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D> Introduction



High baryon number density at LHC energies

Nuclear compression + CGC

Ming Li, Ph.D thesis, U. of Minesota (2018)
M. Li and J. I. Kapusta, Phys. Rev. C 99, 014906 (2019)

O Solving classical gluon fields of receding
nuclear remnants

= Rapidity loss Ay of nucleons

O Nuclear compression by Ay
ng(x,v,2) =~ eV pa(x,y,ze%) @high energy
M. Gyulassy and L. P. Csernai, Nucl. Phys. A 460, 723 (1986)
=) Extremely high baryon number density in

the fragmentation regions of high-energy
heavy ion collisions
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Baryon number density of compressed Pb

ry (fm)
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6

Pb+Pb
- 2.76 TeV

central

ng > 11/fm3
~7n0!!
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Rapidity Scan

Expected high baryon number density in QCD phase diagram and experiments
forward rapidity in high-energy collisions

M. Li and J. I. Kapusta,Phys. Rev. C 99, 014906 (2019)

‘ Rapidity Scan

A

E~
Access high baryon chemical potential o T
. . . -] -
region in the QCD phase diagram S %
s 4 QGP
o .
2
&
Beam Energy Scan Rapidity Scan
@ low energy @ high energy
Hadron
>
Complementary study of QCD phase diagram Baryon chemical potential Hg

by BES and Rapidity Scan!
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A fundamental question =

How large baryon chemical potential is achieved
as equilibrated matter in forward rapidity?

To answer the question, models must describe...

O Equilibrium and non-equilibrium components separately
O Fluidization (equilibration) of baryon number

© Hydrodynamic evolution of baryon number density
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Dynamical Core-Corona Initialization (DCCI) model G

JAM
Hadronic afterburner

iIS3D PYTHIAS
Sampling via String
Cooper-Frye fragmentation

(3+1)-D hydro artonic evolution
with source term Kinetics

- 1 e

PYTHIA8/PYTHIAS8 Angantyr
Initial partons
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Dynamical Core-Corona Initialization (DCCI) model s

Y. Kanakubo et al., Phys. Rev. C 105, 024905 (2022)

Initial partons Dynamical initialization Core-corona picture

by PYTHIA8/PYTHIA8 Angantyr through the energy-momentum

T. Sjostrand et al., Comput. Phys. Commun. 191, 159 (2015) source term jv
C. Bierlich et al., JHEP 1610, 139 (2016)

Hydrodynamic

evolution

' o . eofe [ )
00 ,25,°% Equilibrium
0% 0, o

o 000 o 0@
© 00,0 o
o O 0 .. (o) o
0® .o o © Energy-momentum
° o deposition
l’lv —_— HV Y L
Tfluid =0 aIinluid — A CORONA P
o0 © A
wy woo v ¢ Non-equilibrium
Tparton # 0 aI«lTparton = —J e 9° q

8
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Hydrodynamic module in DCCI v

: uv
Entire system T ., + parton

O Continuity eq. for entire system Ir ST \I
[

uv _ [
( fluid parton) =0 : :
[
O Hydrodynamic eqgs. with E-M source term : i
[

2Y 0
a fluld =] ] a parton I :

0
. Fluidization rate : :

parton o~
) f;]l]t)l' (:l::)‘ '.I Il Il I D D D D D D BN B B e ‘,
Jl == I G (x X; (t)) Assumptions
| dt ,' - Straight trajectory of partons

i \---_

- Instant equilibration of deposited E-M

p{: Four-momentum of i, parton

G: Gaussian function  x;: Position of iy, parton * Gaussian profile
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Energy-momentum source term

Phenomenological fluidization rate per particle in core-corona picture

dp u Nscat pi ;- Effective density of ji, seen from iy,
: E u
—_— — s 5 o . . A C t 4 0
d’[ pl,] O-l,] ‘vl‘el,l,] ‘ pl a; j: Cross section between iy, and jiy,
j Urel i, j+ Relative velocity between iy, and jy,

