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| Introduction I

( K. Werner, hep-ph/0206111

* A. Schaelicke et al., hep-ph/0311270
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Schematic picture of A + A collision
J.S. Lange, hep-ph/0403104

Event generator view of pp interaction
at high energy

STAR: Au+Au collision at /s=200 GeV
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‘Basic principles of microscopic models I
(

Transport equation

Ego)fl(x,p,t) = C(x,p) + S(x,p)
O N /, NN/ —_———

streaming term collision term  source term
Model:

Input:
[I Initialization of projectile and target
[1 Fermi-gas model; liquid drop

[0 Propagation (with given H) model
. _OH [0 Potentials: Coulomb, Yukawa,
Pi = T Skyrme, etc.
. OH
= op; [0 Cross sections (tabulated); res-
onances (widths and branching

ratios);
[0 Partons (distribution and clus-
terization) or Strings

[1 Scattering and particle production

O ( next time-step)
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‘The string picture I
K. Werner, hep-ph/0206111

Let us consider e*e™ annihilation. Elec- The string breaks via quark-antiquark
tron and pOSitron annihilate and form a production' and these new string pieces

virtual photon, then the virtual photon are fina"y hadrons or resonances.
decays into a quark-antiquark pair. Uu dddd 3s U

@. C® @000 O® O—
s n 5" K
The space-time picture of the string
""""""""" dynamics: at given 7 (hyperbola) the
velocities of the string pieces (arrows)
point all back to the origin and are

larger towards the edges. This string

The quark and antiquark move apart gocay provides a flat rapidity distribu-
from each other tion.

-—o 0—
But there is a gluon field acting between
the two, whose energy is proportional to

the separation distance. This object is
called string.
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‘Hadron-String-Dynamics (HSD) approach I

W. Cassing, E. Bratkovskaya, Phys. Rep. 308 (1999) 65
W. Cassing et al., hep-ph/0311358

PR r N
g <«
b
N b ’ e, —
| L™ Model features
q r
| baryons:

) N, A,N*(1440), N*(1535), A, 3, 3%,
\ ~ =, 2%, () 4+ anti-states;

mesons: 0,1 octet states;

hh @ /s > 2.6 GeV: FRITIOF +

PYTHIA(5.5) + JETSET(7.3);

| lower energies : in line with exper-
imental cross sections;

) | very high momentum tail

PYTHIA(6.2);

formation time 7r ~ 0.8 fin;

| o explicit parton cascading

1 [

[]

S1 S

Schematic picture of N + N collision
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‘Dual Topological Unitarization Models I

These models are based on Gribov-Regge field theory (color exchange)
Cylinder digram

The simplest topology which contribu-
tion does not vanish at s — oo is a
two-string diagram

Planar digram

In hh interactions a one-string mecha-
nism (with quark-antiquark annihilation)
is possible in pp collisions but not in pp

)

OOOOO0OOOO0O0O0n

Vol

OOOOONOOOOOONONON

_J

Such a diagram corresponds to the
Pomeron exchange in the GRT (weight
o« 1/N?). Its square has the topology
of a cylinder

Such a diagram corresponds to the
Reggeon exchange in the GRT (weight
o 1/N; contribution o« s~1/2)

! 3 ! 3 an
a—
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‘Hard processes and multipomeron exchanges I

The inelastic hh cross section i, (s) can be calculated via the real part of the
eikonal u(s, b)

Tin(S) = 27r/ {1 — exp [-2u®(s,b)]} bdb

The eikonal can be presented as a sum of three terms corresponding to soft
and hard Pomeron exchange, and triple Pomeron exchange, which is responsible
for the single diffraction process,

uR(Sa b) — u?()ft (87 b) + uEard(Sv b) T ulfzi"iple (Sa b)

Using the Abramovskii-Gribov-Kancheli (AGK) cutting rules we get

oin(s) = Z oijk(8) ,
i,j,k=05i+j+k>1
oik(s) = 27r/bdb exp [—2u (s, b)]
0
0 0 R k
2uR (s, b)]" [2uR,_. (5, b)]’ |20ipia(5: D)
X - .

i! j! k!

The last equation enables one to determine the number of strings and hard jets.
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|Transverse Collective Flow of Particles I

Reaction Plane Flow Decomposition:
X (directed X _ .
@é& e o ow Transverse flow = Radial
,\@‘Q\Q& _ + Bounce-off + Squeeze-out
B
5 K2 S. Voloshin and Y. Zhang, ZPC 70 (1996) 665

Modern analysis:

Transverse flow =
Radial + Directed + Elliptic + ...
{isotropic} {anisotropic}

Y (squeeze-out flow)

off plane squeeze-out|

E

d3N 1 d2N >
= 1 2v, !
p o7 prdprdy ( + Z Vn €OS (ng')

=

Il

[y
N——

bounce off

Elliptic flow:

off plane squeeze-out]

Directed flow:
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Au+Au

‘Softening of Directed Flow I

L. Bravina, PLB 334 (1995) 49
H. Liu, S. Panitkin, N. Xu, PRC 59 (1999) 348

L.P. Csernai, D. Réhrich, PLB 458 (1999) 454 R.J.M. Snellings et al., PRL 84 (2000) 2803

