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Go beyond the Bjorken approximation
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The 3D MCGlauber-LEXUS 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
Yg = arcsinh (qu\/4m2 ) Yy, = log (;f)
q q

0.07 \/SNN = 19. 6G€V i —
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Introducing longitudinal fluctuations

e Sample valence quarks from the incoming participants

Y, = arcsinh (:Ijq \/ 4;% ) Yq = log (;ﬂ\f >
e Sample the rapidity loss according to the LEXUS model
COSh(zyinit — yloss)

P(yloss) — : Yloss € [07 yinit]
Smh(Q?Jinit) — Slﬂh(yinit)
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S IR R — 5 08005 To 15 20 25 30
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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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® The size of the an m coefticient can quantity the mount
of longitudinal fluctuations
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Quantify rapidity fluctuation
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e [he ai1 coefficient for dE/dy decreases at high collision
energy because the system becomes more boost-
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Quantify rapidity fluctuation

C. Shen, B. Schenke, in preparation

0-05 I L I I T I I I LI I T I I ] 0.30 L I
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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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_ 0.90} | 1 . F — V5-19.6GeV |
s | \ | s 090k -
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0.70F — nucleon + LEXUS 0_70:_valence quark + L .
0.0 o5 1o 15 0.0 o5 10 15
Tla Na
r (,’7 7 ) <§R{‘€n(_na) '52(77b)})ev g (77) _ f Td’/’d¢’f’n6(’f’, ¢7 n)eznqb
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® [he initial eccentricities decorrelate along n direction
faster with more longitudinal fluctuation and at lower
collision energy
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Hydrodynamics with sources

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

0,T" = J"

source

a,u JH = Psource
where

JY oo = Ocu” + (e + P)ou”

/ \ _ Budurce
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

energy density
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Hydrodynamical evolution with sources

energy density
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Hydrodynamical evolution with sources

energy density
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Hydrodynamical evolution with sources

energy density
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Hydrodynamical evolution with sources

energy density
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Hydrodynamical evolution with sources

energy density
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Hydrodynamical evolution with sources
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Hydrodynamical evolution with sources
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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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Hydrodynamical evolution with sources

net baryon density

4.0 e e fau=0.21 fm

3.50 “ . /] 0-5% Au+Au-
’
: . / _ @19.6GeV |

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS

X
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Hydrodynamical evolution with sources

net baryon density

40— ] lau=0.31fm

3.50 “ . /] 0-5% Au+Au-
’
i . /i _ @19.6GeV -

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Hydrodynamical evolution with sources

net baryon density

4.0 T fau=1.11fm

3.50 “ . /] 0-5% Au+Au-
’
: . / _ @19.6GeV |

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS

X
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Hydrodynamical evolution with sources

net baryon density

4.0 prrrr e fau=1.51fm

3.50 “ . /] 0-5% Au+Au-
’
: . / _ @19.6GeV |

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS

X
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Hydrodynamical evolution with sources

net baryon density

4.0 prrrr —— fau=1.91fm

3.50 “ . /] 0-5% Au+Au-
’
- | / _ @19.6GeV ]

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Hydrodynamical evolution with sources

net baryon density

40— T fau=2.31fm

3.50 “ . /] 0-5% Au+Au-
’
- | / _ @19.6GeV ]

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Hydrodynamical evolution with sources

net baryon density

4.0 prrr e —— fau=2.71fm

3.50 “ . /] 0-5% Au+Au-
’
: * /) . @19.6GeV |

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Hydrodynamical evolution with sources

net baryon density

4.0 e e fau=351fm

3.50 “ . /] 0-5% Au+Au-
’
: * /) . @19.6GeV |

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Hydrodynamical evolution with sources

net baryon density

4.0 e e fau=4.11fm

3.50 “ . |/ 0-5% Au+Au-
: . /b @19.6GeV

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Hydrodynamical evolution with sources

net baryon density

4.0 prrr e —— fau=451fm

3.50 “ . |/ 0-5% Au+Au-
: . /b @19.6GeV

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS

X
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Hydrodynamical evolution with sources

