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Abstract

,Photon production in a longltudmally and transversely expanding gluon plasma with
initially little quark admixture i is considered. Chemical equilibration of quarks and glu-
ons is followed by rate equations. The ylelds of hard photons with £ > 2 GeV are
insensitive to chemical equilibration and depend mainly on the initial thermalized state.
Medium-energy photons with E ~ 1 GeV are more frequently produced in case of faster
equilibration, despite of faster cooling. For an assumed fast equilibration we follow the
evolution of matter through mixed and hadron phases. The transverse momentum kick,
due to transverse expansion, of photons from hadron matter is shown to be reduced for
an equation of state with reduced latent heat. The photon yield in the region £ > 1 GeV
from deconfined matter dominates for conditions, estimated to be achieved at RHIC, in
case of a weakly first-order confinement transition.




1 Introduction

Future ultra-relativistic heavy-ion experiments, such as the lead beam project at CERN-
SPS, or the RHIC project, or the LHC plan, are aimed to search for deconfinement effects
in dense and hot nuclear matter. In the very first reaction stage of the colliding nuclei there
are hard parton scatterings which produce a part of secondaries, e.g., in mini-jets [1]. Due
to semi-hard interactions the partons evolve towards local equilibrium, however, in strong
competition with the rapid (mainly longitudinal) expansion of the matter. Hard and semi-
hard scatterings in parton matter can be calculated within the framework of perturbative
QCD. Perturbative cross sections for gluon-gluon interaction are larger than the ones for
quark-quark or quark-gluon scatterings. This fact seems to imply that in ultra-relativistic
heavy-ion collisions probably a gluon plasma is initially created with only a few quarks
admixed [2, 3]. Present parton cascade models support such a picture [4, 5, 6, 7, 8].
The large gluon-gluon cross section helps to thermalize quickly the gluon system. In a
second reaction stage the few quarks and the gluons thermalize. Even being early in
thermal equilibrium such a gluon plasma with quark admixture is still in a chemical
off-equilibrium state for some time. On a larger time scale the chemical equilibration
proceeds. Also the gluon phase space might be undersaturated, and gluon multiplication
till saturation needs some time. Since many of the proposed probes of the quark-gluon
plasma rely on indirect measurements of the deconfined quark matter distribution it seems
to be necessary to refine the standard estimates which assume chemical equilibrium. The
present lattice QCD calculations [9] are addressed to equilibrium (thermal, chemical and
mechanical) properties of a quark-gluon plasma or a pure gluon plasma [10].

The aim of our paper is to analyze the thermal photon production (cf. {11] and Refs.
quoted therein) in an expanding gluon plasma, which is initially in thermal equilibrium
(also with the quark admixture), and which equilibrates towards chemical equilibrium
by quark and gluon production. Various aspects of the equilibration are dealt with rate
equations [8, 12] or within the parton cascade model [6]. We investigate here how the
chemical equilibration process can affect the photon yields. Since we employ a complete
model, which includes longitudinal and transverse expansion till freeze-out, we can follow
the evolution of equilibrated matter through a mixed phase into hadron matter. Therefore,
the relation of thermal photons from deconfined matter to such ones from hadron can be
quantified. : '

The NA34 and WAB80 photon measurements at previous SPS oxygen and sulphur runs
indicate that the photon spectra are dominated by hadronic decays [13]. But experimental
refinements probably will allow for an identification of thermal photons.

Our paper is organized as follows. In section 2 we consider the chemical quark and
gluon equilibration processes by using rate equations solved together with boost invariant
scaling hydrodynamics and transverse expansion. The latter one is treated within a new
global hydrodynamical scheme (presented in detail in Appendix). We use the results in
section 3 to analyze the photon yield from the equilibrating plasma. While the quark-
gluon phase space saturation achieved depends strongly on the reaction cross sections, we
find that the photon yield is not very sensitive to the details of the chemical equilibration
processes. The summary can be found in section 4. Besides the global hydrodynamics
for the transverse expansion we discuss in the Appendix also the transverse momentum
kick which the photons experience from the later hadronic stage. We show that for small
latent heat in the confinement transition the transverse expansion is reduced (compared
to the standard bag model equation of state) and the transverse momentum kick of the
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photons is not strong. Hence the photon yield from the chemical off-equilibrium gluon-
enriched plasma is expected dominate over the yield from hadron matter in case of a
weakly first-order confinement transition.

