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The studies of inelastic =7~ 126 interactions at P_-=

= 40 GeV/c performed by means of the 2 m propane bubble gBam—
ber (High Energy Laboratory, JINR) enabled a large amount of
experimental data to be obtained. The published results con-
cerned a general picture of multiple processes, resonance pro-
duction, correlations of like particles and so on. First re-
sults of the analysis of hard processes accompanied by the
emission of cumulative particles are presented in this paper*®
The experimental study of such processes on pictures from the
propane bubble chamber became possible due to a large enough
statistics of the investigated »~ 12C interactions (~20 000
events). As is known, available experimental data on inclusive
spectra of cumulative particles/3/ including our =~ 126 juter-
actions at 40 GeV/c’% allowed a number of universal proper-
ties of this interesting phenomenon to be obserbed. Of particu-
lar attention are scale invariance, universality of the depen-
dence of production cross sections of different particles and
a very weak dependence of cross sections on the flavours of
comulative narticles. These pronerties find a natural explana-
tion in the theory of hard collisions and represent a manifes-
tation of the quark nuclear degrees of freedom. Their further
study is of interest from the point of view of constructing
the hard collision theory on the basis of quantum chromody-
namics.

Chamber technique enables one to investigate processes ac-—
companying cumulative particle production under " 4 7-geomet-
ry" conditions, i.e., to study correlation phenomena. The cu-
mulative effect is practically not studied in such a formula-
tion. The goal of this paper is to study these correlation phe-
nomena.

1. STATEMENT OF THE PROBLEM, DESIGNATIONS

In accordance with the aim indicated, different characte-
ristics of 7~'2C interactions have been analysed at P_- =
= 400 GeV/c versus the largest value of cumulative number(n?aﬁ

+ B
among all the values of né for secondary =~ -mesons in each

*More complete data are in JINR communications’ 1%/,
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is obserbed over all the interval of the considered values of
max

ng (fig.4a-c). This is also true for the data on P and T
for protons (figs.2a and 3).
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3. RESULTS FOR EVENTS WITH ), -MESONS

Two regions of the variable n,(4) are also observed at the
analysis of 7~ '¥C interactions in the version V2 (see Sec-
tion 1) both for nf ("accompanying' mesons) and for ng . The
results for the dependence of P ,d and n on n, for nbi -me-
sons are presented in fig.5 individually for events with Np =1
and Np > 2.As is seen from the figures, the value of 6 in-
creases with increasing n, in the region n, g 0.6 (region I).
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At a further increase of n, , § =const for the considered in-
teractions (region II). In this region
7] =0 = g+ . (5)
Ony = 0ny )Nnb22 Ong In, =1
It is of importance that in the region I'for events with I‘:sz(l)
the difference R =n_+ -ﬁ,,E -~ 0 and in the region II »0,
b

Two regions of n, are also observed for R, (R, =0 and Ry, >0 )
for events with N”b > 2. 1In distinction to the event with

N, =1, the corresponding regions along the axis n, are shif-

ted by = 0.40, i.e., by the minimum value of n, for the event

with Ng = 2. - ‘ ) e
The value of P for the events having Nrn, =1 coincildes

2 - ,
with that of Py, calculated for the events having N,,b 22
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by the formula:

- P4 40P

+ - . ()
ﬂb ﬂh Ty Ty

tot
i.e., it coincides with the momentum transferred to the group
of my-mesons at a given value of N¢ -

In the discussed version V2 of experimental data analysis
the properties of leading particles turned out to be indepen-
dent of n, as in the case of the version VI.

4. ANGULAR DISTRIBUTIONS OF PROTONS

The angular distributions of protons have been investigated
in the two regions of ng?*(1) and n.(4) (see above). In both \)
cases in the angular distributions of protons from the events
corresponding to the region II (nﬂa’ and n, ), the maximum ' /
is observed for cos¢ = 0.5.This is seen in the angular distri-

butions of protons from the events having »~ -meson with
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Fig.4. Properties of leading
a
7 -mesons versus g

anx>0£ (fig.6b). The angular distribution of protons from the
events corresponding to the region I (n%** <0.6) has no dis-
tinct anomalies (see fig.6a). As is known, the maximum in the
angular distributions of protons at cosf¢=0.5 has been obser-
ved in the events with complete disintegration of the carbon
aucleus’?/. This can be interpreted as an evidence for the
existence of multiparticle, collective phenomena which accom-

pany the cumulative effect.

5, DISCUSSION AND CONCLUSIONS

The general yroperties have been analysed of ni—mesons,
produced in n~ 2C interactions, which have the largest value
of cumulative number (1) in each individual event (mz) of m™ -
mesons emitted into the backward hemisphere (7)) and of "ac-
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L _ the properties of m; -mesons in
0%  -O40 U U48 U9 the region II are constant, this
Co58; constancy extending to the regi-
on with n?ax > 1. Thus, one of the main conclusions concerning
the study of the particle distributions accompanying the cumu-
lative effect is that the cumulative number n,=0.6 is the
boundary on which there change the regimes of multiple particle
production on nuclei. In the region with n, > 0.6 the average
multiplicities of the emission angles of secondary charged
particles are larger and their aver ;e momenta are smaller
than for all other events (see also /89 ), This can be ex-
plained by the fact that in cumulative events there takes place
the interaction with the target the mass of which is larger
than the nucleon mass (flucton, cluster and so on). It should
be noted that when passing from region I to region II, the re-
lation between the numbers of n; - and 7y, —mesons changes.
If iu the region I R,=n_+ ~f;- =0, in the region II R, > ).

