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Nuclear Transport Models
and Heavy-lon Collision




Heavy-Ion Collisions at Einc ~ (1I-100) A GeV

# Study of Hot and Dense Hadronic Matter
— Particle Yield, Collective Dynamics (Flow), EOS, .....

AGS

SPS

JAMming on the Web, linked from http://www.jcprg.org/




RHIC [ZH1B32DDEE (cont.)

s 2DDEZE (2): BL#THL

o EENERM QCD DFE (2-5 fm/c) ITHERTEHEICRELEZ
(0.6-1 fm/c) TEMEASEZY . MAENENFHBRERIED
— BER?

°* BIRILX—BEAA U EEDODEAEHE
=JS5XT (HHRYUSIAEREE)

QGP  Hadron Gas

| | |
=0 CYM 1= T, Hydro 1 = T, Hadron T=1T,,

+Jet b Jet Cascade




Hydrodynamics vs Transport

4 \/SNN <20 GeV — Transport model calculation seems to

explain v2 data.
s RHIC (& LHC) — Hydrodynamics is successful.

o
--'N B UL L L
0.08 — . > 0.25| HYDRO limits .
Proton v, for AGS to SPS Energies B ——————— _
0.06 | - - l .
ol AGS SPS 0.2 I .
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| ‘ 0.15F & .
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M. Isse, AO, N. Otuka, P.K. Sahu, Y. Nara, U. W. Heinz, AIP Conf.Proc. 739 ('05) 163
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HIC Transport Models: Five Major Origins

8 Nuclear Mean Field Dynamics
@ Basic Element of Low Energy Nuclear Physics
@ TDHF — Vlasov — BUU
8 NN two-body (residual) interaction
@ Main Source of Particle Production
@ Boltzmann equation — Intranuclear Cascade Models
8 Partonic Interaction and String Decay
@ Main Source of high pT Particles at Collider Energies
@ JETSET + (previous) PYTHIA (Lund model) — (new) PYTHIA
#8 Relativistic Hydrodynamics
@ Most Successful Picture at RHIC
#8 (Classical Field Dynamics

@ Classical Gluon Field = Initial condition of Hydro. at Collider Energies




’ Nuclear Mean Field Dynamics I




TDHF and Viasov Equation

# Time-Dependent Mean Field Theory (e.g., TDHF) m(‘?@d)z = ho;

# Density Matrix
Occ

=Y ¢i(r)¢;(r') — pw = [ (phase space dist.)

s TDHF for Denzsity Matrix

w2 g == ey 00

(AB)w = Aw exp(ihA)Bw , A=V, -V, -V .V, (V' acts on the lef
# Wigner Transformation and Wigner-Kirkwood Expansion
(Ref.: Ring-Schuck)

Aw (r,p) = /d3sexp(—ip -s/h){(r+s/2|A|r—s/2)
(AB)y= Ayexp(ihA) By A=V 'V ,-V 'V, (V ‘acts on the left)
[A,B],=2iA,sin(hAI2)B,=1ih{A,,Byls +O0(F)




Test Particle Method

s Vlasov Equation

or o f
E_{hw’ f}P.B.:E_F vV, f=VUV,f=0

# Classical Hamiltonian

2
hW(r,p):—L+ Ulr,p)

2m
8 Test Particle Method (C. Y. Wong, 1982)
] dr, dp,
f(r,p)=— ) &(r—r,)8 ) - =V h, —=-V h,
(r.p N@Zj: (r-1,)8(p-p) Z=Vph, —=-V.h,

Mean Field Evolution can be simulated
by Classical Test Particles

— Opened a possibility to Simulate High Energy HIC
including Two-Body Collisions in Cascade




BUU (Boltzmann-Uehling-Uhlenbeck) Equation

s BUU Equation (Bertsch and Das Gupta, Phys. Rept. 160( 88), 190)

%wv N UV, =1 f

dBpZdQ do
__f 12%
x [, (1 f)(l— f,)— £; £,(1- £)(1- £,)]

8 Incorporated Physics in BUU

co]]

I,

@ Mean Field Evolution

@ (Incoherent) Two-Body Collisions

@ Pauli Blocking in Two-Body Collisions O/Tt

I,

O One-Body Observables (Particle Spectra, Collective Flow, ..)

