angle and differ from the energy distributions of forwards
emitted angles.

2. Lorentz Invariant Cross Section

The Lorentz invariant cross section (LICS) p (E.) has
been calculated as follows

PE)=— 82 -2 05w [(GeV/eyX) ()

where E, is the total proton energy in L,q rorlS the
mean cross section for emission of one proign in the
investigated region, 5, .= (0.194%0.019) mb; o, is
the total cross section f%r inelastic 7" - Xe interactions
at 2.34 GeV/c,9, = (1238 £30) mb/3/ |, W, is the sum
of statistical weights of protons emitted in the interval
of proton kinetic energy AE, =20 MeV and in the given
interval of emission angles; the coefficient r = 10 for the

"distributions with the intervals of emissionangles A cosg -

0.2 and r=2 for the distributions of protons emitted back-
wards ( cos 0P <0).

In Fig. 4 the values of LICS p(E,) of proton emission
from all 7+ - Xe interactions for all values of k. cor-
responding to five different intervals of emission of pro-
tons emitted backwards in L are plotted as a function
of proton kinetic energy in .. The corresponding nume-
rical data are given in Table 3.

From these data the con:clusioncan be drawn that the
LICS of backward proton emission does not show, within
the achieved experimental accuracy any dependence on the
emission angle. Fig. 5 presents the values of the function
p(Ey) corresponding to protons emitted backwards,
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If we assume that all experimentally

are also plotted.
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Fig. 6. The same as in Fig. 4, but versus the proton
momentum squared in | .

in Fig. 5, except for those for two lowest values of E L
we have

a= (5100 19.68) GeV/c 2 ¢,

Eg= (21.17 £1.67) MeV,

x2= 1.98 at 4 degrees of freedom.
Use, is also made of the dependence of the LICS on the
proton momentum squared in'L/6/ Therefore we have also
performed a similar analysis of our experimental data.
The results of this analysis are given in Table 4 and in
Figs. 6 and 7. In this case the LICS is determined by

» E, o
1(p?) =~ p—‘ —‘I’Lrwp [(GeV/e)~2 c], (3)
g

in
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where W_ is the sum of the statistical weights of protons
emitted in the interval of the values of protoq momen'tum
squared in L , A(p?)=0.035 (GeV/c)? . and in the given
interval of emission angles. The experimentally obtained
values of the LICS of backwards emitted protons are appro-
ximated by means of the function

@
f(p2)= A exp(~B p?.
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jg. 7. The same as in Fig. 5, but versus oton
Fn‘:gmezmrqr‘l iquared in L. The 2shape of the approxima
ting function is f(p? )= A4exp(-Bp? ).
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The values of the parameters A and B are equal to

A= (0.866* 0.110) (GeV/c) 2 ¢,
B= (17.227%* 0.758) (GeV/c)—2
x2=28.4at8 degrees of freedom.

Assuming again that the function (4) describes correctly

all the points in Fig. 7, except for the two ones for the
lowest values of p2, we have

_ (3.216 +1.000) (GeV/c)~? ¢,
_ (22.706 +1.584) (GeV/c)~2 ,
2= 6.2 at 6 degrees of freedom.

DISCUSSION OF RESULTS AND CONCLUSIONS

Using the obtained experimental data on proton emis-
- sion in »* -Xe interactions at 2.34 GeV/c in which no
more than four charged elementary particles are obser-
ved, one can conclude that the angular and energy distri-
butions of backwards emitted protons depend neither on
the number N.; nor on the number k of protons emitted
in the reaction. The energy distributions of these protons
are also independent of the angles of their emission. The
angular distributions of the investigated protons essentially
differ from the corresponding distributions of recoil
protons from the reaction »* +p » p + anythingatthe same
momentum of the primary particle.

Fig. 8 gives the two-dimensional distribution against
kinetic energies and emission angles of protons in L
from the reaction % +Xe » (N, <4), at 2.34 GeV/c. In
the dashed region of the valuesof E and cos¢_ protons
were not registered by the chamber. The upper limit of
the values of kinetic energy attained by protons at the given
emission angle, when these protons are emitted in the
collisions of impinging ~* -mesons with an =2 -nucleon
target at 2.34 GeV/c, is marked by a solid line.

Since the investigated protons are emitted in the class
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Fig. 8. Values of statistical weights of protons regis-
tered in interactions at 2.34 GeV/c, in whichno more than
four charged secondary particles are observed. The
region of kinetic energy E. and the cosines of proton
emission angles 0, in L not registered in the chamber
is shaded. The function of maximal values E, of
protons emitted in the interaction of 7' -mesons with
n=2 nucleons at 2.34 GeV/c is plotted as a solid line.

of the so-called quasi-free interactions which take place
mainly in a peripheral region of the target-nucleus /3/

where the probability of rescattering at greater angles is
small we can assume that these protons are emitted in
the collisions of incident 7+ -mesons with a target com-
posed of several (at least two) nucleons. The background
of protons from evaporation process in the energy region
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E, > 30 MeV is small’'%  Such a conclusion can be
regarded as a supplementary confirmation of a conside-
rable clusterization of nucleons on the surface of the
nucleus. ,

The dependence of the LICS of backward proton emission
on their kinetic energy (or on the squared momenta), which
we have obtained here, is similar to the corresponding de-
pendence in the case of interactions at other energies as
well as for other secondary particles and target nuclei/5’6/.

Nevertheless, it should be remarked that for a more
precise description of the shape of the LICS, in particular
in the region of small values of kinetic energy (or squared
momentum) of protons, a more complicated function than
an exponential dependence of the type (2) (or (4)) is needed.

The parameter E, or the so-called distribution tempe- -

rature of protons does not exceed 29 MeV, which is
roughly two times as small as in the case of backward
pion emission/5/,

The authors express their gratitude to Dr. T.Kanarek
for his friendly help in perfqrming computations.
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