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INTRODUCTION 

The temperature and density of nuclear matter are among the main parameters 

of equation of state determining the phas~ transition mechanis~. To obtain the 

temperature of secondary hadrons in the experimen~ one usually estimates the value 

of the inclusive spectrum slope. Generally, different criteria to _select samples of 

secondaries for analysis have been used. So, in paper [1] the particles emitted at 90° in 

the center -of- mass system ( CMS) of Ne + NaF interactions at 2.1 Ge V /nucleon were 

investigated and the value of negative pion temperature E 0 = 102 :1'1eV was obtained; 
' 

later at the same experimental conditions for Ar + KCl at 1.8 G~V /nucleon [2] the 

apparent temperature of 58 MeV was determined for 95% of the pion total yield and 

110 MeV for the remaining 5%. On the other hand the kinematicallr forbidden region 

was studied in paper [3] and the temperature of 50 MeV has been obtained [4] for 

negative pions produced at 180° in the collisions of deutrons with '.different nuclei at 

3.36 GeV /nucleon. As it could be expected such kind of restricti01is allows to obtain 

actual information about' the initial stage of the multi particle production process ( the 

extremely compressed matter) and to separate different mechanism contributions. In 

addition, the transverse motion in nuclear collision~ is an effective probe [5] to test 

the validity of theoretical models. The analysis must be performed for different kinds 

of secondaries and selection criteria used at the equal experimental conditions. 

The detailed analysis of the transverse negative pion spectra and determination 

of pion temperatures is the main goal of the work. We have investigated the depen­

dence of temperature on ,r- mesons rapidity and on "centrality" of the interactions. 

We have used the approximation of the transverse momentum invariant spectra 

''.1 of secondaries obtained in the statistical bootstrap model in papers [6,7] in order to 

obtain the temperature values : 

if 

1 d(dN/dy) ,--- oo 

~1rp.1 dp.1 ~ ✓Pi +m2 :EKi [n Jpi_ +m2

] 
n=l T ' 

(1) 

where T is the temperature, m = m,. for pions and K1 - modified Bessel functions 

(Macdonald functions). One can also determine the t_emperature based on the average 

value of transverse momentum of secondary hadrons as it was dotie in paper [6] . 

,,, , ,- ,,:_·i,ti} :;,1 ;t 

,t-':1Hr:1 \C c;J':;.ib,mli'.l} 
,..;J -IL~/~·-' • - ' .-~1,..4: \ 
<,l'"-''~Rl ,,<'H.) I i;!:,lOII, _ 



SOME FEATURES OF THE QUARK-GLUON STRING MODEL 

In previous papers [8] a good agreement of the Dubna cascade model calculations 

(DCM) [9] with experimental data on inclusive characteristics and correlations of 

· secondaries was shown. In this work ~e have used the next generation ·of DCM - the 

quark-gluon string model (QGSM) [10]. · 

In papers [10,11] the model is presented in details. To de~cribe the evolution 

of the hadron and quark-gluon phases a coupled system of Boltzmann-like kinetic 

. equations has beei:i used in the model. The nuclear collision is treated as a mixture 

of independent interactions of the projectile and target nucleons, stable hadrons and 

short-living resonances. A resonant 1r + N -+ t:i. reactions and pions absorbtion by 

NN- quasi~deuteron pairs as well as 1r + 1r -+ p reactions are taken into account. 

The formation time of hadrons is also included in the model. The quark.:gluon string 

model [10] has been extrapolated to the range of int'ermediate energy ( vs :5 4 Ge V ) 

to use it as a basic process during the generation of hadron-hadron collisions. 

H:x= H=S:::! 
H-r----- H--+-----

a> b) 

H~·H5 ~ 
Ii 

H ------- H 

c> d) 

:~~~ 
•> f) 

The included processes are illustrated 

in Fig.l for the case of NN interactions. Si-

milar processes are accessible also for 1r N 

collisions as well as the additional reaction 

(lf) corresponding to planar quark diagram. 