net baryon density

4.0 prrr e — fau=491 fm

3.50 “ . |/ 0-5% Au+Au-
: . /b @19.6GeV

3.0F

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Hydrodynamical evolution with sources

net baryon density

40 AN L I N L Y I B B L B I B B B | L I B hu:O]]fm
: ‘ :’ ]
>3F " . |/ 0-5% Au+Au-
: \ /b @19.6GeV
>0F K, P oo J
B ® >, U
2.5¢ Qé{\ 41
— B (] N\ \ =2 "”, ® °
E L R \\‘,J\ ‘/ , /j.l 274
tzo__ :\\‘\\\t‘ ; ‘,"‘/7
1.5F oy 77 :
E .. S ¥ :?/ ®
1.0F il
» & = 71/ =
0.5 . -
_I | | | | l I.|
R RS S 1 2

A/ SNN — 19.6 GeV
valence quark + LEXUS
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Progress in hydrodynamics



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,

Chun Shen CPOD 2017
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0.3}

0.1

0.0

EoS at finite s

025/ ¢  Lenzu
0.2
piB:420
0.15 %:144A
5 =51
01! e (GeV/fm*)| C s
0.0 05 1.0 1.5 2.0 Z
5 10 15 20 25 30

e (GeV/fm*?)

High temperature;:
e |attice QCD EoS up to O(u%)
Low temperature:

0.35

0.30}
0.25}

< 0.20}
Q

O

= 0.15}
0.10}

0.05}

0.08

* (GGlued with hadron resonance gas EoS

Chun Shen
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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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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

400L ~°° Cp=0.4 ? ? PHOBOS data | sl —— CBZOO ..... CB:12
~ 300
=
%200

100} 0-5%

AUuAU@19.6 GeV

| o

4 -3 -2 -1 0 1 2 3 a
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 particle yields
V@Eﬁzzlgﬁ(kﬂf

500 x x x x x x x | x x x
— CB: 5 | | | | | CB:04

400/ " (B= — (O =0.0 | “CB:1.2
300 Cp =04 |
=z
% 200

100+

A R R 4
e Net bary

pseudo-

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

0.046

e Net baryon diffusion results a flatter spectra for
anti-proton compared to proton’s

0.091

102_' L L I ro I I I L
5 p —— Cp=0.0 ]
. 1015— """ C’B:O.él—E
CT """"" CB:1.2 E
%) 100__ i
S S 1
510'15— _
&' -
)
Eloﬂ— |y| < O°5 N ]
=
S 0ol VNN = 19.6 GeV
0 :
- 0O- 5 /o
10_4 S ' coo b b 1 L
0.0 o 5 1.0 1.5 2.0 2.5 3.0
pr (GeV)

Chun Shen
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Effects of hadronic afterburner on pid spectra

VSNN = 19.6 GeV
103, x x x x x . 107, x x /2NN x
+ § § D §
2| O ' - O '
. 10 3 0_5 /0 _ - 101; ey 0_5 /O 1
i [ 19 i |
> 10'} {> S
i ] 0
@ | 5@ 10
0
Ehl 15,00
! [ 1S
107 |y < 0.5
£ i | E 102
S 102| |o 107
~ E —_— 1 ~ .
= | full UrQMD ~_ |2 .| — fuluromp \
103} -~ UrQMD feed down only NG 107 - UrQMD feed down only
-+ hydro feed down e, =0.3 GeV/fm? * . -=+ hydro feed down e, =0.3 GeV/fm? \
-4 1 1 1 1 1 7 -4 1 1 1 1 1 ~
10 0.0 0.5 1.0 1.5 2.0 2.5 3.0 10 0.0 0.5 1.0 1.5 2.0 2.5 3.0
pr (GeV) pr (GeV)

e Hadronic afterburner harden pion spectra at high pr
e Heavy baryon spectra are largely affected

hadronic afterburner is essential for baryon spectra
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Effects of hadronic afterburner on pid spectra

