KR B (EARFEKRT)

JAM2: EF 5 F A 7% (Quantum molecular fluid dynamics,QMFD)

RQMD modell & 5directed flowD A G TRILF—IRFHICDWTRKT %,
Y.N. and A.Ohnishi nucl-th2109.07594

QCDMEEsFZ Y QGPENRDET IMEICE D EA A VERDOIFEREDIERZICAITIE R ERERFR R
% & :Heavy lon Cafe, Heavy lon Pub , 20215 9H24H
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>
SIS AGS,STAR-FXT SPS, BES RHIC LHC

Ecm = 2.3 GeV Ecm =5 GeV Ecm =17.3 GeV Ecm = 200GeV Ecm =5.02 TeV

SNV EEYEDERK 2RENYFVBEEQGP
it F 2 RER FHIHIDIREE

FAIR, NICA, J-PARC-HI
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NRAOYVART—RNEE H5—0 5 R E#ME(CGC)
7‘3‘/7-11'1)1/“/7‘/7’5%55%‘ - HHEYVTINNX

E T2 FENFE(QMD) IN—NV AR —RERY

MR EE(3FD) o ot = RiURAN N W B 1bs 3 Kid|



MmN EE A A > #F12E

tpass = 2R/v~1fm/c at \/syn = 30 GeV

Collision dynamics changes around this beam energy.

30GeVLLTF: 3OGevL:{J:: \
HRLADS(EREINARDD) RFHD YIRS 72 I 2R BRI Y
2RI E JE AT YQGPH QGPHERINBEEALNT NS,
ERRINBHELRAN,

BRERLT:
==p HIJING, Pythia8/Angantyr
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ERANODIIAL—2aV R E BEREERISDYIaL—T3V:
UrQMD, GIBUU,PHSD,SMASH,JAM, 3FD Hydro models at RHIC/LHC, Epos,AMPT,DCCI
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tpass = 2R/v ~ 1 fm/c at «/syny = 30 GeV

Au + Au \,SNN 7.0 GeV b=6 fm
t=2.5 fm/c
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P S— —
mesons
spectatior
participants

7215 -10 -5 0 5 10

Z [fm]

IlDO

- 8.1
- 6.2
4.3

r2.4

AM2

Au + Au /sy =62.4 GeV b=6 fm )
L t=2.5Tfm/c
f— —’
mesons
spectatior

participants

—-15 —-10 -5 0 5 10

Z [fm]

mid- rapldltyHLL_
FRNDHDHE
spectator nucleon)€>

participant baryoni&
WAL TEW,
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201Z at RHIC(y=2.5)
100fZ at LHC (y=4)

Ming Li and J. I. Kapusta
Phys. Rev. C 99,(2019)
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Ohnishi plot for the time evolution of rho-T in Au+Au

at 7.0 GeV

r? + (r-u)?
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What is happening in reality?

o transverse Hadronic transport model

N
S
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o e predicts thermalizaton at
“meeecnes, | VEIY late times.
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Small system: O+0 at 7.0 GeV

c=10fmV =1%/y
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cREREFEORBIEEZEAT S,
* Dynamical initial condition £& 4" )JL—7 M. Okai, et.al PRC95,054914(2017)
0,T" = J*

._PRC98 (2018)

fluid fraction
= = =
= [@)] Qo

o
(N

o
o

er= 0.5 GeV/fm?3

- 2.7 GeV
e 3.3 1GEV
— 4.9 GeV
12.4 GeV
-- 17.3 GeV

time (fm/c)
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M ERADIFEFERZRRICA
JAM Dynamical integration of
Hydrodynamics and cascade mode

20% of fluid is predicted at 2.7 GeV



dN/dy at mid-rapidity

Beam energy dependence of fluid fraction, multiplicities
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=
o
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3 L " " " 1.” PR
3 4 5 6 789
Vsun (GeV)

from hydro+JAM cascade integrated model

JAM cascade b K*F
L — JAM+Hydro (e=0.5) b
Fooeeens JAM+Hydro I(e=0.8)

