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Parameter/Value PbPb SPS AuAu RHIC

Cs 8.06 14.42
CnB 0.191 0.096
τ0 (fm) 1.0 1.0
σNN (mb) 33 33

s/nB = Cs/CnB 42 150
e0 (GeV/fm3) − LH8 8.2 16.7
e0 (GeV/fm3) − LH∞ 6.4 11.2
〈e〉 (GeV/fm3) − LH8 5.4 11.0
〈e〉 (GeV/fm3) − LH∞ 4.5 7.9

TABLE I: A summary of the input parameters to the model.
Cs and CnB are respectively the entropy and baryon number
per participant per unit rapidity. The values above the double
line are the input parameters. The values below the double
line are derived from the input parameters. The initial energy
density depends on the EOS and impact parameter. For cen-
tral collisions and for two EOS spanning the gamut, we quote
the initial energy density in the center of the collision (e0) and
the initial energy density averaged over the transverse plane
with respect to the number of participants (〈e〉).

cleus at position (x,y) and σNN is the inelastic nucleon-
nucleon cross section. For the sake of comparison, σNN is
taken as 33 mb both at the SPS and RHIC. For large A,
[1 − σNN TA("xT )

A ]A ≈ exp(−σNNTA("xT )), and often Eq. 5
is re-written in terms of exponents.

With the number of participants specified, the initial
entropy and (net) baryon densities at time τ0 = 1 fm/c,
are then fixed with two constants Cs and CnB with

s(x, y, τ0) =
Cs

τ0

dNp

dx dy
(6)

nB(x, y, τ0) =
CnB

τ0

dNp

dx dy
. (7)

The two dimensionless constants Cs and CnB are the
entropy and net baryon number produced per unit spa-
tial rapidity per participant. At the SPS (see Sect.
IVA), Cs and CnB were adjusted to fit the total yield
of charged particles and the net yield of protons, re-
spectively. At RHIC, Cs was adjusted to match the
PHOBOS multiplicity dN

dη = 555 ± 12(stat) ± 35(syst)

[25]. At the, time the p̄/p ratio was not known and
s/nB = Cs/CnB was estimated from UrQMD simula-
tions to be ≈ 150. This gives the ratio p̄/p = 0.45.
Later, the STAR and PHOBOS collaborations measured
the ratios, p̄/p = 0.65 ± .01(stat) ± .07(syst) and p̄/p =
0.60 ± .04(stat) ± .06(syst) respectively [47, 48]. Since
the measured ratio is close to the ratio initially used,
and since a full simulation takes several CPU days, the
UrQMD-based estimate s/nB ≈ 150 was used through-
out this work. This makes the model p̄ yield approxi-
mately 15% too low and the model proton yield approx-
imately 15% too high. This correction will be accounted
for in future works. A summary of the parameters is
given in Table I.

Two quantities, which will be used extensively in the
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FIG. 1: The derived quantities ε and Rrms/RA, defined
by Eq. 8 and 9, as a function of the number of participants
relative to the maximum number. The axis on top of the
graph shows the impact parameter b relative to 2RA. The
curves are drawn for PbPb collisions at the SPS, but depend
only slightly on the colliding system and energy.

analysis in Sect. III and Sect. V, are defined as

Rrms ≡
√

〈x2 + y2〉 (8)

ε ≡
〈y2 − x2〉
〈y2 + x2〉

, (9)

where the average is taken over the initial entropy distri-
bution of Eq. 6. These quantities are plotted as a function
of the number of participants relative to central collisions
in Fig. 1. ε measures the initial elliptic deformation of
the overlap region and grows approximately linearly with
Np.

For the calculation presented, the entropy and there-
fore the number of charged particles scales as the number
of participants. Recently, the experiments have reported
that the charged particle multiplicity grows slightly faster
than the number of participants [49, 50]. This slight
growth can be incorporated into hydrodynamics [45], but
instead the experimental dNch/dy is compared directly
to the model dNch/dy. This makes the model impact
parameter slightly larger than the impact parameter de-
termined by the experimental collaborations.

C. Equation of State

To solve the equations of motion, we need an Equa-
tion of State (EOS), or a relation between the pressure
(p) and the energy and baryon densities (e and nB respec-
tively). In many previous hydrodynamic calculations, a