X Event-by-Event Fluctuation (Fragment, Intermittency, ...)
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Comarison of TDHF, Viasov and BUU(VUU)

8 CatCa, 40 A MeV
(Cassing-Metag-Mosel-Niita, Phys. Rep. 188 (1990) 363).




Collision Term
and Particle Production
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Baryon-Baryon and Meson-Baryon Collisions

# NN collision mechanism

Elastic Energy Dependence of NN Reaction Mechanism
— Resonance N \
o T
— String )(
Elasti
o Y e et o,

~1MeV 140 MeV ~1.5 GeV ~100 GeV

Elastic Resonance
(s=channel)
pl. N N N
r P ¥ T W,
- T L™,
p - N
N
P N N N
# Meson-Nucleon Collision
— s-channel Resonance chammel  t-channel —— .
— t-(u-) channel Res. R (or S) Form. Reggeon Exch.Baryon Exch. ?

. . Y kK ™N Y Kk MMM m
— String formation g # v
/ P '
T N n N T N M N
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NN Cross Sections

From Particle Data Group
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Meson-Baryon Cross Section
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Reggeon Exchange

(Barger and Cline (Benjamin, 1969), H. Sorge, PRC (1995), RQMD?2.1)
# Regge Trajectory J— X ()~ ((0)+x '(0) 1

K’ Nucleon Reactions (Reggeon Exch.)

# 2 to 2 Cross Section o ey,
do Dy
M(s,t :
dQ 64m s g' (s, )| nL

M(s, t)~ZR(ﬁ‘;Z ~ F(t)exp| () log( s/ )]

Cross Sections (mb)

JA Kz
4 5 <
Hadron 3 o
Reaction p* £
{ 1 = 27A(1680)
P 2 n-A(1820)
> m o0
JL Z
Rl T e’
9 A0 Hadron F,

Spectrum
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String formation and decay

# What does the regge trajectory suggest ?

— Existence of (color- or hadron-)String ! \_/
d d R’
M=2[ L& SRR J=2f px—L _L_TK
"1 " I-(rIRY R 2

_)J_M /\

21K

. Strllng Tensmn string s d g
—a',(0)~0.9GeV "’ - k~1GeV/fm

2TTK ® ®

I

8 String decay v
Extended String O—e O—e

— Large E stored
— g _gbar pair creation (Schwinger mech.)

‘ String = Coherent superposition of hadron resonances with various J I
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Jet Production

s Elastic Scattering of Partons (mainly)
with One Gluon Exch.

8 Color Exch. between Hadrons
— Complex color flux starting
from leading partons

— many hadron production b //
— Jet production /
s PYTHIA
@ Event Generator ° »
of High Energy Reactions [ t
— Jet production v [
+String decay O—e O—e z

for QCD processes

(T. Sjostrand et al., Comput. Phys. Commun. 135 (2001), 238.)

18

vvvvvvvvvvvvvvvv



JAM (Jet AA Microscopic transport model)

Nara, Otuka, AO, Niita, Chiba, Phys. Rev. C61 (2000), 024901.
# Hadron-String Cascade with Jet production
@ hh collision with Res. up to m <2 GeV (3.5 GeV) for M (B)
@ String excitation and decay

@ String-Hadron collisions are simulated by hh collisions in the
formation time.

@ jet production is incl. using PYTHIA

@ Secondary partonic int.:

NOT incl. Diquark
~ 1 fm/c Breaking
@ Color transparency: for o~ 1 GeV/fm
NOT taken care of
Resonance
+ String

+ Jet

19




Relativistic Hydrodynamics I

20



Relativistic Hydrodynamics

8 EOM: Conservation Laws

0,T""=0 Energy Momentum Conservation
0, mu*)=0 Conservation of Charge (Baryon, Strangeness, ...)

" =(e+ Pu"u" — Pg""

e : energy density, P: pressure, | . .
ut :four velocity y(1,v), 5 | .
n; :number density =
) - O -
S
2 tau=0.,6
_5 - -
T. Hirano, Y. Nara, NPA743, 305 (2004) ' ' !
T. Hirano, K. Tsuda, PRC 66, 054905(2002) -5 O 5

NV . . = ?QS
LIPS 21
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FLOW AND HYDRODYNAMICS ANISOTROPIC FLOW

QM2012, Luzum

11/S FROM FLOW (HISTORICAL)

“Glauber” initial conditions “CGC7 initial conditions
| ! | ! | ! | ! ! | ' ! | ! |
0.1 = PHOBOS| - 01 o PHOBOS
- (.08}
L 1)/s=0.08
14 _0.0sf
:‘ -
n/s=0.16
4 o004k
4 oozk
0 | L ok