2 Chemical evolution of quark—gluon degrees of
freedom :

We employ a transport model of coupled Boltzmann type equations for the parton distri-
bution functions f,(p,z) (the subscript a = g, ¢, 7 denotes the parton species)

p#aﬂfﬂ(plﬁm) = ZCik)(pl,:z:), (1)
k

where 37 includes all collision types which change f,. For instance, for the lowest order
binary 2 < 2 processes ab +s cd and ternary 2 3 processes ab « cde the Lorentz
invariant colhslonal integrals read o

th(z )(plaz) : Z Iabcd(plyz) -+ Z ga.bcde(phx) ’ ; (2)
k ) bed o bcde -
Tures(ps,2) = —J;/dfdrdr[ff—ff]"x 3)
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Here p = (E,p) is the parton’s four momentum, 2 = (¢,7) is the space-time, dI' =
d*p/(27)°2E denotes the momentum space volume element, and 3 |M|? stands for the
lowest order c, squared matrix elements which are summed over spin and color and
which contain the symmetrization factors of outgoing identical particles (we use units with
i = c¢=1). The distribution is normalized by the parton density g. [ @F(27) > fu(p, z) =
no(z), where g, denotes the degeneracy factor. §,, are Kronecker symbols which are
introduced to avoid double countering in the entrance channel. The expression (2} might
be improved by taking into account higher-order perturbative corrections [12] and also
non-perturbative soft parton reactions [14].

Integrating eq. (1) with (2) over g, [ d®ps(27)~3, one gets in Boltzmann approximation
the evolution equations for the densities of the type (cf. [8] for a heuristic deduction)

¢ e 2
2), 2 ng g J g L @2f;_"
Ou(neu?) =— o¥n] (1 - ﬁ;qﬂq- {f;} ) + §a< n? |1~ o ) (5)
a,( uj = Llo@pe | _rarg 7 i (6)
ik T2 7 ng' ng | ng ‘

We assume isospin symmetry and charge symmetry, Le. n, = nz = %310 ?md the (%QH*
sity and medium four velocity are defined via the monsent of the distribution function,
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nout = go.(2r)~3 [ PpE~'p* f(p, x), where u* is the flow velocity. The reference equilib-
rium density n*? is correspondingly defined by the same integral but with f.,. Instead
of the ratio ngy/ng, one can use the fugacities Ag, (see below). o(*% stand for the
thermally averaged cross sections 2 « 2, 2 <+ 3. Ref. [8] employs for the gg «> ¢g and
gg <> ggg reactions

xalN 81 7\’ _ .
o = T (log Srashy Z) Aq, o =4200T\/2% = Nn*s, (1)

(Ny is the flavor number) with Ag, = 1, while Ref. [12] uses another o® which in turn
differs from that in Ref. [15]. Stra.lghtforward calculation of ¢(?) from eq. (3) gives [16]

o= S () s (), o

g 4 1 1 31
5(z)=(1+ ) + ;)arthW - —8-(7& ;)W,

where we introduce the infra-red regularizing thermal quark mass m? = 2ra, T2 [17]. At
small values of the strong coupling constant «; =~ 0.3 there are substantial deviations
between eqs. (7) and (8) (about a factor two), which enlarge for smaller fugacities. Since
the higher order processes are found to be important {12] and also non-perturbative pro-
cesses might contribute, we have introduced the factors Ag 4, which we shall vary in order
to learn about their affect on observables. Hence, instead of extending egs. (5, 6) by
higher order processes, we rely on the present form and demonstrate that, despite of large
variations of the Ag,g, the corresponding photon yields suffer only minor affection. This
might justify the use of the restricted egs. (5, 6) for the present purpose.

In order to solve the coupled rate equations one needs also an evolution equation
for the temperature which determines the reference equilibrium densities n°?. In case of
local thermalization, and boost-invariant longitudinal expansion, and global transverse
expansion, the corresponding set of equations is derived in Appendix Al. Instead of
using the densities or fugacities we prefer to rewrite the basis equations into the variables
total parton density n = ny + ng and chemical saturation parameter z = ny/n (then
ng = (1 - x)n)v ‘

. n <y> 1
N @

where we use eq. (A.14) for rewriting d,(nu¥) in egs. (5, 6), and § = 4/9 for Ny = 2.
< 7 > stands for the radial integral on the Lorentz factor of transverse motion (see
Appendix). The fugacities are

1—z)n 7 zn w2
Q=g A=l (11)

he = T? 9Q ’ T3 g,

In chemical equilibrium one has z = z., = 0.4. Quark undersaturation means z >
0.4. Various estimates predict initially A, < 1 [8, 12], then the inelastic gluon channel
g9 — ggg slows down somewhat the quark equilibration (see last term in eq. (10)),
while density dilution due to expansion is partially counteracted, as seen from eq. (9).
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Figure 1: The time evolution of the fugaciﬁes Ag,c and temperature
T (in GeV) for the initial conditions described in text.

