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Abstract The production of dileptons in the intermediate mass region in QGP has been
studied on the basis of a relativistic hydrodvnamic model. Due to the influence of the phase
boundary on the evolution of the QGP system and the high initial temperature of the QGP
produced at RHIC energies, the quark phase contribution is much more important than
that from hadronic interactions and even comparable with that from background sources.

It is shown that such an enhancement is a signature for the QGP formation.
Key words QGP, hydrodynamic model, dilepton enhancement

Built RHIC at the Brookhaven National Laboratory'' and LHC being built at CERN offer the
possibility to create QGP in laboratory. Dileptons as a signal for QGP formation are considered most
promising because they do not suffer strong final-state interactions and are therefore expected to re-
tain the information about the QGP.

Many authors have studied the production of dileptons in the intermediate mass region (IMR)
(i.e. near 1.0 t02.5 GeV)>™* . An enhancement of dileptons in the IMR has been attributed to
secondary meson-meson interactions by Gale and Li>. While Z. Lin and X. N. Wang think that
the enhancement observed by the NA50 experiment is caused by final state rescattering . Since it is
possible for *Au+ 17 Au collisons at RHIC energies to creat the QGP, there are at least three possi-
ble sources for this enhancement; the QGP formed in collisions, secondary hadronic processes, and
background sources like initial charmed hadronic decays and Drell-Yan pairs. In this work, for
9 u+ 7 Au central collisons at RHIC energies. we calculate dileptons from these three sources in
the IMR based on a relativistic hydrodynamic model to find which should be more important if the
QGP has been created in collisions at RHIC energies.

For the quark phase, dileptons from qq annihilations can be calculated following Ref. [2]. We,
in the calculation of the thermal charm quark contribution to dileptons, adopt the charm production
cross section as given in Refs. [5.6]. 65(M)=7,05&(M)+ ¥ 04.e(M), where 6 5zand 6,4z
are cross sections from q and gg reactions, respectively, thermal charm quark and gluon degeneracy
factors are, in turn. ¥, =3 X (2% 3)? for three flavors and 7, = (2% 3)?/2.
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For the hadronic phase, the calculation of dileptons from an annihilations has been mentioned in
Ref.[2], where the form factor is Fy, = Tlémg L( m\% - M*)?+ mgl"g 17" with m,=0.77 GeV

and I'; =0.15 GeV. Authors of Ref. [3] have carried out a study of the dileptons from hadronic in-
teractions like ma,—>11, ro>11, mw—>11, and KK—>11in the IMR, 7 and found processes xa, 11
and nw—>11 to be significant. Thus, these two are also included in our calculation. Since an unam-
biguous determination of the form factor is not yet possible, we adopt the approach mentioned in

Ref. [3] to estimate the cross sections o, ~>11 and ,,~>11 from experimental cross sections using

=
detailed balance.

The background sources produced in initial collisions, such as Drell-Yan pairs and initial
charmed hadronic decays, are important in the IMR. Qur calculations of Drell-Yan pairs are per-
formed based on the Duke-Owens structure functions'” . The background from initial charmed had-
ronic decays is obtained via processes: a+ b—>c+¢, then c>D, ¢>D, finally D->X+1and D—>X+
1, where a and b are colliding partons. For a qualitative study, we adopt the description for the sub-
process a+ b—>c+¢ by the convolution function H( z, . x; ) mentioned in Refs. [8,9], in which
parton distributions q(x ), g(x) and cross sections (do/dz)g.c for subprocess ¢—>D, and
(do/dt) g e for subprocess &>Dare calculated as done in Ref. [97].

As pointed out in Ref. [10], once local thermodynamic equilibrium of the system is estab-
lished, the further expansion of the system is governed by conservation laws of the energy-momen-
tum, baryon number and entropy. Using some useful thermodynamic relations, we have obtained a
set of coupled relativistic hydrodynamic equation (RHE) describing the evolution of a cylindrically
symmetric QGP fire-cylinder, as seen in Ref. [11].

A rapidity density of secondary pions AN, /dY for heavy-ion collisions at RHIC energies has
been obtained in Refs. [2,12], which holds for symmetric AA collisions with A=200 in the rapid-
ity interval | Y|<C4. From it, we have easily derived the entropy density s, ( Y) which is widely
used at RHIC energies. To get the initial temperature from the entropy density, the effect of bary-
ons on the entropy density should be included. Taking a parametrization for the quark chemical po-
tential p, = 6Y*T via using RQMD following Refs. [2, 12], one can obtain the entropy density in-
cluding the influence of baryons, and finally find the initial temperature T, and initial baryon density
ny of the QGP system.