1 I 1 I 1
0 100 200 300 100
o - C

(ML & Romatschke, Phys.Rev. C78 (2008) 034915)

e Best extraction of /s by comparing viscous hydro to flow data
e Largest uncertainty from unknown initial condition J

MATT LUZUM (SACLAY) VIsCosITY OF THE QGP Br14472012 3720



BT )LF—TDNFOEGEER DTN
+BIAINF—TDRBEE D)
— QOGP £FDIEFYIE s, =40 GeV BED ?
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\s, =(5-20)GeV T
OCD HHEsB (IR A ShH ?
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BILRIINF—ELF DY

8 DA—9-TI—F>-FT5XT (QGP) DHEER - Ptk

o RIEEE LT YMIKHEEBD LI — F/WIEA
(RHIC D&/ IARILF—, LHC)

s BEEMEBICET3REHEX (E0S) - QCD HEH
o Vs =(5-20) GeV DERIR/LEX—FER — p=(5-10)p,
o BEETODEOS [ZRDHENZH?
o BEEETOHEERE 1 XM ?290RF—/I—M"?

RHIC, LHC,
Early Universe

T, Ljttice QCD CP |ocP

Heavy-Ion Collisions
(BES, FAIR,
NICA, J-PARC)

m-m - ?QS
YITP 4 # 25
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OCD —RIEERITRZ =m0 ?
s HRIRLF—EAHELTEHRENRZI TS (ko?, dv,/dy)

2] AutAuColisions atRHIC O T10-40% Centrality & |
@ D:E - ® I! Skellam Distribution | 0,02 ] i i ; —
) o8} o i""'-.. o - i i
aar Net-proton O-... E‘I"# - ] -0.04— * + a) antiproton-
0.2 |:|i.4::pirci::||.aquw-:iy,wc::;.E . I B | |
12} ' N ¢ ]
1.0 [ - iﬂ_ﬂ]— | b) proton
| . o D g —_— B
D D-E I R R A %‘ i |
g & pHp data v |
06} O Au+Au 70-80% - ) S ——- =
Authu 0-6% - h .t __u.i
04 AusAu 0-5% (UrQMD)) J B = ]
# Ind. Prod. (0-5%) —_—
105+ 4 ————H = A= ——— —
E . 8 ¢) net proton
2 0.01- +'_
0 095 L = i
© 090 )
Coesh 0 ¥ L "_"'fifj"'"'i_"ﬁé.ﬁ"“
5678 10 20 30 40 100 200 - N X Ur@QMD | -
Colliding Energy |5, (GeV) — TS '
10 s (Gev) 10
STAR Collab., PRL 112(°14)032302. STAR Collab., PRL 112(°14)162301.
TYITP 2% 26
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£H7O0—

s Directed flow (v , <p >), Elliptic flow (v,)
— ERMBICESN, EFEEOREBHEI (EOS) ITHUR

vV =<p/p,>=<cC0s Q>

Out-of-Plane Flow
y (v, <0)

A\Tf vy = (Cos 2¢)

cal neg. slope

In-Plane Flow
v,>0)
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BILRIINF—ELF DY

8 DA—9-TI—F>-FT5XT (QGP) DHEER - Ptk

o RIEEE LT YMIKHEEBD LI — F/WIEA
(RHIC D&/ IARILF—, LHC)

s BEEMEBICET3REHEX (E0S) - QCD HEH
o Vs =(5-20) GeV DERIR/LEX—FER — p=(5-10)p,
o BEETODEOS [ZRDHENZH?
o EREETOHEEREL 1 RN ?290RF—/I—,"?
s NFOVEERER([CEIME
o NFOVEEER JAM r ’%}"’Iif’(%i >
@ EOS DEALETO— a
o HOAIATZO—L EOS DL

Heavy-Ion Collisions
(BES, FAIR,
NICA, J-PARC)




How do heavy-ion collisions look like ?

