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Theoretical models treating а nucleus-nucleus (Ap-Aт)colli
sion as а superposition of successive quasi-independend hadron
hadron interactions (intranuclear cascade models) are widely 
used in attempts to reproduce experimental data on Ар-Ат colli
sions 11 -З/ . ~-lithin the framework of such models, .,trivial "nuclear 
effects are taken into accoun-t: binding energies of participant 
and spectator nucleons, their Fermi momenta and spatial corre
lations oi' incident and target nucleus. 

Main featur~s of experimental data at Berkeley and Dubna 
energies (а few GeV region of incident energy per nucleon} are 
satisfactorily reproduced Ьу cascade mode1s /1,2/ . А q-uantitative 
comparison of model predictions with details of experimental da
ta is,however,not quite reliaЬle due to the lack ot full "input" 
data on hadron-hadron collisions required for а wide range o-f 
particles and- their energies . Moreover, "technical" featнres of 
advanc ed intranuclear cascade models lead to discrepancies bet
ween detailed predictions of various models of this type ~~ 

It seem~ therefore especially desiraЬle to look for phenome
na, whose influence on nucleus-nucleus dat~ would Ье qualitat i 
vely non·-explicaЬle within the cascade approach. 

An example of such а phenomenon is the recently observed ef
fect of the nuclear matter flow from the interaction region of 
colliding nuclei '5 / . 

Other effects which seem to Ье incompatiЬle with the cascade 
model approach were observed in our previous study of nucleus
nucleus collisions ~ · 7 1 : 
- а comparison of kinemat i cal features o f Л hyperons and .п--шe

sons produced in nucleon-nucleon and central nucleus-nucleus 
collisions revealed а change of Л characteristics in contrast 
'to the ~ taЬle behavioнr of "- -meson characteristics (see 
fi g .l); 

- а study o f "- mesons accompanying Ns produced within and 
beyond nucleon-nucleon (N-N) kinematical limits revealed dif
ferences in pion kinemat i cal characteristics. 
In this paper we present а more detailed analysis of these 

effects. The experimental data were obtained in а streamer cham
ber experiment, in which inelastic 4нe-Li int eractions and cent
r a l 1 2с-с , 12C-Ne and 160-Ne collisions were st•tdied at 
4. 5 А GeV/c 11> .8!, and in а propane bubЬle chamber experiment, 
i n which ine lastic 1 2 С-р and 12с-с collisions were studi ed at 
4 • 2 А Ge V / с 19 1

. 
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and of "- mesons (8* is the emission . angle calculated in the 
N-N c.m. system). The upper part of fig. 1 shows the distribu
tions obtained from nucleon-nucleon data at close energies 111•121 

The middle part of the figure shows the distributions for Л•s 
and negative pions produced in 4He-Li inelastic collisions. 
It is seen that the cosO* distributions for N-N and 4нe-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.l 
shows the change of the cosO* distribution for Л's produced 
in central 1 collisions, whereas the cosO* distribution for pi
ons is similar (back and forward peaked) to those observed in 
N-N and 4He-Li collisions. An additional illustration of the ef
fect observed for Л-hyperons is shown in fig.2 where cosO* dis
tributions for noncentral and ·central 12С-С collisions are pre-
sented. · 

The observations described above deserve а more ~t•~ntitative 
study. For а further analysis we define the quantity а, which 
makes it possiЬle to compare the behaviour of symмetrical dist
ributions such as angular distributions of secondaries produced 
in collisions of nuclei with close mass numebrs (AfAv. The 
value of characterizing cosO* distribution, is given Ьу 

N 
а 

D -00 . 

-DнeLi-Do' 

where D is the dispersion of the distribution, Dois the disper
sion of а flat distribution (Do= 0.577), Dнe-Li is the disper
sion observed for particles emitted from the inelastic He-Li 
collisions which can Ье considered as essentially NN collisions 
averaged over the charge of nucleons and their Fermi momenta . 
According to the above defini tion, aN = О corresponds to an isoto
pical distribution of the particles studied, Rnd aN = 1 corres
ponds to а distribution with the dispersion equal to that obser
ved for inelastic He-Li collisions. 

An analogous definition of the а parameter (аЕ) is used for 
presenting the data on cosO* distributions of the energy car
r i ed Ьу the secondaries. 

In figs . 3 and 4 aN and аЕ values for Л hyperons and negati
ve pions are plotted against <Q>, the average number of protons 
participating in the interaction 19 , 13 / , The <Q > value, as а 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 aNandaE values for Лhyperons decrease 
from а = 1 for noncentral collisions down to а = О for central 
.ones , whereas in the case of pions the а values remain close 
to unity independently of collision centrality. 