A binary process (la) gives the main contri­

bution whi~h is proportional to 1/Plab• It 

Fig.l Topological quark diagram& for 

main proceue.s accounted in the model at 

vs :5 4 Ge V: a • binary, b • "undeveloped" 

cylindrica_l, c • and d • diffractive, e • cylin­

drical, f • planar. Solid line& mark quark& 

and the wave one& .show .string&. 

corresponds to quark rearrangement without direct particle emis~ion in the string 

decay. This reaction predominantly results in production of resonances (for instance, 

p + p -+ n + t:i. ++) which are the main source of pio~s. The angular dependence for re-
. . . 

action (la) can be parameterized as du/dt ~ exp(-bt), where b(.s) = 2.5+0.7 ,ln(.s/2) 
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and t is the four-momentum transfer. The comparable contributions to inelastic cross 

section decreasing with Plab growing come from diagrams corresponding to the "un­

developed" cylindrical diagrams (lb) and from the diffractive (lc,d) processes. The 

pion transverse momenta produced in quark-gluon string fragmentation processes in 

the mentioned reactions are the product of two factors. These factors are; a string 

motion in the whole as a result of transverse motion of constituent quarks and qq 

production in string breakup. Transverse motion of quarks inside hadrons was de: 

scribed by Gaussian distribution with variance u2 ~ 0.3(GeV /c)2 The transverse 

momenta kT of produced qq pairs in CMS of the string follows the next dependence: 

W(kT) = 3b/1r(l + bk})4 • 

The cross sections of hadron interactions were taken from the experiments. Iso­

topic invariance and predictions of additive quark model [12] (for the meson-meson 

cross sections etc.) were used to avoid the data deficiency. The resonance interaction 

cross sections were taken equal to the interaction cross sections of the stable particle 

with the same quark content. Also a real width of resonances was used. 

This model was simplified in some aspects to increase the rate of nucleus-nucleus 

generation. In particular, coupling of nucleons inside the nucleus was neglected, the 

decay of the excited recoiled nuclear fragments and coalescence of nucleons were not 

involved either. So, 15.000 for each of ( d,a,C)+C, 6.000 dTa and 3.000 CTa inelastic 

interactions were generated using QGSM. Comparison with the model allows one to 

distinguish the kinematically caused effects and permits to interpret the results more 

definitely. 

EXPERIMENTAL RESULTS 

In the paper we study the transverse momentum invariant spectra of 1r- mesons, 

produced in the inelastic dC, aC, CC, dTa, aTa and CTa interactions at 4.2 GeV /c 

per nucleon. The experimental data have been obtained using a 2-m propane bubble 

chamber exposed to beams of nuclei at the Dubna synchrophasotron. Three 1 mm 

thick tantalum plates were mounted inside the chamber. General characteristics of 

the interactions and specific methods of data processing were published earlier in 

papers [BJ • Practically all the secondaries emitted in 41r total solid angle have been 

detected in the chamber. The average minimal momentum for pion registration was 
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abo~t 70 ~eV /c: The statistics of the experimental samples is pr~sented in Table 1. 

TABLE 1. · Statistics of inelastic nuclear interactions. 
. 

Projectile nuclei d a C 

Number of events (C-ta.rget) 6684 4849 6806 

(Ta-target) 1475 1149 . 1989 

Collisions of Light Ions with Carbon Nuclei ; 

The transverse momentum invariant spectrum of negative pions produced in the 

inelastic CC interactions is shown in Fig.2. The usage of approximation (1) gives 

the values of parameter T1 = (68 ± 4) MeV for 60% of the total pion yield and 

T2 = (131 ± 9) MeV for the remaining 40%. 
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cc • experiment 
- OGSM 

When we obtain~d p.1 spectra at dif­

ferent rapidity inter~als for the carbon 

target only one slope 1was observed. 

Fig.2 The in~ariant .,pectrum of 

·negative.pion., tran.,tjer.,e momentum in 

the inela&tic CC interaction.,. The hi.,-
' 

togram., .,how re.,ult~' of the model {the 

da.,hed one include., ,the account of mo-

.il, 

l 
I 
Ii' 

k 
I 

P;"' j · mentum re.,olution)._'· Line., on the fig-

P.1o.(GeV/c) 1
·
0 ure reproduce the .,j,ectra of different pion· ~ 

.,ource., in QGSM. 

Fig.3 shows the dependence of negative pion temperature on the value of pion ra- .._ 

pidity y.,, = 0.5 • ln( E + p
11 

/ E - Pu). Experimental points are presented for inelastic . 

dC, aC and CC collisions. The lines reproduce the model calculations for dC and 

CC interactions. The rapidity interval ranging was made due to the statistical con­

siderations. It is seen from Fig.3 that the dependence has a wide maximum at the 

range of rapidity corresponding to CMS of nucleon-nucleon interaction (y ~ 1.1). 