AutAu, 10.6 A GeV Pb+Pb, 158 A GeV

\/SNNN 5 GeV \/SNNN 20 GeV

JAMming on the Web http://www.jcprg.org/jow/

S QS
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http://www.jcprg.org/jow/

NRFOYEEREE JAM

Y.Nara, N.Otuka, AO, K.Niita, S.Chiba, PRC61('00) , 024901
M.Isse, AO, N.Otuka, P.K.Sahu, Y.Nara, PRC72 ('05)064908

s Event Generator: Jet AA Microscopic transport model (JAM)
o Z{DHEHE-FBEZHYAN-E@HEERE
o EHFEEHALT E,, =(1-158) AGeV TOTO—%XIFHHA

o LML Vsy\=11.5 GeV TOEDTA—IXEHRATELLY

BTau+ ¥ Auat 11.6AGeV/e

—_ . [ T T T T ] T T T T T T ] 0.08 ’
"o 107 b<=3338fm _| Proton v, for AGS to SPS Energies
-] 3
L 4 proton x0.1 3 0.06 |
ﬁ 2 [m] :IT-- -1 AGS SPS
o 10 %10 0.04 | 4
F;E'Elﬂl 0.02 | — |
=
< s o
Z |
= 10 -0.02 -
- MH ——
£ MS
-0.04
5 10 '; -
- -0.06 | cs
].I:] = YN R TN TR AN TN WA WO WO N TN NN Y L1 MS(N) _—
0.0 0.5 1.0 15 0.08 Exp. —e—
mmg (GeV/icT) 100
Nara+('00) E,.. (AGeV) sse+('05)
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KEHZO0-5RKEFTEHLA
F = d(pg)/dy. s 23 5

T T T —TTTT 1T I I I [
REBUU —— 04 - DATA re
L © Plastic Ball
CASCADE — 0 EOS oo K=380 MeV
,.5.3[}[] - FOP| —— A 03 - e E895 s e
S EQ77 —+ g [ =
§2DD i NA4Y — $o2r o
= EOS —= c |
W, 01 [ T . :
100 rd . ¥ : -  cascave ) 167
Sahu, Cassing, Mosel, AO ('00) o - Danielewicz et-al("02)
0 L. K~300Mey 4 ... - K~ (167-300)-MeV
0.1 1 10 100 0.1 05 1.0 50 10.0
| Epear/A (GeV)
Beam Energy (GeV/A) e 2 e s
008 | s
Proton v, for AGS to SPS Energies ' '
0.06 | ] : ]
00a | AGS SPS | 0.00 ——————~ S e — ——— —
0.02 | F;" ’ 167 | DATA
-0.08 — o Plastic Ball
o 0 M . o EOS
® E885
-0.02 ool 300 o * EB77
004 | | - L K=380 MeV
Z S — [ PR B PR I
-0.06 | ISSB, AO, Otuka, MS::NS) T u.|1 0.5 1.I|:| 5!0 1f;.n
008 L Sahu, Nara ('05) . Br % Epean/A (GeV)
1 10 100

Einc (AGeV) 31




SPS(NA49) vs RHIC(STAR)
s SPS (NA49),Vs_ =89 GeV & RHIC(STAR),7.7-39 GeV

C. Alt et al. (NA49), PRC68 ('03) 034903 ool & ii ;
o ey P Ta o E
o fRnle -+ Hﬂ --------
= 02rA py < 2 GeVic i 40A GeV = 002 3 {5455, '7: T “‘f -
= i - | + 40’-30%5 | 39 Gev 5 =
2 oozt ¢ i 1o i
E 0 t.;.;:‘::‘ h __**** ]
e -0.02} t’, 4 § '!‘ |

0.02

| -0.02

Hadronic ** _. r— t.it ......... = _,‘?‘
Transport “*N\/ e w{ ¥ torew ’,'-}
w/ MF 015t b IMA%E —— 05 0 05 1 1050 051
=20 -1.0 0.0 1.0 2.0 y
M.Isse,AO,N.Otuka,P.K.Sahu,Y.Nara, L. Adamczyk et al. (STAR),
PRC72.("05)064908 PRL 112(2014)162301
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°
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BDo0—EE0S DEE

s EYZIILEBZFE->TEED EOS ZHYIAD B ESITE

s Vsy\=11.5 GeV TRLNHED 70— (dv,/dy<0)
— (5-10)p, IZBWVWTRHE EOS DL H N (XEREATT BE

%‘i&
4
=

0.3
. JAM  —— 7.7 GeV —-— JAM-X-over
g 011, - - 11.5GeV | 0.21 ... JAM-MF
\5 4.0 5,-':‘-‘:‘ . 19.6 GeV 2
QL2000 NN : 0.1-
il '”"'"- Pl ()
n 0 : | | T"'-I - M
0 2 4 . 6 8 10 12 14 :,;' 0.0
time (fm/c) .
. —— JAM cascade
0.6 —0.11
—  1.0.P.T.s/pg= 10 A 7 === JAM-1.0.P.T.
0.5r ———. 1.0.P.T. s/pg =20 a
oal X-over 51'"95 =10 ./_/ —I:]' , 2 _-r..

