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Abstract

From the full stopping scenario, the dilepton production in the baryon-rich

quark-gluon fireball based on a relativistic hydrodynamic model is studied, and it is found
that with increasing incident energy a characteristic plateaun indicating the formation of the
baryon-rich quark-gluon matter appears in the total yield.
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Lattice quantuin chiromodynamics calcula-
tions exhibit a transition from normal nuclear
matter to quark-gluon matter (QGM). Among
all observables for the QGM formation, the
dilepton is considered rnost proniising because
it does not suffer strong final-state interactions,
and is thercfore expected to retain information

about the QGM.

Previous authors have studied the dilep-
ton production for the baryon-free QGM.1-2]
Recent experiments and theories indicate that
up to CERN SPS energies a sizable amount of
baryon stopping occurs.t®] Even at RHIC bom-
barding encrgies VS < 2004 GeV calculations
using microscopic modelst®# Lint that the col-
liding heavy ions may not be fully transparent.
Thus, the dilepton production also depends on
the baryon density. Dumitru et al.®! have stud-
ied the dilepton production for given encrgy
density at a finite baryon chemical potential.
And Ko et all%] have also studied the dilepton
production for baryon-rich QGM via a hydro-
dynamic description of heavy-ion collisions, in
which the spatial average of the hydrodynaniic
equations has been taken. In this work, we
study the incident energy dependence of the
dilepton production in the baryon-rich QGM
based on a relativistic hydrodynamic model.

For the quark phase, an expression of the
dileptou production rate, dl2/d* P, was recently

Relativistic heavy-ion collisions, Hydrodynamic equation, Signature of quark—gluon

given on the basis of the Fermi—Dirac dis-
tribution function of quarks.!?! From this we
have obtained the dilepton production spec-
trum dN /d*XdM by an appropriate change of
variables. For the hadronic phase, the dilep-
ton production spectrum is calculated as in
Refs.[2,6,7] using the momentum distribution
function f(p)=nc exp(—E/T), where ¢ is the
normalization factor, n the particle density.
Subsequently, the dilepton spectrum of the sys-
tem is obtained via integrating the production
spectra of the quark phase and the hadrounic
phase over tlie history of the spherical systemn
according to its evolution.

We use the relativistic hydrodynamic
equation (RHE) given in Refs.[6,8] to describe
the evolution of the baryon-rich QGM fireball.
To solve RHE, we should first find the cqua-
tion of state (EOS) of the system. Follow-
ing Refs.[6,8], the EOS of the quark phase
is obtained via a phenomenological MIT -bag
model, considering only light quarks u, d, and
taking the quark mass mq = 0; the EOS of the
hadronic phase, including only nonstrange sta-
ble hadrons such as pions, nucleons and ctas,
and neglecting their interactions, is obtained.

It i1s shown that some strange results
appear when describing the phase transition
via shock wave decided by the conscrvation
laws.[®19) In this work, following Ref.[9] we con-
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sider a scenario for the phase transition, assum-
ing that the structnral rearrangement during
the transition from QGM to hadronic matter
needs a finite time comparable with the time of
the fast relativistic collision, the transition can
be modecled qualitatively as a relaxation pro-
cess during which baryons in the quark phase
become those in the hadronic phase. Thus, the
phase transition can be described by a relax-

ation equationl11-12l
dnjl(t) 1 q _
2 =— t) —ald 1
dt nntr(t) [le( ) nb] ( )

where 7 is the equilibrium baryon density

value given by the Fermi distribution, n)!(t) the
baryon density of the quark phase. Taking n'(t)
as the baryon density of the hadronic phase,
n, = nﬁ + n{: is the total baryon density in the
transition region (i.c. mixed phase). The vol-
ume ratios of the quark phase and the hadronic
phase in the transition region are, respectively,
aq = n}/ny, and ap = (1 — ag), from which the
EOS of the transition region can be obtained.
The intrinsic equilibration time has been esti-
mated within a Fermi gas model 1112 that is
Tiner(t) = 2 x 10722 s-MeV/e*(t), where e* is
the excitation energy per baryon of the quark
phase. From Eq.(1) the transition is described
only through the change of the occupation 1if of
the baryon in the quark phase due to collisions
from the residual interactions.[11]

According to the treatment of Ref.[5], for
the central collision between two identical nu-
clei, the initial baryon density and energy den-
sity of the fircball are, respectively, nd = 2yng
and e® = wn), where v and w are, in turn, the
Lorentz factor and center-of-mass energy per
baryon, depending on the incident energy per
baryon &, 15], and ng the normal nuclear den-
sity. Employing the following relations from the
standard bag model

2
"g = 5/‘(10(T(? + /"éo/"rz) (2)

(3)

37 3
(;‘0 - aaﬂ'zT(‘)t -+ 3Tg/tq() + 2_1"2-[1:0 -+ D

we can decide the initial temperature T, and
quark chemical potential pqo through the in-
cident cnergy (see Fig.1), wherc B is the bag
constant,.

