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Spectral redshift versus broadening from photon and dilepton spectra
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We estimate the photon and dilepton emission rates from hot hadronic matter with in-medium spectral shift
and broadening of vector mesons. It is observed that both the WA98 photon data and CERES/NA45 dilepton
data can be well reproduced with similar initial conditions. The freeze-out condition has been constrained by
the transverse mass spectra of pions and protons measured by the NA49 Collaboration. We argue that simul-
taneous measurement of the spectra of single photons as well as invariant mass distribution of dileptons is
crucial to understand the in-medium spectral function of the vector mesons.
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[. INTRODUCTION these quantities. In Sec. Il we will discuss the initial condi-
tions in considerable detail. In the relevant transverse mo-
The study of the behavior of hadrons at finite temperaturenentum region of the photon spectra the main sources of
and/or high baryon density has attracted substantial theorephotons are the hard perturbative QCD processes as well as
ical and experimental attention in recent times. The theoretthe thermal emissions. Consequently, the number of partici-
ical motivation stems from the expectation that broken chirabants as well as the initial temperature are the relevant initial
symmetry of QCD might be restored at high temperatureconditions that have been estimated. For the low mass dilep-
and/or density, at least partially, and this has nontrivial efton spectra, the contribution from Dalitz decays as well as
fects on the spectra of low lying hadronic states. Again, thesghermal emissions are important. Since photons and dilep-
studies are of considerable importance in connection with thggns are emitted at all stages of the collision, the space-time
experimental detection and study of quark gluon plasmayolution plays a very significant role in estimating the total
(QGB in the ultrarelativistic collisions of heaVy ions. This is y|e|d We have used two different approaches to Study this
because disentangling the signals from quark matter woulgspect: relativistic hydrodynamics and transport. As we shall
require a precise estimate of emissions from hadronigee, medium effects do play a very important role in the
sources, which constitutes an overwhelming background igquation of state and consequently the cooling profile. These
such experiments. Now, the properties of short-lived resogspects have been dealt with in Sec. IV. The transverse mass
nances such as theandw mesons which are likely to decay (m;) spectra of pions and protons obtained at SPS have been
within the fireball can only be studied through deep probesyaluated and compared with data from NA49in Sec. V
such as photons and lepton pairs which are essentially elegy order to estimate the freeze-out condition that goes as an
tromagnetically interacting and thus probe the entire spacenput into the hydrodynamic calculations. With all these in-
time volume of the collisiori1]. The medium modifications pyts we evaluate the photon and dilepton spectra in Secs. VI

of low mass vector mesons has been the subject of numeroudsd Vi, respectively. Section VIII contains a summary and
theoretical investigations culminating broadly into the fol- giscussions.

lowing two types of predictions. QCD based models predict
a downward shift in the mass, which we will mention as
spectral redshift, and a rescattering scenario giving rise to an Il EFFECTIVE MASS AND WIDTH OF HADRONS
enhanced width, which we have denoted by spectral broad-
ening, the mass remaining largely unchanged. Our aim in It has been emphasized that the properties of hadrons will
this work is to calculate the electromagnetic spectra considbe modified due to their interaction with the particles in the
ering various plausible scenarios and compare with théhermal bath and such modifications will be reflected in the
WA98 [2] photon and CERES/NA4B3] dilepton spectra in  dilepton and photon spectra emitted from the systsae
order to comment on the relative importance of the two sceRefs. [5-9] for review). Broadly, two types of medium
narios mentioned above. modifications are expected: shift in the pole position and/or
Our analysis will proceed as follows. In the following broadening of the spectral function. As discussed earlier, our
section we will define the effective mass and width that havemain objective is to comment on the nature of medium ef-
been used in the calculation and define the scenarios of méects through the study of WA98 photon and CERES dilep-
dium effects considered. At the onset we emphasize that ouon data. Accordingly, we consider the following scenarios.
main objective is to see the effect of these contrasting sce- (i) The system is formed in the hadronic phase with the
narios on the electromagnetic spectra and not on the detaiteadronic massesexcept pseudoscalar@approaching zero
of how the forms of the effective mass and the width havenear the critical temperature according to the universal scal-
been arrived at. Consequently, we will use phenomenologicahg law[5,10]. The in-medium masses of the hadrons and the
arguments to justify our choice of the parametrizations fordecay width ofp are taken as
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where fge=(efF—1)"1! is the Bose-Einstein distribution.
For the width ofw see Ref[9].

