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The absorption of ¢z system in both — Quark Gluon Plasma (QGP) and in the
Hadron Gas (HG) can be described by the Schrodinger equation with a complex
potential. In the QGP the real part of the potential is Debye screened and
deconfining, the imaginary part corresponds to absorption due to collisions with
individual partons. In the HG the real part is confining and the iImaginary
part takes into account absorption due to collisions with hadrons. The unified
approach permits a transparent comparison of both cases and introduction of
the concept of formation time along the same lines.

According to the original idea of Matsui and Satz [1] the potential between mem-
bers of c¢ pair in QGP is Debye screened and unable to bind ¢ and & to J /Y . In
earlier papers [2,3] on J/v suppression this idea together with the concept of the for-
Mation time were used as a basis for describing features of J/+ suppression in heavy
lon collisions. Later on the proces of the J/¢ absorption in QGP has been described
by the Schrédinger equation with a deconfining real potential [4-11]. As pointed out
in Refs. [12,13,14] the Debye screening of the cé potential is not the only source
of J/4 absorption in QGP. Collisions with partons present in QGP can disintegrate
J/¢ and thus lead to its absorption. This process is described by absorption cross
sections, e.g. by a language different from Schrodinger equation with Debye screened
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potential. Since the use of the optical potentials with a negative imaginary part i

analyses of absorption of neutrons by nuclei it is well known that the absorption owM
be awvnmmw:ama by an imaginary potential. We shall proceed below along this line
The ::m%:m:k part of the potential in the description of J /4 absorption by QGP rmu.
been already introduced by Cugnon and Gossiaux [10,11]. In their work the imagi.

The m.vmoﬁaou of J/¢ by HG, contrived [16-19] as an alternative explanation of
the experimental results of NA38 collaboration [20] on J /4 suppression used estimates
of dissociation cross-sections and the concept of the formation time. Accurate data
[21] on J /% production in hadron-nucleon collisions, required the introduction of time-
dependent Cross-sections [22-24], the time-dependence appearing as a consequence of
the mxv..n:a_:m. cc wave packet [25]. Also here it would be desirable to have one
F:m.:.@mo describing both the expansion of the ¢ wave packet and its attenuation b
collisions with hadrons. ’

The purpose of the present note is to show that both the expansion of the c¢
wave v.mowmﬁ and its attenuation whether in QGP or in HG can be described by the
Schrédinger equation with the potential whose real and imaginary parts are chosen
SO as to represent both the expansion and the absorption.

. The basic idea of the introduction of the lmaginary part of the potential is rather
simple. Consider first the case of an already formed J /% in a homogeneous hadron
gas. .m.oq. the moment we are not interested in the internal structure of J /1 so we are
considering only the coordinate of its center of mass.

The Schrédinger equation
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ih ot = o A%, ) + iW(R)B(R, 1) (1)
implies
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The nmﬁ: #W(®*®) describes for W < 0 the absorption of J/¥ . The standard
expression for the absorption of J /% by collisions with hadrons in HG is
dny _
@ TPh < VOgps > ny, (3)
where the Ph is the density of hadron gas and o4, is the absorption cross-section.
The comparison of the corresponding terms in Eqs. (2) and (3) gives

h
W= TP < vogy, > ()
In the homogeneous hadron gas py, decreases as aconsequence of Eq. (3) exponentially

Pyll) = py Svmxlwﬂ\s\iu note W < 0. Let us now treat J/% in the homogeneous
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hadron gas again, this time taking into account the internal degrees of freedom. The
wave function of the cé pair x (7}, 75, t) obeys the Schrodinger equation

L Ox (71, 7, t h? h? L .
Nm\{ = ~|M3m>~ - Msﬁ Dw + «\?.H — ﬁmV -+ ;\ﬂ\uxﬁﬂ.r ﬂ.mv“v Amv

where V(|71 — 73]) is the confining potential.  The separation of variables
x(F1,72,t) = (R, t)¢(F, t) with

m.™ + mery

N.w.“ MSo y m‘“.s..m|m.w‘ t”Sa\M, EHMSG
leads to . y
O®(R,t)  h ~
- m\w
w20 = a4 Vi) + Wi ™

So far as W is a constant independent of r it can appear either in Eq.(6) or in
Eq.(7) leading in both cases to the exponential damping of the product AVQ.N Hy(r, t).
In a realistic situation c¢ is produced at ¢ = 0 as a narrow wave packet with the radius
of < 72 /2~ (.075fm and as the best guess for the dependence of oy, on time we
have [25]

2
_ oo <rit) >
Tabs Qv = Ogps < ﬂww > Amv

The < r?(t) > is the time-dependent radius squared of the expanding wave packet
and < ﬁw > Is the same quantity for the J/4 wave function.

