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ABSTRACT

Some odd characteristics are observed in the single particle distributions obtained from
He + Li interactions at 4.5 A GeV/c momenta, which are explained as the manifestation of a new
mechanism of strangeness production via dibaryonic de-excitations. A signature of formation of
hadronic and baryonic clusters is also reported. The di-pionic signals of the dibaryonic orbital de-
excitations are analysed in the frame of the MIT-bag model and the Monte Carlo simulation. The
role played by the dibaryonic resonances in the relativistic nuclear collisions could be a significant
one.
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I. INTRODUCTION

In the last years, a wealth of data have been accumulated concerning relativistic nuclear
interactions. The still growing interest in this branch of physics has its roots in the hope to obtain
by the means of the relativistic nuclear physics information on a hypothetical state of matter -
the quark gluon plasma as well as on other genuine properties of the compressed hadronic matter.
For reviews see references [Koch et at., 86], [P. Carruthers, 1989], [Satz et al., 1987], [Baym et
al., 1989], [Schmidt andGutbrod, 1989], Tannenbaum, 1989] [Salmeron, 1989], [Gutbrod, 1988],
Schukraft, 1991] and [Bamberger et al., 1989].

In this paper we discuss some unusual results obtained in the frame of the SKM-200
collaboration from JINR, Dubna, concerning the yield of negative charged particles produced in
the He — Li interaction at 4.5 A GeV/c. Despite the much higher energies available today, the
few GeV sector is still interesting, mostly because it offers the perfect frame to perform studies
on the properties of the exotic multi quark states, as those recently published on the production
of non-strange dibaryons in neutron-proton interactions at 5.1 GeV/c [Besliu et al., 91a], [Besliu
et al., 92a]. The theoretical description of those new states and its non-trivial consequences that
should manifest when they are produced inside a compressed nuclear matter as predicted in papers
[Besliu et at., 91b] are the motivation of this work.

2. THE EXPERIMENTAL DATA

The results that we are going to analyse in the following originate from 3857 central col-
lision events between a He beam of a laboratory momentum 4.5 A GeV/c on a hi target, inside
the 2m streamer chamber produced at the JINR, Dubna synchrophasotron and represent a subset
of the SKM-200 collaboration data, which cover a broad range of nuclear beams and targets. The
general experimental features are discussed in papers [Aksinenko et al., 80], [Anikina et at., 84]
and [Abdurakimov et al., 91]. Some particular results concerning the characteristics of the neg-
ative pions production in O + Pb, O + JVe and in the bulk of He induced reaction are already
presented in references [Besliu et., 85], [Besliu et al., 87], [Besliu et al., 88] and [Besliu et al.,
89]. The experimental data processing procedure was typical for streamer chamber experiments:
as ionization measurements were not available, the only particles that could be positively identified
were the negative pions. All tracks presenting secondary interaction with the gas filling the cham-
ber or signs of decay during the flight inside the sensitive volume of the detector were removed in
the first stage of the scanning. In those conditions, the averaged pionic multiplicity for the central
He + Li reaction is found to be < t£ > = 0.78 ± 0.04 [Anikina et al.t 84], In the same paper
it is argued that the admixture of K ~ and I ~ that escaped the scanning filtering is less than 0.5%.
An experimental detail that is significant for the discussion in the next sections is the position of
the target inside the fiducial volume of the chamber. The fact that the target is situated upstream
respective to the incident beam causes some loss in the detector selection power in the backward
reaction hemisphere.

3. PECULARITIES OF SOME KINEMATICAL SINGLE-PARTICLE
DISTRIBUTIONS

Most of the analyses published by the SKM-200 collaboration are based on the study
of the multiplicity of secondaries with respect to the beam-target combinations and different de-
grees of centrality. In the following we shall restrict ourselves to the discussion of some general
kinematical distributions.

