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Abstract. We include the perturbative JIMWLK energy evolution into the IP-
Glasma initial state description used to simulate the early-time dynamics in
heavy ion collisions. By numerically solving the IMWLK equation on an
event-by-event basis, we obtain the energy (Bjorken-x) dependent structure of
the colliding nuclei. Combining the initial state with hydrodynamic simulations,
this enables us to predict how observables evolve when moving from RHIC to
LHC energies.

1 Introduction

Extracting the properties of the Quark Gluon Plasma (QGP), the deconfined phase of hot
QCD matter, is a major objective of the heavy ion program at the Relativistic Heavy Ion
Collider (RHIC) and the Large Hadron Collider (LHC). QGP properties can be inferred by
comparing simulations with the measurements of bulk observables. Hydrodynamical models
have been very successful in describing such measurements from RHIC and LHC [1].

Simulations based on relativistic hydrodynamics need to be complemented by a descrip-
tion of the initial state. We focus on the impact parameter-dependent glasma (IP-Glasma)
initial state model [2]. It has been succesfully used to describe RHIC and LHC heavy ion
data [3], with the energy dependence obtained by an energy-dependent saturation scale Qy,
which itself is parametrized and fitted to proton structure function data in the IP-Sat model [4].

In this proceeding we present results based on calculations shown in Ref. [5], where we
move beyond this parametrized approach. Instead, the energy dependence is incorporated
based on the perturbative IMWLK equation [6]. This evolution requires non-perturbative
input, describing the structure of the nucleus at the moderately small momentum fraction xy,
and then predicts the evolution towards smaller x.

2 High-energy evolution for the initial state

The IP-Glasma model is used to describe the proton and nuclear structure at the initial xy =
0.01. In this model, the degrees of freedom describing the highly energetic nuclei are Wilson
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Figure 1. Charged hadron multiplicity dis- Figure from Ref. [5].

tribution compared to ALICE and PHENIX

data [7, 8]. Figure from Ref. [5].
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lines V(x,), that describe the eikonal propagation of a quark through the color field of the
nucleus at a given transverse coordinate X, . These Wilson lines are then evolved to smaller x
by solving the JIMWLK equations.

The free parameters of the model control the overall saturation scale of the nucleon, the
nucleon size, the nucleon substructure (implemented as three hot spots) [10], saturation scale
fluctuations, coordinate space running coupling scale, and infrared regulators suppressing
unphysical long-distance Coulomb tails. These parameters are constrained in Ref. [11] by
comparing with the exclusive vector meson production data from HERA and from the LHC
(a more recent analysis [12] including uncertainty estimates was also presented at QM?2025).

When simulating heavy ion collisions, we solve the IMWLK equation event-by-event
down to x = (pr)/+/snn. Otherwise the setup is identical to the one used, for example,
in [3]. Early time evolution up to proper time 7y = 0.4 fm/c is obtained by solving the
Yang-Mills equations implemented in IP-Glasma, after which the energy-momentum tensor
TH is computed and used to initialize the hydrodynamical phase, which is simulated using
MUSIC [13]. The fluid cells are converted into hadrons at eq, = 0.18 GeV/fm?>, that are fed
into the hadronic transport model (UrQMD) for further scatterings and decays [14].

3 Results

Charged hadron multiplicity in Lead-Lead, Gold-Gold and Oxygen-Oxygen collisions are
shown in Fig. 1. For comparison, we also use a setup labelled as “Q;(x)”, where the energy
dependence only enters via the energy-dependent saturation scale Q. In this setup there is no
geometry evolution, which in the case of IMWLK evolution renders the nucleus smoother
towards smaller x. At RHIC energies, both setups result in almost identical distributions, but
significant differences are observed in the LHC energy range.

Fig. 1 demonstrates that the center-of-mass energy dependence of the multiplicity distri-
bution when moving from RHIC to LHC energy is well captured by the JIMWLK equation.
We also show predictions for the oxygen-oxygen collisions, which is the only nucleus that



EPJ Web of Conferences 364, 09006 (2026) https://doi.org/10.1051/epjconf/202636409006
Quark Matter 2025

0.08

IPGlasma + JIMWLK + MUSIC + UrQMD
0.2 < pr <3 GeV, |An| > 0.8

~~.

IPGlasma + JIMWLK + MUSIC + UrQMD
0.95 [ M v,{2} Ratio
[ B 03{2} Ratio
Lo v vy

0.02 -
r I {2} 00 =1 vy{2} NeNe

[ B 03{2} 00 "1 v3{2} NeNe 02 <pr<3GeV, |An > 08

| P I S S SR S S
10° 10! 0 10 20 30 40 50

Centrality (%) Centrality (%)
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Figure 3. Elliptic and triangular flow in O+O and Ne+Ne collisions at 5.36 TeV. The un-
certainty bands include systematic variation of the pre-equilibrium condition for initializing
hydrodynamics, namely matching full 7+, setting initial bulk viscous pressure IT = 0, and
depositing only energy density at an early proper time. Those variations largely cancel be-
tween the two systems in the v,{2} ratios.

will be measured at both RHIC and LHC energies. Due to the smaller system size, oxygen-
oxygen collisions are more sensitive to the geometry evolution described by JIMWLK, and
as such the differences between the two setups are enhanced in that case.

The average transverse momentum (pr) as a function of midrapidity charged particle
multiplicity is shown in Fig. 2. Here results are shown both for Pb+Pb and p+Pb collisions,
and again we compare the setups with and without JIMWLK evolution. As the JIMWLK
evolution results in smoother nuclei, pressure gradients are smaller and consequently (pr) is
reduced. The available ALICE data [9] prefers the setup with IMWLK evolution.

As an application of our setup, we calculate elliptic and triangular flow as a function of
centrality in light ion collisions. We focus on oxygen-oxygen and neon-neon collisions at
LHC energies y/sxn = 5.36 TeV. Our predictions are shown in Fig. 3, where we also show
the Ne+Ne/O+O ratio, for which many systematic uncertainties are expected to cancel.

4 Conclusions

We have included JIMWLK evolution into the widely used IP-Glasma initial state description.
The developed publicly available [15] setup enables one to predict the center-of-mass energy
dependence of the initial state description when simulating heavy ion collisions.

We have demonstrated that even the simplest bulk observables, like multiplicity distribu-
tion and mean transverse momentum, are sensitive to the high-energy evolution in the initial
state model. Consequently, an accurate and theoretically motivated energy evolution is nec-
essary to precisely extract the fundamental properties of the QGP.
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