—— X-over s/pg = 20" a

—0.3

-2 -1 0o 1 2
Y.Nara, H.Niemi, AO, H.SYoecker, PRC94('16)034906.

o= or— o —— ) Y. Nara, H. Niemi, AO, J. Steinheimer, X.-F. Luo,
e (GeV/fm?) H. Stoecker, EPJA 54 ('18)18
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EYF)LEEE

# Virial

GZZP@'IW;

dG 1
%E:;pf"i_;vi“rﬁg > qi-(ri—r;)|=3VP

collision

Kinetic  Potential pressure from Collisions
8 Attractive / Repulsive Orbit Scatterings

o BEFBEAEFIVT L - BREADENDADEEFIED
@ Attractive orbits — AP <0 (softening)

@ Repulsive orbits — AP > 0 (hardening)

# Boltzmann Eq. simulating a given EOS
P > P(¢) — Attractive orbit, P > P(¢) — Repulsive orbit

FERFHFIZEETHNIE. RKILYRU AR TTRTOOvIILHER
32— TES!

|
=" m YUKAWA INSTITUTE FOR 34
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(5-10)p, TOCD HEEEBHHYE,

BB DB 05 EWE T
e e T)

N e
TR L Al
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LiR—k(5)

s EETS-THREEHLET, SBEELELAR—FEHLTES
L\ LIR—F ) D #HlIE 1 AR

s (Report 6) Wigner D 4E
([A, B))w = ih{Aw, Bw }p + O(R?)

ot
(Ring-Schuck text @) Appendix S, HEITY, )

s (Report7) M f ZAHAVNTIZILZEA DV RODIVMOE—%E

=L. 71}L~ﬁn+§§tﬁaglﬁl_$éﬁf'aﬁ% (BT, T>hA
E— 75‘1*71[1?‘6_&{—71-\
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Backups
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| Collective Flows at AGS and SPS Energies I
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Collective Flow and EOS: Old Problem ?

82 1970's-1980's: First Suggestions and Measurement
@ Hydrodynamics suggested the Exsitence of Flow.
@ Strong Collective Flow suggests Hard EOS
s 1980's-1990's: Deeper Discussions in Wider E. Range

@ Momentum Dep. Pot. can generate Strong Flows.
@ Einc deps. implies the importance of Momentum Deps.

@ Flow Measurement up to AGS Energies.

s 2000's: Extention to SPS and RHIC Energies
@ EOS is determined with Mom. AND Density Dep. Pot. ?

‘ Old but New (Continuing) Problem ! I

RE yoto T
THEORETICAL PHYSICS [ vITP kyoto 2321
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What is Collective Flow ?

(Directed) Flow (dPy/dY)| |Elliptic Flow (V.) Radial Flow (3r)
Stiffness (Low E) Thermalization Pressure History
+ Time Scale (High E) & Pressure Gradient DV
€= -VP
- _ — WV P
Until AGS Above SPS —V=[ —

A

] €
X
t UE >
In Plane V2 <0:
QOut of Plane
;]C.y v,fl_ay
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Side Flow at AGS Energies

# Relativistic BUU (RBUU) model: K ~ 300 MeV
(Sahu, Cassing, Mosel, AO, Nucl. Phys. A672 (2000), 376.)

s Boltzmann Equation Model (BEM): K=167~210 MeV
(P. Danielewicz, R. Lacey, W.G. Lynch, Science 298(2002), 1592.)

RBUU = cASCADE —

EB7T ——
EQOS —

‘RBUU ——
300 FOPI —=— -
EZGD I NA4YD —— |
&

0.1 1 10 100
= Beam Energy (GeV/A)

Prn.ax"fpl:}: —~2 -3 =5 —7
0.4 - DATA
O Plastic Ball :
- O EOS P K=380 MeV
0.3 — = EBO5 s S
02 300
. 210
0.1 | T T
---- 167
wr BEM
0,1 0.5 1.0 50 10.0
Epeam /A (GeV)
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Elliptic Flow

# What is Elliptic Flow ? — Anisotropy in P space
s Hydrodynamical Picture

@ Sensitive to the Pressure Anisotropy in the Early Stage

@ Early Thermalization is Required for Large V2

Out-of-Plane Flow pZ
y (v,<0) Vo=(—

L.