Fig.l presents the angular distribution (in the laboratory frame) of the negative particles,
which are, in concordance with the statements in the first paragraph, supposed to to be negative
mesons. An unexpected high production of particles in the backward hemisphere (azimuthal angle
higher than 137° is striking. The same conclusion can be drawn from the rapidity distribution (see
Fig.2). While in the rapidity range y > -0 .7 the shape of the distribution is quite normal at
y < — 0.7 an abnormal behaviour of the data manifests.

Both the angular and rapidity distributions show that mixed negative mesons of different
origin are present in the experimental data. Furthermore, the anomalously high absolute values
of the rapidity of this component (the rapidity being computed as those particles in the negative
component being pions) could be reduced if we assume the corresponding particles to be more
massive. The sharp cut-off of the contributions of this puzzling component towards forward direc-
tions suggest that the filtering of negative pions through the scanning procedure is not operational
in the upstream direction, namely in that direction characterized by significantly shorter distances
available inside the fiducial volume of the chamber. The most reasonable guess leading to an
acceptable understanding of the manifested anomalies is to assume that an important amount of
K~ mesons is produced during the interaction and that their decay escapes from detection within
the active volume of the chamber when produced backwards. If this assumption is true, then this
kaonic component should be produced (according the conventional picture of high energy nuclear
interaction) at an earlier stage of the hadronization, namely at higher temperature than the pionic
component. Information about the production temperature can be extracted from the transverse
momentum distributions. This distribution also presents the advantage of being independent of
the masses of the particles involved, as momenta are direct observables in the experiment due to
the magnetic deflection of the charged secondaries inside the chamber. In Fig.3 we give the p±
distributions for all negative particles (the circles), the particles with y > -0 .7 which should
be considered as negative mesons (the squares) and for those with y < - 0 . 7 , namely those we
suppose to be K~ mesons (the rhomboids). The solid lines in Fig.3 are obtained by fitting the
descending parts of the transverse momentum spectra with exponential functions

dN

dp.
oc exp

where the fitting parameter /3 should be in inverse proportionality with the source temperature.
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The results of those fits are listed in Table 1.

Selection

all

v>-op
y<0.7

0(GeV/c)-1

1.61 ±0.04
2.49 ±0.03
1.02 ± 0.03

N'D.F

1.29
1.66
1.41

Table 1. The parameters of the exponential functions describing the p± spectra.

The conclusion that could be extracted from those results is that the anomalous negative
particle component observed in the He + Li central collisions at 4.5 A GeV/c originates from an
earlier stage of the interaction as charaterized by a higher temperature than the ususal ir compo-
nent. This observation supports our claim that strong K~ production manifests in the investigated
reaction. Bearing in mind that the total number of strange particles produced should be even higher
than that suggested by the experimental distributions, as an effect of the initial rejection of all tracks
that exhibited changes in their direction, such an unexpectedly high rate of strangeness production
at our energy asks for an untrivial explanation.

4. STR ANGENESS PRODUCTION THROUGH DIBARYONIC
DE-EXCITATIONS

Besliu et al., 1992 [Besliu et al., 92a] have developed a model for nonstrange dibaryons
starting from the conventional M.I.T. bag calculations and its predictions are shown to be in good
agreement with the experimental data, mostly those obtained at JINR, Dubna from the irradiation of
the lm hydrogen bubble chamber with a quasi-monochromatic beam of neutrons. The originality
of that description resides in assuming the dibaryonic system composed of a diquark (a bound but
unconfined two quark aggregate) and a cluster of four nearly free quarks. This assumption enables
the six quark bag to acquire some degree of stability even in the I = 0 orbital momentum state.
The t > 1 states are found to have masses allowing their direct decay into NNmt channels, with
n = 1,2 even 3. Experimental candidates for n = 1 are also identified in the np experiment and
are analysed in the same paper.

