
Ш\ЫЪЬТ2 

KFKI-1989-48/A 

A.K. HOLME 
P. LÉVAI 
Q. PAPP 
L.P. CSERNAI 

ENTROPY PRODUCTION 
IN THE RELATIVISTIC 

HEAVY ION COLLISIONS 

Hungarian Academy of Sciences 
CENTRAL 
RESEARCH 
INSTITUTE FOR 
PHYSICS 

B U D A P E S T 



KFKI-1989-48/A 
PREPRINT 

ENTROPY PRODUCTION IN THE RELATIVISTIC 
HEAVY ION COLLISIONS 

A.K. HOLME', P. LÉVAI, Q. PAPP", L P . CSERNAI" 

Central Research Institute for Physics 
H-1626 Budapest 114, P.O.B. 49, Hungary 

'Physics Department, University of Bergen, Bergen, Norway 

••Dept. of Theoretical Physics, Eötvös University, Budapest, Hungary 

HU IS8N 036» 6330 



A.K. Holm». P. Lévai. CL Papp. L.P. Csemai: Entropy production in the reiativistic heavy ion 
СОШОГК. KFKI 1989 48/A 

ABSTRACT 

We give a short overview on the most important possibilities of entropy production in the 
reiativistic heavy ton collisions, which is connected to the shock phenomena. We consider as example 
the E802 experiment, where one can determinqsflhe specific entrop/ content from measured strange 
particle ratios. The received large entropy value (S/NB - 14) can be explained by assuming 
quark gluon ptasrr» formation. Trie possir^^ 
era also investigated. 

А. К. Холме. П. Левам, Г. Папп. Л. П. Чернаи: Производство энтропии в 
тежело-ионных столкновениях. KFKI-1989-48/А 
Аннотация 
Мы даем краткий обзор наиболее важных причин повышенного 
производства энтропии в тяжело-ионных столкновениях. которые 
связаны с ударными явлениями. В качестве примера мы анализируем 
Е802 эксперимент, откуда можно определить количество энтропии по 
наблюдаемому выходу странности. Большая величина вычисленной 
энтропии. S/N % 14 может Сыть объяснена Формированием 
кварк-глюоннои Фазы. Обсуждаются также возможность охлаждения 
кварк-глюонной фазы, и ее дефлаграция. 

Holme А.К., Lévai Р., Papp в., Cternal L.P.: Entrópia produkció a relatlvisztfkus nehézion 
ütközésekben. KFKI 1989 48/A 

KIVONAT 

Rövid áttekintést adunk a relativfsztikus nehézion ütközésekben lejátszódó entrópia termelő 
folyamatokról, külön kiemelve azokat, amelyek hullámfront Jelenségekhez kapcsolódnak. Ezután 
példaként tekintjük az E802 kísérletet, ahol meghatározható a specifikus entrópia tartalom a mért 
ritka részecske arányokból. Az entrópia tartalomra kapott nagy érték (5/Afe • 14) kvark gluon 
plazma megjelenésével le magyarázható Vizsgáltuk továbbá annak a lehelőségét, hogy a kvark gluon 
plaxma túlhűl és deflagrációs folyamatokon keresztül alakul ál. 



1. INTRODUCTION 

The main goal of studying nuclear collisions :X multi-GeV energies at the CERN 

SPS and Brookhaven AGS is to discover the formation of quark-gluon plasma (QGP). 

Crucial points of these experiments are the production of sufficiently high energy 

density for the deconfincment in a substantial volume, t > eCrii ~ 1.5—2 GeV/fm2, 

and extracting enough information from the experimental data to decide whether 

QGP was formed or not. To form a thcrmalized system large stopping of the nuclear 

matter is required. Recent data from AGS [1][2] indicate strong stopping enabling us 

to use simple fluid dynamical considerations about the entropy production and the 

development of collective flow in such collisions. In the present work we attempt to 

trace clown several assumptions on the collision scenario and their effect on the final 

entropy and flow. These scenarios will be displayed both in the presence and absence 

of the plasma formation. Preliminary estimates on the experimental entropy in the 

Б802 experiment (cf. Appendix) can be explained by scenarios assuming plasma 

formation. 