The inelastic reaction gg — ggg causes an increase of the comoving entropy density
according to T2 < v > 7()\,g, + Aggg) = const, which replaces the entropy conservation
law T3r = const in case of pure longitudinal expansion without inelastic reactions (see
Appendix, eq. (A.6)).

We study four different initial gluon fugacities. In three cases we assume z = 0.8,
which corresponds to Ag & 1), i.e., a gluon-enriched plasma with significant undersatu-
ration of quarks. This is in line with the hot glue scenario [3] and is supported by parton
cascades [5, 6, 7, 8]. The absolute fugacities differ: The predictions go from undersatu-
ration A, = 0.5 (I [12]), 0.25 (II [12]), 0.06 (III [8]) to oversaturation A, = 1.5 (IV [6],
here we use = =2 0.66) for RHIC conditions. To compate not too different initial condi-
tions, which still seem to be rather uncertain when comparing [8] and [6] as extremes,
we use the unique initial time for the beginning of the thermalized era 7 = 0.31 fm/c,
and a common initial temperature T = 550 MeV in one set of examples. In a second
set we scale the initial temperature in such a way to get a constant initial enexrgy density
which corresponds to Tp = 550 MeV and full equilibrations. In the latter case the initial
temperatures are therefore larger than 550 MeV due to phase space undersaturation.

Solutions of egs. {9, 10, A.12, A.13) are displayed in Fig. 1 for the first set where
To = 550 MeV. Clearly, the different initial sets show rather different time evolutions which
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even more differ when varying the Ag ,. The effect of the transverse expansion is not very
important for the short-living deconfined state down to ~ 200 MeV (about 10% transverse
radius increase). As expected, the faster gluon multiplication and quark pair creation are,
the faster the cooling proceeds. This is particular drastic for example III. In the late stage
the cooling curves are not too different. Qualitatively we recover the results of Ref. {12]
for A, = 10, however, due to the coupling to the quark channel and the use of different
cross sections (7) we get slightly modified evolution for examples I - III. Interestingly, in
case IV the initial gluon oversaturation is followed by an intermediate undersaturation
because gluons are converted into ¢g, and the backreaction ggg — gg dominates. This
not included in- the parton cascade [6]. The presented examples demonstrate that, in
agreement with [6, 12], the gluons achieve chemical equilibrium for A, = 10, while the
more realistic value Ag ~ 1 is insufficient to come to chemical equilibrium in the quark
channel. In the extreme case III there is a competition between too fast cooling and
achieving equilibrium till Tt.

3 Photon production

Now we use the above evolution of the chemical composition of the plasma to calculate
the photon production. We follow the standard approaches [11] and use the dominant
quark - anti-quark annihilation ¢g — gy and Compton like processes gq(§) — g(g)y. The
lowest order «; contributions are for vanishing chemical potential [18]

dNC"mp 10aas 4€¢T
d4:1:d3p/E ) 2 CE}/\ )‘ga (12)
chmm'h 4 .
" _ 10aas eT) 1 CE}/\§7 | (13)

dizd3p/E 97%4
where ¢ = u,p*, and p* = (E,p) denotes here the photon’s four momentum, k. is an
infrared cut-off, and Cg = 0.577 stands for the Euler constant. (The effect of finite
chemical potential is examined in Ref. [20]; the Landau-Pomerantschuk effect on virtual
photon production is only important for soft photons [21].)

In Refs. [18, 19] the resummmation technique of Braaten and Pisarski [22] has been used
to regularize infra-red divergences in the rates (12, 13). Since we focus on not too soft
photons with E > T, the photon emission turns out to depend on k. not too sensitively.
Therefore, a variant of Refs. [18, 19] with &2 = 2m§ = ‘L'g"-iT2 is employed.