© Collision detection

— Low pt / Dense region = CORE (QGP)
b < |2
' T
High pt / Dilute region

@ Cross section

Op 5

7;,j = min {;}.’”bcut} Event by event initial condition for QGP fluid

0o = 0.3fm?  b.y = 1.0 fm 10



Extension to finite charges
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Extension to finite charges

Hydrodynamic eqs. with source terms Source terms of conserved charges

6 ﬂu1d I = Pg [: B,Q,S Ndead

2 dt x - xf(t))

= dead parton N; i: Charge I of ji, dead parton

When iy, parton deposits all energy

G: Gaussian function  x;: Position of ji, dead parton

Fluidization (equilibration) and Hydrodynamic evolution
of conserved charges (B, Q, S)

12
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Summary of hydrodynamic equations

0, TH = j¥ T* = (e + P)utu? — Pg*V

d,Ng = pg Np = ngu ~ PR
T N |
© - 'parton’ ''parton, I
Ho_ n _ u Q. ' -
OuNg =pPq  No=me¥" 2
o
ﬂ _ u — o umm
OuNg = ps Ng = ngu#

O Ideal hydrodynamics with source terms
O 7 independent variables

O Equation of state with d.o.f (e, ng, Nq, ns) is needed -
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(@) T-pg plane

O Taylor expansion using Lattice results (high T)

T Y, m (i) ("

Imn

03
T(Gev) 92 43

© Hadron gas (lOW T) (b) T-uq plane

4+ + —(Ei—p)/T
P = TZ_I(ZH)?’ln[l e ]

) i 0.3
w T T

(c) T-ug plane
T_Tc Phad 1 T_Tc Plat
—11 + tanh
AT, ] [ WTAT, | T

P 1
ﬁ=§ 1 — tanh

T4 +2

NEOS-2D: ng = 0.4ng,ng = 0 NEOS-4D: No constraint

A. Monnai, B. Schenke and C. Shen, Phys. Rev. C 100, 024907 (2019) 14
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H Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS
Evolution of core and corona et
Temperature (longitudinal profile) Temperature (transverse profile)
y=0 1=0.11fm T [GeV] Ns =0 7 =0.11 fm T [GeV]
0.8 0.8
10
0.7 0.7
0.6 5 0.6
0.5 _ 05
E 0
0.4 =< 0.4
0.3 -5 0.3
0.2 0.2
10
0.1 f | | | | 0.1
10 5 0 5 10
Ng = %ln (i—z) space-time rapidity Ns e > 0.547 GeV/fm3 y [fm] e > 0.547 GeV/fm3
: quark ® :diquark ® :gluon T=0.1—-03fm: At = 0.01 fm - Fluid formation

: anti-quark O : anti-diquark 7> 0.3 fm: At = 0.3fm —> Fluid evolution
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS

Temperature .
Single event
Temperature (longitudinal profile) Temperature (transverse profile)
y=0 7=0.11fm r [GeV] Ns =0 T =0.11fm T [GeV]
0.4 0.4
0.35 0.35
0.3 03
0.25 0.25
0.2 0.2
0.15 0.15
: : : ‘ ’ 0.1 01
-10 -5 0 5 10
ns = %ln (i_z) space-time rapidity s e > 0.547 GeV/fm3 y [m] e > 0.547 GeV/fm?3

O Gradual formation of the core (QGP fluid) through the energy-momentum source term

O Alongside the fluid formation, the core cools down due to the hydrodynamic evolution
17



Evolution of core and corona

Baryon number density (longitudinal profile)

-3
y=0 7 =0.60 fm ng [fm™7]
| | 0.3
10 L i
0.2
o wo
5 L . ol ¢ of . N
L o e ,‘k‘ 101
R, "3: B o ™
— *
E ol .‘ilsﬁiﬁ 1o
= ¢ o
0(( r : Pe .
3 g 0.1
5 | of) ‘o‘ ’ :: s
te N
-0.2
-10 L i
| | | I l -0.3
10 -5 0 5 10
Ms

