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Heavy—ion collision Models

hadronization freezeout

Initial fluctuation hydrudynaml(mndel final state interactions

Heavy-Ion Collisions |
Bjorken Scenario

nergy conserving multiple scattering I’artons, parton ladder

and strings Off-shell remnantes Saturation [2, 3].

@ INITIAL CONDITION: A Gribov-Regge multiple scattering approach is employed (PBGRT).
@ CORE-CORONA SEPARATION: based on momentum and density of string segments.

@ VISCOUS HYDRODYNAMIC EXPANSION: Using core part and cross-over equation of state
(EOS) compatible with lattice QCD.

@ STATISTICAL HADRONIZATION: employing Cooper-Frye procedure and equilibrium hadron
distribution.

@ FINAL STATE HADRONIC CASCADE: applying the UrQMD model.

arton !ladron String [Dynamics

@ INITIAL A+A COLLISION: leads to formation of strings that decays to pre-hadrons, done by
PYTHIA.

@ QGP FORMATION: based on local energy-density.

@ QGP STAGE: evolution based on off-shell transport eqs. derived by Kadanoff-Baym eqs. with the
DQPM defining the parton spectral function i.e. masses and widths.

@ HADRONIZATION: massive off-shell partons with broad spectral functions hadronize to off-shell
baryons and mesons.

@ HADRONIC PHASE: evolution based on the off-shell transport eqs. with hadron-hadron
interaction.
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Introduction Purpose

Purpose: We endeavor to employ a sophisticated EPOS approach to
determine the initial distribution of matter (partons/hadrons) and then
use PHSD for the evolution of matter in a non-equilibrium transport
approach.
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Figure: EPOS particles production hyper-surface initial condition for PHSD model. Zero time

corresponds to maximum overlapping.
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Initial Condition and PBGRT
Initial Condition in EPOS:

Parton Based Gribov Regge Theory (PBGRT) [6]:

e Hard/Soft processes, Energy conservation by multiple Pomeron
exchange

e Calculation of elastic/inelastic Cross-Sections (uncut ladder, soft
contribution)

e Particle production [7] (cut ladder, semi-hard/hard contribution)

v

Mahbobeh Jafarpour Dynamical Thermalization in HIC 7-8 Jun 2021 6 /24



u‘::‘\‘:l “\‘wi:i)\‘hh‘\‘ "ﬂi“l“\ M 30 |

W ‘;“;ww,,.\\'

I ‘”‘Wu R
mum m\‘ I

hypersurface

y (fm)

to PHSD

=0

o
x (fm)

e projectilet+target — pomerons — string segments — core/corona
part — rope segments — core/corona pre-hadrons

e rope segments: longitudinal color field, consider in 3D, larger
string tension and transverse momentum.

e core pre-hadrons : decay of rope segments/clusters based on
Microcanonical treatment.

@ The principle problem: EPOS uses light-cone dynamics, PHSD
uses real-time dynamics.
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EPOS2PHSD Interface

EPOS+PHSD overview

Au-Au@200GeV, b=7fm
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EPOS pre-hadrons are inserted into PHSD arrays with energy density
(> 0.5GeV/fm?) condition.
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ozt G
Nonequilibrium Quantum Field Theory in PHSD
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In scalar field theory, one can

obtain the evolution equation

for different Green's function
called “Kadanoff-Baym equation™

Dynamical Thermalization in HIC

‘Wigner transform
On G/ G*:
Transport equation
— equation of
motion for test-
particle ansatz
(1_=0).
iG=(P,, P,t.X)
— dX/dt, dP /dt
dE /dt

‘Wigner transform
On G*/ G*:
Spectral function
A uses in DQPM
— to calculate
effective mass,
spectral width
and scalar mean-
fields.
DQPM computes
entropy/energy
density, pressure
and interaction
measure
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Results

RESULTS

Comparing the
Particle Production, Elliptic Flow (v2), Transverse Momentum (pr)
and Transverse Mass (mr) for Au-Au@200GeV
With different simulations:
EPOS+PHSD, EPOS+hydro, EPOS-hydro, pure PHSD
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Results

Particle Production:
Au-Au@200GeV
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Results Elliptic Flow

Elliptic Flow vs:

3 2
E%sﬂ = ﬁ%(l + X ne1 2vncos(n(é — ¥Rrp)))

P
on(ptsy) =< cos(n(é — Wpp)) >, va = elliptic flow, . ' * &
y &
W pp =reaction plane angle [8]. ]§ &
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Figure: EPOS+PHSD, EPOS+hydro, EPOS-hydro,

EPOS+PHSD reproduced well the data for low pr «
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Transverse Momentum and Transverse Mass: Au-Au@200GeV
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Conclusion and Outlook

Summary and Conclusion:

@ The project done to merge the two models commenting the issue
of different framework (Milne coordinates and Minkowski
space-time).

e Comparison of space-time evolution by EPOS+PHSD with
EPOS+hydro also EPOS-hydro and pure PHSD.

e Considering observables like charged particles production, va, pr,
mqp. High pr has not been improved yet by EPOS+PHSD.

