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Several experiments such as STAR-BES and NA61/SHINE are ongoing, and FAIR,

NICA, and J-PARC-HI experiments are planning to explore the phase structure of QCD matter for a wide

range of temperature and densities. An event generator JAM2 (Jet AA Microscopic transport model)
based on a microscopic transport model,which describes the spacetime evolution of heavy-ion
collision, has been developed to extract information about the properties of QCD matter. We have
developed three approaches to control the equation of state: 1) Modified two-body collision term, 2)
Hydrodynamics + cascade model and hydrodynamics + quantum molecular dynamics, 3) Relativistic
qguantum molecular dynamics based on the relativistic mean-field theory of sigma-omega interactions.
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FHIZES» O IS BEERNICE v INU D BMHFE -T2 EZ LN TVWS, By I ANVHE
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I IN—=F T T (QCP) REBIZH -T2 FEZHNT VDB, NI VEENRY DY
BlE 7 B A4 —N—iEREEE L T QGP IREAHEI T 2 Z 2 2%M& T QCD FHEIC & b D
DHNTz, £ LT, KET Ny 77 YENHFEHT (BNL) © RHIC J#E#RR. BN ET
I AR ZERRE (CERN) @ LHC IIESRIC & 2 8 T 4L ¥ — [ FARAEZEEE D &, FEERIY
WA I VEENZILAEERD QGPIREBROh o/ G SNz Lo T, &
I QCD ME OMEIE. QGP OFERERED & QGP VML D BRI AT L 72,
THFEER Y L, LEFOBE LN A VEEICEITS QCD HRIDFTR D H 1T
55, BRINZIZ. BRAY F VEEIZBIT 2 1 X5 50 2 XHHEER » QCD SRS
DERTH %, ZOHNDZDIIE, A RBRAT TN X —TRLRZHHHREANY A >
LR T > Y VB OBER® LT, BHllED A = 3 LF —IKFHEICB T 2 IR LR
2ENERZZCHNEETH D, EBFIC, RHIC DAS T AL X —EE (BES) &2 &7
b, ZOENT7 v —DIR2F WD 1 RO T H 2 AlgEEd s S LT\ 5, %
72, QCD WEOHRERD 72912, K4 Y GSID FAIR®, Kv 7Fd NICA, HAD
J-PARC R ETOEA A4 U EHZEBDFTH I TV S,
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BT AT R FEETHE XN 2 E8HEZ1E L S BEET 5 7-0121%, RICDKRF2ESE
J& %2 UAHRVICRE IR C = 2 BRIV AR ETH D, IIEIRTHRE T 2HFR (event) T72
HE, TXRTOERINIH T OEEESMOERE S I 21— M3 % Monte Carlo event
generator 3R] R TH 5, HiFEHEDBH L7z Monte Carlo event generator JAM IZ, Z
NETHRARBEHTHEOATE L, JAM KT - EA 4> a3 —F PHITS (Particle and
Heavy Ion Transport code System) %2 GEANT4IZbHAAFNTWVWS, ZNETIE, N
77 4y 7 ARREHBERZ Y br— LT R HEREDEALR Y, FN—-Y 3 Y OKIER
KET 7 L CIT 2 2 #PHN T JAM OHERE1T o T & 7228, Hal D& T L F — % 1EZE
EROERSHRIERICED, RHOTI /O —EBHRTIAMI-RZETETE
HBETHEFINTUWLS,

KR TIE, JAM &2 C++EfEZ2HVT, IXRTZ 256 RELTJAM OFHiNN— a
Y JAM2 ZBA%3 %, Z4UI Fortran 77 DHIZ 2 FER TR0V, C++TH FETEFEI.
A7V MEMT a7k, Y—=Ra—-Fz2bh b3 L, Fortran Tl
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Lo T, EBER» oREFEROEHRZT =T,

4. WFFERCR

(1) JAM # R 5 — FE— MIRESEXORRZID ANhTN—2a T, HH7a—
vy & oy NDE RN, ZOWARN 1 KBIEB O I I e kb 2 TFE LK
(K 1), FEHER 72 BRERATIZ 2 (REZLEIC BT 2 N TR 5 > X LIGERZ & T,
HAESEORESFERX L ZERCENEZEGZTWE D, 2o FMARIREFEXTE X

