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Dilepton and photon emission rates from a hadronic gas. III

C.-H. Lee,1 H. Yamagishi,2 and I. Zahed1
1Department of Physics & Astronomy, SUNY at Stony Brook, Stony Brook, New York 11794

24 Chome 11-16-502, Shimomeguro, Meguro, Tokyo 153, Japan
~Received 26 June 1998!

We extend our early analyses of the dilepton and photon emission rates from a hadronic gas to account for
strange mesons using a density expansion. The emission rates are reduced to vacuum correlation functions
using three-flavor chiral reduction formulas, and the latter are assessed in terms of empirical data. Using a fire-
ball, we compare our results to the low and intermediate mass dilepton data available from CERN. Our results
suggest that a baryon free hadronic gas does not account for the excess of low mass dielectrons observed at
CERES but does well in accounting for the intermediate dimuons at HELIOS. The same observations apply to
the recent low and highpt dielectron rates from CERES.@S0556-2813~98!04411-2#

PACS number~s!: 25.75.Dw, 12.38.Lg, 11.30.Rd, 11.40.Ha
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I. INTRODUCTION

The latest experiments at the CERN SPS@1# machine
have revealed a sizable enhancement of low mass dilep
above the two-pion threshold, triggering a number of th
retical investigations@2–6#. A somewhat smaller enhance
ment was also noticed in the intermediate mass reg
around the phi in both dielectron~CERES! and dimuon
~HELIOS! experiments@1,7#. This region requires a strange
ness assessment of the emission rates. An example is
recent analysis by Li and Gale@8#.

In a recent series of investigations we have assessed
dilepton and emission rates emanating from a hadronic
without strangeness using general principles@3,4#. We have
found that the current low mass dilepton enhancement
only be accounted for by allowing for a sizable nucleon d
sity @4#. It is important to stress that our construction is no
model. It relies on the strictures of broken chiral symmet
unitarity, and data. Most model calculations should ag
with our analysis to leading order in the pion and nucle
densities, an example being the comparison by Gale for
baryon-free rates@9#.

The aim of the present work is to extend our baryon-f
analysis to the strangeness sector, to account for strange
sons in the hadronic gas. Our results will borrow on t
extension of the chiral reduction formulas to QCD with thr
flavors @10#. To leading order in the meson densities, t
emission rates in the hadronic gas involve forward scatte
amplitudes of real~photon! and virtual ~dilepton! photons,
which behavior is constrained by data mostly from elect
production and photon-fusion reactions. By includi
strangeness we aim at evaluating the emission rates in
intermediate mass region around the phi. Throughout we
not consider baryons.

The structure of the paper is as follows: In Sec. II, w
derive the emission rates for a baryon-free hadronic ga
leading order in the final meson densities including stra
mesons. In Sec. III, we discuss the relevance of the var
contributions and introduce the pertinent spectral functio
In Sec. IV, we discuss the integrated dielectron and pho
PRC 580556-2813/98/58~5!/2899~8!/$15.00
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emission rates. In Sec. V, we use a fireball scenario to
count for our time-evolved rates in comparison to curre
CERES and HELIOS data. In Sec. VI, we discuss the curr
pt spectrum of CERES data. Our conclusions are sum
rized in Sec. VII.

II. DILEPTON RATES

In a hadronic gas in thermal equilibrium, the rateR of
dileptons produced in a unit four-volume is directly relat
to the electromagnetic current-current correlation funct
@11,12#. For massive dileptonsm1,2 with momentap1,2, the
rate per unit invariant momentumq5p11p2 is

dR

d4q
52

a2

6p3q2S 11
2ml

2

q2 D S 12
4ml

2

q2 D 1/2

W~q!, ~1!

wherea5e2/4p is the fine structure constant, and

W~q!5E d4x e2 iq•xTr @e2~H2F!/TJm~x!Jm~0!#

5
2

11eq0/T
ImWF~q!. ~2!

HereeJm is the hadronic part of the electromagnetic curre
H is the hadronic Hamiltonian,F is free energy,T is the
temperature, andWF(q) is

WF~q!5 i E d4x eiq•xTr @e2~H2F!/TT!
„Jm~x!Jm~0!…#

5 i E d4x eiq•x^0uT!
„Jm~x!Jm~0!…u0&

1(
a

i E na~vk
a!