In the compression stage wc consider a rapid tcrmalization and minimal entropy 

production in the central region using 1-dimensional hydrodynamics. Further on we 

consider two extreme situations of expansion the adiabatic one (without any entropy 

production) and the isocrgic one (with maximal dissipation). The nature of the 

expansion influences the collective flow velocity: in the adiabatic case the internal 

energy at the maximum compression is converted into the kinetic energy of the flow, 

while in the isocrgic case the flow energy remains the same, i. e. in that case it 

will be infinitesimal. Then if the matter at the end of the expansion is still in a 
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supercooled QGP phase this expansion may be followed by rapid rehadrooization in 

a deflagration front |3](4][5]. In this case further entropy will be produced. Л detailed 

study of the entropy production by means of this two or three stage collision scenario 

will be presented. The results will be compared to data derived from experiments. 

2. ENTROPY PRODUCTION 

2.1. COMPRESSION 

The fluid dynamical model yields a compression зЬоск for supersonic collisions 

[6]. This provides us with a simple estimate for the thermodynamical properties 

of the central compressed matter formed in a heavy ion collision. This estimate is 

valid in as much as the central compressed state really develops in a collision, if 

however, thermalization and local equilibration are incomplete the fluid dynamical 

approach provides only theoretical limiting values: the maximum of the compression 

and the minimum of the entropy production reachable in a collision by the end of 

the compression stage. 

If the mean free path of the constituents is longer or equal to the size of the 

system a stationary »hock front cannot develop. Then the thermalization and equi

libration may be established only after the maximum compression is reached and 

consequently the entropy will be higher than in the previous case [7]. At the end of 

the compression stage it is assumed that the kinetic energy of the collective flow is 

zero or negligible in both cases above. 

The final state of matter at the end of the compression stage depends strongly on 

the equation of state (EOS) [3]. Here three different EOS's are considered: a hadronic 

one (on basis of [8][D][ 10]) and two with QGP with and without strange quarks [11]. 
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In the fluid dynamical model the resulting entropy production is shown as a function 

of the CM beam energy in Fig. 1. Here central collisions were considered in the frame 

of pure geometrical approximation in asymmetric cases. Apart of very low energies 

the plasma entropy exceeds the entropy of the hadronic phase. Furthermore the 

QGP with more flavors shows higher entropy. This is expectable since the produced 

entropy is proportional to the degrees of freedom. For orientation the estimated 

entropy calculated from the hadronic composition of the observed particles from the 

breakup stage (see [12j[13] and Appendix) is also presented in the figure. 

It can be seen that the entropy predicted in the fluid dynamical model for the 

CXMIIJWSKÍOII .stage is »mailer th;ui the estimate based 01» experiments, assuming com

plete thcrmoilyimmical equilibrium in the final stage. Consequently further or other 

entropy producing mechanisms should be considered. 

2.2 E X P A N S I O N A N D REHADRONIZATION OF Q G P 

During the initial compression a very hot ivnd dense QGP (or hadronic matter) is 

produced at high pressure and energy density. Thus this stage of evolution is followed 

by an expansion in consequence of the matter cools down, and the pressure decreases. 

In general the usual QGP calculations considers an adiabatic expansion without any 

entropy production. For the pure hadronic matter one can also use this assumption 

or there are attcrnptions to presume the quasiadiabatic process [14]. In the latter 

case the description allows us to get a slight increase in the entropy content due to 

the chemical transmutation, but even this contribution is very small. Of course if one 

introduces the non-equilibrium effects such as for example the viscosity, more and 

more entropy can be created during the expansion. The extreme situation in this 

process is the isocrgic expansion in the result of the maximum amount of entropy is 
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produced while the flow energy b minimal, indeed in the case of idealized process is 

exactly zero [7]. 

