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Abstract From the full stopping scenario and considered the Drell-Yang background, the
rapidity dependence of the dilepton production from the central collision '°"Au+'*" Au has
been studied in the baryon-rich quark-gluon matter by using a relativistic hydrodynamic model.
It can be found that the dilepton yield is strongly suppressed as increasing the rapidity. Such
a characteristic signaling the formation of the baryon-rich quark-gluon matter can be tested in
future experiments at CERN and Brookhaven.
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1 Introduction

The dilepton production for baryon-free
quark-gluon matter (QGM) has been studied
previously.['?l Recent experiments and theo-
ries indicate that the colliding heavy ions may
not be fully transparent.[>4 It means that the
dilepton production depends on both the tem-
perature and the baryon density. Dumitru et
alP®l have studied the dilepton production for
given energy density at a finite baryon chemi-
cal potential. Ko et all% reported the dilepton
production for baryon-rich QGM via a hydro-
dynamic description of heavy-ion collisions, in
which the spatial average of the hydrodynamic
cequations was adopted. Recently authors have
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where ¢* = (MrchY, gr, MrshY) is the four-
momentum of dilepton pairs with rapidity Y,
invariant mass M and transverse mass My. F,
is the form factor for u, d quarks, and 7 denotes
the flow rapidity, d*z = d?zypdnrdr, where
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studied the dilepton production in an expand-
ing baryon-rich quark-gluon fireball.[6]

Based on the results in literatures men-
tioned above, the rapidity dependence of dilep-
ton production has been studied in baryon-rich
QGM system with cylindrical transverse ex-
pansion accompanying a longitudinal expansion

‘and some results are reported in this paper.

2 The rapidity dependence of dilep-
tons

With the help of the dilepton yield expres-
sions given in Refs.[7,8] for the quark phase, the
dilepton yield, which is dominantly for g7 anni-
hilations, can be given by

A&dﬂY—n)J

exp| — T q
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zp 1s the transverse coordinate. The factor
Jg relates to the non-zero chemical potential of
quarks. For the hadronic phase, dilepton pro-
duction for 77 annihilation is calculated by

Mypch(Y — 7)
TT (2)
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where the forin factor for hardon F, =
smal(m2 — M?)? + m2L2]~1, m,=0.77 GeV
and I' ;=0.15 GeV. Since processes like 7N —
N+l N — A+ ll and NN — Il pro
vide smaller contributions to the dilepton rate,
they are neglected. Subsequently, we can get
yield dN/dM?2dY via integrating Eqs.(1) and
(2) over space-time and transverse mass.

In the itermediate invariant mass and
larger rapidity region the background from
Drell-Yan mechanism, dNDY/dMZdY, should
not be neglected. In our calculation, the rapid-
ity dependence of Drell-Yan background in the
central collisions is taken into account based on
the Duke-Owens structure functions 1.1.[°

O¢(rtys) + Or(rtys-tanhn) = 0

di(rtyn) + Or(rtyn - tanhn) = 0

3 The evolution of the QGM sys-
tem

As pointed out in Ref.[10], once local ther-
modynanic equilibrium of the system is estab-
lished, the further expansion of the system is
governed by the energy-momentum conserva-
tion law 8,(T*")=0. Further considering con-
servation for baryon number and entropy, i.e.
Ou(nut)=0 and 0,(su*)=0, using thermody-
namic relations de = Tds + ppdn and dp =
sdT + nduy, and following Ref.[10], a set of cou-
pled relativistic hydrodynamic equation (RHE)
for the cylindrical transverse expansion accom-
panying the longitudinal expansion can be ob-
tained as followings X

T's[sinhnd,InT + coshnd,InT + sinhnd,n + coshndyn)

+upn[sinhnd,Inp, + coshnd,lny, + sinhnd,n + coshnd,n] =

where v stands for thie Lorentz contract fac-
tor, 7 the flow rapidity, up the chemical poten-
tial of the baryon, s the entropy density and
7 the baryon density. Since the hydrodynamic
equations preserve the Lorentz-invariant char-
acter of the initial boundary conditions, the
longitudinal expansion obeys a simple scaling
solution¥): s(7) = sp70/7 and v, = z/t, the
coupling of the longitudinal and transverse mo-
tion is greatly simplified, where v, is the longi-
tudinal flow velocity. Thus the transverse mo-
tion for any z can be found from the central slice
at z=0 by a lorentz boost in the z direction.

To solve RHE, we should first find the
equation of state (EOS) of the system. Follow-
ing Ref.[6], the EOS of the quark phasc is ob-
tained via a phenomenological MIT-bag model,
considering only light quarks u, d, and taking
the quark mass my=0; the EOS of the hadronic
phase, including only nonstrange stable hadrons
such as pions, nucleons and etas, and neglecting
their interactions, is obtained.

