


1. INTRODUCTION

The subject matter of this paper is a presentation of ex-
perimental data on correlations of the proton emission pro-
cess with the pion production process in pion—xenon nucleus
collisions at 2.34, 3.50, 5.00 and 8.00 GeV/e projectile mo-
menta. Experiment has been done by means of the 26 litre 1/
and 180 litre’2’ xenon bubble chambers exposed to pion beams
at the Joint Institute for Nuclear Research at Dubni and ‘at
the Institute of Experimental and Theoretical Physics at
Moscow. . _

The emitted protoms under investigation are of kinetic ener-
gy from about 20 to about 400 MeV and correspond roughly to
the slow secondaries leaving the so-called gray tracks in
nuclear emulsions/3/. In fact, the main constituents of the
grey-track-producing particles are fast target protons of
kinetic energies from about 40 to about 400 MeV.

The secondary pions registered in our experiments are of
any electric charge; the neutral ones are registered and identi-
fied in total kinetic energy interval, including zero -MeV;
the positive pions leave observable tracks if of kinetic
energy higher than about zero MeV; the negative ones are ob-
servable if of kinetic energy larger than about 10 MeV.

It can be concluded from various experimental data /4-%/
that the number of emitted fast target protons is a measure of
the nuclear matter layer thickness, measured in the number
of nucleons ny per some area,which an incident hadrof -has
to overcome in colliding with a nucleus at a given impact
parameter /10-13/

The information about correlations of the number n. of
emitted fast target protons with the numbers n. of produced
pions might provide, therefore, an important knowledge of the
influence of nuclear matter layer thickness on the produced
plon average multiplication Ra. This quantity is expressed
usually’14/as R,=<n,> A/<Bp>y, » where <n >, is the avera-
ge number of prdﬁuced plons in a hadron—nucleus collision and
<hp>yp is the average number of produced pions in the same
hadron collision with proton. In the experiments with nuclear
photoemulsions instead of <Np>pa  and <ng >y, the average
numbers of the ghower particles <n,> or of the charged relari-
vistic particles <ng >are often used.
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In reviewing experimental data on the n,—dependences, or
n —dependences of the <n, >, ,or of the <n >, ,in hadron -
nucleus collisions at energies of 20+ 200 GeV one can conclu-
de that for a given target nucleus the shapes of these depen—
dences are roughly similar; the dependences are shifted only
to the higher values of <n. > with incident hadron energy E,
increasing /7%, It is of great importance to see how are such
dependences changing at smaller energies E,.Such information
might be useful for the study of hadron behaviour in its pas-
sage through the nuclear matter, As we shall see later, the
energy dependence of the <nj, >-n, and <np >-n, correlations
is evidently seen at 1nc1dent haJ}on energxes E, smaller than
a few GeV.

2, EXPERIMENT

The pion-xenon nucleus collisions at 2.34, 53 , and 8 GeV/c
momenta of incident pions were registered in the 26 litre
xenon bubble chamber; the events at 3.5 GeV/c momentum were
registered in the 180 litre xenon bubble chamber. The smaller
chamber was of the volume 55x29.5x16 cm2 the 180 litre cham-
ber was of 104x40x40 cm® volume. Both the chambers worked
without magnetic field.

2.1. Beams and Exposures

During the exposure time no more than five pions were in-
troduced into the chamber, along its length perpendicular
to the front wall. The beam pion tracks were parallel and wide-
1y spaced within a distance limits of a few centimeters from
the chamber axis. Such exposure conditions were of great con-
venience in studying the pion—xenon nucleus colllslons, as
we see later,

s

2.2, Scanning and Measurements

The photographs of the chambers were scanned and rescanned
for the pion—xenon nucleus collision events which could occur
in a chosen parallelepipedal reg1on of 42x10x10 cm® in the big-
ger chamber and within the region of 27x14x5 cm?® in the smal-
ler one, both situated coaxially and centred inside the cham-
bers. Any sharp change in the straight line track of any
beam pion was considered as an indication that this pion had
undergone the interaction with a xenon nucleus. The end or
deflection point of any beam pion track we accepted to be
the pion—zenon nucleus interaction location. In fact we were
able to detect the collision events in which the beam pion
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track ends off forming a "star" or not, or deflects at an ang-
le of no¢ less than 2 degrees, in accompaniment or not of any
number of negaton-positon pairs produced by gamma quanta out—
coming from the interaction place.