Temperatures for different projectile nuclei are sufficiently close at the same rapidity 

intervals. It means that ·there is no pronounced A-dependence of T parameter. In 

the fragmentation region of colliding nuclei the magnitude of Tis about 60 MeV·and 
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it increases to 110 MeV in the central region. QGSM reproduces data quite satisfac-
:" ' ' 

torily in the fragmentation region but in the central region the experimental values 

of temperature exceed those of the model for about (10-15)%. 

~ 

150,---,-----r--,-----.-..--,--,--,----,-r--,--, 

120 

dC aC CC 
>< ■ • experiment 

QGSM 

t + 

~ 90 .._,. ~•* 
I-

32o.7 0.2 1.1 2.0 2.9 
Y,.-

Thus, the observations qualitatively 

agree with the ideas based on the creation 

of a "hot" pion source who·se highest de­

gree of compression (in central region) re­

sult~ in high values of temperature. 

Fig.3 Negative pion temperature de­

pendence on the pion rapidity in dC, aC 

and CC inela.,tic colli8ion.,. The line, re­

produce the model calculations. 

The information about the origin of secondary particles generated in QGSM 

can help one to .understand the observed dependence. As we have mentioned above, 

the dominant sources of pions in QGSM at our energies are decays of il and ot~er 

reso~an~es (p,w,T/,1,') as well as "direct" reactions. We have marked as "direct" a 

sample of pions not produced in the resonance decays. For a nucleon-nucleon reaction 

at 4.2 Ge V / c the relative pion intensities ( contributions to the 1r- multiplicity) in 

QGSM are: 

I.o.-

0.35 

Idir 

0.43 

I.o.• 

0.12 

Ip• 

0.03 

Ir 

0.02 

Iw 
0.02 

I11 

0.02 

IT/, 

0.01 
(2) 

A solid histogram in Fig.2 represents QGSM calculations for the inv-ariant trans­

verse momentum spectrum of negative pions produced in the inelastic CC interac­

tions. The dashed one shows the result of correction of the pion momentum values 

due to experimental uncertainties -6.p/p ~ (5 - 10)%. The account of experimental 

resolution improves the agreement with· the data for s~all values of P.L and is negli­

gible for high values of transverse momentum. In paper [13] two different approaches 

were applied to the analysis of the pion transverse spectra from ultrarelativistic col­

lisions of ions. Decays of resonances were also treated as the main source of pions. 

Both: the chemical equilibrium model and the statistical string fragmentation model 
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of the iitlti~ hadi:~nic abund~~c~sdescribe q~ite weU the d~t~ .ohiy f~r p .L > 0.2 
-. ' . ' : ~ ·, 

GeV /c but not for small P.L• 

The lines in Fig.2 reproduce sn;oothing sp~ctra of the mentioned sources in the 

QGSM for CC inel~tic· collisions. We obtain in the model the following relative 

intensities of the sources : 

Ia-

0.43 

Idir _: 

0.26 : 

Ia• 

0.17 

Ip• . 

0.06 

1;-
0.04 

Iw· 

0.02 

l '1 

0.01 

l71, 

o.oi 
(3) 

Within~ (10-20)% the.ratio (3) remains constant for different pion rapidities. The 

influence of secondary processes going from NN reactions (2) to CC interactions 

results in changing a relative contribution of direct reactions. The ratio of the pion 

yields is 140 : Idir = 1.1 : 1 for NN reactions (2) and 2.3: 1 for CC interactions. For 

tantalum target this ratio is growing up to 3.1 : 1. The calculations shown in Fig.2 

demonstrate also different slopes of the spectra. Using approximati~n (1) we have 

obtained the values of negative pion temperature for each source presented in Table 

2 .. The magnitude of T changes in the range from 50 till 110 M~V ~imilar to those 

in the experiment for different pion rapidity (see Fig.3). 

TABLE 2. Pion temperature from different sources in QGSM.* 

( CC inelastic collisions ) 

Source A- dir(,ct Ao P-,Po,w T/, r,' 
reactions 

Temperature(Me V) 68 110 73 106 50 

Fig.4 shows rapidity dependen~e of pion temperatures obtained in the model for 

two dominant sources -A- decays and direct reactions. The pion temperature in 

delta decays is systematically smaller than those in the direct reactions, pl'Obably, due 

to different phase space available for delta decays and direct reactions. In general, the 

temperature behaviour obtained in the model for different sources replicates those 

observed in the experiment. 