2



LNBEMFICEoTHEL, EHEEHHICELZIEE Z I LTz, LEedioT, 20D
BRI X > TR 2 0 24 — "= EOIREAREXOEEID ALD Z LT
X%, FLZOFERI EENRD R — FIELFECHEBERETH 2, ZoFEEHY
T, £ 7 0 —DAFZ A VF —IRFEEZHBE L 2A, AT ALF =D F YD
DEDFRT /syy = 7GeV LT OEZET vy & vy Y 1 KEELEOHEITHERT L2 %2 T
Sl ZOEFH 70 —DWMARDRX D =X LEHRT 57012, AR T—X—D%R%
AEHNCHART AR, 1 MR 0SS, Y 7 MED 72D R OM/N & ERERE H3E <
B, AR T—=R=I2XB 70y X IRIVNE IR T Ty v ORI Z 50
72720 TH 5 ZRHEDFETRL 7,

(2) JAM AN KRB Y h R — REeTEE XA F I HVITHES LT BRI ZREER LTz, 2 O
ANITAEGRERD Y —RIEZ B LU TR ORISR 2 XA =X L% DV, THLF—
EEORWE ZARIMAREFE LTRBEREREL, 25 TROWHIZIEAN Ny X7 — Mg
AICIKRIRET 2 X512 LEdDTHS, ZOHLOWERNIRIKE hZA7r— R EX A F
IHVCHEE T 5 Z 8IS X DIREFE L RSO MR T TOMATH %,
FiRL Tzt F—EEME Rol
X, 7 —=7 74 R HOTHITHR
RERERFICEE L., REREOREZIC 0.3} central [y[<0.5
WEIRTHFERD, ARV MEDOENTD
TX3%, 20770 —FTTFY=DED 4
FATD G TR E — 3-30GeV ORI TR 01l

P ¢ AGS/SPS |
ZEE L Z2A, A RT— FEFRICHA g JAM cascade % STAR
T APV Y PRERR, RNV I VERD o — JAM+hydr0l(e=O.5)
WKL, ABIT 3L —RIFHES D THE 0-15p o JAMthydro (e=08) |

BiEE XS EBT 32 e 0h ok, BHZ k& o.0} P
K+/rt b ECHBTE3 k5ot x Ao -

0.05 A -
- - < S . e s Yol
— Z cij(% tﬁﬁk%‘fé %) ( 2)0 \i 7’;\ IZ@ 0 00 _@/’ﬁ«@/ o JAM+hydro (e=1.0) ]
TS A Y TAX Y T AR K 3 456789 20 30 4050
5172 ¥ OMEEE) & 710 M /7 [ DR 157 VSwn (GeV)

fidb X{HEHHETE2Z%RLE, L2L,

v HREDEMT7 o —I1ZF LTI, ZOWAE ® 2. Au + Au (Pb + Pb) #iZ2ic B3 % K/x oD
+JAM A A — FEENIHHR h R — K E— Az 3oL F—kiFt,

BRI B CERLOEONRNZ b otz, ZOMEIE. 27— FERITRiRXh
BEIIRETERDOMER 7 ) =D R Y H AR B oTWE72DTH S, 2



T, ART— FTEBREN 2ENRESEXDOMRZID AN 7Dz, BFOTE
¥ (QMD) ZEATZ % Z & /R L7z (WA+QMD ),

(3) HENERAYFI 53R (relativistic mean-field theory, RMF) I2 X % o-w X Y YA
TER Z D AR E T 77 T 81 /1% (relativistic quantum molecular dynamics,
RQMD.RMF) ZFF L T, £ 70—tz To 7. 1 oMK ORHFEREZIE S
FHERAY BUU & 572D, RQMD.RMF (& N R0 1B DR FE R 2 2. 2 I i ry
FXHERTH D, o ER I IRAX SRR BB TE S, F7/2. RQMD.RMF (Zi#HH]
BIRFERT V2 VEBALLZE b REBRRTDH %, o-w T K BMHEEMEMIZ. 5171
AN T —EEIEAF L. FHEANY A VEEIEKF LG TED, AF VLR
T NANEEoly I al—va v L IIRICHEHENRE SRR e Thot, TD
BRAICERMN 7 0 —D A 3 F —(REFEZHRNT. /syy =24 GeV 225 7.7 GeV %
T®D directed flow & elliptic flow ZFIRFHIZ—DD 87 X =&t v b THATE 2 (K 3),
Vinn = 11.5 GeV ¥ 17.3 GeV DHDIGT 7 1 — I3 REHEXD Y 7 MLothRic kb
MAITE % Z & Hn L7 (X 3 D MD2+Attractive orbit),