" % STARp ]
¥ STARp

0.00t

Hydro suppresses pion yields.

| central |y[<0.5

(o $ AGS/SPS |
JAM cascade ¢ STAR

—— JAM+hydro (e0.5)
JAM+hydro (e0.8)

—— JAM+hydro (el.0) |
3 4 56789 20 30 4050

Y. Akamatsu, M. Asakawa,

T. Hirano, M. Kitazawa,K. Morita,
K. Murase,Y. Nara, C. Nonaka,

A. Ohnishi, Phys.Rev. C98 (2018)
no.2, 024909

Significant improvements
of strangeness and
anti-baryon productions.
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= TRk

(Quantum molecular fluid dynamics)

QMFD = Boltzmann type collision term (cascade model)
+ fluid dynamics

+ relativistic quantum molecular dynamics (RQMD)

M FERADOIFERREZN TERARF2Z I AN SREFICHEST 7O0—F,



We consider the system of fluid fr(x,p) and particles f,(x,p):
{(ORV (2, )05 — (0,V (2,p))0y } fr(x,p) = Cpp
{(ORV (2, )0y — (8,V (2,p))0p } fo(x,p) = Cpp + Cpy

I

1 *k ES >k * x
Viw,p) = 5(@™"p, —m™)  m"=m=5(x.p), p=py—Uuz.p)

Particles: RQMD equations of motion:

m; om; oV mk om’ oV
wp Vi S g 1% wpu Vi
( +0 8pz %' op, ) I Z (pj;o or; Y or; )




= T2 Ak 7= (cont.)

Taking the moments of the transport equation, we obtain
ole Y V7 o
8,/Tf = pr,

oz Ik = / dpCp,  TH =TW + JHUY — g™ < / Jp,dU” — / pfsd5>

For the momentum-independent potential,

T: = /d“pp*’“‘p*”ff(xm) Jy = /d4pp*“ff(w,p), pr, = /d4pm* fr(z,p)

I}, = /d4pp“0fp = Nfnyp <vrel /da(p’ —p)“>

The collision rate times the average 4-momtnum loss (p’ — p)*



L. Adamczyk et al. (STAR Collaboration)
Phys. Rev. Lett. 112, 162301 — Published 23 April 2014
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Beam energy dependence of v1
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10-40% Centrality
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0.2+ Vsyn = 2.7 GeV L vSwy = 3.3 GeV
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Hadronic transport model can
explain v1 below AGS energies.

Signal of the 1st-order phase transition?
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Tilted baryon density in 3FD

J.Brachmann,et.al. PRC61(2000) 1FD prediction: D.H.Rischke, et.al Acta.Phsy.Hung (1995)

Au+Au at Elab=8AGeV (Ecm=4.3GeV), b=3fm
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PHSD/HSD and 3FD predictions

V. P. Konchakovski,et.al,
Phys. Rev. C90, no. 1, 014903 (2014) no. 2, 024915 (2015)
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Y. B. lvanov and A. A. Soldatov, Phys. Rev. C91,

PHSD: negative
above 27 GeV
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p (GeV/fm?3)
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v1 from EoS modified collision term

EoS modified collision term

provides efficient method JAM with fully baryon density dependent EoS meets hydro
to_control I_EoS ina 0.10 : . : :
mICI"OSCO‘DIC trgnsogrt deeI. | il { = JAM
—— 1st order Ky ' —— JAM-1.0pt
- lattice QCD ’ 0.06+ —e— JAM-y over -
s JAM EoS 1st ut o
- JAM s95p-v1.1 . i 0.04) P i ¥ STAR '
»+ JAM standard ,“ = \- i E895/NA49S
A ~ 0.02} / . |
“‘:‘A‘ - '_g 0. Q0 L @il oo s g i i e v ; H* ________
-0.02|
L ~0.04/
| ‘ ‘ ' ' : ' ‘ —0.006 ' : ' : :
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Y.Nara, PLB767(2017)1