2vk
a E d4x eiq•x^p in

a ~k!u

3T!
„Jm~x!Jm~0!…up in

a ~k!&con1•••, ~3!
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2900 PRC 58C.-H. LEE, H. YAMAGISHI, AND I. ZAHED
where the sum is over physical mesons including stra
ones. For temperaturesT<mp the first two terms in Eq.~3!
are dominant. The first term relates to the vacuum curre
current correlator and captures the essentials of the reson
gas model. It follows frome1e2 annihilation data. The sec
ond term is the first correction to the resonance gas mo
resulting from one meson in the final state. Two- and high
meson corrections in the final state can be evaluated u
similar arguments@3#.

Using the definition of the electromagnetic currentJm
em

5q̄gmQq5Vm
3 1(1/A3)Vm

8 and the decomposition

T!~JmJn!5T!~Vm
3 Vn

3!1
1

3
T!~Vm

8 Vn
8!

1
1

A3
T!~Vm

3 Vn
81Vn

3Vm
8 !, ~4!

we may follow @3,13# and rewrite Eq.~3! in terms of two-
point correlation functions

ImS i E
y
e2 iq•y^0uŜT!

„Vm
c ~y!Vn

d~0!…u0& D
5~2q2gmn1qmqn!Im PV

cd~q2!,

ImS i E
y
e2 iq•y^0uŜT!

„jAm
c ~y!jAn

d ~0!…u0& D
5~2q2gmn1qmqn!Im PA

cd~q2!, ~5!

and additional three- and four-point correlation functions
ing three-flavor chiral reduction formulas@10#. The axial-
vector currentjA appearing in Eq.~5! is one pion reduced
@3,13#.
e

t-
nce
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r-
ng

-

With the above in mind, we have

Im WF~q!523q2ImS PV
I ~q2!1

1

4
PV

Y~q2! D
1E d3k

~2p!3
W1

F~q,k!, ~6!

with PV
I [PV

33 andPV
Y[ 4

3 PV
88. The first term is the analog

of the resonance gas contribution with no chiral reduct
involved. The second term is the correction to the resona
gas model resulting from one meson in the final state. Us
the on-shell three-flavor chiral reduction formulas gives,
the part involving solely the two-point correlators,

FIG. 1. Electromagnetic spectral function. See text.
W1
F~q,k!5gk

p
12

f p
2

q2Im PV
I ~q2!1gk

K 12

f K
2

q2ImS PV
I ~q2!1

3

4
PV

Y~q2! D2gk
p

6

f p
2 ~k2q!2Im PA

I
„~k2q!2

…

2gk
K 6

f K
2 ~k2q!2@ Im PA

V
„~k2q!2

…1Im PA
U
„~k2q!2

…#2gk
p

6

f p
2 ~k1q!2Im PA

I
„~k1q!2

…

2gk
K 6

f K
2 ~k1q!2@ Im PA

V
„~k1q!2

…1Im PA
U
„~k1q!2

…#

1gk
p

8

f p
2 ~n22mp

2 q2!Re@D̃R
p~k1q!1D̃R

p~k2q!#Im PV
I ~q2!

1gk
K 8

f K
2 ~n22mK

2 q2!Re@D̃R
K~k1q!1D̃R

K~k2q!#ImS PV
I ~q2!1

3

4
PV

Y~q2! D , ~7!

wheren5k•q. The contributions from three- and four-point correlators read
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W1
F~q,k!5H gk

p3A3
f hmh

2

f p
2

m̂

m̂12ms

2gk
KA3

f hmh
2

f K
2

m̂1ms

m̂12ms

2gk
h
A3

3

mh
2

f h
J Im G̃s

8

2
2

3

K

CH gk
p

3m̂

f p
2

1gk
K 2~m̂1ms!

f K
2

1gk
h~m̂12ms!

3 f h
2 J Im G̃s

0

2gk
akbka~E22!aaImH i E

x
E

y
E

z
e2 ik•z2 iq•y1 iq•x^0uŜT!F S Vm,3~x!1

1

A3
Vm,8~x!D

3S Vm
3 ~y!1

1

A3
Vm

8 ~y!D jAb
a~z!jAa

a~0!G u0&J
2gk

akbS f a3l1
1

A3
f a8l D ~E22!aaImS @da

m2~q12k!m~k1q!aD̃R
l ~k1q!#

3H i E
y
E

z
e2 ik•z2 iq•y^0uŜT!F S Vm

3 ~y!1
1

A3
Vm

8 ~y!D jAb
a~z!jAa

l ~0!G u0&J D 1permutations~q→2q,k→2k!,

~8!
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where the permutation applies only for the last term, and
mixing is assumed (PV

385PV
8350). The thermal meson den

sity functiongk
a and the meson propagatorD̃R

a(q) are defined
by

gk
a[

na~vk
a!