*Typical errors of the parameter T obtained in the model have not exceed a few Me V · 

and were not mentioned in the text. 
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Fig.4 Temperature dependence on 

rapidity of negative pion& from A - de­

cay& and direct reaction., in CC inela&tic 

colliJionJ {QGSM calculation.,). 

Fig.5 presents relative contributions 

of the sources ( normalized to unit) to dif­

ferent intervals of transverse momenta 

obtained in QGSM for CC inelastic inter­

actions. For high values of P.L the relative 

contribution of delta decays decreases. 

At the same time the influence of direct 

Fig.5 Dependence of the relative 

contribution., from different &ourceJ to 

pion multiplicity in QGSM on the value 

of pion ~ran.rnerJe momentum for CC in­

elastic colliJionJ. Polynomial approzima­

tionJ were uJed for the .!pectra Jmoothing. 

production mechanism becomes significant while P.L growing. 

Analyzing in detail the characteristics of different pion sources in QGSM, we 

have obtained the pion temperatures for two groups of pions emitted in the direct 

reactions: 

- for pions produced in primary and secondary N N collisions ( e.g. N N --+ N N 1r ); 

- for 11"- mesons emitted in the interactions of secondary pions and resonances 

(e.g. pN--+ N1r ). 

The yields of pions in these_ groups of reactions are related as 1.4:1.0. The pion 

temperatures for the two samples are T = 107 MeV and T = 119 MeV, respectively. 

About 10% of directly emitted pions were later scattered elastically. This results in 

temperature increasing to 140 MeV and 153 MeV, respectively. 

A similar temperature dependence has been also observed for pions emitted 

in the decays of delta resonances. So, approximately 20% of pions from A O were 
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scattered elastically. The temperature value for this sample of pions is T = 84 MeV 

and for non-interacting pions T = 69 MeV. 

A satisfactory agreement of the quark-gluon string model calculations for pion 

temperatures proves the assumption that the values of temperature observed in the 

experiment reproduce a complex superposition of different source slopes. 

Interactions with Tantalum Nuclei 

Transverse momentum invariant spectrum of ·negative pions produced in the 

·inelastic CTa interactions is presented in Fig.6. Generally, the model reproduces 

the inclusive spectrum observed in the experiment. The varieties of pion momenta 

according to the experimental resolution do not change significantly the P.L spectrum 

c~culated in th~ model. There is some excess of high P.L pions in the experiment 

similar to light nuclei collisions. The usage of approximation (1) gives the values of 

p~ameter Ti = (49 ± 2) MeV for 49% of the total pion yield and T2 = (113 ± 5) 

MeV for the remaining 51%. 

The total transverse momentum spectra for CTa inelastic collisions and those 

spectra in different rapidity intervals show a bend at P.L ~ 0.5 GeV /c. 

,....._ .. 
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-'QGSM 
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PJ. (GeV/c) 

This important feature of spectra 

distinguishes CTa interactions from col­

lisions of light nuclei and displays the ap­

. pearanc~ of one more slope of spectra cor­

responding to the high value of tempera­

ture. No satisfactory approximation 

Fig.6 The invariant apectrum of 

negative pion transverae momentum in 

CTa inela,tic interaction,. Notation ia 

the aame aa in Fig.2. 

was found using only one T parameter. A good agreement with the experimental 

data was obtained for two parameters Ti and T2 • Usually one interprets it as mani_­

festation of two sources of pions with different temperatures. In paper (14] a "two -

temperature" shape of transverse momentum invariant spectrum was explained due 

to different contributions of deltas produced at early and late stages of heavy ion 
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reactions. In paper [15] this effect was qualitatively explained taking into account 

the finiteness of the number of particles in the statistical ensemble and the resonant 

absorbtion mechanis~. 