ON _

. anti-quark QO : anti-diquark

: quark @® :diquark ® :gluon
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS
Single event

Baryon number density (transverse profile)

-3
ns =0 1 = 0.60 fm ng [fm™>]
| | 0.3
10 L |
0.2
*
- .
5 L ot —
o2 't * -1 0.1
R .
* ¢ . L J
E‘ 0 b .. . m F‘&'
= I Y 8 -+40
¢ s o ‘. o.®
.2 3§ 101
5 L 3 |
L
-0.2
-10 | |
| | | | | -0.3
10 5 0 5 10

y [fm]

T>0.3fm: At = 0.3fm - Fluidization of
baryon number

18



Baryon number density

Baryon number density (longitudinal profile)

y=0 T =0.60 fm ng [fm™°]
03

10 — | I
0.2
5 L ‘E = ﬁi
.
"“”i' ‘ 1o
' F ‘ L1 -0.1
L .

-10 - I
\ | | | | -0.3

O Large equilibrated baryon number density
in forward rapidities 5 < [ng| < 10

cf.) Ypeam (VSN = 2.76 TeV) ~ 8

L4 0.1

X [fm]
o
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Pb+Pb 2.76 TeV, b = 2.46 fm PHISICS
Single event

Baryon number density (transverse profile)

ns =0 T = 0.60 fm ng [fm~3]
| | 0.3
10 | i
0.2
> * 1Ed 01
- o
E ol - B 1o
* :
- ' 101
5 L |
0.2
10 L i
| | | | | 0.3

y [im]

O Large fluctuations of baryon number
density even in midrapidity

m) Negative ng region appears -



Electric charge density

Electric charge density (longitudinal profile)

y=0 1 =0.60 fm nq [fm=]
| | 0.3
10 | i
0.2
5 L i
101
E oL J - {Ldo0
x
r 0.1
5 L B
0.2
10 L i
| | | | | 053
10 5 0 5 10

O Large equilibrated electric charge density
in forward rapidities 5 < [ng| < 10

cf.) nq =~ 0.4ng (Pb)
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS
Single event

Electric charge density (transverse profile)

ne=0 ©=0.60 fm nq [fm=3]
| | 0.3
10 | i
0.2
5 | i
101
E oL 110
x
{01
5 L |
0.2
10 |- i
| | | | | 03
10 5 0 5 10

y [fm]

O Large fluctuations of electric charge
density even in midrapidity

mp Negative ng region appears .
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS

Strangeness density

Single event

Strangeness density (longitudinal profile) Strangeness density (transverse profile)
y=0 T =0.60 fm ng [fm~3] ne =0 T = 0.60 fm ng [fm™]
T | 0.3 : | 0.3
10 L il 10 L i
0.2 0.2

L4 0.1

] 1l o0

L4 0.1 ‘I -
g 1o oL h
-1
. mn ___0.1 ' ——'O.l
7 S ]
0.2 -0.2
-10 L . -10 L i
| | | | I -0.3 | | | | | -0.3

X [fm]

-10 -5 0 5 10 -10 -5 0 5 10
ns y [fm]
O No large strangeness density region O Large fluctuations of strangeness
in forward rapidity density even in midrapidity
cf.) ng = 0 (Pb) m) Negative ng region appears i
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS

Chemical potentials (longitudinal) . ......

Baryon chemical potential Electric charge chemical potential Strangeness chemical potential
ns =0 ug [GeV] ns =0 uq [GeV] ns =0 us [GeV]
t =0.60 fm T =0.60 fm 7 =0.60 fm
‘ 0.1 ! ‘ 0.1
10 |- I 10 I0_04 10 L I
: g L. 0.05 | w ¥ L1 0.05
S - ; ! - 5 - 3 - k4 0.02 S - =
P,
E ol 1o E o 110 E oL '!: . .1li 140
x 5"
5 L _ 5 L | E4-0.02 5 L '+ t _
% .