It was shown [Besliu et al., 91b} and [Besliu et al., 92b] that orbital de-excitations are
likely to be produced within different dibaryonic states. The direct transition form the state with
I = 2 to t = 0 with the emission of a pair of pions are shown to lead to a significant bump in
the 7r"7T" invariant mass spectra, near the threshold, quite similar to those reported in the effective
mass spectrum from O + Pb central collisions at 4.5 A GeV/c [Besliu et al., 89]. This similarity
supports the hypothesis of significant dibaryonic production in nucleus-nucleus collisions in the

few GeV energy region. Another important consequence of the diquark-four quark cluster structure
for the dibaryonic resonances, also discussed in [Besliu et al., 92b], is the strong dependence of the
dibaryonic mass spectra and the slopes of the conesponding Regge trajectories on the density of
the environmental nuclear matter. It was shown that if the density of the production region is high
enough, the threshold for the production of kaons via dibaryonic de-excitations is surpassed, thus
opening supplemental channels of strangeness production, and leading to S = - 1 dibaryons in
the ground orbital state. Furthermore, in the conditions of the investigated reaction, where thermal
equilibrium is not likely to be reached during the interaction, we may expect that the dibaryonic
systems experience strong pressure fluctuations at their boundary (Fig.4 represents a variant of
direct de-excitation from 1=2 states to I = 0 states) becomes quite plausible. The first gluon
exchanged between the four quark cluster and the diquark is supposed to leave the dibaryonic
system in the I = 0 state and this should carry two units of kinetic momentum. If the gluon decays
into a pair of quarks (a, a) those quarks will be inhibited to hadronize as their large relative orbital
momentum. The hadronization becomes possible after the exchange of a second gluon between the
two strange quarks, that could decay into a (u, d) quark pair, thus leading in the final phase to the
creation of the (K*, K~) pair.

We remark also that Jacob and Rafelski [Jakob and Rafelski, 87] have pointed out that
in a baryon rich environment which also contains high density of u and d quark and antiquaries a
higher relative abundance of strange quarks should be favoured.

As the pair of mesons are simultaneously produced with a certain delay after the dibary-
onic de-excitation took place, the entire process could be regarded to be more like a two-particle
decay than like a three particle one. It follows from this assumption that the kinematical distribu-
tion of the kaons is likely to be shifted towards the backward hemisphere, as the dibaryon should
move in the beam direction and carries the bulk of the mass of the system.

This result confirms also the recent identification of hadronic and baryonic clusters in
central collisions reported by El Naghy [El Naghy et al., 91 ] by more complex analysis of emission
of produced shower particles and target fragments in Si + Ag(Br) and Mg + Ag(Br). The
observed back-to-back emission of these clusters reflects the sideward flow of nuclear matter in
the studied interactions.

5. DI-PIONIC EFFECTIVE MASS ANOMALIES AS DIBARYONIC SIGNALS

Assuming the above interpretation of hard negative secondaries measured in the back-
ward hemisphere as being kaons produced through dibaryonic de-excitations, it follows that other
signatures of those controversial resonances should also manifest. It was shown that the dibary-
onic de-excitations via pionic emission should lead to anomalous maxima in the low mass region
of the invariant mass spectra of two pions. Such effects have been already reported, as observed
in connection with dibaryonic production by neutron-proton interaction at few GeV [Besliu et al.,
92a] and could be a tentative explanation of the so-called "ABC effect [Besliu etal,, 91b].
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A strong anomaly in the (IT ,if ) and (it ,n ,?r ) invariant mass spectra has also been
reported in O + Pb reaction at 4.5 A GeV/c [Besliu et at., 91a]. This last example belongs also to
the SKM-200 collobaration and in Besliu et al., 1991. It has, for the first time, been suggested that
such maxima could be related to the dibaryonic production.