With the origin of the cylindrical coordinates fixed to the center of the QGP system, the initial
volume in this frame is a cylindrically symmetric system of transverse radius R, extending in the =z
direction from -z to 2. The initial condition obviously possesses a reflection symmetry with respect
to z = 0 plane. The distributions are always cut off smoothly when the space boundary is ap-
proached. Smoothing helps to avoid oscillations in the numerical calculations. We implement
smoothing by multiplying the distributions which are obtained via extending the distributions used in
Ref. [13]

T(r, z,0) = Toexpl— [(+/R)™ + (2/z)V 1 (1)

ny(r, z,0) = npexpi— L(r/R)N + (z/zg)N ]} (2)
with the free parameter N =10. Such initial baryon densities are zero in the central rapidity region
since the rapidity deciding the baryon density is zero there. This result is qualitatively consistent with
the original Bjorken scenario and simulation of Refs. [14,15].

For YAu+ '¥Au central collisions at the incident energy per nucleon E;, =200.00 GeV, the ev-
olutions of the temperature and baryon density of the QGP fire-cylinder have been calculated. Only
distributions along the diagonal d = [7* + 2° 1'2 (from origin (0,0) to (7, z)) in the fire-cylinder
are, respectively, shown in Fig. 1 and 2. Where 7 and % are, in turn, the transverse radius and
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length in the z direction above z =0 plane at time 7. Curves 1 10 6 stand for, in turn, temperarure
distributions in Fig. 1 (and also baryon density distributions in Fig.2) at z/R, =0.00, 1.38, 2.76,

4.14, 5.52 and 6.90 fm, where Ry is the initial transverse radius of the fire-cylinder again.
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Fig.1. The calculated temperature distribut- Fig.2. The calculated baryon density distri-
ions at the incident energy per nucleon E, butions under the same conditions as given in
=200.00GeV. Fig. 1.
Curves 1 to 6 denote, in turn, the temperature distri- Curves 1 1o 6 denote, in tumn, the baryon density dis-
butions along the diagonal from origin (0,0) w (7, tributions along the diagonal as mentioned in Fig. 1 at
%) in (7,%) plane of the QGP fire-cylinder at #/R, t/Ry=0.00, 1.38, 2.76, 4.14, 5.52 and
=0.00. 1.38, 2.76, 4.14, 5.52 and 6.90 fm. 6.90 fm.

Where Dy is the initial value of the diagonal d, in ad-
dition Ry, 7 and = have been mentioned in the text.

The calculated dilepton mass spectra
dN/dM? are shown in Fig.3. Curves 1 to 8 repre- 10 8
sent the dilepton spectra from processes: thermal 10-4F ¢
cc>11, na,—11, mw—>11, initial charmed hadronic T 0k i
decays. Drell-Yan pairs, qg—=>11,7mn—>11 and their & 3
total, respectively. It is shown that in the IMR & 107°F
the contribution from the quark phase (including Sm"-
process qq and accompanying thermal ¢¢) is much <
more important than that from reactions ma; . 7w L
and mw. From Fig. 1 and 2 one can see that, in the 10‘90 - 1 118 L -

present model various local temperatures always
decrease and corresponding baryon density (and
also quark chemical potential) increases during the Fig.3. The calculated dilepton mass spectra
evolution of the system. It necessarily takes a long dN/dM? at the incident energy per nucleon
time for values (p,, T) of various local regions of E, =200.00GeV.

Curves 1 to 8 represent, in turn, the spectra from

M/GeV

the system to reach different points of the phase
boundary at different times to make various local
phase transitions. Such effects delay the evolution
process of the QGP, increase the lifetime of the QGP and hence heighten the contribution of
the quark phase. While due to these effects after the phase transition the initial temperature
of the hadronic phase is lower, thus the contributions to dileptons from hadronic processes:
nre—>11, wa,—11 and mw—>11 are low compared with that from the quark phase. Especially,
at RHIC energies the initial temperature of the QGP system is very high, and the dilepton

those processes as mentioned in the text.
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yield is mainly determined by the temperature, thus the contribution from the quark phase is
so large that it is comparable with those from Drell-Yan pairs and initial charmed hadronic
decays. as seen in Fig. 3.

It is worth indicating here that in Ref. [ 3], under assuming only hadronic matter pro-
duction in collisions, the enhancement of dileptons in the IMR produced in S+ W collisions
at SPS energies is due to contributions from those hadronic interactions . In this work , for
Au+"" Au central collisions at RHIC energies, the calculated dilepton spectra show that if
the QGP has indeed been created in collisions, the enhancement of dileptons in the IMR
should be attributed to both the increase of the lifetime of the QGP due to the influence of
the phase boundary on the evolution of the QGP system and very high initial temperature of
the QGP system. Therefore, it is shown that if the QGP has been formed in collisions at
RHIC energies, the enhancement of dileptons in the IMR is a signature indicating the QGP
formation.
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