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Theoretical models treating a nucleus-nucleus Ap-Apcolli-
sion as a superposition of successive quasi-independend hadron-
hadron interactions (intranuclear cascade models) are widely
used in attempts to reproduce experimental data on Ap-Arp colli-
sions ? =3/ Within the framework of such models,"trivial"nuclear

ffects are taken into account: binding energies of participant
and spectator nucleons, their Fermi momenta and spatial corre-
lations of incident and target nucleus.

Main features of experimental data at Berkeley and Dubna
energies (a few GeV region of incident energy per nucleon) are
satisfactorily reproduced by cascade models 1-2/, A quantitative
comparison of model predictions with details of experimental da-
ta is,however,not quite reliable due to the lack of full "input™
data on hadron~hadron collisions required for a wide range of
particles and their energies. Moreover, "technical' featnres of
advanded intranuclear cascade models lead to discrepancies bet-—
ween detailed predictions of various models of this type /4.

It seems therefore especially desirable to look for phenome-
na, whose influence on nucleus-nucleus data would be qualitati-
vely non-explicable within the cascade approach.

An example of such a phenomenon is the recently observed ef-
fect of the nuclear matter flow from the interaction region of
colliding nuclei®’

Other effects which seem to be incompatible with the cascade
model approach were observed in our previocus study of nucleus-
nucleus collisions &%/
= a comparison of kinematical features of A hyperons and 77 -we~

sons produced in nucleon~nucleon and central nucleus-nucleus
collisions revealed a change of A characteristics in contrast
to the stable behaviour of 7 -meson characteristics (see
fig.1);

- a study of 7~ mesons accompanying A's produced within and
beyond nucleon-nucleon (N-N) kinematical limits revealed dif-
ferences in pion kinematical characteristics.

In this paper we present a more detailed analysis of these
effects. The experimental data were obtained in a streamer cham-
ber experiment, in which inelastic “He-Li interactions and cent~
ral !%c-C , 12C-Ne and 160-Ne collisions were stndied at
4.5 A GeV/c 8. and in a propane bubble chamber experiment,
in which inelastic 12C-prand Y2C-C collisions were studied at
4.2 A CeV/c .

Figures | and 2 present cosf* distributions of A hyperons
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and of *° mesons (6* is the emission angle calculated in the
N-N c.m. system). The upper part of fig.] shows the distribu-
tions obtained from nucleon~nucleon data at close energies 11,12/
The middle part of the figure shows the distributions for A'sg
and negative pions produced in *He-Li inelastic collisions.

It is seen that the cosf* distributions for N-N and %He-li are
consistent with each other. The observation shows that the Fer-
mi motion of nucleons does not influence significantly the an-
gular distribution of secondaries. The lower part of fig.!

shows the change of the cosf* distribution for A's produced

in central collisions, whereas the cosf* distribution for pi-
ons is similar (back and forward peaked) to those observed imn
N-N and “He-Li collisions. An additional illustration of the ef—
fect observed for A ~hyperons is shown in fig.2 where cosg* dis-
tributions for noncentral and central !'®C-C collisions are pre-
sented. '

The. observations described above deserve a more cuantitative
study. For a further analysis we define the quantity a. which
makes it possible to compare the behaviour of symmetrical dist-
ributions such as angular distributions of secondaries produced
in collisions of nuclei with close mass numebrs (AFAq). The
value of characterizing cosf* distribution, is given by

Nn_D -Dyg
Dyeri-Do

where D is the dispersion of the distribution, Dgis the disper-
sion of a flat distribution (Dg= 0.577), Dye—ri is the disper-
sion observed for particles emitted from the inelastic He-Li
collisions which can be considered as essentially NN collisions
averaged over the charge of nucleons and their Fermi momenta.
According to the above definition, aMN= 0 corresponds to an isoto-
pical distribution of the particles studied, 2nd aN = 1 corres-
ponds to a distribution with the dispersion equal to that obser-
ved for inelastic He-Li collisions.

An analogous definition of the a parameter («F) is used for
presenting the data on ¢¢s@* distributions of the energy car-—
ried by the secondaries.

In figs. 3 and 4 oY and ¢E values for A hyperons and negati-
ve pions are plotted against <@>, the average number of protons
participating in the interaction 13/, The <Q> value, as a mea-
sure of the quantity of nuclear matter involved in the interac-
tion, is correlated with the degree of the collision centrality.
It is seen that the aM and o ® values for A hyperons decrease
from @ = 1 for noncentral collisions down to ¢« = O for central
ones, whereas in the case of pions the « values remain close
to unity independently of collision centrality.