—Pry= (cos24)

A+ D

X

In-Plane Flow
(v, > 0)

/|\
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Elliptic Flow at AGS

s Strong Squeezing Effects at low E (2-4 A GeV)
@ UrQMD: Hard EOS (S.Soff et al., nucl-th/9903061)
@ RBUU (Sahu-Cassing-Mosel-AQO, 2000): K ~300 MeV
@ BEM(Danielewicz2002): K=167 — 300 MeV

(k.1

Au (X A GeV ) Au
min. bias b <7 fm

N R |

0.05 |

UrOMD

® Cascadoe
B Fotential
* [A95. 877

=1 f :
0 2 1y o b

"YITP 4%

#

10

Ep, BHCn utlru.n]_

12

0.1

005

005

RBUU

" RBUU &
CASCADE =

DATA €

-0.1

Au(11.6 A GeVic)+Au

b= 6 tm, abs(Yem/Ypr) @ 0.2

1] 2 4 ]

8

10 12

Prmax’ POy ~2 -3 =5 ~7
D'UE _l LI} I I T I T I L] LILJ I
o
DATA
167 « )
005+ o Plastic Ball
u ]
240 EOS
® E395
i * T
010 300 S Es7
K=380 MeV
el 1 M T | v e rael
0.1 05 1.0 &0 10,0

Epoar/A (GeV)
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Elliptic Flow from AGS to SPS
s JAM-MF with p dep. MF explains proton v2 at 1-158 A GeV

@ v2 is not very sensitive to K (incompressibility)
@ Data lies between MS(B) and MS(N)

0.08 — —_— —_—
Proton v, for AGS to SPS Energies
0.06
0.04 AGS SPS
N B N ﬁ _
0.02 3
> 0

ﬁﬁﬂ}

MF for Res

v

1

-0.08

E, . (AGeV)




Elliptic Flow @ RHIC I
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Elliptic Flow in Hadron-String Cascade (I)

s Hadron-String Cascade (JAM) @ RHIC
@ Hadron Yield is reasonably explained up to 2 GeV/c (10-20 %

error)
@ v2is underestimated (20-30 % (integrated), 50 % (p,. > 1 GeV)
Au+Au (Vs = 130 A GeV) S Au+Au (Vs = 130 A GeV)
o . . . :
PHOBOS  —e— - JAM — > 10 PHENIX (Min. Bias) / JAM (b < 13 fm) |
800 | BRAHMS (5%) —=— ' S 102
PHENIX (5%) —— -
— 600 T 10!
o E - -
% 400 - © 10°
_ et E e E
200 ”\Mid-Central (15-25%) & 107
Z L _
0 | | | | : s 10 , , ,
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Elliptic Flow in Hadron-String Cascade (Il)
Sahu-Isse-AO-Otuka-Phatak 2006

s Why do we underestimate v2
in Hadron-String Cascade ?

@ v2 growth time is long

(~ 10 fm/c), due to hadron
formation time ( T~ 1 fm/c).
— much longer than hydro
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Results of Parton Cascade

s Unexpectedly high parton cross sections of 6 =5-6 mb have to be
assumed in parton cascades in order to reproduce the elliptic

flow.
ZI-WEI LIN AND C. M. KO PHYSICAL REVIEW C 65 034904
U.OS_"'I"I L L T L L | L T O_EU‘ 1T 1 LI I L R |
5 s | ® STAR data ]
0.07 - ] ) A—A no string melting
[ e 4 0.16 | ®=--83 mb with string melting
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S 0.04 F ] £ 0.10
0.03 } ] 0.08
f ® STAR data - 0.06 F
0.02 + &—Ano string melting ]
- E---83mb with string mclting\ﬁ e
001 f e+—e6mb ‘ 1
b ¥F—¥10mb 0.02
(W) mo e e L 0,00 — — — —
00 01 02 03 04 05 06 07 08 09 LO 0.0 0.5 1.0 1.5 210
Nul e P (GEV."C)
FIG. 3. Impact parameter dependence of elliptic flow at FIG. 4. Transverse momentum dependence of elliptic flow at

130 4 GeV. The data from the STAR collaboration [7] are shown 139 4 GeV. Circles are the STAR data for minimum-bias Au-+Au
by ﬁ]le_d '311"31‘57 while the theoretical results for different partonic  qjisions [7]. and curves represent the minimum-bias results for
dynamics are given by curves. charged particles within 5=(—1.3.13) from the AMPT model
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Cascade vs Hydro @ RHIC: Au+Au

s Comparison of v2 as a function of vV,

@ Cascade predict smaller v2 in peripheral collisions

@ Data lies between hydro results with two different initial condition
CGC (Color Glass Condensate) and Glauber type initial condition.
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