5 5 v/ SNN — 19.6 GeV
107 w w w w w 10 Poam ‘ | ‘ ‘ §
s " o | p o/
) 0-5% | _ 0-5%
X . 19 ]
> 107 1
8 E
0
Sl |5
= I 1 3
& BN 1 ~
~107 [y <0.5 15
S : 13
< ; S
=102} |7/
=z | — MlUroMD 7/ | — fullurQMD
- -+ hydro feed down e, =( +++ hydro feed down e, =0.3-GeV/fm’ ”'«ﬁ
-4 1 1 1 . . . 1 1 1 1 . X5
100505 1o 15 2 annihilation s——as5——<5 15 =305 | 25 30
pr (GeV) pr (GeV)

e Hadronic afterburner harden pion spectra ai hadronic
rescatterings
* Heavy baryon spectra are largely affected

hadronic afterburner is essential for baryon spectra
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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

 With a hybrid approach, we identitfied a few experiment
observables that could constrain the net baryon diffusion

ANP™P[dy  (p1)? — (p1)”

* Future combining with the Bayesian analysis will help us
to constrain the initial state and transport coefficients of
the QGP in a baryon-rich environment

Chun Shen CPOD 2017 24/24






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

0.15- pg=0

0.04-
] ———- yg=100MeV
—_ A Y A A\ N — - 1g=200MeV
> L 0.03'
3, 0.10 = — — pg=300MeV
- = | =
[24] . E‘ 002 “““ ﬂB—400Mev
=~ =
0.05
- E 0.01- RS
0.00. 0.00] o
100 100 150 200 250 300 350 400
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Net baryon number distribution

space-time rapidity momentum rapidity

450 :l LI l LI I LI I | L l LI I LI I | L l LI l: 100 L I | I L l L l | l | l L l LI I LI I LI
200 nucleon deceleration Ar=0.5fm 3 [— Aut+Au@ 200 GeV t BRAMHS I
- nucleon deceleration + LEXUS - L= AutAu@62.4Gev @  BRAMHS I

350 « decel . : E 80 L—— Au+Au@ 19.6 GeV I STAR AuAu@19.6 GeV _|
S quarik deceleration Ar=d.a i = - AU+AU@ 7.7 GeV # STAR AUAU@7.7 GeV -

300F mosamiae quark deceleration + LEXUS 1 I l

= n 1 o~ 60k B
S 250F E N _
~— L - ~= N _
AQ N N ~ i ]
% 200;_ N 1 2 40 -
150 A EEEaNY 13 f _

N \\ '., \ / A\ ] i )

: SN i : I )

100F § \ E 20 s
50 P Y : I i

:— 4 \\\ ’/, S —: : :

: N : 0 b - - L1 l | | l | | l 11 | - I -
4 4 -5 -4 -3 -2 -1 O 1 2 3 4 5
UE Y
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Convert to particles

Conversion surface is determined at a

constant energy density
0'20_""l""l""l""l""l""
°'16N
_0.12[ \
> _ ]
)
- C
« 7 & 0.08F i
| — e =0.6 GeV/fm? esw = 0. 2 GeV/fm?]
0_04'_— e = 0.5 GeV/fm?3 esw = 0.1 GeV/fm?]
L —— e, =0.4 GeV/fm? # STAR
[ —— &, =0.3 GeV/fm?3 ]
. 0085~ —61 062 03 04 05 06
Cooper-Frye conversion: s (GeV)
dN; gi
F—— == Pd?e,, () (folx,p) + O f(x,p
d3p (271_)3 M( )(f ( ) ) f( ) ))

i 1
fO(x7p) - e(E=bipp(x)/T(x) 4 1
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Heavy-ion collisions at BES energies...