N 0.05 0.05
-10 |- I 10 | I-O-04 10 L I
I I | I | -0.1 | I I | I | | | | 0.1

e > 0.547 GeV/fm3 e > 0.547 GeV/fm3 e > 0.547 GeV/fm3

'_'l
o
(2]
o
(¢}
'_l
o
'_l
o
(4]
o
(3]
'_'l
o
'_I
(=]
2]
o
U‘I_
'_I
o

© High pg in forward rapidities @ Large negative yig and ~ © Relatively high ug in forward
small positive g rapidities
22



Chemical potentials (transverse)

Baryon chemical potential

y=0 up [GeV]
7 =0.60 fm
‘ 0.1
10 L I
5| - | 0.05
E ol T Lo
x - W &
s W e
-0.05
-10 | I
| | | | \ -0.1
-10 -5 0 5 10
y [fm]

e > 0.547 GeV/fm3

O Large fluctuations around
zero chemical potential

Electric charge chemical potential

y=0 tq [GeV]

7 =0.60 fm

10 l I 0.04

5L ? -4 0.02

0L . 1 1o

5 I“ J":' L 0.02

10 | I-0.04
| | | | |

-10 -5 0 5 10

X [fm]

e > 0.547 GeV/fm3

O Large negative uq and
small positive uqg
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS
Single event

GROUP

Strangeness chemical potential

y=0 Hs [GeV]
17 =0.60 fm
‘ 0.1
10 | i I
=
L4 0.05
5L _
E ol = Y 1o
>
a
g ®
5 L |
# -0.05
-10 - - I
| | | \ | -0.1
-10 -5 0 5 10
y [fm]

e > 0.547 GeV/fm?

O Large fluctuations around
zero chemical potential

23
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Rapidity dependence of freezeout hypersurface (B)

-1<n, <1 3<n,<5 7<n,<9
0.2 0.2 T T T T T . . 0.2 T
ﬂm
0.15f 0.15} 0.15}
S, 0.1} S 0.1 o1
0.05f Hypersurface; 0.05f 0.05f
e = 0.547 GeV/fm3
Pb+Pb 2.76 TeV, b = 2.46 fm, Single event
%6 04 02 0 02 04 06 %6 04 02 0 02 04 06 %6 04 02 0 02 04 06
up [GeV] tp [GeV] up [GeV]
O Some hypersurface element has negative baryon chemical potentials

O Significantly large baryon chemical potentials in forward rapidities

24



Rapidity-averaged freezeout hypersurface (B)

0.2

0.18}

0.16}

T [GeV]

0.14}

0.12¢

0.1

T ! ! ! =1
Pb+Pb 2.76 TeV, b = 2.46 fm, Single event 1< ||,? ||< 3
3=]ng|=5

5=|ns|=7

7=|ns|=9

(ug) = 0.032 GeV Au+Au, 00-05% —E—

~ Au+Au 200 GeV

(ug) = 0.161 GeV

(---): hypersurface element average in rapidity ranges

RHIC-BES data: L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C 96, 044904 (2017)

200 62.439 27 19.6 11.5 7.7 GeV
0 0.1 0.2 0.3 0.4 0.5
up [GeV]
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O Almost zero baryon chemical potential
until [ng] <5

m) =~ Au+Au 200 GeV

O Averaged-hypersurface in rapidity range
5 < |ns| < 7 exceeds ug = 100 MeV

) =~ Au+Au 27 GeV

O Averaged-hypersurface in rapidity range
7 < |ns] <9 exceeds ug = 300 MeV

) =~ Au+Au 7.7 GeV

Rapidity scan is a strong tool for
exploring the QCD phase diagram!!