Examining the expansion of pure hadronic scenario and QGP one can draw up 

Fig. 2. If only pure hadronic matter is produced, taking non-equilibrium processes 

into account in the collision it is possible to produce that high value of entropy which 

was determined by means of the experimental particle ratios (cf. Appendix). But in 

this case the chemical equilibrium is not reached in the hadronic matter, so we cau 

not apply the method described in the Appendix. In fact the analysis of hadronic 

scenario requires a complete hadrochemical description of the expansion. (In the 

Fig. 2. the calculations of adiabatic and isoergjc lines for hadronic matter was 

accomplished using interacting hadronic matter [9][10][12], and spherical geometry 

114)0 

For QGP the result is similar to the hadronic scenario in both cases: the fully 

equilibrium adiabatic and the totally non-equilibrium isoergic processes. However 

in the QGP the complete thermodynamical equilibration can be reached very fást 

so its expansion is expected to be adiabatic. Thus assuming QGP scenario and 

adiabatic expansion one needs to find further possibilities to produce extra entropy 

contributions. 

Our candidates are related to the rehadronization of QGP which is probably a 

strongly non-equilibrium process due to the production of the considerable amount 

of extra entropy. 

One can assume that the characteristic times of rehadronization processes and 

expansion are in the same order. In this case a detailed kinematical description is 

needed to treat the phase transition and to follow step by step the entropy produc

tion. However the present flavour-kinctical model [IS] provides only slight increase 
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of entropy, which make us to assume here an iscntropic like process. 

However a very fast expansion of QGP would yield the occurence of supercooling 

[3] and the phase transition would happen by means of deflagration or detonation 

[4][16]. In this case the developed shock phenomena as discontinuities can provide a 

large entropy yield similar to the compression process described in Chapter 2.1. 

Of course if we consider isocrgic or other strongly non-equilibrium expansions (to 

increase the entropy content) it is possible to take adiabatic rehadronization process 

into account. But in this case the final flow is minimal, one can estimate a very low 

average flow velocity < vjiow >~ 0 — 0.2. The analysis of measured transvers energy 

spectra of different particles [17] results a higher value: < vp0w > ~ 0.4 — 0.5. 

2.3 DEFLAGRATION FROM SUPERCOOLED QGP 

The theory of relativistic detonations and deflagrations was first developed by 

Taub [18]. The roles of these processes in rehadronization were investigated in details 

e.g. in Rcf. [3][C](8][1G](19]. In the both processes starting from initial QGP state 

the available final hadronic states are described by the Taub adiabats. In case of 

deflagration the inner thermal energy of QGP is converted into kinetic energy of 

hadrons like an acceleration - so the produced hadronic matter is dilute and the 

average flow velocity < v//ou» > increases further. However in the case of detonation 

the hadrons suffer a deceleration so the kinetic energy and also the average flow 

velocity decrease. 

The real processes have to satisfy the condition of positive entropy balance. 

The final states on the Taub adiabats can be distinguished by their entropy contant 

and there are exist two points on it with maximal entropy: one is related to the 
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deflagration» the other to the detonation process. These are the Chapman-Jouguet 

points, which play an important role because of the principle of entropy т"г*"Ч"Т" 

- that points are reached in the real processes. However, the detonation results a 

hotter and more compressed matter, thus in the case of the detonation the produced 

dense hadronic matter dcvelopes far from equilibration during its later expansion. 

The deflagration process leads to a dilute hadronic gas in equilibrium close to its 

break-up point, so we can compare calculated results to the experimental data. 

In Fig. 3 we have drawn once again the entropy production in the compression 

and the adiabatic expansion processes. (Some extra entropy is produced when the 

strange and antistrange quarks occur in the system. The exact calculation for the 

contribution to the entropy of that process can be done using quarko-chemistry [20], 

however the fast equilibration allows us to estimate this entropy yield by pure shock 

calculation considering complete equilibrium of quarks.) We have examined the defla

gration processes during the expansion and calculated the related Chapman-Jouguet 

(CJ) points. The entropies produced in that situations are shown in Fig. 3. The 

examination of adiabatic expansion was finished when the pressure of QGP reached 

zero. This is the last state from which one can get a CJ point. One can see that only 

the states close to this extreme situation can produce the positive entropy balance. 

