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Go beyond the Bjorken approximation

e The finite widths of the
N colliding nuclel are taken
INto account
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Go beyond the Bjorken approximation

* The finite widths of the
N colliding nuclel are taken
p iINto account

The interaction zone
IS not point like
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The 3D MCGlauber-LEXUS model

C. Shen, B. Schenke, in preparation

e Collision time and 3D
spatial position are
determined for every
binary collision
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A 3D MCGlauber model

C. Shen, B. Schenke, in preparation

e Collision time and 3D
spatial position are
determined for every
binary collision

e QCD strings are randomly
poroduced from collision
points

A. Bialas, A. Bzdak and V. Koch,
arXiv:1608.07041 [hep-ph]

® [hese strings are
decelerated with a
constant string tension
oc=1GeV/fm before

thermalized to medium
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The 3D MCGlauber-LEXUS model
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A 3D MCGlauber model

5_ — T T I l
: 0-5% Au+Au @ 200 GeV ;
i / — y Ok -
E T E15L ]
= oL ] = B
: 1.0 -
- " 0.5 . .
: NS : ; 0-5% Au+Au @ 200 GeV
O_ | | | I | | | \I/ | | | I | | | ] 0.0_ | | | I | | | I | | | I | | | ]
~5.0 —2.5 0.0 2.5 5.0 =5.0 —2.5 0.0 2.5 5.0
zZ (fm) Ts

Chun Shen BEST Collaboration Meeting 6/26



A 3D MCGlau

er model
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A 3D MCGlauber model
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Introducing longitudinal fluctuations

e Sample valence quarks from the incoming participants

. S
Yqg = arcsinh (qu\/4m2 — 1) Yg = log (;f)
q q

0.06F

Chun Shen BEST Collaboration Meeting 8/26



Introducing longitudinal fluctuations

e Sample valence quarks from the incoming participants

Y, = arcsinh (:Ijq \/ 4;2 ) y, = log (;ﬂ\f)
e Sample the rapidity loss according to the LEXUS model
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Net baryon rapidity distribution

C. Shen, B. Schenke, in preparation
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e Different rapidity fluctuation results different net baryon
rapidity distribution
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Net baryon rapidity distribution

C. Shen, B. Schenke, in preparation
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e Different rapidity fluctuation results different net baryon
rapidity distribution

e The valence quark + LEXUS model provides a
reasonable net baryon rapidity distribution compared
to the RHIC BES data
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Quantify rapidity fluctuation
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Quantify rapidity fluctuation
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C. Shen, B. Schenke, in preparation

e [he ai1 coefficient for dE/dy decreases at high collision
energy because the system becomes more boost-

Invariant
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Quantify rapidity fluctuation

C. Shen, B. Schenke, in preparation
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e [he ai1 coefficient for dE/dy decreases at high collision
energy because the system becomes more boost-
iInvariant

* The aii coefficient for dNg/dy increases at high collision
energy because less net baryon number at mid-rapidity
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Quantify rapidity fluctuation

C. Shen, B. Schenke, in preparation
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faster with more longitudinal fluctuation and at lower
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Hydrodynamics with sources

Energy-momentum current and net baryon density are
feed into hydrodynamic simulation as source terms

0,TH = J"

source

a,u JH = Psource
where

JY oo = Ocu” + (e + P)ou”

/ \ AT ures
ou’ =
e+ P

heats up the system accelerates the tflow velocity

Psource dopes baryon charges into the system

e Source terms are smeared with Gaussians in space
and time
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Hydrodynamical evolution with sources

energy density
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Hydrodynamical evolution with sources

net baryon density
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Progress in hydrodynamics



(3+1)D vHydro and vaHydro — a comparison
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Dissipative hydrodynamics

Energy momentum tensor

TH'=cu"u”—(P+I11)A*Y 471"

Conserved currents

JH =nut4g¥
Equations of motion
0, T"" =0
D" =0 Ple,n)

AFY = gt — utu”

Dissipative quantities are evolved with 2nd order Israel-

Stewart type of equations
At Navier-Stokes limit,

T~ 2V ) T~ — O ut ¢ ~ KV

VHE = AR,
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EoS at finite s
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* (GGlued with hadron resonance gas EoS
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Transport coefticients

Dissipative part: (relaxation time approximation)
AZEDWQB _ _i(ﬂw — 2ot — 577_7777/17/(9 _ T7T_7T7T/\<u0v> et ﬁﬁéﬁbﬁwa
7-7-(- 7-71' 5 7-7'(' )\ 7-7'('
1
A" Dq, = ——(g" — kV# 'uB) 9 "0 9 a0t
Tq T Tq Tq
. 0.4 T
With non-zero y, we choose 7, =7, T oL P
/s KBUB/PB A
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Transport coefticients

R. Rougemont, R. Critelli, . Noronha-Hostler, J. Noronha and C. Ratti, Phys. Rev. D 96, 014032 (2017)

The holographic Einstein-Maxwell-Dilation (EMD) model is fit to
the lattice results on thermodynamic quantities at yg = 0

Predictions are made for thermodynamic variables at finite ug and
for the temperature and ps dependence of various transport
coefficients
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Effects of net baryon diffusion on particle yields

C. Shen, G. Denicol, C. Gale, S. Jeon, A. Monnai, B. Schenke, in preparation

500 w x x x x x x x x
— (Cp=0.0 == (Cp=1.2 60} ... initial --- (Cp=0.4
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n Yy

K :@ 1coth(’u—B)— pel
B= " PB\3 T) e+P

e More net baryon numbers are transported to mid-rapidity
with a larger diffusion constant

Constraints on net baryon diffusion and initial condition
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Effects of net baryon diffusion on pid spectra

C. Shen, G. Denicol, C. Gale, S. Jeon, A. Monnai, B. Schenke, in preparation
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e Net baryon diffusion results a flatter spectra for
anti-proton compared to proton’s

0.046

0.091
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Stochastic Hydrodynamics

C. Young, J. Kapusta, C. Gale, S. Jeon and B. Schenke, Phys. Rev. C 91, 044901 (2015)

Treat thermal noise as perturbation Mayank Singh
Tideal + + T + ‘

KK/\

|deal Shear Stochastic = 4 \%&/§

fluctuation fluctuation noise

NO NOISe with noise
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Stochastic Hydrodynamics
Mayank Singh preliminary

0.07 : : ; l I
Vo{2} w fluctuations ===w/o fluctuations —| 1.2  wo fluctuations —  CcOS[4(¥5 - ¥)] m]
0.06 vz{2} w fluctuations =—w/o fluctuations — _
3 - , . cos[8(¥, - ¥ )] ==
0.05| v4{2} w fluctuations m=w/o fluctuations — 1
0.8} 1.
0.6 iy
0.4} -
o2t
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pr(GeV) Npart

e [he scalar product va(pT) InCreases with thermal fluctuation;
Higher order vh shows stronger sensitivity

e Thermal tluctuation reduces the correlation between
different orders of event-plane angles

A more systemic approach is under way
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Conclusion

 We develop a dynamical initialization model to
study the early time evolution of heavy-ion collisions
at the BES energies

full (3+1)-d event-by-event with net baryon current

 We identitied a few experiment observables that could
constrain the net baryon diffusion

ANP™P/dy — (p1)’ — (pL)"

* [hermal fluctuationis coupled to hydrodynamic
evolution to study its impact on hadronic observables
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