RHIC energies, species combinations and luminosities (Run-1 to 16

12 15 20 23 27 39 56 62 130 193 200 410 500 510

Center-of-mass energy Vs |GeV] (scale not linear)

picture taken from http://www.agsrhichome.bnl.gov/RHIC/Runs/



Effects of hadronic afterburner on particle yields

\/ SNN — 196 GeV

500 x x x x x 50 x x y
—  full UrQMD — full UrQMD
-+ UrQMD feed down only 0_5% -+ UrQMD feed down only
400 g & PHOBOS /sy =19.6 A GeV 40
300¢ = —
§ s |§ 30
% I
2, / S
< 200} ; < 20}
100} N\ - 10}
ii ‘ j'
] 'li
73 2 T 0 1 2 3 a4 07 4
n Y

e Hadronic afterburner has little effect on charged hadron
pseudo-rapidity distribution

e Net proton rapidity profile is slightly flatter after hadronic
scatterings

more sensitive to early stage dynamics

Chun Shen



Effects of net baryon diffusion on particle yields
V@Eﬁzzlgﬁ(kﬂf

500 x x x x x x x | x x x
— CB: 5 | | | | | CB:04

400/ " (B= — (O =0.0 | “CB:1.2
300 Cp =04 |
=z
% 200

100+

A R R 4
e Net bary

pseudo-

with a larger diffusion constant

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

103, x | | | | VSNN = 19.6 GeV
b + |
2| 0
_ 107 0-5%
i _
1
% 107 ¢
<
= 1005
s
=107| \y\ < 0.5
s i
S 192
=" | — full UrQMD
= 103l -~ UrQMD feed down only DN
- .. hydro feed down e, =0.3 GeV/fm3 °
4| | | | | | |
10 0.0 0.5 1.0 1.5 2.0 2.5 3.0
pr (GeV)

e Hadronic afterburner harden pion spectra at high pr
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Effects of hadronic afterburner on pid spectra

VSnN = 19.6 GeV
103, x x x x x . 107, x x /2NN x
+ § § D §
2| o ' e O |
. 107 0_5 /0 _ . 101; = 0_5 /O 1
1 | ) | |
> 10"} {>
; ] 0
@ 5@ 10
0
E 10 Elo-l
! [ 1S
107 |y < 0.5
£ i | E 102
S 102| |o 107
=z | — MlUroMD ~_ |2 .| — fuluromp \
103} -~ UrQMD feed down only NG 107 - UrQMD feed down only
-+ hydro feed down e, =0.3 GeV/fm? * . -=+ hydro feed down e, =0.3 GeV/fm? \
-4 1 1 1 1 1 7 -4 1 1 1 1 1 ~
10 0.0 0.5 1.0 1.5 2.0 2.5 3.0 10 0.0 0.5 1.0 1.5 2.0 2.5 3.0
pr (GeV) pr (GeV)

e Hadronic afterburner harden pion spectra at high pr
e Heavy baryon spectra are largely affected

hadronic afterburner is essential for baryon spectra
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Effects of hadronic afterburner on pid spectra

103, w w w w w : 102E— x v SNN‘: 196 GGV
0 0-5% | _ 1l = 0-5%
R ! 19 _ N
> 10'} 1> | D R |

1 ~O |
@ | @ 100 promeenis
T 10° | B - —
Q : | &
.S - 1310
N al 1 N
S107) \y\ < 0.9 | 5
S 102 [s¥/
=z | — MlUroMD 7/ | — fullurQMD \
103} -~ UrQMD feed down only BB --. UrQMD feed down only o
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1005 o5 1o 15 2 annihilation 5o 1615 30 25 30
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e Hadronic afterburner harden pion spectra at high pr
e Heavy baryon spectra are largely affected

hadronic afterburner is essential for baryon spectra
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Effects of hadronic afterburner on pid spectra

5 5 v/ SNN — 19.6 GeV
107 w w w w w 10 Poam ‘ | ‘ ‘ §
s " o | p o/
) 0-5% | _ 0-5%
X . 19 ]
> 107 1
8 E
0
Sl |5
= I 1 3
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~107 [y <0.5 15
S : 13
< ; S
=102} |7/
=z | — MlUroMD 7/ | — fullurQMD
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100505 1o 15 2 annihilation s——as5——<5 15 =305 | 25 30
pr (GeV) pr (GeV)

e Hadronic afterburner harden pion spectra ai hadronic
rescatterings
* Heavy baryon spectra are largely affected

hadronic afterburner is essential for baryon spectra
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Effects of net baryon diffusion on pid spectra

e [o study the net baryon diffusion eftects on
transverse observables, we first tune the initial
longitudinal profiles to product the same dN?~? /dy