(i) The width of the vector mesonp] increases with
temperature as

=I,/(1-T%TY),

m,=my 2 10

and the masses remain constant at their vacuum values. The ;5 r r r r
values of\ in Eqg. (1) are 1/6 and 1/2 for Brown-Rho and 0.05 0.075 0.1 0.125 0.15 0.175
Nambu scaling$5], respectively. The present experimental T (GeV)

statistics cannot differentiate among different values\ of
Therefore, we leave it as a parameter here. The scefigrio
derives motivation from the results of chiral models accord-
ing to which the mass of the does not change to ord&?,

but the leading ordeT dependence of the pion decay con-
stant results in the decay width having the form described
by Eg. (2). We have also considered a third ca&@), in
which both the masses and widths are maintained at thg

vaeuturrn V?Iuﬁif' Iln iﬁlzr arrrd (tZ)r :[Ii—c r:SWt:er cr[rrt:cal terrl?_ tlvely It is clear that the density gf is very sensitive to the
perature of chiral Symmetry restoratio ere the quark con spectral shift ofp mass due to Boltzmann enhancement, but

densatgqq) and consequently the mass of the hadrons tengather insensitive to the change of width as discussed above.
to zero. In this work we assun.~T;, which is the initial
temperature of the system.

Let us study the in-medium effects on the thermal phase
space factor through the meson as it plays the most impor- ~ Here we will discuss the parameters that enter as inputs to
tant role for the electromagnetic probes. The density of arthe evaluation of electromagnetic and hadronic spectra from
unstable vector mesom (in this cas¢in a thermal bath can relativistic heavy ion collisions corresponding to different

FIG. 1. Solid(long-dashejlline represents density of thermal
as a function of temperature with in-medium mass and vacuum
width (vacuum mass and widthDotted line represents the density
with vacuum mass and in-medium width.

, as a function of temperatufebtained by integrating Eq.

) over d3k andds] for scenarios(i), (ii), and(iii). These
re indicated by solid, dotted, and long-dashed lines, respec-

IIl. INITIAL CONDITIONS

be written ad11] scenarios considered. We begin with the quamt{ty) which
is the average number of nucleon-nucleon collisions in the
dN g 1 5 @ collision of two nuclei of mass numbefsandB at an impact
_ S), LT
Prdxds  (2m)° em”—l (s) parameteb. This is given by[12]
n(b)=ABTag(b) o, )
whereg is the statistical degeneracy of the particle &(ad)
is the spectral function, whereo;, (=30 mb, taken from Ref2]) is thep-p inelas-
tic cross section and ,g(b) is the nuclear overlap integral
1 ImII evaluated from the following expression:
P(s)=— > 5 > 4
(s—mj—Rell)“+(ImII) R . L
Tao(B)= | @PSTA(STo(6-9), ©

ImII (Rell) is the imaginaryreal) part of thep self-energy.
Equations(3) and (4) indicate that the density of particles . . . ) -~
(vqector mesonsin a thermal bath is given gy thFe Bose- and the thickness functioriT, is defined as Ta(b)
Einstein distribution weighted by the Breit-Wigner functlon =fdzpa(b,2). The nuclear densitya(b,z) is parametrized
which gets maximum weight from the value s=m? by Woods-Saxon type profile functidd.3],
+Rell, the contribution from either side of the maximum

being averaged out. Therefore the results become sensitive _ Po

to the value ofs= m2* —m +Rell and not to the width of pall)= 14 e(r—Ra)/Z’
the spectral drstrrbutron Note th&(s) tends to 6(s— m

—R€l) as ImII—0, corresponding to a stable partrcle where z=0.549 for the Pb nucleufRa=1.2AY3 and the
(Here,I1 is proportional to the trace of the self energy tensorcentral densityp, is determined by the normalization condi-
I1,,, of p.) In Fig. 1 we plot the density of thermalmesons,  tion Jd3 pa(r)=1. In Fig. 2n(b) is shown as a function of