At the same time it is possible to reach the region of the entropy values determined 

from the experimental partical ratios. 

The behaviour of the most important quantities during the expansion is shown 

in Fig. 4. The time scale of the adiabatic expansion is estimated from the one 

dimensional spherical calculations mentioned above in Chapter 2.2. The vertical 

dot-dashed line at 1.8 fm/c shows the beginning of positivity of the entropy balance. 

If we are interested in the entropy S/NB ~ 14 units, one can read from the 
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Fig.4. that the related temperature is about T ~ 100 - 120 MtV. Our calculations 

show that the density of hadronic matter after deflagration n/n, ~ 0.1 — 0.5. Since 

the hadronic matter produced in deflagration is in chemical and thermal equilibrium 

these values are in good agreement with the hadronic ones substracted in Appendix. 

Furthermore due to the low density of the created hadronic matter it immediately 

breaks up. 

During the deflagration a shock front starts from the surface of QGP and prop

agates inwards. The QGP is inside and outside appears the accelerated hadronic 

matter. In the rest 'rame of the shock the velocity of hadronic matter VH, of QGP 

VQOP and the relative velocity of them vrei(H — Q) are the following (4][8): 

v>„ = to«-*IGp)-(<qaP + PH) ( 2 3 л ) 

(ен - eQcp) • (ен + PQGP) 

v2 = (Рн-Р9ср)(ен+Р9сг) ( 2 3 2 ) 

4 (eH-eQop){eQGP+pH) 

V r e l { H - Q ) = VH-V9CP = кри-Р^Леи^едср} { 2 Щ 

1 - VH • VQGP у (ед + PQGP) • (PH + CQGP) 

The velocity of expansion was calculated using above mentioned spherical geometry 

with radial velocity field [14]. The velocities (vexpan,ion(Q) and vj\^) drawn up in 

the Fig. 4. are the maximum velocities, which can be found on the surface at the 

starting point of deflagration. The vthock is the relativistic difference of vexpan$i»n(Q) 

and VQGP and this is the shock velocity in the centre of mass frame. Indeed the 

expansion velocity has a dependence on the distance from the centre, and since the 
vJtlw u *he relativistic resultant of vexpan,i0n(Q) and vrei(H — Q), it has a radius 

dependence also. 

From the Fig.4. one can see that the region of positive entropy balance is very 

narrow. The velocity of surface deflagration shock front is positive, close to the max

imal surface expansion velocity. Thus the shock wave starting from the surface could 
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not read) the center. Very soon the QGP reaches the zero pressure beyond which 

there is no Chapman-Jouguct point and the QGP will have a time-like deflagra

tion [5][16]. The entropy production of this process is in the magnitude of the above, 

space-like deflagration process, but its description needs further detailed calculations. 

Considering the flow velocity we get a similar result. In case of space-like 

deflagration the maximal flow velocity (on the suface of produced hadronic mat

ter sphere) is very high, vjfä ~ 0.8, and this means a high average flow velocity 

< «/lew > « 0.6 — 0.65. But if a time-like deflagration happens inside the QGP bub

ble it decreases the above value of average flow velocity, while other thermodynamical 

quantities can remain their value. 

3 . CONCLUSION 

We have investigated the possible mechanism of entropy production in relativistic 

heavy ion collisions. The E802 experiment was used as a concrete example. At first it 

was determined the produced entropy content by means of measured particle ratios: 

this calculation indicates the occurence of hadronic matter in thermal and chemical 

equilibrium at temperature T ~ 120 MeV, density п/пв ~ 0.4 and specific entropy 

S/NB ~ 14. After this we try to find out the possible mechanisms which can yield 

this large entropy value. In the compressional stage the produced specific entropy 

only about 11 units, assuming quark-gluon scenario. The missing entropy could 

origin from the expansion of QGP or its rehadronization. Assuming extreme isoergic 