Chun Shen



Effects of net baryon diffusion on pid spectra

e [o study the net baryon diffusion eftects on
transverse observables, we first tune the initial
longitudinal profiles to product the same dN?~? /dy

Chun Shen



Effects of net baryon diffusion on pid spectra

103:" L L L L L I L I BRI 102_"' ] ! T ! T
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& 1100y
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e Net baryon diffusion results a flatter spectra for
anti-proton compared to proton’s
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Effects of hadronic afterburner on pid vz

0.15 w o4
— full UrQMD
+ UrQMD feed down only

0.127 .... hydro feed down e, —

0.09¢ 0.09¢
. S

0.06+ 0.06+

0.03¢ 1 0.03¢

VSNN = 19.6 GeV
0085 0.5 1.0 15 2.0 2985

pr (GeV)

0.12} ..

— full UrQMD
- UrQMD feed down
hydro feed down ey, =0.3 GeV //
““““ ;p.—.....-......",\_l_‘.‘
20-30%
0 0.5 1.0 1.5
pr (GeV)

2.0

e Momentum anisotropy keeps developing in the UrQMD

phase

hadronic afterburner is essential

Chun Shen



Effects of hadronic afterburner on pid vz

0.15 w 0.15
— full UrQMD
- UrQMD feed down only
0.12  hydro feed down ey, =0.3 GeV
0.09¢ 0.09¢
IS S
0.06+ 0.06¢
0.03¢ 1 0.03}
VNN = 19.6 GeV
2-98% 0.5 1.0 1.5 2.0 980

pr (GeV)

0.12} ..

pr (GeV)

— full UrQMD
- UrQMD feed down
hydro feed down ¢, =0.3 GeV //
d’
p -
....... FTOT LIRS NET
20-30%
0 0.5 1.0 1.5 2.0

e Momentum anisotropy keeps developing in the UrQMD

phase

e | ow pr proton vz is blue shifted because of the pion

‘wind”

hadronic afterburner is essential
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Effects of net baryon diffusion on pid vo

0.12-

I l I I I
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I l I I I I l I I I ’F-
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e Hadronic scatterings wash out most of the diffusion
effects on pid vo
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va(p) vs  w2(p)

STAR AMPT

Phys.Rev. C88 (2013) 014902 Phys.Rev. C93 (2016) no.1, 014907

ﬁ 0.02}— 27 GeV 10%-40%

>" 0.01— s ° —

V,(p) -

0.02
0.01

-0.01

02 04 06 _08 1 12 1.4
P (GeV/c)

e Transport simulations give v2(p) > v2(p), which is

opposite compared to the STAR data o
=

mean field effects in the hadronic phase? d
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2.0
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va2(p) vs v2(p)
0.15 0.15
— P — D
0.12; p 0.12} --- P
feed down only full UrQMD 4
0.09¢ 0.09| ,,/ o
g 5\1 ’,,/”
0.06/ 0.06| y o
0.03! 3 0.03}
esw = 0.3 GeV /fm
0-0875 0.4 0.8 1.2 1.6 >0 9935 0.4 0.8 1.2 1.6
pr (GeV) pr (GeV)

2.0

e | ate stage hadronic scatterings correct the vo(pr)
ordering in our hybrid simulations

more statistics is needed

Chun Shen



va(p) vs w2(p)

. | | | 3
0.04f — With UrQMD | \ j esw = 0.3 GeV /fm

- feed down only //‘ \
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0.00F-¢
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e | ate stage hadronic scatterings correct the vao(pr)
ordering in our hybrid simulations

more statistics is needed
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- Cp=1.2

m ¥ STAR data

v2(p) Vs wva2(p)
--- feed down only W
B B STAR data
0.02} W @ | 0.02}
S g
. 0.00F-+¢ . 0.00F-
= =
—0.02} | N 0 ~0.02} |/
—0.04! —0.04!
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.5
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e | ate stage hadronic scatterings correct the vao(pr)
ordering in our hybrid simulations

e A larger net baryon diffusion constant results a larger

v2(p) — v2(p)

more statistics is needed

2.0
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Fireball evolution in the QCD phase diagram

