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1. Introduction

Experimental studies of nuclear interactions with large momentum
transfers in the region of limiting nuclear fragmentation/1'3/ have
shown that nuclei are characterized by a universal quark-parton
structure function which is different from a structure function of
nucleons., Structure functions of nuclei similar to those determined
in experiments on limiting nuclear fragmentation/4'6/
obtained in NA-4 experiments on deep-inelastic scattering of muons
and electrons on nuclei performed by the groups from SLAC, CERN and
JINR-CERN collaboration.

The fact that nuclei have their quark-parton structure functions
not reducible to one-nucleon ones shows evidence for a possible exis-
tence of multiquark configurations (6q and more) in nuclei. A direct
manifestation of such states is to observe resonance features in ef-
fective mass spectra of baryons produced in hadron-nucleus and nu-

have been also

cleus-nucleus collisions. The production of narrow dibaryon
resonances in hadron-nucleus interactions for a mass range
of 1,932-2.171 GeV has been investigated in papers/7'8/

In this paper we study correlation effects in multinucleon CC
interactions at 4.2 GeV/c per nucleon using collective variables.
From results of such an analyeis one can draw a conclusion of a pos-
sible production of dibaryon resonances im these interactions for
nerf.= 2.150-2.50 GeV. A review of experiments on a study of nucleon-
-nucleon interactions, in which indications of the existence of such
resonances have been obtained, is presented in/9/.

2. Experiment

Experimental data have been obtained on the 2m propane bubble
chamber (High Energy laboratory, JINR) exposed to a beam of carbon
nuclei with a momentum of 4.2 GeV/c per nucleon. Multinucleon CC
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interactions were selected according to the following criteria:

1. In an event there were no multicharged stripping fragments
from the incident carbon nucleus.

2. The number of singly charged stripping particles with
Pion Z 3.0 GeV/c emitted at an angle of ©<4° relative to the prima-
ry beam was no larger than 2,

3. The total charge of all secondaries in an event was larger
than +7.

In this selection the average number of nucleons involved in the
interaction was(b%):16. The number of CC events selected in this way
was 1394. The mean relative error in measuring the momenta of seconda-
ry charged particles was ~ 12% and its most probable value ~ 6%, In
our experiment the mean momentum, beginning from which protons were
identified, was 150 MeV/c. Positive pions could be distinguished from
protons by path and ionization at Plabé 700 MeV/c. In other cases
/1* -mesons were classified as protons. The fraction of i7* -mesons
with Plab7 700 MeV among positive particles was ~ 13%. Deuterons and
tritium nuclei were visually identified by ionization for a momentum
interval of 142.5 GeV/c. In other cases these nuclei were assumed to
be protons, Protons with Plabs'Boo MeV/c were not considered in the
analysis as the fraction of spectator particles (protons, deuterons
and so on) produced in target-nucleus fragmentation was very large.

A more detailed description of the experimental method can be
found in papers/1o’11/. The model of intranuclear cascade (Dubna ver-
sion) was also used for data analysis 12 .

3. Collective Properties of Secondary Particles

Collective properties of secondary particles have been studied
in the system of "principal axes" of an event by means of variables:
"gphericlity" S and < Pgut>' that determine the configuration of an
event in momentum space. A more detailed analysis of the CC data by
means of different collective variables can be found in pape .
Here we consider only the variables that are most significant for the
analysis.

Sphericity S ‘és dete{EE?edzgs follows: ({)

= Zmin i)L‘// Ak )
with Pi vectors of momenta of secondaries in the c.m.s8., of colli-
ding nuclei and R‘i transverse momenta relative to some axis. The

direction, relative to which the sum:E:REi of all charged particles
takes a minimal value, is commonly called an axis of jets. The tran-~

sition of the system of principal axes 1s accomplished by diagonali-
gzation of the matrix consisting of components of momenta of seconda-
ry particles in the CC c.m.s8.

AMG‘P:. _;_ P[d.Pt'ﬁ ’ o(’ﬁ:)(,y,a. (2)
A
The diagonal elements of this matrix, arranged in increasing order of
magnitude Q1< Q2<.Q3. are geometrically the main axes of an ellipsoid
(fig.1), and the direction of the principal axes of an event is speci-
- P = d

fied by single vectors mn,, 0N, and n. corresponding to them. The di-
rection of the largest elongation of an event is deZPrmined by vector
33 and the direction of its largest flattening by n,. The plane de-
termined by vectors ;é and 35 is usually referred to as the plene
of an event. -

Q The value of < Pout’ can be

A found - as

2 Qq
Qs < aut) = -’_,:; » (3)

7 ‘ C where n4 is the multiplicity of
C the charged particles being con-
pidered. The emaller the value of

4 Pﬁut> is in an event, the lar-

Pig.1 A scheme of the prin- ger the coplanarity of the confi=
cipal axes in an event, guration of secondaries in momen-

tum space.