expansion it is possible to produce further entropy contributions, but in this case the 

flow velocity of system is decreasing drastically and otherwise we do not know those 

strong non-equilibrium processes which are responsible for this. Using the usually 

assumed adiabatic expansion of QGP, it needs to investigate the rehadronization. 
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Fast expansion and overcoming of QGP can lead to its deflagration. We anal-

ized in detaib the entropy production capacity of this process. Our results show 

that deflagration can produce the required amount of entropy and at the same time 

the created hadronic matter can be characterized with the same thermodynamical 

Quantities as comes from the analyses of Appendix. We must note here that after 

deflagration the hadronic matter suffers the break-up immediately because of its low 

density, so the above quantity are due to the deflagration and preserve the complete 

thermodynamical equilibration. 

Indeed our calculations let us suppose that the real process is a bit complicated. 

Before the starting space-like deflagration shock front can reach the centre a time likr 

deflagration will complete. But this process can also reproduce the required hadronic 

final states, the detailed calculations are in progress. 

Finally we can conclude that the source of the missing entropy can be the over-

cooling of QGP and its deflagration. 

Acknowledgements 

Greatfully acknowledged the enlighting discussions with J. Németh, and U. 

Heinz. Furthermore one of the authors (P. L.) thanks B. Lukács, J. Zimányi and 

T. Csörgő for valuable discussions. This work was supported by the Norvégián Re

search Council for Sciences and Humanities (NAVF) and the Hungarian Academy of 

Sciences (MTA) Grant. 

9 



APPENDIX 

The entropy content of a particle system can be determined knowing the form of 

equation of state and the values of thermodynamical intensive variables, as temper

ature T and independent chemical potentials щ. Since one would have liked to use 

measurable quantities to characterize the system, it was developed a method in which 

the particle ratios are the basic variables [12][13]. By means of this method one can 

determine the entropy content — assuming complete thermodynamical equilibrium 

—, using only two independent particle ratios. Knowing further ratios one can check 

the assumption of equilibrium in the investigated system. 

The strange particle ratios have a very important role in this method, since in 

the heavy ion collisions they are produced mostly in the central region preserving the 

characteristics of it. Furthermore we expect the occurence of QGP also here with 

large entropy content. 

Now we will investigate the entropy production in the E802 experiment ( 3SSi + 
1 9 7 Ли at 14.5 GeV/nucl bombarding energy). One can find the following, integrated 

particle ratio in Ref. [2] 

tig =0.24 ±0.05 

In fact the above ratio depends on the transverse momentum very strongly [21], 

but in our thermodynamical model we may use the integrated one. The K~/ir~ 

ratio also has a similar momentum dependence [21], but assuming that positive and 

negative pions are equally abundant, we can evaluate in wide range of the transverse 

momentum spectra the following ratio: 

Л К « 0.25 ±0.05 
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These two independent ratios would be enough to determine the entropy content 

of a multiparticle system (e.g. with particles ir,JV,JV,A, Д,Л,Л,Е,Ё,Я,К [13]). 

However we can estimate a third ratio, A" +/p using the data of [2] to check the 

equilibrium. The measured, integrated p/x+ ratio is 2.2, thus one can get a raw 

experimental data K+/p ~ 0.1. If we consider a central 2 e 5 . f 197Au collision, we 

use a pure geometrical estimation for the participant region, which consists of the 

nucleons coming from silicon and a reaction tube in gold the silicon penetrates in. 

So we can separate the cold spectrator protons and the excited participant protons 

(which come from the nucleus Au and Si) and we find half of the total amount of 

protons to be excited. - This simple assumption is strengthened by the analisys of 

Ref. [22], where a FVitiof calculation was made to a similar situation to separate 

the spectrator and participant charged particles. In Ref [2] the angles were used in 

experiments are between 14° and 28°, which means 0.9-0.6 pseudorapidity region, 

where we can extrapolate from Ref. [22] the above mentioned half-half ratio. - Since 

the participant protons will have role in the central region where the kaons were 

produced according to our basic assumption, the ratio K + / p will be increasing and 

one can estimate 

Rf ~ 0.2 

Looking for R%t = 0.24 Яд+ =0.25 one finds the following possible state (n 0 = 

0.145 / m " 3 ) : 

T = USMeV, S/NB = 14, n ~ 0.4n„ R** ~ 0.21 

This is a quite reasonable breakup state, and the K+/p ratio is consistent with the 

other ratios. 