Y
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1000 e N— N N N N N— lifetime of various phases, expansion rate of the system, etc.,
' 1 at least semiquantitativelfthe fourth part of Ref[1]). Be-
SPS ] cause of the temperature dependencegqgt, Eq. (9) be-
comes transcendental, which has been solved self-
consistently(see Ref.[9] for detailg to obtainT,. For a
hadron gas composed af, p, w, 7, a;, and nucleons the
effective degeneracy has a valte€80 near the critical tem-
perature where the hadronic masses go to zero according to
the universal scaling scenarjg]. A value of g.;+~30 can
also be realized from the lattice ddtEb,16] near the phase
transition point. Forr;=1 fm/c [17] andg,~ 30, we get an
initial temperatureT;(b~3.2 fm) ~200 MeV (see Fig. 2.
Note that the variation of;(b) as a function of the impact
parameter is very slow becau$gb)~[dN/dy(b)]3. The
value of T; is ~246 MeV for both the scenarigi) and (iii )
for dN/dy~ 725 andr;=1 fm/c. This value ofT; appears to

800 12
| (dN/dy),,=0.8Ins

600
400

200 F

0 5 4 6 8 10 12 14 be too h_igh for.th(.a hadrons to survive and we therefore ex-
b (fm) clude this possibility here.
FIG. 2. The hadron multiplicitydN/dy, effective number of IV. SPACE-TIME EVOLUTION AND EQUATION
nucleon-nucleon collisions(b), and initial temperatureT; (in OF STATE
MeV) as a function of impact parametér calculated by using e
Glauber model for nucleus-nucleus collisiaisee text Next we study the sensitivity of the results on the space-

time evolution. In order to do that we solve tkg+1) di-
the impact parameteb. The most central event in WA98 mensional hydrodynamic equations with initial energy den-
corresponds td~ 3.2 fm/c. At this value of the impact pa- Sity [18],
rametermn(b) ~ 660.

The hadron multiplicity inA+ B collisions at an impact €
parameteb can then be evaluated in terms of the multiplic- e(ri,r)= SRAoy ] (10
ity in pp collisions ag12] €
dN n(b) dN and initial radial velocityp,(7;,r)=0.
—(b)= e (8) The equation of stattEOS used here to solve the hydro-
dy 1+ 8(AY3+BY3) dy dynamic equations is evaluated as in 8. The tempera-

ture dependence of the mass enters into the EOS through the
where dN,,/dy=0.8Inys is the hadron multiplicity for effective statistical degeneracgd;;). In Fig. 3 the tempera-
nucleon-nucleon collisions at mid-rapidit¥4]. The value of  tyre variation of the effective degeneracy obtained from dif-
dN/dy is 725 ath~3.2 fm, Js=17.3 GeV, and6=0.09  ferent models for the hadronic interactiofsee Ref[9] for
(see Ref[12]). The term k- §(AY3+BY) takes into ac- detail§ is compared with the lattice QCD calculatiofts)].
count the energy degradation of the participating nucleons iThe coefficient ofe/ T# differs from the effective degeneracy
the nuclear environment. For isentropic expansion the initiaby a factor of7%/30. The lattice data seem to be well repro-

temperature T;) is related to the hadron multiplicity as duced by the universal scaling scenario of mass reduction
given by Eq.(1). Therefore, the increase of the effective
3 2m* 1 dN statistical degeneracy near the critical point in lattice QCD
Ti(b)= 2 av ©) lculati be understood b ing the heavi
45¢(3) 7R27,4a, dY calculations may be understood by assuming the heavier
I

hadrons going to massless situation n€af19,20. In this

a,= 729,/90 is determined by the statistical degeneragy) ( case the velocity of souncty) is given bycg *=Tds/sdT

of the system formed after the collision. In case of a decon=[(T/Jet7)(dge¢/dT)+3] [21]. Clearly, the value oty is
fined initial stateg, =37, considering a noninteracting gas of less than its value corresponding to ideal fluid casg®f'
gluons and quarks of two flavors. For the hadronic gas we=1/y/3). This affects the space-time evolution of the system
evaluate the entropy density by assuming the system to comontrivially. In solving the hydrodynamic equations we have
sist of free hadrons with effective masg at a temperature used the equation of state that contains the in-medium shift
T (see Ref[9] for detailg. Then the effective degeneracy of the hadronic spectral functions as described above.