Figure 2 shows the S distribution for CC interactions obtain-
ed in the experiment and for CC events simulated by the intranuclear
cascade modelt). One can see that CC interactions as a whole are
characterized by a jet configuration of gecondary particles in momen-
tum space both in the experiment and in the model, However, as seen
from fig.2, the simulated CC events do not agree with the experimen-
tal datas the CC interactions obtained in the experiment differ in
larger sphericity.

In fig.3 is presented the £ Piut > distribution of real and si-
mulated CC events. It is seen that this distribution is broeder than
the theoretical one., For Piut>'> O.OB(GeV/c)2 one can observe a
nghoulder" which is not described by the intranuclear cascade model
in question. The fraction of eventswith £ Pgut>> 0.1 ((}eV/e)2 is

election c erlia of multinucleon CC interactions in the

experiment and in the model are the same; the features of
particle identification are also taken into account.
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~ 18% in the experiment and ~ 3% in the model. The results obtained
indicate that the production of particles, emitted in the direction
perpendiculary to the event plane with relatively large momenta, is
observed in the experiment for multinucleon CC interactions. The cross
section of such processes in the cascade model of nucleus-nucleus col~
ligions is smaller by a factor of several times.

4. Iwo-Particle Correlations

Por a more detailed analysis we have considered azimuthal cor-
relations of charged particle pairs in ¢C events with < P2 > <
O.OB(G;V/(:)2 and > 0.0B(GeV/c)a. The fraction of CC inglel;c'actions
with < PO .>2 0.08(GeV/c)? was ~ 28%, The 4Y distributions of par-
ticle pairs were investigated where AY 1ia the angle between their
transverse momenta in the planes perpendicular to a) the direction

of motion of colliding nuclei and b) the direction of the Jet axis
in an event
—p —tp
. Greas L_Pﬁ,__
a9 = a =

BT, %

with 131‘- and EL; the transverse momenta of i-th and j~th particles
in the azimuthal plane. Correlations were analyzed between a) protons,
b) pions and c) protons and pions for different intervals of trans-
verse momenta of the particles considered.

Figure 4 a') and b) shows
5 p) | the n, = N 2IC aistribu-
tions of proton pairs, one of
which has E<0.3 GeV/c (the
5F = 7 momentum of a second is unlimd-

ted), versus angle Ay between

Hi}f“i” ! {H them for the two groups of
bap P | events wmtn< p<0.08(cevsc?
or 20 and » 0.08(GeV/c)2. As can be
seen from the figure, the
distributions of such paire of
i i i I 1 L 55
05 0 9 180" 0 50 180° protons are practically isotro
pic.
8y g N In fig.5 a) and b) are
Pig,4 AThe A}f distribution of presented the azimuthal distri-

proton pairs: a) for the events  Cutions of proton palrs with

with{Pczmt><0.08(GeV/c)2 aad By, 7 0.7 GeV/c and 7 0.85 GeVk

b) for the events with<P2ut>% relative to the direction of
L motion of colliding nuclel for

0.0B(Gétc)g One of the protons
has P;.<0.3 GeV/c; the momen- the two groups of CC intersc-
tum of a second proton is wnli- slons: In She senle figurs are
mited. given results of a similar cal-
culation for the simulated
events. FProm the figure one
can see that in CC interactions with small values of < Pczmt> one can
observe correlations of two protons emitted at angles approximate to
180° in the azimuthal plane. In CC events with < Piut7;0.OB(GeVIc)2
there occurs & correlated emission of pion pairs at angles Ay of
A~ 120° between their transverse momenta. If a similar distribution 1is
constructed relative to the axis, the maximum of the n__ dependence
on Ay for the events with < Pﬁut>? 0.08(GeV/c)? is shifted to the
range of Ay values equal to 90°.

In both cases the observed correlations are not quantitatively
deacribed by the cascade model although correlated proton pairs with
Ay approximate to 180° are also produced in the events with < Pout>
< O.OB(GeV/c)2 (this fact is probably due to proton elastic rescatte-

ring).
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Fig.,6, The effective mass distri-
Pution of proton pairs in mul-
tinucleon CC interactions.,

¥ig.5. The Aj distribution
of proton pairs with

Py, 2 0.7 GeV/c and Py: 2
0.8% GeV/c : a) for the
events with < Pﬁut’ <
0,08 (GeV/c)z; b) for

the events with<P§ut>?
0.08 (GeV/c)?.8011d curve
- calculation by the
intranuclear cascade
model,

The analysis has shown
that pion and (Pﬁ) pairs
have, within experimental er-
rors, the isotropic Ajf dis~
tribution between their trans-
verse momenta for both groups
ot CC interactions.

For understanding the na-
ture of these correlations,it
is of interest to consider the
leff(pp) distribution of pro-
ton pairs with large trans-
verse momenta. Figure 6 shows
the Meff(pp) distribution of
all protom pairs for multinu-
cleon CC collisions and fig.7
the distribution of proton
pairs with P‘-l” 0,5 GeV/c and

Py 7 0.7 GeV/c relative to

the jet axis. A similar distribution for the intranuclear cascade mo-
del is denoted by a solid line., The effective mass resolution for dif-
ferent leff intervals is presented in fig.8.