Fig.7 shows the behaviour of temperatures in the available region of rapidity 

for negative pions emitted in the inelastic dTa, aTa and CTa collisions.. The lines 

correspond to QGSM calculations. The model agrees with the data. Only one slope 

dTa aTo ~~ CTa • --~riment 
1601- ■ o .a. A - experiment - - SM -,QGSM 

% 12of-
:::. I t ._... 
I-

J :~t ·~ ' 'j' '. ' ' ' 
T :F ~ j j ~ ; 

-o.6 o.4 Y,.- 1.4 -0.6 0.4 Y,.- 1.4 2.4 

Fig.7 Negative pion temperature dependence, in the inela,tic dTa, aTa and 

CTa interactions.The line, correspond to QGSM calculation,. 

in spectra of 11"- mesons from dTa and aTa interactions is seen both - in experiment 

and in the model. In the central rapidity region in dTa and aTa collisions the 

additional slope reveals but the contributions to corresponding invariant spectra are 

not remarkable. In CTa inelastic interactions two slopes are seen in the whole rapidity 

region. The value of temperature Ti remains almost constant ( ~ 40 Me V) for different 

rapidities and coincides with T2 parameter for dTa and aTa collisions in the central 

region. The behaviour of temperature of the additional "hot source" is similar to 

that observed in the light nuclei interactions. The temperature values for different 

projectile nuclei do not significantly distinguish from each other at the same rapidity 

intervals. 

The contribution ratio of the sources in QGSM for CTa inelastic collision is 

approximately the same as for CC interactions: 
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IA-

0.45 

Idir 

0.20 

IA• 

0.17 

Ip• 

0.08 

Ir 

0.07 

Iw 

0:01 

1,., 

0.01 

I,i' 

0.01 
(4) 

Ratio (4) is almost constant in different ranges of pion rapidity. Table 3 presents cor­

responding values of temperature. They have not changed significantly in comparison 

with CC collisions. 

TABLE---3.... Pion temperature from different sources in QGSM. 

( CTa inelastic collisions ) 

Source ..1..- dir!,ct .6. 0 P-,Po,w 11, r,' 
reactions 

28 
Temperature(Me V) 66 64 95 57 

128 

0.6 ,-.,--,-,-.--,--:-,---.--r---r-....~ 

The same conclusion is also valid for 

relative contributions of the sources to p J_ 

spectrum which is shown in Fig.8. The 

influence of the direct production mech­

anism increases also with P.L while the 

relative contribution of delta decreasing. 

., 
C 
0 

0.5 

'g 0.4 

i 

Clo-QGSM 

8 o.3 1,., 
~ 

direct-+,/ , 
' , 

:,:, 

~ 0.2 ~-----A~ 
,,.-,..~. f ~ - _· 0 

0.1 

/ -♦-- mesonic -1:,. 
re50nances 

0.0 ..__.,__...____.__._--'--'---'-__,_---'---'---' 
0.0 0.5 1.0 

P1 (GeV/c) 

Fig.8 Dependence of the relative 

contributionJ to pion multiplicity from 

different JourceJ in QGSM on the value 

of pion transverse momentum for CTa 

collisionJ. Notation iJ the Jame aJ in 

Fig.5. 

Fig.9 presents temperature dependence obtained in QGSM on rapidity for pions 

produced in the direct reactions and .6. - decays. For every rapidity interval the 

shapes of the invariant spectra are considerably different. In comparison with the 

decay mechanism the spectra of the directly produced pions obviously show two 

slopes. And corresponding temperatures T1 and T2 remain almost constant within 

their error bars. 

10 
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CTo 
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QGSM. 

• - T '} direct 
• - T2 

~ 150 I ~ } 

Fig.9 Temperature dependence on 

rapidity of negative piona from ..1.. - de­

cayJ and direct reactionJ in CTa inelaatic 

colliJiona (QGSM calculationJ). 
~ 
::!: 
-----

t 
t- 100 + 

The direct reactions were classified 

into two_ groups for CTa collisions in the 

same manner as for CC interactions. But 
50 

t" 
' • 

• 

• • t r . ' 

in this case we observe quite another ratio 

,?
0

_
6 0

_
3 

y _ 1 _2 2_ 1 of pion yields in the groups. The _num~er 

" of 1r- mesons emitted jn the interactions 

of secondary ·pions and reso~ances with nucleons in QGSM is almost four times 

greater than that in primary and secondary NN reactions. For bothgroups of pion; 

we have observed the "two-temperature" shape ·of ir~nsverse momentum spect~~­

The corresponding values of temperatures an:d relative contrib~tions to the total pion 

yield are T1 = 26 MeV (22%), T2 ~ 128 MeV (78%) for the first group of pions (from 

NN-reactions) and T1 = 28 MeV (53%),T2 = 129 MeV (47%)- for the sec'ond one;· 
' . 