It is very interesting the occurence of a complete thermodynamic equilibrium in 

the hadronic final stage and we attempt to explain this result assuming a deflagration 

mechanism in the E802 experiment. 
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Figure Captions 

Fig.l.: The resulting specific entropy production (a) as a function of the CM beam 

energy using l-dimensional shock approximation in case of hadronic matter (dot-

dashed line), in case of quark-gluon plasma without strangeness (dashed line) 

and with strangeness (full line). The filled area {S/NB ~ 14) comes from the 

experiment E802. 

Fig.2.: The specific entropy (a) production vs. density for hadronic matter and for QGP 

(without and with strangeness) in the two extreme cases: adiabatic and isoergic 

expansion. The big dots mean the last space-like deflagration points of QGP 

(near PQGP = 0) and the strars mean the break-up points of hadronic matter at 

n ~ 0.3n„. The filled area also indicates the determined experimental value of 

the entropy. 

Fig.3.: The main steps of entropy production in 2tSi + 197Au collision at 14.5 GeV/nucl 

bombarding energy. After the adiabatic expansion a deflagration happens which 

can produce high enough entropy in certain cases considering the Chapman-

Jouguet points (CJ). The time scale comes from a spherical description of ex

pansion. 

The values of the specific entropy (<r) of produced hadronic matter and the initial 

quark temperature and final hadronic temperature in the deflagration processes 

in the Chapman-Jouguet points if the deflagration begins in different moments 

of the expansion. The velocity values are valid on the surface of the QGP-bubble 

at the beginning of deflagration (c.f. in Capter 2.3.) 
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Title and classification of the is*ue* published this year: 

KFKM 989-01/D G. Kocsis et al.. A possible method for ion temperature measurement by ion sen 
sitivé probes 

KFKM989-02/G L. Perneczky et al: using the pressurizer spray line in order to minimize loop 
seal effects (in Hungarian) 

KFKM989-03/E T Csiba et al Propagation of charge density wave voltage noise along a blue 
bronze, Rbo 3M0O3 crystal 

KFKI-1989-04/G G. Baranyai et al Experimental investigation of leakage of safety valves by 
means of acoustic emission detectors (in Hungarian) 

KFKM 989-06/A Nguyen Af Viet el al.: Can solitons exist in non linear models constructed by the 
nonlinear invariance principle? 

KFKM 969-067A Nguyen Ai Viet el al.: A non linearly invariant Skyrme type model 

KFKI-1969-07/A Nguyen Ai Viol et al Sialic properties of nucleons in a modified Skyrme model 

KFKM989-08/B Z. Perjós: Factor structure of the Tomimatsu Sato metrics 

KFKM989-09/B Z Perjés: Unitary spinor methods in general relativity 

KFKM 989-1070 G Baranyai et al Refloodlng Investigations. Part I. (in Hungarian) 

KFKM989-11/G L Marótl et al Description of the physical models applied in the COCONT code, 
(in Hungarian) 



KFKM 989-13/Q L. Maróti et al.. Operational procedure based on hot spot analysis at the 
WWER 440 type block of Paks Nuclear Power Plant. Part III. (in Hungarian) 

KFKM 989-14/A Cs. Balázs: Lessons from a time dependent model 

KFKI-1989-15/A V.Sh. Gogokhia: Quark confinement and dynamical breakdown of cNral 
symmetry In covariant gauge OCD 

KFKM 989-16/A A. Frenkel: Spontaneous localizations of the wave function and classical 
behavior 

KFK-1969-17/D S Kálvin el al USX and SX radiation measurement of tokárnak plasma by 
MicroChannel Plate 

