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Outlines

Motivations

Initial conditions in heavy ion collisions are highly
debated topics. The more common description is
the string picture for the initial distribution.
(e.g. Lund strings, PYTHIA, IP-Glasma),

but then, what do we do with particles/energy ?

Can we give some constraints on the particle
distribution from these strings ?
Can all the initial conditions give physical results ?
Can we apply equilibrium assumptions from initial
state ?

ANRV326-NS57-08 ARI 14 September 2007 15:14

a

x (fm)

10

y 
(f

m
)

–10

–10

Au+Au
b = 6 fm

–5

–5 50

0

5

10

–15

–10

–5

0

5

15

10

Au+Au
b = 6 fm

z (fm)

10 15–10–15 –5 50

b

x 
(f

m
)

Figure 4
A Glauber Monte Carlo event (Au+Au at

√
sNN = 200 GeV with impact parameter b = 6 fm)

viewed (a) in the transverse plane and (b) along the beam axis. The nucleons are drawn with

radius
√

σNN
inel /π/2. Darker circles represent participating nucleons.

a sequence of independent binary nucleon-nucleon collisions. That is, the nucleons
travel on straight-line trajectories, and the inelastic nucleon-nucleon cross section is
assumed to be independent of the number of collisions a nucleon underwent before. In
the simplest version of the Monte Carlo approach, a nucleon-nucleon collision takes
place if the nucleons’ distance d in the plane orthogonal to the beam axis satisfies

d ≤
√

σ NN
inel /π, 10.

where σ NN
inel is the total inelastic nucleon-nucleon cross section. As an alternative to

the black-disk nucleon-nucleon overlap function, for example, a Gaussian overlap
function can be used (31). An illustration of a GMC event for a Au+Au collision
with impact parameter b = 6 fm is shown in Figure 4. 〈Npart〉 and 〈Ncoll〉 and other
quantities are then determined by simulating many A+B collisions.

2.5. Differences between Optical and Monte Carlo Approaches

It is often overlooked that the various integrals used to calculate physical observables
in the Glauber model are predicated on a particular approximation known as the opti-
cal limit. This limit assumes that scattering amplitudes can be described by an eikonal
approach, where the incoming nucleons see the target as a smooth density. This ap-
proach captures many features of the collision process, but does not completely cap-
ture the physics of the total cross section. Thus, it tends to lead to distortions in the es-
timation of Npart and Ncoll compared to similar estimations using the GMC approach.
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Figure 7
(a) Gauge-field configurations in the form of flux tubes of longitudinal chromoelectric and chromomagnetic fields screened on
transverse scales 1/Qs. (b) Model comparison (64) to long-range rapidity correlations measured by the PHOBOS Collaboration (65).

the boost invariance of the LO term (10, 58). The modification to the evolution of the glasma is
obtained by solving 3+1-dimensional Yang-Mills equations (73) for the (now) rapidity-dependent
gauge fields convolved with a distribution that gives the spectrum of fluctuations (74). Although
these effects may isotropize the system, early thermalization may also require collisions, whose
role still needs to be clarified (75).

4. PHENOMENOLOGICAL APPLICATIONS
OF THE COLOR GLASS CONDENSATE

In this section, we discuss the applications of the theoretical formalism outlined in Section 3
to analyze and predict a wide range of phenomena, including DIS in e+p and e+A collisions
as well as the scattering of hadronic projectiles ranging from p+p to p+A to A+A collisions. A
unifying ingredient in many of the applications is the dipole cross section defined in Equation 11,
albeit—as is apparent in the treatment of A+A collisions—the fundamental ingredient is really
the density matrix WY [ρ]. Because the JIMWLK equation (Equation 16) for this quantity is
time consuming to solve,6 many of the applications are in the context of models of the dipole
cross section, which incorporate key features of saturation. These models provide an economical
description of a wide range of data with only a few parameters. A good compromise between the
full JIMWLK dynamics and models of the dipole cross section is the BK equation, which is a
large-Nc realization of JIMWLK dynamics. With the recent availability of the NLO BK equation,
global analyses of data are in order. Much of the following discussion is in the context of dipole
models; improvements à la BK are highlighted wherever available.

6Other unknowns include higher-order corrections, initial conditions at low energy, and impact-parameter dependence of
distributions.