2vk
a

5
1

2vk
a

1

evk
a/T21

, D̃R
a~q![

1

q22ma
21 i e

.

~9!

The three-point correlatorG̃s
h is given as

G̃s
h5E

z
E

y
eiq•~z2y!^0uŜT!F S Vm,3~z!1

1

A3
Vm,8~z!D

3S Vm
3 ~y!1

1

A3
Vm

8 ~y!D sh~0!G u0&. ~10!

The meson decay constantsf K'1.24f p , f h'1.32f p , and
f h8'0.74f p are used@14#. The results, Eqs.~6!–~8!, reduce
oto the two-flavor results discussed in@3#. Since they include
strangeness, they can be used all the way through the
region.

The spectral functions appearing in Eqs.~6! and ~7! are
related toe1e2 annihilation data. They will be borrowed
from experiment. The three- and four-point correlation fun
tions VVj AjA , Vj AjA , andVVs are constrained by the two
photon fusion reactions and crossing symmetry@10#. A de-
tailed analysis of these processes shows that t
contribution to our rates can be ignored for both CERES a
HELIOS ~2% correction!. These observations confirm an
extend the ones made in@3# to the three-flavor case. Henc
the two- and three-point contributions will be omitted f
most of the discussion to follow.

III. SPECTRAL FUNCTIONS

In this section we derive explicit expressions for t
spectral functions. The empirical information on the tw
point correlators will be inserted in the rate producti
TABLE I. Resonance parameters.

I G(JPC) Mass (mi) Decay width (Gi) Decay constant (f i)

PV
I r(770) 11(122) 768.5 150.7 130.67

r(1450) 1465 310 106.69
r(1700) 1700 235 75.44

PV
Y v(782) 02(122) 781.94 8.43 46

v(1420) 1419 174 46
v(1600) 1649 220 46
f(1020) 02(122) 1020 4.43 79
f(1680) 1680 150 79

PA
I a1(1260) 12(111) 1230 400 190 (f r)

PA
UV K1(1270) 1

2 (11) 1273 90 90
K1(1400) 1402 174 90
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by means of suitable spectral weights. For instance,
contribution of the nonstrange hadrons to the spec
weights is dominated by ther (mr5768.5 MeV, G0,r
5150.7 MeV) and the a1 (ma1

51230 MeV, G0,a1

5400 MeV) resonances. For that, we will follow the arg
ments of@3# and use the following parametrizations:

PV
I ~q2!5

f r
2

q2

mr
21gq2

mr
22q22 imrGr~q2!

,

PA
I ~q2!5

f a1

2

ma1

2 2q22 ima1
Ga1

~q2!
, ~11!

with f r5A2 f p and f a1
5190 MeV. The decay widthsG are

given by

Gr~q2!5u~q224mp
2 !G0,r

mr

Aq2S q224mp
2

mr
224mp

2 D 3/2

,

Ga1
~q2!5u~q229mp

2 !G0,a1

ma1

Aq2S q229mp
2

ma1

2 29mp
2 D 3/2

, ~12!

where u(x) the Heaviside function~step function!. Analo-
gous parametrizations will be used for the strange resona
as well including thev and f in PV , andK1 in PA . The
isovector part of the spectral weightPV

I is dominated by the
r and its radial excitations, while the hypercharge partPV

Y is
dominated by the omega, the phi, and their radial excitatio
In the physical basis,

v85A1

3
v2A2

3
f, PV

885
1

3
PV

v1
2

3
PV

f . ~13!

In Fig. 1 we show the electromagnetic spectral funct
PV

em[PV
I 1 1

4 PV
Y following from our parameters~solid

curve! in comparison with the data compiled in@15#.
The resonance parameters we have used are summa

in Table I @16#. The decay constants are fit to the empiric
spectral weights@14#. They are all within 10% of the con
stituent quark model. Although the axial-vector spect
weight is not well known at large invariant mass, we obse
that its numerical contribution to the dilepton emission ra
is overall small.