In Fig.5 we present the effective mass spectrum for the pions produced in the He + Li
collisions at incident momenta 4.5 A GeV/c. The bin width was chosen according to the estimated
experimental resolution. The contribution of panicles with y < —0.7 was omitted. In order to
substract the background distribution, we have combined pions originating from different events
from a set of 200 interactions, (the upper largest dots in Fig.5). By fitting the spectra with only
this contribution, we have obtained a value of the X2 jN.D.F. of 1.579. The inclusion of two
components in the spectra (simulated using the Monte Carlo method [Besliu et al. 91b], [Besliu
et al., 92b]) representing the contribution of the direct dibaryonic de-excitations with AI = 2 and
of cascade de-excitations from the predicted I = 3 states to I = 0 dibaryonic states by successive
transitions (represented in Fig.5 by the lower, smaller dots) resulted in a decrease of the Xz jN.D.F.
to the value of 0.93. The solid line in Fig.5 indicates the best fit curve, the contribution of the two
kinds of dibaryonic de-excitations being of 2.8% (for the direct ones) and 2.5% for the step-by-step
ones.

The insufficient experimental statistics (due to the low pionic multiplicities of the investi-
gated reactions) did not allow us to introduce further hypotheses in order to improve the fit between
the spectrum and the sim ulated curve, but we may claim that the di-pionic signals of the dibaryonic
orbital de-excitations were identified in our data.

6. CONCLUSIONS

The unusual behaviour of some of the one-particle distributions observed in the He + Li
interactions at 4.5 A GeV/c is explained as the effects of an increased production of K~ mesons
via dibaryonic de-excitations. Di-pionic invariant mass spectra are found to be in agreement with
the expected signals of dibaryonic orbital de-excitations, thus supporting our interpretations of the
data.

The role played by the dibaryonic resonances in the relativistic nuclear collisions could be
a significant one. The analysed experimental data support the previous description of those exotic
state s as diquark - four quark bags, as well as the predicted consequences concerning the behaviour
of such systems if they are produced inside the compressed nuclear matter. The production of
dibaryons clusters during the high energy nuclear collisions could be responsible of the missed
observation of the quark-gluon plasma in such processes. In fact, the occurrence in the compressed
nuclear matter of a bosontc phase made of dibaryonic resonances will inhibit the deconfinement of
quarks.

We claim that the wealth of pion and kaon data accumulated in experiments at higher

energies and multiplicities (CERN and BNL) could offer, if appropriately analysed, very relevant
insights on the role played by an intermediate bosonic phase in relativistic nuclear collisions.

Acknowledgments

The authors would like to thank their colleagues and co-workers M. Anikina,
A. Goloskhvastov, K. Iovcev, S. Khorozov, E. Kuznetzova, J. Lukstins, E. Okonov, T. Ostanevich,
G. Vardenga, M. Gazdizici, E. Skrypczak and R. S wed and all the other members of the SKM-200
Collaboration for their essential contribution in obtaining experimental data. One of the authors
(V.T.P.) expresses his gratitude to Professor Abdus Salam, the International Atomic Energy Agency
and UNESCO for hospitality at the International Centre for Theoretical Physics, Trieste, where this
paper was completed.



REFERENCES

[Koch et al. 86] P. Koch, B. Muller and J. Rafelski, Phys. Rep. 142, 167 (1986) and references
therein.

P. Carruthers 1989] P. Carruthers and J. Rafelski, eds. Hadronic Matter in Collisions, 1988,
Arizona, USA, October 1988 (World Scientific, Singapore, 1989).

[Satz et al. 1987] H. Satz, H.J. Specht and R. Stock, eds. Quark Matter 87, Proc. of the Sixth
International Conference on Ultrarelativistic Nucleus-Nucleus Collisions, Nordkirchen
(Germany) 24-28 August 1987, 2. Phys. C38 (1988).

I Baym et al. 1989] G. Baym, P. Braun Munziger and S. Nagamiya, eds. Quark Matter 88,
Proceedings of the Seventh International Conference on Ultrarelativistic Nucleus-Nucleus
Collisions, Lenox, Massachusetts, USA, 26-30 September, 1988, Nucl. Phys. A498 (1989).