Fluctuating Smooth
0.40

0.35

0.30

0.0

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
pg (GeV) ug (GeV)

* |n the fluctuating case, the hydrodynamic tluid cells
are scattered on the phase diagram

A challenge to the search of critical point

Chun Shen



Diffusion of is essential

dN; 9 w13
E %y = e | 7 e 4650

fo(@:P) = “mi e 1
. . . b .
5£ian) = fie ) £ fitep) (25— ) P

e+P K K

N = NP = [0, 3 s | o () = 5+ 05 = 07 )
:/dSJM(nBu“—I—q“) '
ﬁﬂ(nBu“ + C]’u) = 0

« With diffusion, 0 f is essential to ensure net baryon number
conservation

NB _ NB
IS conserved

Chun Shen



Diffusion 6f Is essential

dN; 9 w13
B = o [ 70, @) (olw.p) + 0 (2.p)

i 1
fO(w7p) - e(E=bipp(x))/T(x) 4+ 1

. . . b\ p-
5£ian) = fie ) £ fitep) (25— ) P

~ NP = / Pou )y (2‘3:)3 /p " [<f69 CTC»P Conservation laws »Pw
3 - (net baryon number |
= /d ou(npu’ +¢") | and total energy) |
—— are checked at
p v Y — () .
u(npt +47) | every time step; the ;;

» With diffusion, 0 f is essential to ef relative violation is
conservation | below 1x10-

Chun Shen



Baryon diffusion constant

N
Ng = ZgiQi/dKikg‘f,j,, Relaxation time
i=1 approximation

N
qp = Zgz’bz’/dKz'kém(Sfli
i=1

q% — ltiMOéB — TRI%BV’MOéB

N _ _
. 1 (0) 70)| ™B b;
= 0w Y gibi | AKKVES Y T,
/{B 3 ,LL ZZlg / 7 { ’Lk f?,k _6_|_P E@k;_

Kp — %’RB (éCOth(OﬁB) enfa) .
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Initialize MUSIC with 3D density profiles

MC-Glauber model' |
s(x,y,n; 10) Zfs )si(z,y), pB(Z,Y,M;T0) = T—Zf{’B(n)si(x,y)-

0 .
N* t —
pa 1 ( (I' . rj)2) 1 :t
eXp —

~

202

Ob_h »
0.5
§0.4
Qq
_H
1710.3
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In every event, the net baryon number is
/ Todn)s / d*x1 pB(X1,7Ms) = Npart-
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Rapidity dependence of particle yield

Charged hadrons net protons
1000 | 100 ——
" i PHOBOS /syy = 200AGeV " BRAMHS@ 2OOAGeV
800-§ ¢ PHOBOS /syy =62.4 A GeV | e © BRAMHS /syy =62.4 A GeV
L 4 PHOBOS Vsyy =19.6 A GeV 80 L 4 SPS s —17.3A GeV

¢ & AGS vV SNN =5.0 A GeV

AN /dn

obdat—r = 00 000 | — . e 1
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
n Y
e Full (3+1)-d simulations with net baryon current and its
diffusion

e |nitial longitudinal protiles are tuned to reproduce the
measured (pseudo)-rapidity distributions for charged
hadrons and net protons
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Effects of net baryon diffusion on pid vo
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e |dentified particles vo are more sensitive to shear
out-of-equilibrium corrections
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Compass for the QCD phase diagram
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Effects of net baryon diffusion on particle yields

[ — i /snn = 19.6GeV On the switching hyper-surface,

-. no diffusion &f Cp=0.4
= no shear & diffusion §f

Cg=00 Cg=04 Cp=1.2

a3 =D
y 4

0.245 0.260 0.276

0.092 0.075 0.069

"4 -3 -2 -1 0 1 2 3 14

e The diffusion ¢ f changes the net proton number

e | arger diffusion constant results a ~30 MeV larger averaged
chemical potential on the switching hyper-surface;
It reduces the standard deviation of us by ~25%

mapping the QCD phase diagram in precision
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