Oeff for the hadronic phase is obtained by the relatspn The integration over the space-time history has also been
=4 m2get(M*, T)T/90. This type of parametrization indi- performed by taking the temperature profile from the trans-
cates that the hadronic matter with finitemperature depen- port model where the temperature varies with time as fol-
dend mass of hadrons can be effectively visualized as a ga®ws:

of massless hadrons with an effective degeneracy

desf(M*,T). Such a simplification helps us to understand the T(t)=(T;-T.)e V"+T,. (11
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FIG. 4. Themy distribution of pions for Pk Pb collisions at
FIG. 3. The energy densityin the unit of T* for the equation of CERN SPS energies.
state for various models of hadronic interactions is plotted as a
function of temperaturgT) in the unit of the critical temperature so far for thep; spectra of hadrons. It has been shown in
T.. The filled circle denotes the lattice resuliss]. The universal  Ref.[26] that the WA80 and WA98r° spectra can be repro-
scaling scenario seems to describe the lattice results quite well negiuced by perturbative QCD calculation if the initigk
theT¢. For T>T, the bag model equation of state has been usedproadening is taken into account. Wai$] has claimed that
the transverse mass spectradt in central Pb-Pb colli-
The cooling law given above is the parametrization of thesions cannot be due to collective flow. The broadening in
results of Ref[22], used in several papers in the literature heavy ion collisions can also be explained reasonably well
[23] (see also the revieW8] and references therginThe by a random walk moddl27] where transverse flow effects
calculation is performed with the following values of param- are not required to reproduce the data. It has been suggested
eters:T;=200 MeV, T,,.=120 MeV, andr=8 fm/c. recently that theor broadening in high energy nuclear colli-
sions can be generated by the color glass condensate, i.e., by
the initial partonic phase formed after the collisiof8].
V. HADRONIC SPECTRA AND FREEZE-OUT Keeping these possible scenarios in mind we do not attempt
TEMPERATURE to reproduce the absolute normalization of the spectra of

Having fixed the initial temperature and the equation oftN€ Pions by hydrodynamic flow. We rather concentrate on

state we now need to fix another important parameter, thi1® effects of the EOS containing the in-medium mass modi-

freeze-out temperatur&e where the hydrodynamic evolu- fication of hadrons on then; spectra of pions and protons.

tion should terminate. At this stage the mean free path of the

constituents begins to exceed the size of the system and par- 100 * *

ticles start free streaming to the detector. For this purpose we e Data

will consider themr(=\p2+m?) spectra[24,25 of pions [ = = g = T=100MeV (1)

and protons measured in PIPb collisions at SPS energies — TF10Mev (1)

by the NA49 Collaboratiori4]. We will assume that pions - Iiiggmzx EHI)

and nucleons are in thermal equilibrium throughout the evo- F ]

lution until they freeze-out at a common temperattize.

Negative hadrons and positive minus the negative are treate

as pions and protons, respectively. The andK™ from the

decaysp and ¢ are about 5% of the direct pions at

~500 MeV and are therefore neglected here. In Fig. 4,

NA49 pion spectra are compared with the hadronic initial

states withT;~200 MeV andT= 100, 120, and 140 MeV.

We find a reasonable agreement Tor=120 MeV as far as

the slope is concerned. Calculations are done with all the 1

scenariogi), (i), and(iii ). Due to reasons explained in Sec. %5 ‘ 15 ‘ 25

I, the results with scenarigii) are indistinguishable from m. (GeV)

that of scenaridiii). We arrive at similar conclusions from

the analysis of the proton spectra as shown in Fig. 5. FIG. 5. Themy distribution of protons for P Pb collisions at
It should be pointed out that there is no unique descriptiorCERN SPS energies.