The secondary neutral pions of any kinetic energy, iﬁcluding
zero, are recorded and identified in our chambers by the
simply visible tracks of the negaton-positon conversion pairs
and by the observed electron-photon showers created by the
gamma quanta appearing in the neutral pion decay process 715/,
The minimal energy of the gamma quanta detected with the con-
stant efficiency amounts roughly 5 MeV. The positive pions
stopping within the chamber are identified simply by the cha-
racteristic track sequence left by the charged secondaries
emerged in the decay process. Some difficulties have been
met in attempts to identify the negative charged pions stop-
p1ng inside the chambers and to distinct them from the stop~
ping protons. But, we estimate the portion of such negative
pion tracks in the sample of the tracks accepted to be pro-
tons. Stopping kaons are identified without difficulties as
well . Similarly it was possible to identify hyperons if they
decayed inside the chamber. The neutrons which are emitted
in the collision process interact with the xenon nuclei fre-
quently leaving characteristic "neutral stars",

Tracks of the lengths larger than about 5 mm are visible
well and detectable with the constant efficiency of nearly
1007 in both the chambers. To f£His minimal length corresponds
the minimum kinetic energy of the protons of 20 MeV and of the
charged pions of roughly 10 MeV. The tracks of the smaller
lengths are visible as well but in this case the detection
probability is not constant. All tracks left by the particles
stopping inside the chambers without visible interaction or
decay are accepted to be proton tracks. The portion of the
pion-left-tracks in such a sample is estimated to be no more
than 2%. The remaining tracks are treated as proton tracks,
The protons of kinetic energy from 15 up to about 220 MeV,
the secondary pions: the negative charged of kinetic energy
from 10 up.to about 150 MeV, positive charged of kinetic ener-
gy from zero up to about 150 MeV, and the neutral pions of
any kinetic energy, including zero MeV, are recorded and
identified in such a way with the registration efficiency
being near to 100% within the total 47 solid angle in the
180 litre chamber. In the 26 litre chamber such registration
and identification efficiency is for protons of kinetic ener—
gy from 20 to about 115 MeV, for negative charged pions of
kinetic energy from 10 up to about 60 MeV, positive ones from
zero up to 100 MeV and for neutral ones of any kinetic energy
including zero,



The scanning efficiency for all the pion-xenon nucleus col-~
lision events registered in our experiments were better than
99.5Z. In nearly 8% of the registered events the tracks of
stopped negative pions were indistiguishable from those of
proton tracks, it amounts roughly 2% of all the proton tracks,
This estimation follows from the studies of nuclear collisions
in nuclear emulsions exposed to the negative pion beam /187,
The sample of tracks treated as the proton-left-tracks conta-
ins the tracks left by deuterons, tritons and alpha particles
as well. It has been estimated that the portion of such tracks
amounts no more than a few per cent, if we take into account
proton tracks longer than 5 mm. We have estimated that rough-
ly 90%Z of all emitted protons are stopping inside the chamber.

It is possible to measure the kinetic energies of the
stopping protons, of the positive charged pions decaying insi-
de the chambers, using range - energy relation, and of
the neutral pions. It is possible as well to measure the emis-
sion angles of the protoms, charged and neutral pions. The
accuracy of the proton energy measurement is, in average, 4%
and of the proton emission angle estimation is in average
2 degrees. The accuracy of the charged pions energy estima-
tion is almost the same. The accuracy of the neutral pion
energy estimation is, in average, 123% 16/ The accuracy of
the pion emission angle estimation, for charged and neutral
pions is nearly ! degree, ' ‘

The energy and angular characteristics of secondaries we
shall not present in this paper, in which the intensities
of emitted protons in correlation with the intensities of pro-
duced pions are comsidered only.

3. EXPERIMENTAL DATA

Over 75000 chamber photographs were scanned on which over
15000 pion-xenon collision events were found (see the Table),
On the basis of this sample of events variocus incident pion
momentum P, dependent characteristies of the emitted proton
and produced pion intensities were prepared. As the measures
of the proton emission intensity the number np of emitted pro-
tons in any collision event and the average number of protons
<ny>in events with a given number n,of produced pions were
used; as the measures of the pion production intensity the

‘number p, of produced pions in any event and the average num-
ber <n_ > of produced pions in events with a given number np
of emitted protons were used, .