0.2 Vs = 7.7 GeV o = 887 Gev Y/ 0050l & EBOS/ESTT |
protons % ' ¢ FOPI _—— 4
0.0 0.025f * STAR
o . . 0.000 Feereerersiines R e
// ==+ MD2+Attractive orbit ~ i
—f : : : >
/L Vsww =17.3 Gev —0.025} JAM cascade 1
b A R R/ S MD1
-0.050} —e— MD2
$ ~w MD3
-0.075} ~+- MD4
JAM/RQMD.RMF o MD2+att.
—0.100; 3 4 5 6 7 8 910°

Vsyn (GeV)

3: Au + Au EZRIZE T 3 v (X)) 2HEM 7 1 — (vo)(HK) O ¥ — AT 3L ¥ —KFEED RQMD.RMF
B L FEBR v O L,

(4) JAM2 BHFEICRI L THI L K BA LRI T O D TH %, O T4 FEZEmHE
FBO7 4y MZ M) v 7 ZT L XY 2o 78 LWHIBIREOMEREDEA, @ F
0y NRaUEHRIIBIE R N Y ZERICET 20 2N E. QB T-F5T (pp) EZED
A7y MITH LWNAGCL DEERT — X 2D AN 6 < /syy < 20 GeV D pp HHZED
g, @ ppEZUILHC T4 VX —%T7 4v F L7z, GPythiab 2> & Pythia8 12T L.
ANV TDOANRRUMET v T — b Lz, @2IEREICHIET 227V v REEAT
% Z eI X W EtEFE O &®ELE1T - 720



14 12 10 6

A. V. Giannini and Y. Nara 1010

Non-perturbative renormalization of the average color charge and multi-point correlators of 2021

color charge from a non-Gaussian small-x action

Nuclear Physics A 122178-1-19
DOl

10.1016/j -nuclphysa.2021.122178

Y. Nara, T. Maruyama and H. Stoecker 102

Momentum-dependent potential and collective flows within the relativistic quantum molecular 2020

dynamics approach based on relativistic mean-field theory

Physical Review C 024913-1-11
DOl

10.1103/PhysRevC.102.024913

K. Murase, Y. Akamatsu, M. Asakawa, T. Hirano, M. Kitazawa, K. Morita, Y. Nara, C. Nonaka and 32

A. Ohnishi

Dynamically Integrated Transport Model for High-energy Nuclear Collisions at 3 <V sN N < 30 2020

GeV

JPS Conference Proceedings 0100818-1-4
DOl

10.7566/JPSCP.32.010081

Yasushi Nara, Horst Stoecker 100

Sensitivity of the excitation functions of collective flow to relativistic scalar and vector 2019

meson interactions in the relativistic guantum molecular dynamics model RQMD.RMF

Physical Review C

54902-1 54902-9

DOl
10.1103/PhysRevC.100.054902




Yasushi Nara

208

JAM: an event generator for high energy nuclear collisions

2019

EPJ Web of Conferences

11004-1 11004- 6

DOl
10.1051/epjconf/201920811004

Murase Koichi Akamatsu Yukinao Asakawa Masayuki Hirano Tetsufumi Kitazawa Masakiyo Morita 26
Kenji Nara Yasushi Nonaka Chiho Ohnishi Akira
Dynamically Integrated Transport Approach for High- Energy Nuclear Collisions at High Baryon 2019

Density

JPS Conf. Proc.