Another difference in the behaviour of the A and pion kine-
matical features is seen in fig.5, where average transverse mo-—
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Fig.3,4. The oY (fig.3) and a¥ (fig.4) values {(for de-
Finition see text) versus <Q>, the average mumber of
participant protons for # mesons and A hyperons, The
dashed lines show the values corresponding to the flat
cost* distribution and to the cesf* distribution ob-
served in inelastic Heli coliistons. Cireles - data
obtained in the stream:r chamber experiment; squares -
data cobtained in the propane bubble chamber experiment;
triangles — data corresponding to "Ain" (v)" Aout”

(A) pions. The solid lines are drawn to guide the cye
only.
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Fig.5.The ratio of the average transverse momenta
(<p,>) to the average <p,> observed in inelastic Heli
collisions plotted against <Q>, the average number
of participant protons. The cireles, squares and tri-
angles correspond to the samples listed in the cap—
tion to figs.3 and 4.

menta, <p, >, normalized to the average momentum observed in the
inelastic He-Li cullisions. The ratio <Py >/ <Py >yer; for pions
is independent of <Q>,whereas the ratioc for A hyperons increa-
zes with <Q>.

In an attempt to understand the observed effects within the
framework of cascade models we considered two nuclear effects
which might be responsible for the observed dependence -of the
A and 7 kinematical features on the coltision centrality:

- rescattering of the produced particles and

— production of the particles in secondary interactions.

These effects are not expected to play an essential role in the
case of collisions of light nuclei, but their influence, if ob-
servable in amgular and <p;> —data, would be probably more strong—
ly manifested in high <Q> events than in the laow > ones.

The influence of the rescattering is expected to be more pro-
nounced for pions than for A's due to the fact that cross sec—
tion values for pions are higher than these for A's produced
in collisions at our energy (g, > apy ) 1415/

The cosf* distributions for A"s from #N-KA collisions are
expected to be more strongly back-and-forward peaked than for
A's produced in primarv N-N collisions 12/ if they are both
studied in the N-N c.m. system. The rescattering and particle



production in secondary collisions would result in some decrease
of <p »values for both A's and 7 mesons. These effects are
expected within the cascade approach and they are, in fact, ob-
served in our experimental data for heavier target nuclei /4-6.10/
in which secondary processes should play an essential role. We
observe, however, an opposite behaviour - the flattenning of

the cosg* distributions and some increase of <pi> values for

A hyperons in events with a higher degree of centrality (figs.3,
4 and 5), in which secondary processesg are expected to be more
pronounced.

Ve conclude therefore that within the framework of the cas-—
cade approach one expects that the pion characteristics should
be more sensitive to the collision centrality than the A hyperon
ones, and, moreover, the expected dependence on the centrality
for A's would be opposite to that observed in the experiment.

Another effect observed in the particle production concerns
the analysis of »~ mesons emitted from nuclear (Ap-Ar) collisi-
ons, in which a A hyperon has been produced within (" Ain"} and
beyond (A out") kinematical limies 7/ .

The values of a¥N , @& and <p,> /<p,> HeLi for "A in" pions
and "Aout" pions are plotted in figs.3, 4 and 5. The data for
“A out" pions seem to be inconsistent with those for "average"
pions and "Ain" pions as well. The poor statistics did not
allow us to study the "Ain" and "A out"” pions in more detail,
in particular for collisions with various degrees of centrali-
ty. Qualitative considerations, similar to those presented abo-

ve, do not allow one to explain the observed effect within the
framework of the cascade model approach.

The flat angular distributions observed for A's produced in
the most central collisions and for " Aocut" pions seem to sug-
gest that these particles are emitted isotropically from seur-
ces being at rest in the N-N c.m. system. The Boltzman shape
of the kinematic energy (T¥*) distribution, observed for these
samples of particles (fig.6) may suggest that the thermal equi-
librium has been reached in the sources from which the particles
are emitted. The source temperature, Ty, can be obtained from
the slope of the diagram shown in fig.6 or equivalenty from the
<p> value 18/ The latter way allows one to estimate the avera-—
ge temperature also in the case when a single thermalized sour-
ce has not been formed. Thus, the calculated Ty values are plot-
ted against<Q> in fig.7. The Ty values for A's emitted from
central collisions and for "A out" pions approach the tempera-
ture values predicted by the thermodynamical model of Hage-
dorn ? and calculated under the assumption that the nuclear
matter involved in the cellision has been fully stopped and
thermalized in the N-N c.m. system.

