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HADRON GAS VERSUS QUARK PLASMA EFFECTS
IN THE E-DEPENDENCE OF THE J/¥ SUPPRESSION
PATTERN

BLASCHKE, D..') ROPKE, G..") Rostock

. e<:~.=.m a reaction kinetic model of heavy quarkonia suppression, reactive colli-
sions with hadrons as well as with quasi-free quarks in a hot and dense nuclear
environment are treated simultaneously. We especially deduce temperature and den-
sity dependent reactive collision frequencies. A pure hadronic model is compared with

a simple two-phase hydrodynamic model with respect to the E;~dependence of the
J/ ¥ suppression pattern.

L INTRODUCTION

5.883 relativistic heavy ion collisions performed at CERN {1], the sup-
pression of the J/ ¥ state relative to the Drell-Yan background has been obser-
ved for events with high transverse energy E;,. This effect was earlier proposed
to be a signal of quark-gluon plasma formation [2] which one expects to see in
the E;-dependence of the suppression pattern.

During the last two years, different approaches have been discussed in order
to mmmon.m@m the suppression of heavy quarkonia in hot and dense matter.
.Zmﬁm:_ and Satz [2] proposed the dissolution of heavy quark bound states
In surroundings of free quarks at high density to be similar to the Mott-effect
in plasma physics due to static screening. This model has been further ela-
.@038& to discuss more detailed effects as, e.g., the dependence of the suppress-
ion on .5@ transverse momentum p,, see Refs. [3—6]. However, the Mott
dissolution of bound states occurs at temperatures which are well above the
plasma phase transition temperature T, and does not seem suitable to describe
correct physics behind the observed suppressions. A more relevant approach
should use reaction kinetics in order to estimate the lifetime of bound states in
dense surroundings.

A reaction kinetic approach to heavy quarkonia suppression in a quark-
gluon plasma has been worked out recently within a string-flip model for a
manyquark system with confinement interaction [7, 8]. The lifetime for a JI¥
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state at 7, = 180 MeV was found to be about 7, , = 15 fm/c, and it was shown
that the plasma lifetime 1, can be related to the suppression ratio #(p, = 0)
according to

R ,e(pr = 0) ug%_ |04A_ +a+w:~ﬁ 0

where a = t,,/7,,,. From the comparison with experimeats [1], a plasma lifetime
of the order #,, = 20 fm/c was obtained. However, reactive collisions with had-
rons within these calculations were disregarded.

Alternatively, more conventional approaches have appeared which claim to
describe the suppression effect without the formation of a plasma phase [9—13].
They considered reactive collisions of the J/ ¥ with a surrounding dense hadron
gas. However, in comparison with experiments, the determination of the reac-
tive cross sections has so far remained an open problem.

The aim of this paper is to give a uniform picture to describe reactive
processes with hadrons as well as with quasi-free quarks. From the point of view
of a conventional model, this would correspond to the determination of a
density dependent reactive cross section. The possible occurrence of a quark
plasma phase, however, should lead to an abrupt change in the reactive cross
section. Such an effect should be seen in the E;-dependence of the J/ ¥ suppress-
ion to be discussed in this paper.

II. A SIMPLE MODEL FOR THE SPACE-TIME EVOLUTION OF
HOT NUCLEAR MATTER

In a relativistic nucleus-nucleus collision, a hot zone is produced, where the
total thermal energy stems from the conversion o the transverse energy E; of the
collision. Assuming cylindrical symmetry of the collision process, we have

Ry

E, = Ni% drre(T(r, 1 = t)), 2)

where / is the length of the cylinder, and R, = 1.24'? fm denotes the radius of
the projectile nucleus with mass number 4. The initial time ¢, is the moment at
which reactive collisions start to occur. The energy density ¢ is given in the
hadronic phase according to

%TM% % &@J %_%%?N + %_\i H _M_ 9
h ANN&u

whereas in the quark plasma phase we have
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With B = 222 GeV fm -3 being the bag constant.

~ _n.ﬂvo following, we consider two approaches. In the first approach no phase
ransition occurs, and the temperature of the hot nuclear matter is determined

Qu -1
&(T) = Wu.m.\ % !.uQN + §U_\Nwoxvﬁ€w + EA\NVS\N@ + _M +B, @

&T(r, t = 1)) = £,(T) OR, — 1 + &(T)O(r — R,). %)
Inserting into Eq. (2) a relation between R, and E. is found,
R VN —
Al& = 2 €— (1)
=y = for0<p? <1,
R, &(T) — 5,(T) g

6

&/&,(T,) for y2> 1

which is shown in Fig. 1.

m,mmu 1. Ratio of the plasma radius R, to the

projectile radius R, in dependence on the trans-

verse energy £ for two different critical tem-

peratures: (a) T. = 180 MeV, (b)
T, =200 MeV.
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For the time evolution we use the following si : :
ifeti g simple model int
lifetime ¢, of the plasma phase given by P S IGITE the

b= xRIH(1,): ™

Ro(0) = R ()1 = (( = Dit)  fort, << L, 8)

T’t=T, forr> l,. 9)

We set b =2 and consider x as a parameter to be specified below. Eq. (9)
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expresses the entropy conservation and defines the time dependence of tem-
perature in the pure hadronic approach.