Combining then egs. (12, 13) one gets for the total photon rate

AN _sean? 3¢ . RV |
FadgE = i og(p) — Cal(2— 2 —2®) — 5(4 = 1a +Ta")}. (14)

It can easily be seen that for z > z., = 0.4 the rate is suppressed in comparison with
the equilibrium rate at z., [3]. This suppression depends somewhat on the photon energy
and amounts roughly a factor  for ¢ ~ 0.9 [16]. More dramatic is the suppression of the
photon yield due to overall phase space undersaturation, i.e., when n becomes smaller than
the chemical equilibrium density n.,. Ref. [3] claims that a higher initial temperature,
compared to previous standard estimates [23], overcompensates this reduction. To be
sure whether the photons an really probe the deconfined matter state we qua,ntlfy below
the relation of photons from deconfined matter to photons from hadron gas.
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Figure 2: Photon spectra for the initial conditions I - IV described
in text. The rate scale factors Ag,, are 1 (full lines) and 10 (dashed -
lines).

The space-time integrated rate can be approximated by

dN 10 o, DL 2T\ ?
2 =2 2 exp{ — L =
7 dy ly=0 w/d-r'rdrrdrﬁ 5 T exp{ T (1 +wvcos é)} (7P.L) x  (138)
. 1 )
Ao(Aa + ) [log (2x Lt veosd)) o] Ly, —23)),
T, 2

(E = pychy) where the integrals have to be performed numerically in conjunction with
the solutions of v(r,7) = \/1 +r2R(7)2R(7)"2, v = VT =472, T(7) and Ag(7)-

Fig. 2 summarizes our results for the above described four initial conditions and
evolution scenarios displayed in Fig. 1 for Ry = 7 fm. One observes at first rather strong
variations of the absolute yields according to the suppression discussed. A particular
extreme case is III, which relies on the HIJING predictions for the initial conditions [8].
It has to be contrasted to IV (parton cascade [6]). Next one sees that the high-energy
‘photons do not sensitively probe the chemical equilibration velocity. We have chosen
drastic variations of Ag, = 1 or 10 as in Fig. 1. These variations show up in the yield
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Figure 3: The photon yield from deconfined matter (full line) and
hadron matter (dashed lines; the curve labeled by B [B/2] use the
standard bag model equation of state with B/* = 235 MeV [equa-
tion of state with halved latent heat but the same critical tem-
perature]). The initial temperature is To = [(g0 + g,)/(M390 +
Aog,)]M4550 MeV.

of the medium-energy photons with p, ~ 1 GeV: faster equilibration enhances the yield.
The harder photons are hardly influenced by variations of the equilibration rates (only
for extremely fast equilibration, as anticipated in Ref. [12] the initial temperature drops
very fast, which reduces somewhat the high-energy yield). Therefore, the p, spectrum
probes the equilibration to some extent, in particular in the softer photon region.

With respect to the results of Ref. [24] one has to investigate also the relation of
photons from deconfined matter to photons from hadron matter. According to Ref. [18]
and in line with [24] we use the same rates for both matter types. We modify the equation
of state by including different values of the bag constant. This has a little effect on the
photon yield from deconfined matter down to the critical temperature T, = 166 MeV.
(Note that pressure and energy density are changed, but the expansion suffers only minor
modification for I, II, IV; for III the thermal pressure is so small that at sufficiently low
temperatures the negative vacuum pressure dominates and the system starts to oscillate
transversely.) Since the latent heat from the false vacuum decay keeps the system a larger
time at T, the medium-energy photon yield is somewhat increased (in all cases this is
within factor 2 for p; =1 GeV photons). We consider values of Ag, large enough, so that
Ag = A, = 1 is reached at T,. With respect to the results of the parton cascade model
[6] this is somewhat extreme for the quark channel, but it has the advantage that the
subsequent evolution can be modeled as usually. We find for BY/* = 235 MeV in all our
examples that, due to the transverse momentum kick from late transverse expansion, the
yield from hadron matter is at least a factor 2 larger than the yield from quarks and gluons.



However, the lattice QCD data [10] point to considerably smaller latent heat compared
to the bag model. When reducing the latent heat released during the phase transition,
but keeping T, fixed, the photons from deconfined matter dominate significantly in-all
our examples considered. The reason is that due to rediced latent heat the mixed and
hadron phase have a much shorter life time, and a strong transverse flow cannot develop
(see Appendix for details). From these studies we conclude that the ratio of photon yield
from deconfined matter to the yield from hadron matter depends on the details of the
confinement transition. If the latent heat is indeed small and the confinement transition
is weakly first-order the photons from parton matter dominate over the thermal hadron
yield. '

Note that the above considerations rely on a constant initial temperature and varying
initial fugacities. One might also assume that the initial energy (or entropy) density of the
thermalized state is fixed, and different fugacities cause different initial temperatures. In
such a case we find that the photon spectra do not change irrespectively whether fugacities
according to I, or II, or IV are considered. Again, for the standard bag model equation
of state the hadron matter would shine brighter, while for the reduced latent heat clearly
the deconfined matter dominates, see Fig. 3. The rate scaling factors Ag , are chosen so
that Ag, =1 is reached at T,. Variations of Ag, which fulfill this condition are not seen
on the present scale. With respect to these findings one should argue that the photon
spectrum measures the initial energy density, but does not contain separate information
on the initial temperature or chemical equilibration.