We conclude that the presented effects, observed in the hy-
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Fig.7. The temperature parameter, Tg,plotted against
<Q>, the average number of participant protons. The
dashed lines show the To values predicted by the

thermodynemical model of Hagedorn 19/,



peron and pion production in central nuclear collisions,
could not readily be understeood within the cascade model ap-
proach.

The production of A hyperons in central nuclear collisions
{high local excitation of the nuclear matter) and especially
the production of A's beyond N-N kinematical limits (still
higher excitation) with cross sections o <5+10 %6ipe; and
o < 5:-107% 04501 . respectively, may be considered as signatu-
res of the formation of a fully stopped and thermalized hot
sources within the nuclear matter. It should be mnoted that an
inerease in the relative yvield of "A°“t"-events (<npout/qMp-> )

with Q was observed (by a factor of 5*10) which was predicted
as a signature of quark-gluon plasma formation. However, to draw
a final conclusion, all possible alternative explanations of
this effect must be considered.
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1t should be stressed that due to the contribution of pions

from A lecays the temperature parameter T, derived from the

pion data is expected to he lower than that one derived

from the A data (sec dotted limes in fig.7).
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Paspsunxuiz M. u op. E1-85-949
0COBeHHOCTH OOPA30BaHUM A —CHIIEPOHOB H 7 —ME30HOB
B AOPO—ANEPHLHX CTOJIKHOBEHHAX IIPH BBICOKHX 3HEPTHAX

IIpUBOOUTCA aHaNH3 SKCIepUMEeHTANbHHX ITAHHEIX O NPOIeCcce poxme-—
HHA A ~THOEPOHOB H 7 -ME30HOB B HeLi—,CC-,CNev u ONe-eBsaumMopeiicT
Busax upH 4,5 ['3B/c Ha myknoE u C-C BsauMopeicCTBHAX mpH
4,2 TaB/c Ha HywIoH. lokasaHo, 9TO KHHeMATHYeCKHE XapaKTepHCTH-—
Ki - A 3aBHCAT OT CTEeNeHH UEeHTPAIbHOCTH B3aHMOOEHCTBHA,B [IPOTHEO-
OONOXHOCTE CTACHNBHOMY NOBeIE&HMV T-XapakTepMcTHK. Habmopanacek
KOppEeNANHA XApakTEePHCTHK A-TrHNepoHOB C XapaKTEPHCTHKAMH COMpo—
BOXKOAOIMX KX nuHodHoB, HaGmopeHHple addexTh, Mo—BHOHMMOMY, He co-
TNacywTca ¢ BHYTDHAAEepHRM KacKaiHeM mogxomoM, [aHHHE YKa3HBalOT
Ha o6pasOoBaHHEe NONMHOCTBHI0 SATOPMOKEHHOrO TEepMANH30BAaHHOTO TOopsa-—
juel'0 MCTOYHMKA B LEHTPANbHLIX AOpO—AhepHbX B3auMOoDeiHCTBHHR.

PaGoTa BomonHesa B JlaBopaTopHH BolcokxMX sHeprui# OHAH.

Coofmenne O0beOHHEHHOTO HHCTHTYTA AJEpHHX HccnegomBaHuit, HyOua 1985

Gazdzicki M. et al. E1-85-949
Peculiarities of A Hyperon and =~ Meson
Production in Nucleus-Nucleus Collisions
at High Energies

The analysis of data on the production of A hyperons and
s mesons in He-Li, C-C, C~Ne and 0-Ne at 4,5 A GeV/c
and €~C collisions at 4,2 A GeV/c is presented. Kinematical
features of A's are shown to depend on the collision centrali-
ty in contrast to the stable behaviour of the pion characteris-—
tics. The correlation between the characteristics of A's and
accompanying pions is observed. The effects seem to be incompa-
tible with the intranuclear cascade approach., The data suggest
the formation of a fully stopped and thermalized hot source in
central nucleus-nucleus collisions in which A hyperons are pro-
duced,

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