Hl. REACTION KINETICS FOR THE J/¥ SUPPRESSION

After J/¥ is formed at the distance r with the density g,,4(r), it propagates
in the azimuthal direction $ with the transverse momentum p,. Due to the
reactive collisions it will be suppressed so that for the total yield, we can
introduce the suppression ratio

o —w> lz?.ﬁu..mu.v

dg drro,u(re
.&@? m.ﬂv S g R, s Qov

Nﬁ,_, a:@\.\s

0
where .
ir

NG, 9 pr, Ey) = % drz'(1) )

i

is determined by the reactive collisions. The freeze-out time is denoted by s,.
For the two-phase approach, we have

) = 5 (T)O, — 1, — 1) + 17 (T)O(t + L+ L)Ot, — 1, — §)
+ 5, '(T(HOU + t,— 1), (12)

where ¢,(r, 9, p;, E;) denotes the time-of-flight in the plasma zone.

As known from chemical reaction kinetics (see also Ref. [8]), the frequency
of reactive collisions in the plasma phase can be expressed according to

82T\ n(T) _agr
5'T) = 3 ) nulld e, a3)
1 \Hyyq 3

where r,,y, = 0.45 fm is the radius of the J/'¥, p is the reduced mass, and AE is
the activation energy for the dissolution reaction as given in Ref. [8] within the
string-flip model. A similar relation has been used for the frequency of the
reactive collisions in the hadronic phase (see Ref. 9N

s.u_ﬁjn M Ahtvs Qﬁb.f.\\.mo:\.Adouus\ﬁ ATC
h NTTHy w4,

where Am denotes the threshold energy of the reaction and ¢ is the collision
cross section, which is of the order 1 ... 2 mb for these reactions [9, 10]. The
temperature dependence of the density can be taken according to

n(I)t = n(T),, (1s)
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and usually one takes the approximation

% () = 7 (1) (1,/0), (16)
see Refs. [9—13].
In this way, we find for N (11)

i+, L+ 1, mt iy
N, pr =0, Ey) = % dr 77 (T) + % de 77 (T) + % de 77 (T() =
1 D. .

i + ¢§ Libd,
=T F bt (4 4 )57 _AEV. (17)
N‘ + NS

Fig. 2. Suppression ratio in dependence on the
transverse energy E, for different approaches:
(a) two-phase model, (b) pure hadronic model,
o= Lmb,(c) pure hadronic model, o = 2 mb,
(d) experimental results according to Ref. 4,
parameter values are given in the text.

(d)data taken from Ref. 4.

Er/LAs

The evaluation ww the suppression ratio can be performed for the value
Pr=0 and the density distribution Qye(r) = 0, O(R, — r) with the result

3+¢:.\§
Y i m.. + NE ~lulY
#pr=0, E, lo\fiuv R, (a, y), (18)
(e, p) =1— y2 4 a1l —e (1 + a)] for0<y<1,
R.(a, y) = 2y’a~?(1 + &mraﬁoépq -~ ¢ vl L fory>1.
(I + a)y?

The parameter a=1, /to depends on E7 according to (6), (7) and contains the
parameter x which can be adapted to the experimental results, see also Eq. (1).

meter value { = 3 fm.
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IV. DISCUSSION

As shown in Fig. 2, the two approaches discussed here show a quite different
behaviour. Below the E7 value necessary for plasma formation, both models for
the J/ ¥ suppression show identical results. However, above this critical value of
Ey, the suppression ratio of the two-phase approach is significantly lower when
compared with the pure hadronic suppression, because the formation of a quark
plasma phase leads to a drastic enhancement of the reactive cross sections.
Therefore, an abrupt change in the slope of the E;-dependence of the J/¥
suppression would indicate the formation of a quark plasma phase. The experi-
mental results [1] support the existence of such a change in the slope but have
to be improved in future to make a decisive distinction between both approach-
es.
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AJJPOHHBIA TA3 M 3OPEKTHI KBAPKOBOH I1JIA3MBI B 3ABUCHMOCTH
E; HA NIOJABJIEHUU KAPTHUHBI JI¥

COoyNapeHH#t B 3aBHCHMOCTH oT TEMNECPATYPLI U MJIOTHOCTH. GVNW—&:&NNHO: YHCTO AIpOHHAs

KapTHHY noaasieuus J/ Y.
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