We first calculate the phase boundary for
different bag constants as done in Ref. [8], then,
using the EOS and initial values of the sys-
tem solve the RHE in the p, — T phase di-
agram to obtain the temperature and quark
chemical potential distributions in the space-
time, finally, calculate the dilepton spectrum
from quark—anti-quark pair annihilations in the
quark phase and from 7# anmnihilations in the
hadronic phase. (see Fig.2)

Since here both the temperature and the
quark chemical potential are functions of the
space-tiine, compared with the system of the
baryon-free QGM, it necessarily takes a long
time for values (yip, T') of various local regions
of the fireball to reach different points of the
phase boundary and to begin local phase trau-
sitions at different times. Such an cffect of the
phase boundary on the evolution delays the evo-
lution process of the quark phase and hence
significantly heightens the contribution of the
quark phase to the production. Morcover, it
makes the local phase transitions mostly occur
at lower temperatures and higher quark chem-
ical potentials. Even if the temperatures rise
and quark chermnical potentials decrease due to
released latent heat, the temperatures of most
local hadronized matter regions arc still very
low after the local phase transition. Thns, the
contribution of the hadronic phase becoines so
small that the spectra denoted by curves 2 to
9 in Fig.2 are without obvious hunips at the
invariant rmass M=0.775 GeV. However, humps
are clearly seen in the spectra given by previous
authors.[1:25]

For a given incident energy, we can obtain
an initial value (g0, Tp) via solving Egs.(2, 3).
Thus, with increasing incident energy, the iui-
tial values (zeqo, To) of the QGM fircball can be
found in the phase diagram. As the same, con-
sidering the baryon density and energy density
of the hadronic phase, employing Eqgs.(2) and
(3), the initial values of the hadronic matter
fireball can be obtained, too. For the hadromnic
matter the effect of the temperature on the pro-
duction dominates, thus, the dilepton produc-
tion rapidly increases with incident energy as
seen from curves 1 to 2 in Fig.2. However, for
the QGM with increasing incident energy, on
the one hand, the initial quark chemical po-
tential the rises rapidly to cause the anti-quark
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density to decrease, thus, the production is sup-
pressed. On the other hand, with the increase of
the incident energy the volume of the initial sys-
tem reduces, gradients of the temperature and
baryon density between the outside and inside
of the fircball increase and evolution accelerates,
thus, tle presence time of the QGM gets even
shorter and the 1nore encrgy of the system con-
verts into the kinetic energy of the fluid to lead
the production to be further suppressed. The

results as seen in Fig.2 show that with increas-
ing incident energy, once the QGM forms, the
production no longer goes up obviously.

In order to further understand the relation
between the dilepton production and the inci-
dent energy, we have calculated the total dilep-
ton yield (N) as shown in Fig.3. It is shown that
once the QGM creates the total yield shows a
plateau.
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Fig.1 The rclation between the Fig.2 The dilepton spectra Fig.3 The total yield N vs the

incident energy and the initial calculated in
temperature 1, and initial quark
chemical potential 2 of the fire-
ball formed from YTA.+'7A,

central collisions for B'/1=0.30

denote,

agram of the
B'Y/1=0.20GeV. Curves 1 to 9
in turn,

the phase di- incident energy. Curves I, 2 and

bag constant 3 are, in turn, from the spectra
shown in Fig.2 and from spectra

the spectra obtained in the phase diagrams

GeV

for incident encrgies per nu-
cleon E;,=1.00, 3.00, 5.00, 7.00,
9.00, 11.00, 13.00, 15.00 and

of B'/1=0.25, 0.30 GeV

17.00GeV

In couclusion, if baryon-rich QGM was cre-
ated, due to the effect of the phase boundary on
the evolution of the system the dilepton spec-
trum is without the hump of the contribution
of the hadrouic phase, in particular with in-
creasing incident encrgy the total yield shows a
plateau. Such an obvious characteristic for the
baryon-rich QGM formation can be checked in
future experiments at CERN and Brookhaven
laboratory.
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