24016-1 24016-4

DOl
10.7566/JPSCP.26.024016

A. Dumitru, A. V. Giannini, M. Luzum and Y. Nara, 12

Centrality and energy dependence of charged particles in p+A and A+A collisions from running 2019

coupling KT -factorization

Acta Phys. Pol. B Proc. Suppl. 973-978
DOl

10.5506/APhysPolBSupp.12.973

C. Zhang, J. Chen, X. Luo, F. Liu and Y. Nara 97

Beam energy dependence of the squeeze-out effect on the directed and elliptic flow in Au + Au 2018

collisions in the high baryon density region

Phys. Rev. C 064913-1-12
DOl

10.1103/PhysRevC.97.064913




Y. Akamatsu, M. Asakawa, T. Hirano, M. Kitazawa, K. Morita, K. Murase, Y. Nara, C. Nonaka, A. 98

Ohnishi

Dynamically integrated transport approach for heavy-ion collisions at high baryon density 2018

Phys. Rev. C 024909-1-9
DOl

10.1103/PhysRevC.98.024909

Y. Nara, J. Steinheimer and H. Stoecker 54

The enhancement of v4 in nuclear collisions at the highest densities signals a first- order 2018

phase transition

Eur. Phys. J. 188-193
DOl

10.1140/epja/i2018-12626-y

Y. Nara, H. Niemi, J. Steinheimer, H. Stoecker 769

Equation of state dependence of directed flow in a microscopic transport model 2017

Phys. Lett. B 543-548
DOl

10.1016/j .physletb.2017.02.020

A. Ohnishi, Y. Nara, H. Niemi, H. Stoecker 10

Directed Flow in Heavy-ion Collisions and Softening of Equation of State 2017

Acta Phys. Polon. Supp. 699- 703

DOl
10.5506/APhysPolBSupp. 10.699




Jiamin Chen, Xiaofeng Luo, Feng Liu, and Yasushi Nara 42

Effects of mean- field and softening of equation of state on elliptic flow in Aut+Au collisions 2018
at $¥sqrts_{NN}}=5% GeV from the JAM model

Chin. Phys. C 024001 (1- 7)

DOl
10.1088/1674-1137/42/2/024001

Yasushi Nara, Harri Niemi, Akira Ohnishi, Jan Steinheimer, Xiaofeng Luo, Horst Stoecker 54

Enhancement of elliptic flow can signal a first order phase transition in high energy heavy ion 2018
collisions

Eur.Phys.J. A 18 (1- 13)

DOl
10.1140/epja/i12018-12413-x

19 11 9

Yasushi Nara

Anisotropic flows within relativistic quantum molecular dynamics (RQMD.RMF) with momentum-dependent potential

Symposium of the HADES collaboration Meeting XXX XL

2021

JAM2

76

2021




(RQMD . RMF)

2020

2020

Yasushi Nara

Hydrodynamic quantum molecular dynamics approach in JAM

International Workshop on Partonic and Hadronic Transport Approaches for Relativistic Heavy lon Collisions

2019

Yasushi Nara

Relativistic quantum molecular dynamics with scalar and vector interactions

The 36th Heavy lon cafe

2019

Yasushi Nara

Relativistic molecular dynamics approach for heavy- ion collisions at high baryon region

The 17th International Conference on QCD in Extreme Conditions

2019




2019

2019

PP, pA,AA ? QGP

29 Heavy lon Pub

2019

2020

2020

JAM:an event generator for high energy nuclear collisions

20th International Symposium on Very High Energy Cosmic Ray Interactions

2018




K/pi ratios from a dynamically integrated transport approach

YITP long-term workshop New Frontiers in QCD 2018 - Confinement, Phase Tran- sition, Hadrons, and Hadron Interactions -

2018

Signatures of the 1st order phase transition in heavy-ion collisions at FAIR ener- gies

Physics Symposium at 32 nd CBM collaboration meeting

2018

Dynamically integrated transport model for heavy ion collisions at J-PARC-HI

The 52nd Reimei Workshop “ Experimental and Theoretical Hadron Physics: Re- cent Exciting Developments”

2019

(HyQUD)

74 (2019 ) ( )

2019




Yasushi Nara

Extension of Pythia8 to high energy nuclear collisions

Workshop on forward physics and high-energy scattering at zero degrees 2017 (HESZ2017)

2017

Yasushi Nara

Efects of Phase Transition on Collective Flows From a Microscopic Transport Mode

EMMI International workshop on Critical Fluctuations near the QCD phase boundary in relativistic nuclear collisions

2017

Recent development and future perspectives in dynamical simulation of heavy ion collisions at the highest baryon density
region

2017 KEK J-PARC

2018

Pythia8 and JAM event generators

2018




73

2018

(F1AS)

(Wuhan)

(Huzhou)