KFKM989-18/A SI. Bastrukov et al Liquid layer model for non magic nuclei 

KFKM989-19/G E Biró et al Summary of WER 1000 data compiled by CRIP on the basis of 
international cooperation, (in Hungarian) 

KFKI-1989-20/M M Barbuceanu et al: Concurrent refinement of structured objects: a declar 
alive language for knowledge systems programming 

KFKI-1989-21/C K.I. Gringauz et al.: The analysis of the neutral gas measurements near comet 
P/HALLEY based on observations by VEGA 1 

KFKI-1989-22/A P. Lévai et al.: A simple expression for the entropy of a fireball from 
experimental strange particle ratios 

KFKI-1989-23/M LZs. Varga et al.: Knowledge based techniques in network management 

KFKI-1989-24/A J. Révai: Exactly soluble model of a quantum system In external field with 
periodic time dependence 

KFKI-1989-25/J Sz. Vase. T. Török, Gy. Jákli. E Berecz: Sodium alkyteulphale apparent molar 
volumes in normal and heavy water Connection with mlcellar structure 

KFKI-1989-26/A Gy. Kluge: On prompt fission neutrons 

KFKI-1989-27/A S. Krasznovszky, I. Wagner: Description of the scaled moments for the 
nondiftractive pp and pp interactions in the cms energy range 10 900 GeV 

KFKM989-28/E D.V. Sheloput et al.: Acousto optical properties of Ge As S glasses and some 
possible applications 

KFKI-1988-29/C B. Lukács: A note on ancient Egyptians' colour vision 

KFKI-1989-30/G L. Szabados et at 7 4% hot leg break without SlTe in action (in Hungarian) 

KFKI-1989-31/0 L. Szabados el al 7.4% hot leg break with SITs in action. (In Hungarian) 

KFKI-1989-32/A V.V Anisovlch: Quark model andQCD 

KFKI-1989-33/Q L. Szabados el al.: Comparison of experimental results on the PMK NVH stand 
in case of 7 4% hot and cold leg breaks (In Hungarian) 



KFKI-1889-34/А Т. Csörgő el al.. Fragmentalion ot target spectators in uttrarelativistic heavy 
ion collisions 

KFKM889-36/C E. Merényi et al The landscape of comet Halley 

KFKI-1989-36/C K. Szegő: P/Halley the model comet, in view of the imaging experiment aooard 
the VEGA spacecraft 

KFKM889-37/K S. Deme et al Reliability of real time computing with radiation data feedback 
at accidental release 

KFKI-1089-38/0.1 P. Pellfonfez et al.. Interpretation of acoustic emission signals to the evalu 
•lion of pressure tests, (in Hungarian) 

KFKI-1989-39/Q A. Péter: Experiments on acoustic emission detectors, (in Hungarian) 

KFKI-1988-40/A S.I. Bastrukov et al.. Fluid dynamics of the nuclear surface Fermi layer 

KFKM988-41/D D. Hildebrandt el al.: Impurity flux collection at the plasma edge of the 
tokárnak MT 1 

KFKI-1989-42/1 L Cser et al.: Monte Carlo modelling for neutron guide losses 

KFKI-1989-43/G L Perneczky el al: SB LOCA analyses for Paks NPP. 74% hot leg break 
without SITs in action, (in Hungarian) 

KFKI-1989-44/Q L. Szabados et al.: 3.5% cold leg brak without SITs in action, (in Hungarian) 

KFKI-1989-467A V.Sh. Gogokhia: Gauge invariant, nonperturbative approach to the infrared 
finite bound state problem in QCD 

KFKt-1988-4e/G S Lipcsei et al.: Studies on vibration of fuel rods. I. Mechanical models of 
vibration of fuel rods in PWRs. (in Hungarian) 

KFKI-1988-47/A P. Lévai el al.: Entropy content from strange particle ratios in the E802 
experiment 

KFKM989-48/A А К Holme et al.: Entropy production in the relativtetic heavy ion collisions 
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