From fig.7 it is seen that in the effective mass spectrum of pro-
ton pairs there are maxima in the mass range Meff1:2.15, 2.23, 2.32,
and 2,50 GeV although statistics is insufficient. At the same time no
structure is observed in the leff distribution of all proton pairs.
No structure is eeen in the effective mass spectra of proton pairs
with large transverse momenta constructed for the intranuclear cas-

cade model,
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Pig.7. The effective mass distribution of proton pairs with PL;*
o GeV/c and P:20.7 GeV/c determined relative to the jet axis.
Solid curve - cdlculation by the intranuclear cascade model.
Dotted line - effective mass distribution of pairs of protons

from different events.

a) The background is normalized to the histogram square.
b) The background is normalized to the mean value of A N of
the histogram within the mass interval M,ﬁ=2.32+2.48 GeV.
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regolution 4 Meff versus its
value,

Figure 9 presents the effec-
tive mass distribution of correla-
ted proton pairs with P.20.5 GeV/c
and P;,70.7 GeV/c(the proton pairs
were selected with.4g345° in the
events having< Pi“t7<0 .08(GeV/c)2
and ay =45°9=135° in the events
with < P2 ,>30,08(GeV/c)?). One
can see that in this selection the
background from nﬁgxfrrelated pro-
ton pairs in the
nificantly decreases, and the reso-
nance structure manifests itself
more distinctly.

apectra sig-

When constructing the "eff distribution of the same proton pairs
in the events with < P2 . 72 0.08(GeV/c)? (fig.10), a larger decrease
of the number of background combinations can be seen.

In all cases the experimental data are not described by the cas-

cade model.
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5 Conclusion

Based on the analysis carried out, the conclusion can be drawn
that the correlated emission of proton pairs with large transverse
momenta is observed in multinucleon CC interactions., These correla-
tions are likely to be due to the production of dibaryon resonances
in these interactions., However, for a final conclusion it is required
to significantly increase experimental material and t{o make its ana-
lysis in more detail,

In conclusion the authors express their gratitude to the 2m pro-
pane bubble chamber collaboration that investigates nucleus-nucleus
interactions for the help in experimental data analysis and useful
discussions. ;
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Araxvmues T.H. u gp. E1-84-492
AHanus KOppensAuHOHHBIX ABJIEHUH

B MHOTOHYKIIOHHBIX CC—CTOJIKHOBEHHAX

npu uMnynbce 4,2 I'sB/c Ha HYKIIOH

C TIOMOIbKX KOJUIEKTHBHBIX IIepeMeHHbIX

IlpoBOoAHTCA aHallM3 KOPPEISLHUOHHBX fABJIEHHH B MHOT'OHYKJIOHHBIX
CC-CTONKHOBEHHAX NpH uMMnynbce 4,2 I'sB/c Ha HYKJIOH C MOMOmMBIO
KOJUIEKTHBHBIX TepeMeHHbX ''cdepucuru' u <Eﬁit > . IlokasaHo, uToO
B CC—cTonKkHOBeHHAX HablliogaeTcs KOPPeJHPOBAHHOE HCIYyCKaHHe nap
MPOTOHOB ¢ GOJIBIKMMH IONEPEUYHbIMH HMNYJIbCAMH, BbUIETAWNUX IO
yraamu, 6mmuskumu k 180 u 90° B nmmockocTH, nNepeneHAUKYNAPHON
ocH cTpyii. Momens BHYTPHANEPHOrO Kackana He OIHchiBaeT Habmwo-—
pawmpecs KOppesnslUHH NMPOTOHOB. B cnexkTpe 3ddeKTHBHBIX Macc
CKOPpPeNHPOBAaHHHX NPOTOHOB HMeWTcs 0COBEHHOCTH B BHIAE MaKCHMy=
MOB B pailioHe macc M9¢¢? 2,15; 2,23; 2,32; 2,50 I'sB, koTopse
MOryT GbITh yKa3aHHUEeM Ha CyilleCTBOBaHHe NUOapPHOHHBIX DE30HAHCOB.

CoobmeHHe O6beqHHEHHOrO0 HHCTHTYTa ANEePHWX HccleaoBaHui. [ly6Ha 1984
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Analysis of Correlation Effects

in Multinucleon CC Interactions

at 4.2 GeV/c per Nucleon

in Terms of Collective Variables

An analysis of correlation effects in multinucleon
CC interactions at 4.2 GeV/c per nucleon is being carried out
in terms of collective variables. It is shown that the corre-
lated emission of proton pairs with large transverse momenta
is observed in CC interactions. In the effective mass spectrum
of correlated protons there are maxima in the mass range
Mgy, = 2.15; 2.23;5 2.32; and 2.50 GeV which can be an evi-
dence for the existence of dibaryon resonances.

The investigation has been performed at the Laboratory
of High Energies, JINR.
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