)

10 ¢

dN/dm, m.dy (Gev
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The normalizations of pions and nucleons are treated as pa- 1g®

rameters to be determined by the experimentally measured A  merq
spectra(for the details of the theoretical calculations see 10" \\ —ma
Refs.[29,24,25). AN m& I ()
10° L \\\ e Baryon resonances -
— . NN ---- QGP (0=0.08)
VI. PHOTON SPECTRA = 10° | ! N —-— QGP (a,=0.3)
We start with the single photon data of the WA98 Col- “% W L ]

laboration that has initiated considerable theoretical activities©
[30—34. For the analysis of WA98 photon spectra, we con- «=
sider prompt photons resulting from the hard collisions of the g
partons in the colliding nuclei and the thermal photons from W 5 [
a hot hadronic gas with possible in-medium modifications. T =180MeV
Photons from hadronic decays{— yy, n— vy, etc) are 10 L
already subtracted from the d4t2] and hence we need not .
consider them here. We begin our discussions with the 10

prompt photon. The prompt photon yield for nucleus-nucleus E (GeV)
collision is given by

4

FIG. 6. The photon production rate as a function of its energy at
1 a temperaturd =180 MeV. Solid(long-dashegflline indicates rate
ET=n(b)—E%, (12 for scenario(i) [scenario(ii)]. Dotted line represents the spectra
d°p Tin  d°p without any medium effectgscenario(iii)). Filled circles indicate
) _ photons originating from baryonic resonance decays. Short-dashed
wheren(b) is the average number of nucleon-nucleon colli- (got-dashepline indicates the photon emission rate from a thermal-
sions at an impact parameterThe prompt photon contribu- jzed two-flavor quark gluon plasma for,= 0.08(0.2).

tions have been evaluated with possible intrinsic transverse
motion of the parton$34,36 inside the nucleon and multi- whereF ,,=d,A,—d,A, is the field tensor for electromag-

plied by aK factor ~2, to account for the higher order netic field andJ* is the hadronic part of the electromagnetic
effects. The CTEGM) parton distributiong37] have been  cyrrent given by

used for evaluating hard photons. The relevant valugsf

energy in the center of mass, for WA98 experiment is 17.3 JH=(p, X 0"*)s+[7X ("7 + gp”;,xﬁu)]g, (14)
GeV. No experimental data on hard photons exist at this

energy. Therefore, the “data” afs=17.3 GeV are obtalngd with éuvz%ﬁy—(%ﬁﬂ—gpm(ﬁﬂxﬁv)- 7, p*, and A“
from the data at/s=19.4 GeV of the E704 Collaboration represent ther, p, and photon fields, respectively, and the
[38] by using the scaling relationEdo/d p,|n +n,.c+y  arrows represent vectors in isospin spagg,, denotes the
=f(x;=2p;//s)/s?, for the hadronic process;+h,—C coupling strength of thepww vertex, fixed from the ob-
+ v [39]. This scaling is valid in the naive parton model. served decay widtlhh— 7. We have also considered the
However, such scaling may be spoiled in perturbative QCLphoton production due to the reactionsp—w vy, 7T
due to the reasons, among others, the momentum depen- 5 y, and the decaw— 7 v using the interaction given in
dence of the strong coupling,s and from the scaling viola- Ref.[43] and vector meson dominan{44]:

tion of structure functions, resulting in faster decrease of the

cross section than 47 [36]. Therefore, the data at/s ~ Yppy w voa . Jopm L voa B
—17.3 GeV obtained by using the above scaling give a con- £~ m_neﬂmﬂg p aptnt m, Euvapd” @ " pom
servative estimate of the prompt photon contributions. We

have seen that the effects of the nuclear shadowing in parton GmZJ “

distributions on the prompt photons are negligibly small at +vg,w Ov Vi (19

SPS but are important at Relativistic Heavy lon Collider

(RHIC) and LHC energie§40]. This is because the value of wheree,,,, is the totally antisymmetric Levi-Civita tensor.
x(~2pr/\s) at SPS is not small enough for the shadowingThe invariant amplitudes for all the reactions are given in
effects to be important. Ref. [42]. The values ofy,,, andg,,, are fixed from the

To evaluate the photon emission rate from a hadronic gaghserved decaysy— 7y and w— 7 y, respectively. The
we model the system as consisting®f p, o, 7, anda;  constanty,, is determined from the decay¢— e*e~. Pho-
[41,42. The relevant vertices for the reactiomsm—py  ton production due to the processp—a,— v is also
and 7 p—m y and the decay— m 7 y are obtained from taken into consideratioffor details of interaction vertices
the following Lagrangian: see Ref[9]).