The obtained conclusion of the existence of the physically
observed region of cumulative interactions justifies the prob-
lem of determining the cross sections of such processes. The
Table™* presents the results obtained using the criterion of

* The event was assumed to be a cumulative one if it has se-
condary r-meson with n3%>0.6 or n.>0.6 for n-mesons emitted
into the backward hemisphere.

8

Table

Boundary Number ot events Probabi-

for nj2* lity, 7% o (mb)

(or n, ) N"b=0 Nnb=l Nnb22 Sum

0.6 362 529 319 1210 14.0+0.4 12.2+0.4

1.0 62 138 137 337 3.9+0.2  3.4+0.2
nTax and n,. The data for cumulative interactions (with n?ax
or n, >1.0 ) are shown in the same table.

The fact itself of independence of the properties of n: -
mesons of nT2* (or n, ) in the region II is rather amazing.
Increasing the number of cumulativity, i.e., practically the
number of nucleons which take part in the interaction, has no
influence on the propertles of all particles 07—) except cu-
mulative ";, (or q) ). It turns out that there is a source,
having strikingly equal properties independent of the number
of interacting nucleons, for m, —meson emission in cumula-
tive interactions As would be expected, the characteristics
of 7'~ and 7, -mesons appear to be close to all the consi-

Aavo nnyﬁmnﬁn,ﬂ
_____ paramctorc.

The behaviour of leading #-mesons is of interest. Their
properties (P, § ,n) appear to be independent both of nax
and of n,, i.e., they do not "feel" the cumulative effect.
Probably, it is difficult to explain this fact in the frame-
work of the models based on the notions of central collisions
in which the leading effect should be suppressed. On the other
hand, it is difficult to understand this effect using the mo-
dels of rescattering, of collision of incident hadron with
nucleon having large fermion momentum and so on. The indepen-
dence of the properties of leading mesons of n?ax(nc) is
in good agreement with the fact that leading particles are
produced from spectator quarks, which pass through the nucleus
without interaction, and cumulative particles are the result
of hard interaction of another quark of the incident pion.

The data of this paper agree with the conclusion drawn pre-
viously /7/ of anisotropy in the angular distribution of pro-
tons (maximum at an angle of =60°). This phenomenon is worthy
of studying thoroughly as anisotropy can be due to the motion
of the colour charge of this quark from the incident pion in
nuclear matter which took no part in the hard collision.
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Anomuu A.U. u gp. KoppensauuoHHbe fBIIEeHHS E1-82-352
B MHOXeCTBEHHOM DOXOEeHHH 4YaCTHI Ha #AOgpaxX B KYMYJIATHBHON
obnacTtu

B »~"C -BsauMofeHCTBUAX, OTOOGDAHHWX HAa CHHMKAaX ¢ 2-MeTpo-
BOH NpONaHOBOJ KaMepnl, OGNydeHHOH 7 -MesoHamu ¢ P~ =
= 40 FaB/c, H3Yy4YeHnl XapaKTepHCTHKH BTODPHUHLIX 4HacCTHL,, TakKue,
KaK cpedHHMe HMMIYIbLChl, CpefHHe yrJjl BoUleTa, CpefHHe ObICTPOTHI,
cpeJHHe MHOXEeCTBEHHOCTH, B 3aBHCHMOCTH OT NnepeMeHHOH, XapakTe-
PH3YyOmel NMOPAOOK KYMYJIATHBHOCTH.Okasamochb, UTO IO BCeM HCcClle-
OyeMhM XapaKTepHCTHKAaM YeTKO BhigelseTcs o651acTh KYMYJIATHBHHX
B3aUMOEeMCTBHH C IpaHHUeH No KYMYJIATHBHOMY 4YHCIYy 0, =0.6. 06—
CYXIawTCa 3aMeyeHHbe O0COGeHHOCTH 3THX B3auMoae#cTBHIt.I[lonmyueHo
yKa3aHHe Ha HaJIHUHe MHKAa B YI'NIOBOM pacrnpegeslleHHH NPOTOHOB H3
3THX cobwTHi /nom yrinom 0=,60° /, o6HapykeHHOro paHee NpH HC~
ClIeJOBaHHH CTOJIKHOBEHHi1, CONPOBOXOAWIMHUXCH IOJHEM pa3BanoM
Agpa yriepoja.

PaGora BmnmonHeHa B JlaGopaTopHH BBICOKHX 3HeprHili OWAH.

Moenpunt OBLENUHERHOrO MHCTMTYTa AneDHEX MccrenosaHwi. [lyGua 1982

Anoshin A.I. et al.Correlation Effects E1-82-352
in Multiple Particle Production on Nuclei in the Cumulative
Region 4

In 7= 'C interactions selected on pictures from the 2 m
propane bubble chamber exposed to 40 GeV/c n~ ~mesons, the
following characteristics of secondaries have been studied:
average momenta, average emission angles, average rapidities
as functions of the variable which characterizes the order of
cumulativity. It has been found that the region of cumulative
interactions with the boundary n =0.6 is distinctly slngled
out for all the studied properties. The observed peculiarities
of these interactions are discussed. An indication is obtained
of a peak in the angular distribution of protons from these
events (at an angle of 6 =60° ) which has been previously
obserbed in investigations of collisions accompanied by the
complete disintegration of the carbon nucleus.

The investigation has been performed at the Laboratory

of High Energies, JINR.
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