25



SOPHIA
HADRON
PHYSICS

GROUP

Rapidity dependence of freezeout hypersurface (Q)

-1<n, <1 3<n,<5 7<n,<9
0.2 T T T T 0.2 T - ; . . . . 0.2 - - -
P s
0.15} 1 o.1s} B {  oasf
= = 3
& o1 & 01 & o1
B~ B~ B~
0.05r Hypersurface: 0.05 0.05f
e = 0.547 GeV/fm3
Pb+Pb 2.76 TeV, b = 2.46 fm, Single event
%6 w04 w02 0 0.2 0.4 0.6 %8s w04 02 0 0.2 0.4 0.6 "6 04 w02 0 0.2 0.4 0.6
tq [GeV] tq [GeV] tq [GeV]

O Insufficient available range of NEOS-4D, —0.05 < pg < 0.01 GeV

O Tend to be negative chemical potentials in every rapidity range



Rapidity-averaged freezeout hypersurface (Q)

Pb+Pb 2.76 TeV, b = 2.46 fm, Single event 15||2§||:_f;7 : .
3=inl=s ® O Absolute value of electric charge
5=ns|l=7 . o
7=ins| =9 @ chemical potentials are small
0.18¢ A
(1q) =-0.002 GeV O Electric charge chemical potentials
o tend to be negative as go forward
0 Rapidity Scan "
- rapidity
S
— o
0.14} (1q) =-0.003 GeV 1 @ Need more statistics to make
strict conclusions
0.12f .
© Need wider range EoS
(---): hypersurface element average in rapidity ranges
0d.01 20.005 0 0.005 0.01

uq [GeV] 27
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Rapidity dependence of freezeout hypersurface (S)
—1<n,<1 3<ns<5 7<nNs <9
L ?‘ | L
g 0.1 g 0.1 5 0.1
0.05r Hypersurface: 0.05} 0.05f
e = 0.547 GeV/fm3
Plb+Pb 2.'76 Te\/, b= 2.'46 fml, Singlg eventl | | | | | | | | | | | | | |
-0.6 -0.4 -0.2 e [é)ev] 0.2 0.4 0.6 -0.6 -0.4 -0.2 e [é)ev] 0.2 0.4 0.6 -0.6 -0.4 -0.2 e [(O;ev] 0.2 0.4 0.6

O Insufficient available range of NEOS-4D, —0.1 < ug < 0.25 GeV

O Tend to be positive chemical potentials as go forward rapidity
28



SOPHIA
HADRON
PHYSICS

Rapidity-averaged freezeout hypersurface (S)

0.2 - - ; . :
Pb+Pb 2.76 TeV, b = 2.46 fm, Single event 5'”:':1 : o . .
Simi=s ® © Similar trend with baryon chemical
5=|ngl=7 o
7<= @ potentials, but absolute values are
0-18 | smaller
O Need more statistics to make
0.16 . .
strict conclusions
3
e~
0.14| © Need wider range EoS
0.12+
(---): hypersurface element average in rapidity ranges
0.d.02 0 0.02 0.04 0.06 0.08 0.1

us [GeV] .



P> Summary and Outlook
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Summary and Outlook

Summary
O Extended the DCCI model to finite baryon number

m) descriptions of thermalized baryon number
m) Rapidity Scan!!

O Negative ng(ug) region appears due to the depositions of anti-quarks

O At LHC energies, high baryon chemical potentials are realized in forward rapidities

Outlook

@ Event averaged analysis, centrality dependence, different initial conditions, etc.
@ Rapidity dependent analysis (strangeness enhancement, et

@ Study of QCD phase diagram with rapidity scan (as a complementary way to BES)
31
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Backups
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Space-time evolution of core

Temperature (longitudinal profile)

y=0 1=0.11fm T [GeV]
0.4
10
0.35
5
0.3
£ 0 0.25
=
0.2
5
0.15
10
’ ’ ’ ’ ’ 0.1
10 5 0 5 10
1 t+z . .
Ns = gln (:) space-time rapidity Ns e > 0.547 GeV/fm?
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSCS
Single event

Temperature (transverse profile)

ns =0 t=0.11fm T [GeV]

10

-10

y [fm] e > 0.547 GeV/fm?