[Schmidt, Gutbrod 1989] H.R. Schmidt and H. Gutbrod, Highly Relatisivistic Heavy Ion
Experiments at CERN, Lecture delivered at the International Advanced Course on the Nuclear
Ecuation of State, Peniscola, Spain, 21 May-3 June, 1989.

[Tannenbaum 1989] M.J. Tannenbaum, Int. J. Mod. Phys. A4, 3717 (1989).

[Salmeron 1989] R.A. Salmeron, An Introduction to the Search for the Quark Gliton Plasma,
Lectures delivered at the Winter School on Quark Gluon Plasma, Puri, India, 5-16 December,
1989.

[Gutbord 1988] H.H. Gutbrod, Introduction to the Reiativistic Heavy Ion Experiments, Lectures
delivered at the International Conference on Quark Gluon Plasma, India, February, 1988.

[Schukraft 1991] J. Schukraft, Review of Transverse-Momentum Distributions in Ultrarelativistic
Nucleus-Nucleus Collisions, CERN-PREy91-04, Invited talk presented at the International
Workship on Quark Gluon Plasma Signature, Strasbourg, France, 1-4 October, 1990.

[Bambergeret al. 1989] A. Bamberger, Z. Phys. C: Panicle and Fields 43, 25 (1989).

[Besliu et al. 91a] C. Besliu et al.. Rev. Roum. Phys. 36, 221 (1991).

[Besliu et al. 92a] C. Besliu et al., J. Phys. G: Nucl. Part. Phys. 18, 807 (1992).

[Besliu et al. 92b] C. Besliu et al., Rev. Roum. Phys. 37, (1992) (to be published).

[Besliu et al. 91b] C. Besliu et al., in Reiativistic Nuclear Physics and Q.CD.,
eds. A.M. Baldin et al. (World Scientific, Singapore, 1991) pp.189-201.

[Aksinenko et al. 80] V.D. Akinsinko, Nucl. Phys. A348, 518 (1980).

[Anikina et al. 84] M. Akikina et al., JINR preprint El-84-785, (1984).

9

[Abdurakimov et al. 81] A.Kh. Abdurakimov et al., Nucl. Phys. 362, 376 (1981).

[Besliu et al. 85] C. Besliu et al., ed. A. Faessler, Progress in Particle and Nuclear Physics, Tome
IS (Pergamon Press, Oxford, 1985) pp.353-362.

[Besliu et al. 87] C. Besliu et al.. Rev. Roum, Phys. 32,651 (1987).

[Besliu et al. 88] C. Besliu et al., ed. A. Faessler, Progress in Particle and Nuclear Physics, Tome
20 (Pergamon Press, Oxford) pp.243-252.

[Besliu et al. 89] C. Besliu et al., Rev. Roum. Phys. 34,1231 (1989).

[Jakov, Rafelski 87] M. Jakob and J. Rafelski, Phys. Lett. B190,173 (1987).

[El Naghy et al. 91] A. El Naghy et al., 22nd International Conference on Cosmic Rays, Dublin,
Ireland, 11-23 August, 1991, p.48, pp HE 1.1-15.

10

T TT



FIGURE CAPTIONS

Fig.l The azimuthal distribution of the negative secondaries in the He + Li central collisions
at 4.5 AGeV/c.

Fig.2 The rapidity distribution of the negative secondaries in the He + Li central collisions at
4.5 A GeV/c.

Fig.3 The p± distributions for the negative secondaries in the He+Li collisions at 4.5 A GeV/c.

Fig.4 A diagram leading to the production of a (K~, K*) pair through dibaryonic
de-excitation.

Fig.5 The (ir~, 7T~) invariant mass spectrum in He + Li central collisions at 4,5 A GeV/c. The
curves are theoretical results obtained from different dibaryonic de-excitation.
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