The high energy tail of the vector spectral weight is s
above the freeqq̄ threshold well through the high mass r
gion as shown in Fig. 2 forR>3512p ImP(s) without the
J/C contribution. We will use the parametrization

0.9

8p F11tanhS Aq22q1

q̃
D G ~14!

as shown by the solid line. Hereq152 GeV and q̃

50.4 GeV. We recall that the freeqq̄ threshold for SU~3! is
e
al

es

s.

n

zed
l

l
e
s

l

R>35(
i

s i~>3p!

s~e1e2→m1m2!
52S Nc

2 (
q5u,d,s

eq
2D 52,

~15!

and underestimates the hadronic correlations by about 3
in the 2.5–3.5 GeV region. This tail is important in the em
sion rates as we will note in the next section. It may
interpreted as~logarithmic! corrections to the perturbativ
quark result by duality. Above 3.5 GeV the charm effec
show up.

IV. EMISSION RATES

A. Dielectron rates

Given the two-point spectral weights, it is then straigh
forward to reconstruct the emission rates using Eqs.~6! and
~7!. The contributions, Eq.~8!, are found to be numerically
small and will be ignored.R can be reexpressed in terms
the invariant dielectron massM5Aq2, the rapidityh, and
the magnitude of the transverse momentumqt @11#:

FIG. 3. Dielectron rates atT5150. See text.

FIG. 2. R>3 values. Data from Adone@17# and SLAC-LBL
@18#.
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dR

d2M
5E dyE dqt

2p

2

dR

d4q
~M ,h,qt!. ~16!

In Fig. 3, we show our new three-flavor rate~solid line! in
comparison to the two-flavor rate@3# ~dashed line!. Aside
from the omega and phi which were absent in the two-fla
analysis, the results are overall consistent forT
5150 MeV. The chiral reduction results show a substan
enhancement of the low mass dielectrons in comparison
simple partially conserved axial-vector current~PCAC! treat-
ment @3#.

In Fig. 4 we show the rates from a hadronic gas in co
parison to a free quark rate from a quark gas@19# at T
5150 MeV. The plasma rates are large in the low m
region~more than a factor of 2!, above the phi~more than a
factor of 2!, and around the 2 GeV region~about a factor
1/2!. Surprisingly, however, the hadronic tail, Eq.~14!
(e1e2 into hadrons!, still provides substantial emissio
strength even through the high mass region in compariso
a free quark gas at the same temperature. An enlargeme
that region is shown in Fig. 5.

FIG. 4. Hadronic gas~bold! versus quark gas~thin!. See text.

FIG. 5. Same as Fig. 4.
r

l
a

-

s

to
t of

B. Photon rates

The rate for photons follows from Eq.~2! at q250:

q0
dR

d3q
52

a

4p2
W~q!. ~17!

Figure 6 shows the photon emission rate forT
550,100,150 MeV. They are overall consistent with t
photon rates established for the SU~2! case@3#.

V. EMISSION RATES FROM A FIREBALL

In a heavy-ion collision the electromagnetic emission o
curs from various stages of the collision process. In this p
we will focus on the low and intermediate dilepton emissi
rates ~up to 1.5 GeV!. We will assume that they emana
from a simple fireball composed of a hadronic gas. The fi
ball will be modeled after transport codes@5#, for the CERES
~S-Au! and HELIOS-3~S-W! heavy-ion collisions. In par-
ticular, the expansion will be assumed homogeneous, wi
volume and temperature parametrized as@3,6#

V~ t !5V0S 11
t

t0
D 3

, T~ t !5~Ti2T`!e2t/t1T` , ~18!

with t0510 fm/c, Ti5170 MeV, T`5110 MeV, t
58 fm/c, and the value ofV0 is absorbed into the overa
normalization constantN0V0 (56.7631027 fm3) in Eq.
~19!, which is fixed by the transport results. The freeze-o
time will be set tot f.o.510 fm/c. Since we would like to
only address the issue of a thermal gas of mesons, we
ignore the baryons, assuming their contribution at pres
energies to be small in the leading density approximation@4#.
The mesonic fireball is more appropriate for RHIC as o
posed to CERN energies.

Using Eq.~18! and the above rate, the final expression
the integrated emission rate per unit rapidityh and invariant
massM is

FIG. 6. The photon emission rate from a hadronic gas.
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dN/dh dM

dNch/dh
~M !5N0ME

0

t f.o.
dt V~ t !E d3q

q0
A~q0 ,q2!

dR

d4q
.

~19!

The acceptance functionA(q0 ,q2) enforces the detecto
cut pt.200 MeV, 2.1,h,2.65, and Qee.35 mrad
for CERES. For HELIOS-3, Eq.~19! can be used by
integrating over h with the cut mt>4(722h),
mt>A(2mm)21@15/cosh(h)#2. The results for CERES an
HELIOS-3 are summarized in Figs. 7 and 8.