O Gradual formation of the core (QGP fluid) through the energy-momentum source term

O Alongside the fluid formation, the core cools down due to the hydrodynamic evolution
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Space-time evolution of core e
Temperature (longitudinal profile) Temperature (transverse profile)
y=0 T [GeV] Ns =0 T [GeV]
1=0.11fm 1=0.11fm

-10 -5 0 5 10 . -10 -5 0 5 10

e > 0.547 GeV/fm?3 e > 0.547 GeV/fm?3
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Space-time evolution of core

Temperature (longitudinal profile) Temperature (transverse profile)

y=0 T [GeV] Ns =0 T [GeV]

Tt =0.11 fm Tt =0.11 fm

-10 -5 0 5 10 | -10 -5 0 5 10

e > 0.547 GeV/fm3 e > 0.547 GeV/fm?3



Space-time evolution of core

Baryon number density (longitudinal profile)

_ -3
y=20 T = 0.60 fm ng [fm™]
| | 0.3
10 | i
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Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS
Single event

Baryon number density (transverse profile)

_ -3
ns =20 7 =0.60 fm ng [fm™7]
| | 0.3
10 L i
0.2
5 | i
- L1 01
E o ’ 1o
- i
' ' L 01
_5 | |
0.2
410 L i
| | | | -0.3
-10 5 0 5 10
y [fm]

O Large baryon number density is realized © Large fluctuations of baryon number density

in forward rapidities 5 < |ng| < 10
cf.) ybeam(m = 2.76 TeV) ~ 8

even in midrapidity

m) Negative ng region appears 36
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o o Pb+Pb 2.76 TeV, b =6.12 fm PHYSICS
Space-time evolution of core e
Baryon number density (longitudinal profile) Baryon number density (transverse profile)
y=0 ng [GeV] Ns =0 ng [GeV]
1 =0.60 fm 1 =0.60 fm
| 0.3 | 0.3
10 | i 10 | B
0.2 0.2
> k401 > ; 1Ed 02
_ * : _ 1 :
E 0 0 E 0 0
N o .
5 . - L (B0 | | k401
0.2 0.2
10 | i 10 | B
| | | | | -0.3 | | | | | -0.3
10 5 0 5 10 -10 5 0 5 10
Ns y [fm]
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. . Pb+Pb 2.76 TeV, b = 10.1 fm PHYSICS
Space-time evolution of core e
Baryon number density (longitudinal profile) Baryon number density (transverse profile)
y=0 ng [GeV] Ns =0 ng [GeV]
T =0.60 fm T =0.60 fm

| 0.3 | 0.3
10 | B 10 L B
0.2 0.2
5 | B 5 L B
1 101 101
£ £
=0 L Jldo =0 L 140
* 4 *
i
' . 0.1 - 0.1
5 | B 5 L B
0.2 0.2
110 | B 10 | B
| | | | | 0.3 | | | | | 0.3
-10 5 0 5 10 -10 5 0 5 10
Ns y [fm]
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. . Pb+Pb 2.76 TeV, b = 2.46 fm PHYSICS
Space-time evolution of core St
Baryon chemical potential (longitudinal profile) Baryon chemical potential (transverse profile)
y =0 up [GeV] s =0 g [GeV]
7 =0.60 fm 1 =0.60 fm
| 0.3 | 0.1
10 |- il 10 |- i
0.2
L1 0.05
> f i @ L] 01 > T - il
E 0L : {10 g 0 L .'!' Jdo0
- | |01 Al L] ' _
L -0.05
0.2
-10 . -10 | |
| | | | | 0.3 | | | | | 0.1
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Ns y [fm]
e > 0.547 GeV/fm3 e > 0.547 GeV/fm3
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o o Pb+Pb 2.76 TeV, b =6.12 fm PHYSICS
Space-time evolution of core e
Baryon chemical potential (longitudinal profile) Baryon chemical potential (transverse profile)
y=0 up [GeV] Ns =0 up [GeV]