4 Summary

In summary consider the photon radiation from strongly interacting matter in the frame-
work of a complete scenario including the chemical equilibration of the initial parton
matter and its transition through a mixed phase into a hadron gas. Chemical equilibra-
tion in a thermalized gluon-enriched plasma is followed within a schematic model of rate
equations which includes g9 = ¢, g9 = ggg channels and longitudinal and transverse
expansion. By variations of the corresponding rates we try to simulate higher order pro-
cesses. We find that mainly the soft part of the photon spectrum is somewhat sensitive
(factor two) to variations of the equilibration rates (when keeping the initial tempera-
ture fixed). For fixed initial energy density there is no dependence on the initial phase
space saturation, supposed equilibration is fast enough to achieve full local equilibrium
at confinement temperature. Provided that deconfined and hadron matter shine equally
bright at given temperature, we find that the photons from deconfined matter dominate
over hadron matter-created photons in case of a weakly first-order confinement transition,
independently of the initial phase space saturation. This provides a good chance to ob-
serve thermal photon radiation from early parton matter at energies densities which are
presumably achieved in future RHIC experiments.
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A  Global hydfodynamics for transverse expansibn

A.1 Basic equations

Rate equations are suitably solved in comoving fluid cells. This has been done, e. g in
Ref. [25]. Here we develop a simpler scheme which relies on transverse spatial averages of
intensive densities. In doing so the partial differential equations of relativistic hydrody-
namics are converted into ordinary differential equations. In case of spherical symmetry
such an approach is used in Refs. [26]. A recent paper [27] employs a similar approach
to cylinder symmetry with prescribed trial functions for thermodynamic and kinematic
quantities. Our approach is for a transverse expansion superimposed on longitudinal
boost-invariant scaling hydrodynamics.

The hydrodynamical equations read §,7"* = 0, where the energy-momentum tensor
T# = [dpE~'p*p*f is decomposed for the supposed case of thermal equilibrium as
T# = (e + p)u*u” + pg"* with e and p as energy density and pressure, and g"” as
Minkowski metric. The boost-invariant four velocity reads in case of axisymmetry in
Cartesian coordinates

u* = ~y(chn,vcos ¢,vsind,shy), v=(1— v2)1/2’ (A1)

where v is the transverse velocity, and 5 stands for the longitudinal rapidity. The velocity-
projected equation u,9,T*" = 0 and the time-like component of the equations of motion
9,T°% = 0 represent two independent equations,

a.(ev*) + pOu* =0, (A.2)

0T + 8,(T° + p)2 — 0:(T*° + p)Fv cos  — O ,(T% + p)Zvsing = 0. (A.3)
In the coordinate system 7 = 32 —2%, n = jlog 82, r = V/z? + 22 these equations

become on the central slice z =10

y 1
Bulen) + POy + (o + 2) + ~0(evor) + Ea(yor) = 0, (A4)
oy '~ o PG , .
Br(e7") + (270" + (e + )L + =0 ([e + ply"or) = 0. (A5)
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By performing a radial integration fdrr(A.4, A.5) we get rid of the gradients 9,(...)
via Gauss’s law. The essential point is the factorization ansatz of intensive densities
and kinematic quantities, e.g., fdrrey = € [drry = € < v >, where € stands for the
transverse average. This ansatz is fulfilled for e = (1), i.e., a homogeneous transverse
distribution. Hence we get : ‘

7>

it

d.(e<vy>)+pd; <y>+(e+p)

0, (A.6)

2 : :
O-(e < v >3+ 8:(p < v*v? > +(e +p) = Z = 0, (A.7)

where we omit the bar for indicating the averages. Eqgs. (A.6, A.T) are to be read as
ordinary differential equations, because there is only a remaining time dependence.