Another di fference in the behaviour of the Л and pion kine
matical f eatures is seen in fi g.S, where average transverseAno-
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Fig.ЗJ4. The aN (fig.J) and аЕ (fig.4) va"lues (for de
finition see text) versus <Q >, the average number -of 
participant protons for rГ теэопв and А hyperons. The 
dashed Unes show the va"lues correвponding to the f"lat 
cosO* distribution and to -the cosO* distribution oh
served in ine"lastic HeLi coZZisions. Circ"les - data 
obtained in the stream•~r chamber experiment; squaroes -
data oblained in the propane ЬиЪЪ"lе chamber experiment; 
triangles - data corresponding to "Л in" (V)" Лout" 
(~) pions. The soUd Uпев are draum to guide the еуе 
on"ly. 
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Fig.Б.The ratio -of the a.vera.ge transverse .momenta 
< <Pt >) to the -avera.ge <р t > oЪserved in ine Zastic HeLi 
coLUsions p"lotted against <Q>, the average number 
of participant protons. The ci:r>c"ZesJ squares a"nd tri
ang"les correspond to the samp"les Zisted in the cap
tion to figs.3 and 4. 

ment:a, <pt > , normalized to the average momentum obse-rv.e:d in the 
inelast:ic He-Li collisions. Тhе ra-tio <pt > /<pt >нeLi for pions 
is independent of <:Q.>,whereas the :ratio for Л hyperons increa-
з es with <Q> . · 

In an attempt to understand the obs.erved effects withi-n the 
framework of cascade models we c-o.nsidered two nuclear effects 
which might Ъе responsiЬle for the oЪserved dependence of the 
Л and 11 kinematical features оц the collision centrality: 
- rescattering of th.e produced particles and 
- production of the -particles in secondary interactions. 
These effec-ts ar.e not expected to play an essential role in the 
case of collisions of light nuclei, but th~ir influence, if oЬ
servaЬle in angular and <pt > -data, would Ье probaЬlymore 'S'trong
ly manifested in high ~> events than in the low <Q> ones. 

The influence of the rescattering is expected to Ье mor-e pro
nounced for pions than for Л' s due to the fact t 'hat cross sec
tion values for pions · are higher than those for Л' s produced 
in collisions at our energy (uirN > илN) / 14,151 _ 

The cosO* dis-tributions for Л' s from 11N -+КЛ collisions are 
expected to Ье more strongly back-and-forward peaked than for 
Л' s produced in ·primary N-N collisions /12/ if they are both 
studied in -the N-N с. т. system. The rescattering and particle 
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production in secondary collisions would result in sorne decrease 
of <р > values for both Л 1 s and 77- rnesons. These effects are 
expected within the cascade approach and they are, in fact, ob
served in our experirnental 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 cos8* distributions and sorne increase of <Pt > values for 
Л hyperons in events with а higher degree of centrality , (figs.З, 
4 and 5), in which secondary processes are expected to Ье rnore 
pronounced. 

Не conclude therefore that within the frarnework of the cas
cade approach one expects that the pion characteristics should 
Ье rnore sensitive to the collision centrality than the Л hyperon 
ones, and, rnoreover, the expected dependence on the centrality 
for Л 1 s would Ье opposite to that: ooserved in the experirnent. 

Another effect observed in the particle production concerns 
the analysis of 77- rnesons ernitted frorn nuclear (Ар-Ат) collisi
ons, in which а Л hyperon has been produced within ("Л in") and 
beyond ("Л out") kinernatical lirnits 17 1 . 

The values of aN , а Е and <pt > 1 <pt > HeLi for "Л in" pions 
and "Л<?ut" pions are plotted in figs.З, 4 and 5. The data for 
"Л out" pions seern to Ье inconsistent with those for "average" 
pions and "Л in" pions as well. The poor statistics did not 
allow us to study the "Л in" and "Л out" pions in rnore detail, 
in particular for collisions with various degrees of centrali
ty. Qualitative considerations, sirnilar to those presented abo-
ve, do not allow one to explain the observed effect within the 
frarnework of the cascade rnodel approach. 

The flat angular distributions observed for Л 1 s produced in 
the rnost central collisions and for "Л out" pions seern to sug
gest that these particles are emitted isotropically frorn sour
ces being at rest in the N-N c.rn. systern. The Boltzrnan snape 
of the kinernatic energy (Т*) distribution, observed for thes~ 
sarnples of particles (fig.б) rnay suggest that the therrnal equi
libriurn has been reached in the sources (:rorn which the particles 
are ernitted. The source ternperature, Т0 , can Ье obtained frorn 
the slope of the diagrarn shown in fig.б or equivalenty frorn the 
< pt > value 1161 . The latter way allows one to estirnate the avera,... 
ge ternperature also in the case when а single therrnalized sour
ce has not been forrned. Thus, the calculated То values are plot
ted against <Q> in fig. 7. The Т0 values for Л 1 s ernitted frorn 
central collisions and for 1

,
1 Л out" pions approach the ternpera

ture values predicted Ьу the therrnodynarnical rnodel of Hage
dornЛ67 and calculated under the assurnption that the nuclear 
rnatter involved in the collision has been fully stopped and 
therrnalized in the N-N c . rn. systern. 