The thin line in Fig. 7 is our result using only the two
point spectral weights in Eq.~19!, while the thick line fol-
lows from an additional Gaussian smearing over the dete
mass resolution:

E
0

`

dM8
1

A2ps
expS 2

~M2M 8!2

2s2 D dN/dh dM

dNch/dh
~M 8!,

~20!

with s50.1M . The background~dotted line! was taken from
a transport model@5,9#. The f resonance is clearly visible

FIG. 7. Dielectron rates for the CERES S-Au experiment. S
text.

FIG. 8. Dimuon rates for the HELIOS-3 S-W experiment. S
text.
or

The data are from@1#. Clearly the fireball evolution and the
mesonic gas do not account for the low mass dileptons
Ref. @3#, it was shown that only large nucleonic densiti
could account for the data to leading order in the hadro
densities.

The solid line in Fig. 8 is our three-flavor result for th
HELIOS-3 experiment. The dashed curve refers to the res
discussed recently by Gale@9# using effective Lagrangians
and a variety of two-body reactions. Our results are in ov
all agreement with theirs. The dotted line is again the ba
ground contribution from the transport model@5,9#. The fair
agreement of the fireball with the dimuon spectra abov
GeV indicates that a thermal hadronic gas treatment is c
sistent with the data. Some enhancement in the low m
region may be achieved by adding baryons, but not eno
in our leading density approximation to bring it into agre
ment with the data@3#.

VI. CERES WITH pt CUT

Recently, the CERES collaboration analyzed thept de-
pendence of the dielectron pairs@20#. Using our mesonic

e FIG. 9. Dielectron rates for the totalpt of the CERES Pb-Au
experiment.

FIG. 10. Dielectron rates for lowpt of the CERES Pb-Au ex-
periment.
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PRC 58 2905DILEPTON AND PHOTON EMISSION RATES . . . . III
rates and the fireball evolution, Eqs.~18! and~19!, we show
in Figs. 9 and 10 our results in comparison to data. T
background contribution in our case was borrowed fr
transport calculations@21#. The initial temperature of the
fireball is set atTi5160 MeV and the freeze-out temper
ture at T`5105 MeV for which the time scale ist f.o.
520 fm/c, with t510 fm/c and t0510.8 fm/c. The new
normalization constantN0V053.4531027 fm3 is fixed by
the transport results@21#.

Our analysis, based on a baryon-free hadronic gas~with
strange mesons!, does not reproduce the low mass dielectr
enhancement in both Figs. 9 and 10. Since most of
iscrepancy of the low mass enhancement comes from
pt contribution, taking into account the large statistic
and systematical errors forM.1.0 GeV, we find that our
high pt spectrum is consistent with the data. In Fig. 11, t
data are the differences between the mean values of the
and low pt spectrum, and so we do not include the vertic
error bars.

VII. CONCLUSIONS

We have extended the dilepton and photon emission r
from a thermalized gas of hadrons to account for stra

FIG. 11. Dielectron rates for highpt of the CERES Pb-Au ex-
periment.
.

e

n
e
w
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e
tal
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es
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mesons without baryons. The analysis relies on the exten
of the chiral reduction formulas from SU~2! to SU~3!. The
hadronic gas now includes the effects from kaons, etas,
phis. As expected, only substantial changes in the rates
seen around the omega and phi regions.

In the low mass region there is a substantial enhancem
due to the mixing with the axial particles, but not enough
account for the CERES data after time-evolution and de
tor cuts. In the intermediate mass region, there is good ag
ment with the HELIOS data. The baryonic effects are imp
tant in the low mass region, but not enough to account for
discrepancy seen in the Pb-Au collisions at CERN within
density expansion@3#. The large and persistent hadronic ta
make the thermal mesonic emission rates comparable to
ones from a thermal gas through the intermediate mass
gion.

As we have indicated in the Introduction, our analys
is not based on a model. Our only assumption is that
emission rates follow from a baryon-free and dilute hadro
gas. The rest follows from symmetry and data. As su
all model calculations should be in agreement with our
sults under these assumptions, and it is gratifying to see
the recent analysis performed by Gale@9# using reaction
rates does.

The fact that the HELIOS-3 data can be explained with
recourse to additional assumptions makes part of our a
ments reliable. The persistent disparity in the low mass
gion with CERES and the newly measuredpt spectra may
indicate the need for an enlargement of the original assu
tions. The importance of the thermal quark gas emissivi
in the 1/2 and 1 GeV regions may be indicative of som
simple nonperturbative effects in the partonic phase for
temperatures considered@22#. This issue will be addresse
next @19#.