In Fig. 6 the statidfixed temperatunephoton spectra are
shown forT=180 MeV. The solid line shows the enhanced
yield with in-medium masses and vacuum widths compared
(13)  to the yield obtained with vacuum masses and widtlmted

s s - e > N
L=— gpﬂ'ﬂ'p'u(ﬂ-x (?,u,ﬂ') - e‘JMA,u,_l— E F’W(P,ux PV)?,,
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08 -~ <N, >=270 .
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10° | 1 - )
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FIG. 8. Dilepton spectra fofN,)=270 for different scenarios
FIG. 7. Total (prompt+-therma) photon yield in Pk-Pb colli- as indicated in the text.

sions at 158 GeV at CERN-SPS. The theoretical calculations con-
tain hard QCD and thermal photons. The system is formed in théine) is obtained by folding the static rate with the space-time
hadronic phase with initial temperatufe=200 MeV; “trans”in-  history of the system governed by relativistic hydrodynamics
dicates the results for cooling la@1). from the initial to the freeze-out statireeze-out temperature

~120 MeV); the data are well reproduced in this case also.
Iine)._ The _ long-dashed line showing the resglt with in-  The agreement between the spectra of photon obtained
medium width and vacuum masses does not differ substangith two different types of space-time evolution scenarios
tially from the dotted line, because we find that the effects Of(transport model and hydrodynamicsan be explained as
the change in the decay width, both on the phase space afgliows. We find that the variation of temperature with time
the p'rodl'Jction cross section, are small. We c_>bserve that “\%ooling law in Eq. (11) is slower than the one obtained by
contributions from the decays of baryonic resonancegolying hydrodynamic equations. As a consequence, the ther-
[N(1520),N(1535),N(1440),A(1232), andA(1620)] are  ma| system has a longer lifetime than the former case, allow-
also small(filled circle). The values of the decay width®,  ing the system to emit photons for a longer time. In case of
—N ¥, whereR andN denote the baryonic resonances andhydrodynamics this is compensated by the transverse kick
the nucleon, respectively, are taken from Réb]. It is ob-  que to radial velocity of the expanding matter, which shifts
served that the photon y|6|d with universal mass Variatiorbome of the photon mu|t|p||c|ty from lower values of trans-

scenarid(i) is almost an order magnitude larger than cdise  yerse momentum towards the higher region.
with large broadening ofp. Reduction in the hadronic