One could also consider other options for the dependence of ¢,;, on r and t, for
instance the one with < r2(t) > in Eq.(8) replaced simply by r2. The latter would
attenuate different parts of the wave function differently, corresponding to physics of
absorption different than that in Eq.(8). 1t might be interesting to study such an
option in more detail, but we shall stick here to the standard option given by Eq.(8).

The real part V(r) of the potential in Eq.(7) is the standard confining potential
V(r) = or — a/r, with @ = 0.471 and ¢ = 0.192GeV?. The numerical values of 3,
and py, are estimated from the simplified model of hadron gas used in Ref.[16]. Note
that similar absorption follows also from a model of hadron gas containing mesons
from scalar octet and vector nonet as well as baryons from the octet and decuplet
[26].

The imaginary part of the potential then becomes

< r2(t) >
S\HlS\ol.ﬂlel (9)
<ri>

with Wy ~ 40MeV .

The J/4 absorption in QGP is described by the same Eq.(7), with parameters
obtained in the following way. The real part of the potentiak V(r) corresponds to
the Debye screened potential Vi(r) = Wo(r) = o'exp(~r/re)/r with ro = 0.2fm and



102 R. Lietava et al
1.0
P(t)

0.5

)
b)

0.0 29
...:—..._._:__..._._.___..:.:___:..___.._:.:.~4J_|~

00" 02 04 08 0.8 1.0 1.2
t[fm/c]

Fig. 1. Probability P(t) to find J/9 in the expanding wave packet being simultaneously
attenuated by HG. The real part of the potential is confining with o = 0.471 and o =
0.192GeV2. The imaginary part is of the form of Eq.(9) with a) W, = 10MeV, b) We = 20
MeV, c) W, = 40 MeV, d) Wy = 80 MeV.
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Fig. 2. Probability P(t) to find J/4 in QGP. The real part of the potential is deconfining
Debye mnwmm:mm one with o’ = 0.18 and ro = 0.2 fm and the imaginary part is as given in
Eq.(9) with a) W, = 60 MeV, b) Wy = 100 MeV, c)Wo = 140 MeV, d) Wo = 200 MeV.

o' = 0.18 [5]. The imaginary part is of the form in Eq.(9) with W, estimated from
the work by Wittmann and Heinz [14] to Wy ~ 140 MeV. The probability to find J/¥
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in the wave packet which is expanding and being absorbed is given by the expression

P(t)= | <pypl ¥t) > | (10)

where ¥(7,1}) =< Fl9(t) > is the solution of the Schrédinger equation (7) with the
initial wave function given by the Gaussian wave packet with < 2 >Y2= 0.075fm.
Details of the calculation are described in Ref.[5).

As an illustration of results obtained in this way we present in Figs. 1 and 2
probabilities P(t) computed from Egs (7) and (10) for J/¢ in QGP and in HG.

Most realistic estimates correspond to full lines in both Fig. 1 and 2. As expected
the decrease of P(t) is steeper for the case of QGP, what means that experimentally
the production of QGP in heavy ion collision should manifest itself by kinks in the
dependence of J/4 suppression on the total transverse energy Ep [27].

Even if both absorption and the effects of medium on the real part of the potential
are taken into account by complex potential, one essential ingredient is still missing.
The data on charmonium production in hadron-nucleus interactions [21] indicate [28]
that cc pair is created in the colour-octet state which reaches the colour-singlet state
after the emission of a gluon. The next step therefore consists in describing the
emission of the gluon from the expanding and absorbed wave packet. The authors
are indebted to P. Filip and V. Goloviznin for numerous valuable discussions.
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