So, the additional slope (T2) in direct reactions is mainly related to the interactions 

of secondary pions and resonances with nucleons. 
. - ) ' 

The temperature behaviour for pions produced-in delta decays in the ge~erated 

CTa collisions is similar to the generated CC interactions. In CTa inelastic collisions 

about one third of negative pions produced in .6. 0 decay was scattered elastically. 

This results in temperature increasing from 61 MeV up to 68 MeV. The model allows 

one to reconstruct kinematical characteristics of the parent deltas using momenta of 

daughter pions and protons (neutrons). So, one can obtain the transverse momenta 
.' . 

invariant spectrum of .6. resonances and the corresponding value of delt~ · te~pera-

ture: TA- ~ 120 MeV. Basing on the results shown in Fig.9 we can also get pion 

temperature dependence on the mass of parent resonance. The results for 1r- mesons 

from .6. - decays in QGSM presented in Fig.IO agree with the calculations of paper 

[16]. 

Thus, the main features of transverse momentum invariant spectra of negative 

pions produced in light relativistic nuclei collisions both with the carbon and tantalum 
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nuclei can be described in framework of the quark-gluon string model. 

80 Fig.10 Temperature dependence of 
CTa-QGSM 

negative pion from t::i.. - decay& on the 

75 mas& of delta in QGSM for CTa inela&tic 

> interaction&. Clo&ed cycle& are the re&ult 
II) 

::;; .___, 
of calculation& and the &olid line i& poly-

i.!' 
70 

nomial approzimation. 

65 In comparison with the carbon nucleus 

the contribution of intranuclear reseat-

60 tering mechanism in the interactions of 
1.11 1.16 1.21 1.26 

1.14 (GeV/c2
) the projectile nuclei with the tantalum 

target becomes significant. It changes the shape of p .L -spectra and comes in particular 

to appearance of the additional slope in the transverse momentum spectra of the 

pions. It follows that the obtained "temperatures" characterize the slope values of 

the invariant spectra and that they reflect the observed, dynamical features of the 

multiparticle production mechanism. 

Influence of Selection Criteria 

Non-trivial properties of nuclear matter can be observed as it is expected at 

extremely high densities which are accessible in heavy ion central collisions. In papers 

[17-19) it is shown that net charge of secondary particles Q is an effective probe of 

collision "centrality". In the experiment we have analyzed the transverse momentum 

invariant spectra of pions produced in the inelastic nuclear interactions with different 

values of Q and obtained the following results: in the (d, a )+(C,Ta) only one slope 

is seen,with T = (80+90) MeV and in CTa collisions - two slopes with T1 = (60+70) 

' MeV and T2 = (120 + 150) MeV. No systematical dependence of temperature values 

on the impact parameter has been found. This confirms the conclusion of paper 

[20) ab!mt weak dependence of the momentum, angular and rapidity distributions of 

pions on the centrality of light ion collisions. 

The invariant spectra of pions emitted at the angles 90° ± 10° in center-of-mass 

system of CC and CTa inelastic collisions have been also analysed. For the equal mass 

CC interactions the center-of-mass system is CMS of nucleon - nucleon collision~. For 
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unequal mass (asymmetrical) CTa interactions we have used CMS of participating 
i 

protons. The results are presented in Table 4. The fnvariant spectra. of pions in CTa 
I 

collisions show only one slope. The obtained values of pion temperatures coincide 

TABLE 4. Temperatures of 11"--mesons, emitted at the angles 90° ± 10° in CMS of 

CC and CTa interactions. 

Interactions cc CTa 
Experiment 118±3 102±4 

QGSM 103±2 82±3 

with those observed ancl. calculated in the central rapidity region. The experimental 

values of temperature exceed the temperatures in QGSM for about (15+20) MeV. 

The magnitudes of parameter T do not significantly depend on th~ selected angular 

restriction limits. The marked disagreement takes place due to the ~xcess of high P.L 

pions observed in the experiment. 

CONCLUSIONS 

The slope parameters of transverse momentum invariant sp!!ctra of negative 
: 

pions produced in the inelastic (d,a,C)+(C,Ta) interactions at 4.2 GeV /c per nucleon 
i 

have been analyzed and the values of corresponding temperatures h~ve been obtained. 
: 

For the carbon target in the fragmentation region of colliding nuclei the temperature 
I 

is close to 60 MeV and grows up in the central rapidity region till 110 MeV. In CTa 
i 

collisions the "two-temperature" shape of the spectrum is observed; the contribution 
: 

of the "hot source" increases in the central region and is weakly seel1 in dTa and aTa 
! 

interactions. 