7 =0.60 fm 1t =0.60 fm
| 0.1 | 0.1
10 | i I 10 | I
5| & D g 005 s | = |F 005
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LA
-
[fm]
.o

R L
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5 L ‘ & F . _ 5 L ]
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e > 0.547 GeV/fm3 e > 0.547 GeV/fm3
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. . Pb+Pb 2.76 TeV, b =10.1 fm PHYSICS
Space-time evolution of core -
Baryon chemical potential (longitudinal profile) Baryon chemical potential (transverse profile)
y=0 ug [GeV] s =0 ug [GeV]
7 =0.60 fm 1 =0.60 fm
| 0.1 | 0.1
10 | i I 10 | il I
1 0.05 1 005
5 | i 5 L i
&
; F LA =
o 4
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Rapidity dependence of freezeout hypersurface
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O Some hypersurface element has negative baryon chemical potentials

O Significantly large baryon chemical potentials in forward rapidities
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Rapidity dependence of freezeout hypersurface
Pb+Pb 2.76 TeV, b = 6.12 fm, Single event
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Rapidity dependence of freezeout hypersurface
Pb+Pb 2.76 TeV, b = 10.1 fm, Single event
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Rapidity-averaged freezeout hypersurface

0.2 .

Pb+Pb 2.76 TeV, b = 2.46 fm, Single event e o O Almost zero baryon chemical potential
= |ng| = ® 1
SZin=7 until [ng| <5
7<|ns|<9 @
0.18} (Hs)=003Gev AL 00:05% T m) ~ Aut+Au 200 GeV
~ AmtAu 200 GeV
O Averaged-hypersurface in rapidity range
016 5 < |ns| < 7 exceeds ug = 100 MeV
E ) = Au+Au 27 GeV
B~
0.14 O Averaged-hypersurface in rapidity range
7 < |ng] <9 exceeds ug = 300 MeV
0.12} - » ~ Au+Au 7.7 GeV
(--+): hypersurface element average in rapidity ranges
RHIC-BES data: L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C 96, 044904 (2017) o g °
200 62.4 39 27 19.6 11.5 7.7 GeV Ralpldlty Sr‘can IS a S.I:rongdtOOI for"
0.1 - i1 i o s s . exploring the QCD phase diagram

up [GeV] e



Rapidity-averaged freezeout hypersurface
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Rapidity-averaged freezeout hypersurface
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cf.) Ybeam(w/ NN = 2.76 TeV) ~ 8
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A. Monnai, B. Schenke and C. Shen, Phys. Rev. C 100, 024907 (2019) PHYSICS

NEOS-BQS

Taylor expansion using Lattice results (high T)

lmn

Hadron gas (low T)

oy, [
_ Z Z(Trl)kﬂﬁ_

1 +e —(E;— I'l'l)/T]

m2T?ekmi/T K, <

GROUP
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Constraints: ny = 0.4ng, ng =0

e(T,ug) = e(0.165 GeV, 0)
= 0.547 GeV/fm?

m) o ., forcore
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Hydrodynamic module in DCCI

Energy-momentum conservation

Baryon number conservation
KV — v weoo_
a[,LTﬂuid J aMNfluid =P

Tfﬁl/id = eutu’ — pA*Y

d
V= z pl(t) 6(x - 2,(0))

e — 7
Nfjyig = Nt

b= — z dBCLidtead G (x —x;, (t))

L ldead
2 2 2
1 (ns,parton — Ns,i ) 1 (xparton — Xj ) + (Yparton — Vi )
GMilne = expl| — 2 X > €Xp| — 2
, 20 2O 20

Default: g, = 0.5, 0y, = 0.6 fm
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RHIC-BES data
L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C 96, 044904 (2017)
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