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FIG. 2: The eccentricity as a function of impact parameter.
The classical field CGC result with two different infrared cut-
offs m is denoted by CYM. The traditional initial eccentric-
ity used in hydrodynamics is a linear combination of mostly
“Glauber Npart” and a small amount of “Glauber Ncoll”. The
“KLN” curve is the eccentricity obtained from the CGC cal-
culation in Refs. [40, 41].

neglecting logarithmic corrections ∼ ln (Qs2/Qs1). The
additional dependence on Qs2 in the transverse energy,
relative to the multiplicity, holds the key to the following
discussion.

The difference between the two definitions of the trans-
verse coordinate dependence of the saturation scale,
Eqs. (2) and (3) is the largest in the region near the
edge of one nucleus (labeled as nucleus A) and in the
center of the other (nucleus B), so that QA

s < QB
s ; the

geometry is illustrated in Fig. 1. The smaller saturation

scale approaches zero as
(

QA
s

)2
∼ TA regardless of the

definition of Qs (Eq. (2) or Eq. (3)). But the behavior
of the larger saturation scale QB

s is different in the two
cases. Using the universal definition of Qs in Eq. (2)
QB

s is large, (QB
s )2 ∼ TB. In contrast, the non-universal

Npart-definition of Qs in Eq. (3) suggests that the larger
saturation scale QB

s also approaches zero as σNNTATB.
Because the multiplicity (8) only depends on the

smaller saturation scale QA
s , the difference in the gluon

multiplicities between the two definitions Eqs. (2) and (3)
is small. This explains the numerical observation in
Ref. [20] that both the KLN prescription for Qs and the
universal CYM one give very similar results for the cen-
trality dependence of the multiplicity. The larger sat-
uration scale QB

s and therefore the energy density are,
however, very different in the two cases. This difference
is accentuated in the eccentricity (1). With the Npart def-
inition (3), the energy density in this edge region is sup-
pressed relative to the universal definition in (2), thereby
leading to a larger eccentricity.

The eccentricities obtained using the different trans-
verse coordinate dependences of the saturation scales are

shown in Fig. 2. The CYM eccentricity in the plot is
calculated at τ = 0.25 fm, while the KLN result does not
depend on time. The KLN Npart definition of Qs leads
to the largest eccentricity. The universal CYM definition
gives smaller values of ε albeit larger than the traditional
parametrization (used in hydrodynamical model compu-
tations) where the energy density is taken to be propor-
tional to the number of participating nucleons. This re-
sult is also shown to be insensitive to two different choices
of the infrared scale m which regulates the spatial ex-
tent of the Coulomb tails of the gluon distribution. We
observe that the values of ε from the CYM computa-
tion are close to those obtained from an energy density
parametrization following binary collisional (Ncoll) scal-
ing. This result can be explained qualitatively as fol-
lows. In the classical Yang-Mills calculation the total
multiplicity of gluons scales as Q2

s , where Qs is the domi-
nant transverse momentum scale of the produced gluons,
depending on both saturation scales QA

s and QB
s . The

multiplicity of produced gluons ∼ Q2
s turns out to be

roughly proportional to Npart. The energy density, on
the other hand, scales as Q3

s , and one expects it to scale
as (Npart)γ with some γ > 1. It is therefore natural to
expect the eccentricity in a saturation model to be larger
than the traditional one following from Npart-scaling of
the energy density. However, we see no reason in general
for it to exactly mimic the result from Ncoll-scaling.

In Fig. 3, we show a plot of the centrality dependence
of the multiplicity for g2µ = 1.6 GeV corresponding to an
estimated gluon multiplicity of ∼ 1000 in central Au-Au
collisions at RHIC 2. The universal Q2

s ∼ TA prescrip-
tion captures the observed centrality dependence of the
multiplicity distribution. It has been argued [57] that
in a realistic Monte Carlo implementation the KLN for-
malism can be recast in a form where the multiplicity is
equivalent to one calculated from universal unintegrated
gluon distributions. It appears unlikely however that this
equivalence holds for other observables.

IV. CONCLUSIONS

We have shown in this brief note that the initial eccen-
tricity of a relativistic heavy ion collision, computed in
the Color Glass Condensate framework, is very sensitive
to the transverse coordinate dependence of the satura-
tion scale Qs. When Q2

s is proportional to the number of
participants Npart, the energy density produced (near the

2 The value g2µ = 1.6 differs from the previous estimate of 2
GeV [16] primarily because these estimates had very low infrared
cut-offs of order m ∼ 1/RA. For finite nuclei an infrared scale m
of the order of the surface diffuseness of the Woods-Saxon den-
sity profile is required to regulate the Coulomb tails of the gluon
field at large distances. While the dependence on m is weak,
changing it by a factor of 10 does change the best estimate for
g2µ by ∼ 20%.