It is shown that some strange results ap-
pear when describing the phase transition via
shock wave decided by the conservation laws.[11]
In this work, following Ref.[11], we consider a

scenario for the phase transition, assuming that
the structural rearrangement during the transi-
tion from QGM to hadronic matter needs a fi-
nite time comparable with the time of the fast
relativistic collision, the transition can be mod-
eled qualitatively as a relaxation process during
baryon transition from the quark phase to the
hadronic phase. Thus, the phasc transition can

be described by a relaxation equation.[11:12]
dnj(t) 1 . L,
T ) A I

where n] is the baryon density of the quark

phase, 7 the equilibrium value given by the
Fermi distribution. Taking nl(¢) as the baryon
density of the hadronic phase, we obtain the to-
tal baryon density in the transition region (i.e.
mixed phase) 7, = n + n!. The volume ratios
of the quark phase and hadronic phase in the
transition region catt be, in turn, expressed by
ag =nj/ny and ap = (1 — @), from which the
EOS of the transition region can be obtained.
The intrinsic equilibration time has been es-
timated within a Fermi gas model, Tip(2) =
2 x 10722s-MeV /e*(t) (23] where €* is the ex-
citation energy per baryon of the quark phase.
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Obviously, here the transition is described only
through the change in the occupation number of
the baryon in the quark phase due to collisions
from the residual interactions.['3}

4 Results and discussions

Fist, the phase boundary for different bag
constants is calculated as done in Ref.[6]. Then
by using the EOS, and initial tempcrature and
quark chemical potential which are calculated
following Ref.[14], the temperature and quark
chemical potential distribution in the space-
time are obtained from solving the RHE in the
#y — T phase diagram. Finally, according to
Egs.(1) and (2) dilepton yields are available.

The dilepton spectra dN/dM?2dY are
shown in Fig.1. As pointed out in Ref.[6],
for the baryon-rich QGM the most local phase
transitions occur at lower temperatures and
higher baryon chemical potentials, where the
anti-quark density becomes very low, leading
the very low dilepton yield. In this case the
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Fig.1 The calculated dilepton spectra
dN/dM?*dY for the evolution of the system in
the phase diagram with the phase bouadary at

bag constant B'/*=250MeV. Curves 1 to 6
denote, in turn, the spectra at rapidities Y=1.0,
1.5,2.0,2.5, 30 and 3.5

temperature of the hadronic phase is still very
low after the phase transition. Thus the contri-
bution of the hadronic phase to the dilepton
production is so small that the hump of the
hadronic phase contribution is submerged by
the contribution from the quark phase. Due to
these reasons curves 1 to 6 in Fig.1 are without
humps of the pion contribution at lower invari-
ant mass region. While we also see in Fig.1 that
with increasing the rapidity the dilepton yield
is strongly suppressed because the increase in
the rapidity makes the quark chemical poten-
tial (i.e. anti-quark density) go down.

At the same rapidities as given in Fig.1 the
dilepton spectra including the drell-Yan back-
ground are shown in Fig.2. Comparing Fig.2
with Fig.1 it can be seen clearly that with in-
creasing the invariant mass the Drell-Yan back-
ground obviously affects the spectra at larger
invariant masses, leading spectra to go up at
medium invariant mass region.
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Fig.2 The calculated dilepton spectra
dN/dM?*dY including the Drell-Yan background.
Curves 1 to 6 denote, in turn, the spectra at
rapidities ¥Y=1.0, 1.5, 2.0, 2.5, 3.0 and 3.5
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From an experimental interest the total
dilepton yield dN/dY is also calculated via in-
tegrating yields given in Fig.2 over the invari-
ant mass. As shown in Fig.3, the total yield
dN/dY goes done with increasing the rapidity.
It shows again that with increasing the rapidity
the dilepton production is obviously suppressed.
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Fig.3 The total dilepton yield dN/dY including
the Drell-Yan background as a function of the
rapidity Y

In conclusion, if baryon-rich QGM was cre-
ated, the dilepton spectrum appears without
the hump of the contribution of the hadronic
phase due to the effect of the phase bound-

ary on the evolution of the system. In par-
ticular, with increasing the rapidity a obvious
suppression of the dilepton yield appears at
large rapidities owing to the finite baryon den-
sity. From the discussions on the background
in Refs.[2,5], it can be know the background
from np bremsstrahlung and Dalitz decay is
not important. Qur calculated results signal-
ing the baryon-rich QGM formation thus can
be directly compared with future experimental
values at CERN and Brookhaven laboratory.
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