In case of validity of the Gibbs relation e + p = T's and s = Op/dT (we consider
charge-symmetric media with g = 0) eq. (A.6) gives s < 7 > 7 = const, which can
be used for checking the numerical accuracy in solving egqs. (A.6, A.7). In a two-phase
mixture the thermodynamic relations need to be modified, cf. e.g. [25].

To proceed one must specify a trial velocity profile. We employ

B ,
vy =g “ (A.8)
with R(7) as transverse radius. Such a linear profile is supported by extensive cascade-like
calculations for the transverse expansion of a finite particle system with medlum-corrected
cross sections [28]. With

G pe ;
<> = 1+ RPRr-1), ' A9
1 gl B, (a9
1.
<7’> = §R2(1+§R2), g (A.10)
1 .-
<7v> = ZRZRZ, (A.11)

the equations to be solved read

1. ' .
é(1 421 + 5RZ]/JC) +pR’K+

R 1 e R R 1
2'_‘ bt _— gt 2 frarncag
(e+p)( R+T+2KJ[2€+ Et o {1+ R}]}C)‘ 0, (A.12)
- 2 p (+p)R R R
2€) — = — =
R(1+2K) — - et Tt 0, (A.13)
1 3 R*(1+ RY)V? )
K—':]. — 1-—-—-
+ R2 ( ")(1 +R2)3/2_1

The eq. (A.13) shows that the transverse expansion is driven essentially by the pressure
(the other terms are the usual relativistic corrections). Care is to be taken with the initial
stage where R may vanish. The equations are solved together with the rate equations
by standard methods. The temperature is calculated from the energy density e. For p
the equation of state is to be used. These equations replace the longitudinal expansion

egs. (26) in Ref. [8] or (33) in Ref. [12].
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For completeness we display also the corresponding evolution equation of the particle
density. From 3,(nu*) = 0 follows

<g> '
At 4T =, (A.14)
T <>

which shows how the transverse degree of freedom affects the particle dilution.

A.2 Influence of transverse expansion on photon spectra

To check the credibility of the global hydrodynamics we recalculate the photon yield as
in Ref. [24]. The chosen initial conditions are 7o = 0.13 fm/c, Ty = 532 MeV as in Refs.
[24, 29] for RHIC conditions, and full phase space saturation is assumed. As [24] we find
that the photon yield from the hadron phase exceeds that from the deconfined phase due
to the transverse momentum kick in the very late expansion stage, see Fig. A.1. This
lends credibility to our global hydrodynamical scheme, where no steep gradients drive the
transverse expansion. This result is found for a bag model equation of state with bag
constant BY* = 235 MeV, and degeneracies 40 (3) for the deconfined (confined) phase.

Since the strong contribution of hadron matter-created photons come in the hydro-
dynamical model at very late time (see Fig. A.1), one might be suspicious, whether the
large latent heat in the used bag model equation of state is respomsible for the main
result in Ref. [24]. Indeed, when using a bag constant 1B instead of B, and rescaling
the degeneracy in the hadron phase so that the critical temperature stays constant, the
yield from hadron matter strongly reduces and falls below the yield from the quark-gluon
plasma, see Fig. A.l1. Variations of the bag constant have only a small effect on the
yield from quark-gluon plasma (not seen on this scale). Marginal deviations to Fig. 17 in
Ref. [24] arise from slightly different photon rate equation, and different «;, and the use
of global hydrodynamics. Due to the halved latent heat the system freezes out (we use
as Ref. [24] Tfreere—our = 120 MeV) at much shorter time (7 instead 18 fm/c for RHIC
conditions) smaller radius (11 instead of 20 fm). In reducing B, while keeping 7. fixed,
not only the latent heat is reduced but the pressure in the deconfined phase increases
and the energy density decreases. The net effect of several competing effects however is a
strongly reduced life time of both the mixed and the hadron stages. As consequence, the
transverse flow has not time enough to develop. Since recent lattice QCD calculations
[10] point to much smaller latent heat than previous bag models, one should expect that
the anticipated effect of the very strong transverse photon kick {24] is an upper bound
which becomes smaller for more realistic equations of state.
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Figure A.l: Photon yields for several photon energies F = p, chy 7

B

rffm/d

for RHIC conditions (as described in text) for QGP (full lines) and
hadron matter (dashed lines with BY* = 235 MeV, and dotted
lines for halved latent heat and fixed T.). The upper (lower) pair
of arrows indicates the beginning and end of the mixed phase for
the standard bag model equation of state (equation of state with

halved latent heat).
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