In fig. | the P, -dependence of the average multiplication
R, of pions inside the xenon nucleus is presented. This quan-—
tity is defined as '
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Table

General Characteristic of Experimental Material
Used in this Work

Collision Chamber Momentum  Number of Bumber of
GeV/e Photographs  Collision
Scanned Events Se—
lected
Pit -Xe 26 litre 2.34 20000 6110
Pi” - Xe 180 3.5 40000 . 5487
Pi~ - Xe 26 " 5.0 6000 1468
Pi~ - Xe 26 " B.0 9000 1994
<n_>
Ry, = ————-—-<n”>x°, (1)
7T°p

where: <, >y is the average number of pions — negative, po-
sitive and neutral - produced in the pion—-xenon collisions at
a given incident pion momentum P, ; <n, >p 1s the average num-
ber of pions of any electric charge produced in the pion—pro-
ton collision at the same incident pion energy. In this ex—
periment the values of <Ng>geat B, =0 have been used instead
of the <n,>  in elementary collisions. It can be proved that
the n, distributions in pion—xenon nucleus collisions at

n, =0 are the same as those in the elementary pion-proton col-
lisions,

In fig. 2 n, distributions in dependence on the incident
pion momentum are given. The Nyo distributions of the events
under investigation are presented in fig. 3.

Figure 4 presents the np distributions of pion—xenon nuc-
leus collision events at various incident pion momenta. The
dependence of the average proton multiplicity <np>on the
charged secondary multiplicity n, for various incident pion
momenta is shown in fig, 5.

The 11p—dependences of the average number <n, > of produced
pions of any electric charge are shown in fig. 6 for various
incident hadron momenta P, .Analogical n, —~dependences of the
average numbers <n_o>of neutral pions are shown in fig. 7.

The n,~dependences of the normalized dispersions:

_ VERE> ~ <ng>e _ <D>
<lln,> <n”>
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Fig.1. Incident pion momentum
P, -—dependence of the produ-
ced pion average multiplica-
tion Ry, in the pion-xenon
collision events at various
momenta.
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Fig,2. Pion multiplicity,
n, ,distributions in pion-
xenon collision events at
various incident pion momen-
ta P, .Lines are drawn to
guide the eye.

03

02

0.1

00

Fig.3. Neutral pion multipli-
city, n,0,distributions in
the pion-xenon nucleus colli-

' sions at various incident
pion momenta P,.Lines are
drawn to guide the eye.

of produced pion numbers n,,
both for any electric charged
pions and for neutral ones
only, are presented in figs.8
and 9 for various incident
pion momenta.

The correlations between
number n, of produced pions,

of any electric charge, and the average number <n .> of the
proton emitted are shown in fig. 10, for collisions at various
incident pion momenta; the dependences of <np >on the numbers
n,; of produced negative and positive charged pions are pre-

sented in fig, 11.
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It should be noted that correlation
with<n p>for pion-xenon collisions at 3.5 GeV/c momentum
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Fig.5. The dependence of the
average number of emitted
protons <np> on the charged

secondary multiplicity n

ch

for pion—xenon collisions at

various incident pion momenta,

'Fig.4. Proton multiplicity,

, distributions in the
pilon~xenon nucleus collision
events at various incident
pion momenta P, .Lines are
drawn to gulde the eye for the
collisions at 2.34 GeV/c -
solid, and for the collisions
at 8 GeV/c ~ dotted,
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Fig.6. The emitted proton
multiplicity nj-dependence of
the average number <n_>of pions
produced in plon—xenon col-
lisions at various incident
pion momenta.
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Fig.7. The emitted proton
multiplicity n, —dependence

of the average number <n,eo >
of neutral pion produced in
pion-xenon collisions at wvari-
ous incident pion momenta P, .
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Fig.8. The emitted proton

multiplicity n, -dependences
of the normalized dispersion
<D>/<n ;> in pion~xenon col-
lisions at various incident
pion momenta P,.Lines are best
fitted to the data at F,=
=2.34 GeV/c - solid, and at

P, =8 GeV/c - dotted.

Fig.9. The emitted proton mul-
tiplicity np -dependences of
the normalized dispersion
<P>/<nge > in pion-xenon
collisions at various incident
pion momenta P,

has been presented in the paper written by Z.Strugalski and
J.Pluta/4/ in 1974, In that paper the values of <n p>are hig-
her ; it is because the emitted protons of energies smaller
than 20 MeV have been taken into account as well. In that
paper it has been emphasized the unusually large number of
emitted protons <n,> in which the incident pion is absorbed
without pion production, when nﬂg =0,
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Fig.10, The produced pion Fig.11., The produced charged
multiplicity n, -dependences pion multiplicity n, —depen—
of the average multiplicity dences of the average multi-
<np>of emitted protons in plicities <np>of emitted
pion-xenon collision events protons in pion-xenon colli-
at various incident pion sions at various incident pi-
. momenta P . on momenta P,
+
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v -
201
A0
05 i Flg.lz The dependence of the
- quantity k=N,/N;= aP,, on. the
02 - incident hadron momentum |
; The emulsion data are taken
0 b , from various publications: at
. i 4.5 GeV/c from the work perfor-
i med in JINR at Dubna’17?/, at
005F ] 6.2 and 22.5 GeV/c from the
S | | I 11 work of Winzeller/18/ Data for

| 2 5 10 50 d-Em are from the work of
' R Geyt Bogatchev et al/l

The ratio between the number N, of events in which incident
pions are absorbed in the target nucleus and the total number
N, of all pion—nucleus collision events:



Kk = coiem (2)

decreases with the incident pion momentum increase. It is ob-
served both for the pion—xenon nucleus and for the proton—.
nucleus collisions in nuclear photo-emulsions, fig.12; when
the proton—nucleus collisions in nuclear emulsions are consi-
dered, the number of shower particles n, is taken instead of
the number n o of produced pions. The quantity k might be
expressed by

k = aP?, (3)

where a =0,45 and b=-4/3 for the pion-xenon nucleus collisi-
ons, and a8 =1.1 and b =-5/3 for the proton-nucleus collisions
in nuclear emulsions. The point for deuter-nucleus collisions
at 9.4 GeV/c momentum’1%/1lies on the k-P, dependence for the
emulsion data.

4. CONCLUSIONS
From the above presented data it follows that:

1. The average multiplication Ry, of the pions produced in
the pion~xenon nucleus collisions inctreases with the inciden
pion momentum increasing from 2.34 to 8 GeV/e, fig. 1.

2. The emitted protons predominate among the charged seconda-
ries in pion-xenon collisions under consideration, fig. 5.
But, the ratio between the number of emitted protons and the
number of produced pions decreases with the incident pion mo-
mentum increasing within 2.34-8 GeV/c¢ momentum value interval.

3. The n_ —dependence of the average number <n.> of the pion
produced changes markedly with increasing of the incident

pion momentum from 2.34 to 8 GeV/c. The shape of the np-depén-

dence at the maximum, in our experiment, incident pion momen~
tum value, P, =8 GeV/c, is similar to the shapes of such de-
pendences for pion-nucleus/7-#/ and proton-nucleus /% collisi-
ons at much higher incident hadron momenta, from 20 to

200 GeV/c. We observe, therefore, the change in the n, —~depen-
dence of the average number of produced pions <0 > within

the incident pion momentum value interval from roughly 2 up

to roughly 5 GeV/c. It should be noted that we observe the de-
pendence of the nj distribution shapes on the incident pion
momentum, as well fig, 4.

4. The n”4dependence of the average number <n,>of emitted
protons changes markedly with the incident pion momentum P,
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Fig.13, The shower particle
multiplicity n -dependence of
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laboration’1%/at 4.5; from
Winzeller work /184t 6.2 and
22.5 GeV/c momentum; from the
Bogatchov et al. work”1%, for
d-Em collisions. .
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:; IE::QQSeWb heavy particles in proton -
F, p-Em 225GV nucleus and deuteron-nuclgus
0k { collisions at various projee-
- tile momenta, observed in
C } emulsion experiments. Data are
5L { taken from/ﬁ?e Dubna - 1980 Col-
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variation, fig. 10, Negative
correlation is cbserved at in-
Lo cndaa i bt al cident pion momenta of 2.34 and
0 3. 10 15 Ms 3.5 GeV/c, positive one at mo-
' menta of 5 and 8 GeV/c. Similar
correlations have been observed in n, —~dependences of the ave-
rage number of heavy particles <n, > in emulsion experiments,
for proton-nucleus collisions at 4.5-22.5 GeV/c momentum/17-18/
fig.13. The n,-dependence of <n,>in deuteron—nucleus col- "
lisions at 9.4 GeV/c momentum is similar to the n, —dependence
of <n, > for proton-nucleus collisions, at 6.2 GeV/c, fig. 13.
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5. The portion of pion-nucleus collision events in which pions
are not present among the secondaries decreases with incident
pion momentum increasing as 0.45 p;1-88, fig, 12,

6. The np-dependence of the normalized dispersion <D>/<n,>
at incident pion momenta 5.0 and 8 GeV/c are almost the same,
within relatively large statistical arrors, as the cobserved
in the Faessler et al., work®/ in pion-nucleus collisions at
20 and 37 GeV/c momenta. But, the dependences at 2.34 and

3.5 GeV/c differ markedly from the other ones, fig. 8. It can
be assumed, therefore, that the shape of the 1y —dependence of
the normalized dispersion changes with the incident pion mo-
mentum only at the values smaller than roughly 3 GeV/c.
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