The obtained values of temperature for pions emitted at 90° ± 10° in CMS of CC 
., 

and CTa interactions are close to those parameters obs,erved in thf central rapidity 

region of projectile nuclei interactions with the carbon target. 

The pion tempe~atures do not remarkably depend on the centrality of collisions. 
I 

No significant dependence of temperature on the atomic weight o,f both, projectile 

and target nuclei has been found .. 

The experimental results are compared in details with the calculations performed 

, in framework of the quark-gluon string model. The model reproduces data quite 
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satisfactory, except the central rapidity region where some excess of high P.L pions is 

observed. 

Comparisons with the model show that the pion temperatures in all investigated 

inelastic nuclear collisions are determined by superposition of partial contributions of 

different sources ( decays of resonances, direct reactions). Both: the pion temperature 

rise in central rapidity region and the appearance of the additional slope in the 

transverse momentum pion spectra in CTa interactions are caused, especially, due to 

intranuclear rescattering mechanism of mesons and resonances with direct 71"- meson 

production. 

Perhaps, investigations devoted to the analysis of another hadron spectra and 

~omparison of the results with calculations of "non-cascade" models would be fruitful. 

Acknowledgments 

The authors are grateful to the colleagues from JINR for the assistance in film 

taking and data processing. We acknowledge the stimulating discussions with Pro­

fessor V.D.Toneev. 

REFERENCES 

[1] Nagamiya Sh. et al., Phys.Rev.C (1981), v.24, p.971 

[2] Brockmann R. et al., Phys.Rev.Lett. (1984), v.53,p.2012 

[3] Baldin A.M. et al., Yad.Fiz. (197~), v.21,p.1008 

[4] Agakishiev H.N. et al., Preprint JINR, Pl - 89 - 793, Dubna, 1989 

[5] Schukraft J. Talk at Int.Workshop on Quark Gluon Plasma Signatures, Stras-

bourg, France, 1-4 October 1990, Preprint CERN-PRE/91-04 

[6] Hagedorn R., Rafelski J. Phys.Lett.B (1980), v.97, p.136 

[7] Hagedorn R. Lett. Rev.Nuovo Cimento, (1983), v.6, p.1 

[8] Agakishiev H.N. et al., Yad.Fiz. (1984), v.40, p.1209 Z.Phys.C (1985), v.27, 

p.177; Gulkanyan G.R. et al., Preprint JINR 1-88-226, Dubna, 1988; Preprint 

JINR 1 - 88 - 645, Dubna, 1988 

[9] Gudima K.K., Toneev V.D. Yad.Fiz. 1978 , v.27, p.658 Nucl.Phys.A (1983), 

v.400, p.173 

14 

[10] Amelin N.S., Bravina L.V. Yad.Fiz. 1990 , v.51, p.211 

Amelin N.S., Ostrovidov A.I. Yad.Fiz. 1989, v.50, p.486 

[11] Amelin N.S. et al. Yad.Fiz (1990), v.52, p.272 

[12] Anisovich V.V. et al. ,Nucl.Phys.B (1973), v.55, p.455 

Anisovich_V.V. et al. ,Nucl.Phys.B (1978), v.133, p.477 

[13: Barz H.W. et al., Phys.Lett.B (1991), v.254, p.332 

[14) Li B. and Bauer W.,Phys.Lett.B (1991), v.254, p.335 

[15] Zubkov M.D., Yad.Fiz. (1989), v.49, p.1751 

[16] Stock R. Preprint GSl-85~39, Darmstadt, 1985 

[17] Agakishiev H.N. et al., Yad.Fiz.(1987), v.45, p.1373 

[18] Simic Lj. et al.; Phys.Rev. D (1986), v.34, p.692 

[19] Simic Lj. et al., Phys.Rev. C (1987), v.37, p.2064 

Agakishi~v H.N. et al_., Yad.Fiz.(1990), v.51, p.758 

[20] Simic Lj. et al., Z.Phys. C (1990), v.48, p.577 

Received by 'l'ublishing Department 

on August 8, 1991. 

15 