ACKNOWLEDGMENTS

We have benefited from several discussions with Ge
Brown, Axel Drees, Charles Gale, Guoqiang Li, Madap
Prakash, Ralf Rapp, Edward Shuryak, Heinz Sorge, and
Steele. This work was supported in part by the U.S. Dep
ment of Energy under Grant No. DE-FG02-88ER40388.
/

s.

7,

ce
a,
@1# G. Agakichievet al., Phys. Rev. Lett.75, 1272~1995!; Nucl.
Phys.A610, 317c~1996!.

@2# W. Cassing, W. Ehehalt, and C. M. Ko, Phys. Lett. B363,
35 ~1995!; G. Q. Li, C. M. Ko, and G. E. Brown, Phys
Rev. Lett. 75, 4007 ~1995!; F. Klingl and W. Weise,
Nucl. Phys.A606, 329 ~1996!; G. Chanfray, R. Rapp, and
J. Wambach, Phys. Rev. Lett.76, 368 ~1996!; D. K. Srivas-
tava, B. Sinha, and C. Gale, Phys. Rev. C53, R567 ~1996!;
K. Haglin, ibid. 53, R2606 ~1996!; V. Koch and C. S.
Song, ibid. 54, 1903 ~1996!; J. Sollfranket al., ibid. 55, 392
~1997!; C. M. Hung and E. Shuryak,ibid. 56, 453 ~1997!; R.
Baier, M. Dirks, and K. Redlich, Phys. Rev. D55, 4344
~1997!.

@3# J. V. Steele, H. Yamagishi, and I. Zahed, Phys. Lett. B384,
255 ~1996!; Proceedings of Quark Matter ’97, hep-ph
9802256.

@4# J. V. Steele, H. Yamagishi, and I. Zahed, Phys. Rev. D56,
5605 ~1997!.

@5# G. Q. Li, C. M. Ko, and G. E. Brown, Nucl. Phys.A606, 568
~1996!.

@6# R. Rapp, G. Chanfray, and J. Wambach, Nucl. Phys.A617,
472 ~1997!.

@7# M. Masera for the HELIOS-3 Collaboration, Nucl. Phy
A590, 93c ~1995!.

@8# G. Q. Li and C. Gale, Proceedings of Quark Matter ’9
nucl-th/9712076; Phys. Rev. Lett.81, 1572~1998!.

@9# C. Gale, in Proceedings of the Third International Conferen
on Physics and Astrophysics of the Quark-Gluon Plasm



ns

,’’

o-
l,

h

2906 PRC 58C.-H. LEE, H. YAMAGISHI, AND I. ZAHED
Jaipur, India, 1997, nucl-th/9706026.
@10# C.-H. Lee, H. Yamagishi, and I. Zahed, hep-ph/9806447.
@11# L. D. McLerran and T. Toimela, Phys. Rev. D31, 545~1985!.
@12# H. A. Weldon, Phys. Rev. D42, 2384~1990!.
@13# H. Yamagishi and I. Zahed, Ann. Phys.~N.Y.! 247, 292

~1996!; Phys. Rev. D53, 2288~1996!.
@14# E. Shuryak, Rev. Mod. Phys.65, 1 ~1993!.
@15# Z. Huang, Phys. Lett. B361, 131 ~1995!.
@16# Particle Data Group, R. M. Barnettet al., Phys. Rev. D54, 1

~1996!.
@17# C. Bacciet al., Phys. Lett.86B, 234 ~1979!.
@18# J. Siegristet al., Phys. Rev. D26, 969 ~1982!.
@19# T. H. Hansson, C.-H. Lee, and I. Zahed, ‘‘Thermal Dilepto
from a Nonperturbative Quark-Gluon Phase
hep-ph/9809440.

@20# P. Wurm, in Proceedings of APCTP Workshop on Astr
Hadron Physics, ‘‘Properties of Hadrons in Matter,’’ Seou
1997.

@21# G. Q. Li and G. E. Brown~unpublished!.
@22# T. H. Hansson and I. Zahed, ‘‘QCD Sum Rules at Hig

Temperature,’’ Report No. SUNY-1990~unpublished!; I.
Zahed, inThermal Field Theories, edited by H. Ezawaet al.
~Elsevier, New York, 1991!, p. 357; I. Zahed, inFrom
Fundamental Fields to Nuclear Phenomena, edited by J. A.
McNeil and C. E. Price~World Scientific, Singapore, 1991!,
p. 238.