Outlook:

e Comparison EPOS+PHSD with different range energies from
RHIC to LHC for various systems like p-p and Au-Au collisions.

Investigation of other ”flow behaviors”; v, =1; 3; 4; ...

Investigation of electromagnetic probes, photon and dilepton
production.

Checking heavy flavor particles behavior
Checking EPOS(+hydo)+PHSD to study the high pt part
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A
Appendix

Anistropic radial Flow (Depends on Initial State Fluctuation):
Fourier expansion:

3 2
Ed N 217r pt((iip]xiy( + > 0% 2u,c08(n(¢ — Urp)))
vn(pt,y) =< cos(n(¢ — \IIRP)) >, v1 =directed flow, vy = elliptic flow,
vg =triangle flow, ¥ pp =reaction plane angle
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ZEEID, GIELE, IEL]
QGP phase in PHSD

To investigate the dynamics and properties of the medium, one can
employ the transport equation and spectral function:

e Using spectral function A in DQPM [9]:

2 ~R
AW) = Groatpremy, D=2 MP=m’+ Rel

To have Masses M? and widths v of partons.

o Entropy density s%P is a grandcanonical quantity in DQPM which

leads to measure the pressure s = g—i, energy density e =Ts — P,

interaction measure W (7T') = ¢(T') — 3P(T) and scalar mean-field

Us(ps) = #52
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Ny reteibal (QGP, Transport equation and Hadronization

o Generalized transport equation [10]: -
SAC{M,iG=} — {[, M.iG=}] = iy “iG> — Y 7iG<
A =spectral function, I' =Width, M = mass function in Wigner-space, E =self-energy
Collision term = if< iG” — i>ié<
e Employing the test-particle Ansatz
G (Po, Pt X) = £Ly g5 6@ (X = Xi(6)8®) (P = Pi()8(Po — i (1)
to transport equation — derive the equation of motion by
neglecting the collision term — dX;/dt, dP;/dt, de;/dt, obtain the

coordinates, momentum and energy of particles in time t.

e Hadronization:
As the system expands and cools down, the energy density drops
until hadronization occurs. The colored off-shell partons with
broad spectral function are combined into off-shell colorless
hadrons.
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DQPM

o Masses and widths of quarks/ antiquarks and gluons in DQPM:
M2(T) = % [(N. + le)TQJr 2 M), (D) = erin

2 _ N2-1 92, Mg _NflgT 2c
Mq/q(T) — 8N, g [T + 2 ]) ’7q/(j(T) — 2N, In
g2(T/TC) =running coupling, p=chemicl potential, N., Ny : Number of color and ﬂavor

e Entropy density in DQPM:
sl = —q f d'p LBE()I:’FO/T) (Imin(—A~1) + ImIIReA) —

dq | ;lﬂz);ﬁl dott pgTuq)/T) (Imin(=Sg) + Im g fteSq) —

d*p Onr((po+ T -1
dg [ (acby OB b)) (i (— S 1) + Im 3, ReSg)
Bose distribution function=npg (pg/T) = (exp(po/T)) !

Fermi distribution function=ng ((po — pq)/T) = (exp((po — 1q)/T) + 1)~1
propagator of gluon: AT = pHpu —II, quasiparticle self-energy for gluon= II

propagator of quark: Sq_l =ptpu — >4, quasiparticle self-energy for quark: 37,
propagator of antiquark: Sz = p“pu -2 quasiparticle self-energy for antiquark: Zq

degeneracy: dg = dg = 2NNy =18, dg = 2(N02 —1) =16
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e

@ The equation of motion for testparticles in transport equation:
e2—P2—Mg—Re} [}

dX; _ 1 1 <R ) ~
dt — 1-C; Z[2Pi + AmReZ(i) + 1"(~i) Apir(i)]
~ 2_p2 2 ‘R
dp;, _ 1 1 R e;— P —M; _RGZ(i) ~
@ = 1o 56 (D Red () + T, Ap T
‘R ‘R ~
de; _ _1 L[aRez(O + et —P{—M§—Rey.(;) 3F<i)]
dt — 1-C; 2¢; ot I‘Ei) ot

C; stands the function of a Lorentz-factor and transforms the system time t to the eigentime of

particles ¢ which is givsn by the energy derivatives: B
R R ~
(7') - 26i Bei FEl) 361‘
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Time evolution of particles in PHSD space time
Time evolution of particles in PHSD space time

Au-Au@200GeV,b=7fm,Num=20, STPHSD=0.05, yI=2.3, yr=0.9
time = 0.055 fvc time = 0.064 fmic time = 0.699 fm/c

_g EPOS+PHSD 7 -

time = 1.504 fmic

ytfm)

= 12.687 fm/c time = 33.5 fm/c 86.156 fmic
TR
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