We conclude that the presented effects, observed in the hy~ 

6 

~ 
6 
~ 

1( 1\ 
from "ll out" centrat СС. CNe, ONe fr3m centra l СС CNe ONE' 

а2 а~ аб ае 1.0 1.2 н а2 о.• о.б ов 1.0 1.2 н 

,..[GeV] 

Fig. 6. The spectrum of the kinetic energy Т* caZcu
Zated in the N-N с . т. system for "Лout" pions and 
Л hyperons produced in centraZ coZZisions of nuc
Zei (Ар =Ат). То - the temperature parameter. 

л- 1\ 

150 

-t-- ---
100 

• • -+-

+ ++ 
50~~--~--~--~--~~~~---L--~--~~~~---L~ 

2 " 6 8 10 12 2 " 6 8 10 12 

<G) <~> 

Fig. ? . The temperature parameter~ То, pZotted against 
<Q.> , the average number of participant protons. The 
dashed Zines show the То vaZues predicted Ъу the 
thermodynamicaZ modeZ of Hagedorn 116 1• 

7 



peron. and pion production in central nuclear collisions, 
could not readily Ье understood within the cascade model ap
proach. 

'l'he production of Л hyperons in central nuclear collisions 
(high local excitation of the nuclear matter) and especially 
the production of Л' s beyond N-N kinematical limits (still 
higher excitation) with cross sections а 5,5•10-3ainel and 
а~ 5· I0-4 ainel , respectively, may Ье considered as signatu
res of the formation of а fully stopped and thermalized hot 
sources within the nuclear matter. It sЪould Ъе noted that an 
increase in the relative yield of . ·~лout "-events (<nлout/<n77-> ) 
with Q was observed (Ьу а factor of 5~10) 111 1 which-was predicted 
as а signature of quark-gluon plasma formation. However, to draw 
а final conclusion, all possiЬle alternative explanations of 
this effect must Ье considered. 
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It should Ье stressed that due to the contribution of pions 
from {). <1ecays the temperature parameter Т0 derived from the 
pion data is expected to Ье lower than that one derived 
from the Л data (see dotted lines in fig.7). 
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Гаэдэицкий М. и др. El-85-949 
Особенности образования Л -гиnеронов и "-мезонов 

в ядро-ядерных столкновениях при высоких энергиях 

Приводится анализ эксnериментальных данных о nроцессе рожде

ния Л -гиnеронов и "~мезонов в HeLi-, CC-,CNe• и ОNе-вэаимодейст 
виях nри 4,5 ГэВ/с на нуклон и С-С взаимодействиях при 
4, 2 ГэВ/с на нуклон. Покаэано, что кинематические характеристи
~и Л зависят от стеnени центральности взаимодействия, в противо
nоложность стабильному nоведению п-характеристик. Наблюдалась 

~
орреляция характеристик Л-гиnеронов с характеристиками соnро
ождающих их nионов. Наблюденные эффекты, nо-видимому, не со

ласуются с внутриядерным каскадным nодходом. Данные указывают 

:на образование nолностью заторможенного термалиэованного горя

rего источника в центральных ядро-ядерных взаимодействий. 

Работа выnолнена в Лаборатории высоких энергий ОИЯИ. 

Cooб-.eiOie Объединенного института идерных исследова101й. Дубна 1985 

Gazdzicki М. et al. El-85-949 
Peculiarities of Л Hyperon and "Мeson 
Production in Nucleus-Nucleus Collisions 
at High Energies 

The analysis of data on the production of Л hyperons and 
77-mesons in He-Li, С-С, C-Ne and 0-Ne at 4.5 А GeV/c 

and С-С collisions at 4.2 А GeV/c is presented. Kinematical 
features of Л's are shown to depend on the collision centrali
ty in contrast to the staЬle behaviour of the pion characteris
tics. Тhе correlation between the characteristics of Л's and 
accompanying pions is observed. Тhе effects seem to Ье incompa
tiЬle with the intranuclear cascade approach. The data suggest 
the formation of а fully stopped and thermalized hot source in 
central nucleus-nucleus collisions in which Л hyperons are pro
duced. 

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

Co..unication of the Joint Institute for Nuclear Research. DuЬna 1985 