masses causes an enha.ncement in the thermal distfibqtion of VIl. DILEPTON SPECTRA
mesons because of which the rate of thermal emission of
photons increases. The scenario with vacuum values of both Now we study the invariant mass distribution of lepton
masses and widtlidotted liné does not show any appre- pairs measured by the CERES/NA45 Collaboratj6h in
ciable difference fronii). Pb+ Au collisions. We consider the thermal dilepton produc-
For the sake of comparison we have also shown the phdion in the hadronic medium due to the procesS
ton emission rate from a thermalized QGP. The photon spec—e*e~, known to be the most dominant source of dilepton
tra from QGP include Compton, annihilation, bremsstrah-production from hadronic matter. In the thermal system the
lung, and annihilation with scattering proces$4%,46—48  width of the ® meson can be large due to various reactions
(see also Ref49]). Here we have mainly focused on photon occurring in the thermal bath, the most dominant process,
production from hot hadronic matter and hence do not conamong others, i 7+ 77 [9,51]. As a consequence of this,
sider emission rate from QGP beyond two lo$p8]. the lifetime of thew meson could become smaller compared
In Fig. 7 thepy distribution of photongprompt+-therma)  to the lifetime of the hadronic system, enabling it to decay in
is compared with the WA98 data. Within the framework of the interior of the system. In view of this, the in-medium
the transport model the data are well reproduced when thdecay w—e"e™ is also taken into account. The required
hadronic masses are allowed to vary according to Ef}s. interaction vertices have been obtained from E8), (14),
[long-dash line, scenari®)]. However, when scenari@) is  and(15). In Fig. 8 the experimental data are compared with
considered for thermal photoidash-dotted lingthe experi-  the theoretical results fodN.,/d5»=270. The effective
mentally observed “excess” photon in the region €8y masses and widths @f and w mesons appearing in the pro-
(GeV)=2.5 is not reproduced. The dotted line indicates recessesmm—p—e“e” and w—e* e, respectively, are
sults with vacuum masses and widths. taken from Eq.(1) (for details on the the thermal emission
The photon yield for scenari) shown in Fig. 7(solid  rate of lepton pairs see Rdi9]). Contributions from had-
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ronic decays at freeze-odibackgroungl are taken from the For example, the emission rate of dileptons from pion anni-
second part of Re{3] (dotted ling. The observed enhance- hilation will resemble that frongq annihilation, because of
ment of the dilepton yield arounl ~0.3-0.6 GeV can be the complete extinction of the intermediapyat the critical
:jeprr?d(;’??d b}/] scetﬁarlcﬂs)l_(lon?-da_shte(lj( linand ("1) ((%?]t' temperaturd 8,9]. This indicates that theq interaction in
ashed linewhen the cooling law is taken as E(q.' )'. € the vector channel has become weak, signaling the onset of
data are also well reproduced when hydrodynamics is used iQ,;.5| transition. Whether such a state is synonymous with

desl%lnllz?e th?_'space-tlmt?thevolutlon of systsm fofr tshcer(a}lto deconfined mattefQGP is still an unsettled issue. A similar
(soll met)ﬁ (lawever, Wi \;]acuum prf[)per lestob € vecdorv lue of the initial temperature is obtained in Refs.
mesons the low mass enhancement cannot be reproduc ,32,21,53 Based on the present and our earlier results

(short-dashed line indicating the change of vector meson 31], it is fair to say that a simple hadronic model with
properties in the .medium. It is interesting to recall here_ tha aCL,Jum properties of hadrons is inadequate to explain the
In a recent experiment Ozavm.al. [52] h'as o.bserved asi9- apove experimental data. Either a substantial change in the
n_|f|cant enhancement in the c_hl_epton yieldpr+ Cu colli- in-medium hadronic spectral function or the formation of the
sions as compared o+ C collisions below thes peak. QGP is required. More importantly, we find that the dis-
tribution of photons changes significantly with a reduced
VIil. SUMMARY AND DISCUSSIONS mass scenario and is almost unaffected by the broadening of

Let us now summarize the results. We reiterate that ouf’® Vector meson spectral function in the medium. The in-
main contention in this work is to comment on the nature of/afiant mass distribution of the lepton pairs, on the other
medium effects vis-ais mass shift as opposed to broadeninghand' can be explained Wlth' both a reduction in the mass as
of the spectral density of hadrons. Such a study is only pOS\gvell as with an enhanced width of the vector mesons. Thus

sible through the electromagnetic probes since they are seRY 100king only at the dilept_on.spectra it is difficult to dif-
sitive to the evolution of the spectral function of vector me-ferentiate the above scenarios; we need to analyze both the

sons. The freeze-out conditions within the model used foPhoton and dilepton spectra simultaneously. With better sta-
evaluating the photon and dilepton spectra have been esfiStics we might succeed in ruling out or at least restricting
mated through the NA49 pion and proton spectra. First, w&®"€ of Fhe scenarios. We expect that such a situation should
find that the WA98 photon transverse momentum spectra ang€ realized at RHIC.

the CERES dilepton low invariant mass spectra are well ex-

plained if we assume a chirally restored initial phase at a

temperature~200 MeV where the masses of the hadrons ACKNOWLEDGMENTS
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