478 Gelis et al.
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Outlines

Motivations
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We have two transport codes : PHSD
& RSP including respectively two
models DQPM & NJL for the
microscopic description of the
partonic phase and the phase

transition.

What are the results when one starts
with the same initial condition profile ?

What can we learn from this ?
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Transport code: PHSD

The Parton Hadron String Dynamics

Features:
Description of heavy-ion collisions,
Non-equilibrium approach,
Strings formation and decay to pre-hadrons,
Pre-hadrons fragmentation into partons,
Dynamical Quasi-Particle Model (DQPM)
for describing partons masses and widths,

Off-shell transport of hadrons and partons
with mean fields and scattering,

Dynamical hadronization with cross over.

PRC 78, 034919 (2008)
NPA 831, 215 (2009)
EPJ ST 168, 3 (2009)
NPA 856, 162 (2011)
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Transport code: PHSD

The Dynamical Quasi-Particle Model

Quasi-partons:
Masses:
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Transport code: PHSD

Some results

PHSD initial conditions C DQPM D good agreement with data
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Transport code: RSP

A new code on the market
Relativistic quantum molecular dynamics for
Strongly interacting matter with
Phase transition or crossover

Features:

C++ code �6000 lines,
New relativistic quantum molecular dynamics (which is causal and conserves energy),
(P)NJL model based dynamics with q and Nq degrees of freedom (no gluons) and
pseudoscalar mesons (�;K ; �),

All masses mi and cross sections �2!2 at finite .T ; �/ for dynamical cross over or
phase transition,

Local mean field and relativistic quantum collisions (for fluctuations),
Different possible initial conditions: box, toy model for heavy ion collisions, external
input (e.g. PHSD).
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Transport code: RSP

The Nambu-Jona-Lasinio model

Lagrangian:
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Transport code: RSP

NJL cross sections

Leading order processes (NJL ! no gluons !):
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Transport code: RSP

New relativistic dynamics
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Initial conditions

PHSD initial conditions
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Initial conditions

Equations of state

NJL
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Initial conditions

Shear viscosity
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Initial conditions

First results of RSP
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Out of equilibrium conversion

Assumptions

We had hard spectrum for pT distribution,
and a too small number of final particles.

We suspected a problem with the conversion.

We assumed equilibrium in a cell, which could mean:

thermal isotropic momentum distribution: f .E / D e�E=T

chemical balance of species q; Nq (not used, we keeped initial ratio)
respect equation of state: "$ T $ �

Is that really the case ?
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Out of equilibrium conversion

Momentum distribution
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Strong anisotropy
long-z correlation



Out of equilibrium conversion

Initial multiplicity
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Out of equilibrium conversion

Out of equilibrium conversion
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Out of equilibrium conversion

Out of equilibrium conversion
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Out of equilibrium conversion
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Out of equilibrium conversion

Out of equilibrium conversion
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Out of equilibrium conversion

Out of equilibrium conversion
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Out of equilibrium conversion

Out of equilibrium conversion

Deviation from equilibrium feq ! f 0
From PHSD initial conditions, we see that we have:

n0 D
Z 1
0

˛feq.p/ d3p D ˛n;

"0 D

Z 1
0

˛�1p ˛feq.p/ d3p D ":

using DQPM EoS: "! T1 and n! T2, but
we figured out that T1 ¤ T2 because ˛ ¤ 1 !

We can compute the shift from equilibrium ˛1=3 D T2=T1.

Then from NJL equation of state we have "! T ?
1 , and

we apply the same strategy for density and momentum Monte-Carlo.
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Out of equilibrium conversion

RSP results
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Out of equilibrium conversion

RSP results before
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Conclusion
The main messages:

The NJL model provides a framework to describe QGP around Tc and allows for a
dynamical description of the phase transition from q; Nq to hadrons,
Using the PHSD initial conditions gives us a good starting point with granularity
and fluctuations including out-of-equilibrium plasma,
From the initial strings melting, the cells are far from thermal equilibrium
(T1."/ ¤ T2.n/, and momentum anisotropy),
Out of equilibrium conversion from one model to another is possible knowing the
equations of state in equilibrium.

and then ?
Calculate out of equilibrium transport coefficients,
Try first order phase transition for large baryonic densities (FAIR/NICA),
Use Polyakov extended NJL (PNJL) model for better equation of state, . . .
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Backup slides

System evolution
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Backup slides

Collisions distribution
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