Wiggle in the directed flow

R.Snellings, H.Sorge, S.Voloshin, F.Wang, N. Xu, PRL (84) 2803(2000)

Baryon stopping + Positive space-momentum

correlation leads to negative v1 at mid-rapidity(wiggle)
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C.Zhang, et.al. PRC 97, 064913 (2018) 16



shifted initial condition for hydro

Hirano and Tsuda,PRC66(2002) (%;-i i_?’f““ Data Au-Au Vs=200 {_3:\;%
Hirano,Morita,Muroya,Nonaka,PRC65(2002) Yo E ) o=

1 ¥

~4 -2 0 2 4
m

P.Bozek and I. Wyskiel,
PRC 81, 054902 (2010)

Shifted initial
condition
generates normal
flow at mid-rapidity
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Tilted initial condition for hydro

P.Bozek and |. Wyskiel, PRC 81, 054902 (2010)
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c.f. Adil,Gyulassy,Hirano, PRD73(2006) Twisted CGC predicts negative v1.
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Vi

A new result from RQMDv
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y

Beam energy dependence of vl is
explained by a new mean-field mode
in JAM2.
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e

£ F 49 TR (Quantum Molecular Fluid Dynamics)lc &3> Ial— 3V
ZIT OO, C+H+THLKHEFELIIAM2ABIT LT,

QMEFD = Boltzmann type collision term + Fluid + RQMD

R F L7=JAM2/RQMDyv mode% FALN T, directed flowD A ST TRILF—IKF
MEAERBAT BT &ICRIN LT,

NARIEEEMAENE#IETT IV THBRQMDAE AW TN AV E RIESTDET
BZ2SRITVLL,
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V2 from JAM2/RQMDv
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JAMZ2:micro-macro transport model
Quantum Molecular Fluid Dynamics (QMFD)

* Fortran77 - C++
* Pythia6 — Pythia8
* Update of collision term: include new data for pp
v New total hadronic cross section at high energies (PDG2016)
v New resonance cross section (Ecm< 4GeV)
v New string excitation low (4 < Ecm < 20 GeV)
v New multiple-parton scattering (Pythia8) (Ecm > 20GeV)

* Quantum Molecular Fluid Dynamics (QMFD): 3D perfect hydro + RQMD model
* RQMD with Skyrme force ( Lorentz scalar and vector)
* ROMD.RMF with momentum-dependent potential
» Speeding up computational time by introducing expanding box
for both collision term and potential evaluation

RHIC/LHCT DK+ \ROY R —RKETJLIE, AA collision®dN/dy,dN/dmti&1 > 7w b
THBED, CDARY NI TR —F—TIXAADA >V Ty MEAR W, 28



JAM3: =+ F A N=E
(Quantum Molecular Fluid Dynammics)

R 07
JAM3:QMFD = s |~*/73)§< ke + =EF2FHFNEQMD)
O—7/\ROAE Parity doublet model
P oIy £ER FRILER? NRAOVEIFTEZET
RI7EWNESY A2 /R\—KNYTOK? EEREAFREATES?

QCD#HH#EE D %A

BREQGPIFEMINN? MMEIFNIVDA? HBEFREDIREIL?




Time evolution of rho-T in Au+Au at 7.0 GeV
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250 A

200 A

50 A

Time evolution of rho-T in Au+Au at 7.0 GeV
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Hybrid transport
+ hydro results

J. Steinheimer et al. PRC89, 054913(2014)
Hybrid model D& TR JLF—~ D& A DHFl
MEIXREFEDNBYIRITZEILIEICEDEIRTE

7.7 GeV - 3.2 fm/c
19.6 GeV - 1.22 fm/c

BM: Bag-model 1s-order EoS
X-over: Crossover from chiral model
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