G. Burau et al,, PRC 71 (2005) 054905

0.1}

T N T T
11 AGeV Data

-0.1}

0.5}

11 AGeV Hydro

-0.5¢

¢® 000004 1 O e et T TN
o0 ..nn © |
o T g0 " QGP
0000004 ® |
L ..... _|
(Y
S B S MR . .
_ 0 1 Wiggle structure: The effect is more
y/y pronounced in peripheral and light-ion
cm

collisions, therefore, it cannot be ex-

Transition to the Quark-Gluon Plasma plained by the softening of the EOS

— decrease in pressure —— softening because of the formation of strings
of the directed flow

QGSM calculations for Au+Au at /s =
200 AGeV )
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R.J.M. Snellings et al.,

Rapidity dependence of the v; of 7, NV

|Directed Flow at RHIC I

PRL 84 (2000) 2803

M. Bleicher and H. Stécker, PLB 526 (2002) 309
Rapidity dependence of the v; of 7, K

RQMD calculations for Au+Au at
Vs =200 AGeV (5fm < b < 10fm)

0-05 u T T T
—————— . Au+Au, s'/>=200 AGeV, min. bias INg IJ
Al (a) nucleons t (b) pions 0.04 + ... !
B i T § o 8 .
i " 0.03 . ]
.
2 L PO o i 0.02
=) + s
= o : 0.01 |
2 N U
8 O ‘é """" ¢¢? """"""" T 5;;";&""’"" """"""" B ; 0.0
4= * £ 3 L
z o ° . 0.01 |
< ‘+ o *
_2 - , ¢ * £ * |
* | . -0.02
! -0.03 .
-4 + * Vl ° © - ’.
‘ S | -0.04 | # _——
-5‘ 0550 “5 TR o ‘ | | “KJ
Rapidity 05 o - = 0 5 ; p
y

UrQMD calculations for Au+Au at
v/$ =200 AGeV (minimum bias events)

Antiflow / vanishing of flow at midrapidity
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|Directed Flow at RHIC I

( H. Stdcker et al., nucl-th/0412022
. g L.-W. Chen, V. Greco, C.M. Ko, P.F. Kolb, PLB 605,
Rapidity dependence of the v, 95 (2005)
- _ Rapidity dependence of the v; of
AuAu, %=624GeV Y charged hadrons
0.05 4fm<b<8fm 4 l l ' l ' l
Au+Au@200 AGeV
5 . ® [STAR (10-70%)
>H 0.00 |- -- R
UrQMD 1.3: &\O/
005 | P %)
it c
- . o
B —s—K o
oMy oA o ®
040 4 3 =2 -1 0 1 2 3 4 =
y §®)
o)
0.10 - E')
12 m
Au+Au, s =200 GeV i <
4fm<b<8fm ,_8
0.05 (@]
>‘_ p
= 0w —A— w/o string melting
= -4 u T u T T T T ' T
UrQMD 1.3 -4 -2 0 2 4
.0.05AT ; :::: iDZ: n
ool AMPT calculations for Au+Au at
5 -4 -3 2 1 0 1 2 3 4 5 . . .
y v/$ = 200 AGeV (minimum bias events)
UrQMD and HSD calculations for Au+Au
at /s = 200 AGeV (4fm < b < 8fm)
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|Directed Flow at RHIC I

-

M.B. Tonjes et al. (PHOBOS Collab.), JPG 30 (2004) 1243
Centrality dependence of the DF of
charged particles in QGSM Directed flow of different species
0-06:""|""|""|""|""|""|""|""|""|""|"'|"" 0.1 pr e ey .
0.05 F Ch Au+Au at 200 AGeV . 0.08 | Ch Au+Au at 200 AGeV ki
. PHOBOS 6-55 %|cent aad PHOBOS 6-55 %centr|
5 I_ [ ] QGSM 0-6% _: 0.06 L QGSM N ]
0.03F 6-55% i ’ C AN*0.5
- 95-99% ] 0.04 F 1tand ch ]
0.02 - E B ¢ ]
001} |@ 5 0.02 | 3
3 ol : S o
=k ] s F ® ]
20.01 | E 0.02 [ ®L -
002 f + ] ; ®
. ] -0.04 | - .
-0.03 F 3 - ]
-0.04 F ! 0.06¢ E
-0.05 | 3 -0.08 |- 3
-0.06:""“"|'"'|""l""|'ll'|'ll'|'lll|llll|llll|llll|llll: _01:“”””,”|””|””|””|””| Livialirsl !
6 5 -4 -3 -2-101 2 3 45 6 6 - -3 2-1 0 1 2 3 4 5 6
y y
(1) DF increases with rising b Antibaryons have strongest antiflow
(2) Exp.: antiflow increases up to because of annihilation
fragmentation regions
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‘Development of Directed Flow I

Resulting flow = normal flow - antiflow

——— — L. Bravina et al.,, NPA 715 (2003) 665c
b=81m AutAu s’ ‘130AG€V ] Directed flow v (y, all p;) of ¢, N, K in
t="7fmic = 233 | minimum bias Au+Au events at /s =

1 130 AGeV

X (fm)

antiflow

Directed flow of ¢ mesons v;(y) has
z (fm) . .
negative slope (antiflow) at |y < 2 .
Although the normal flow component is This distribution is similar to those of
always slightly larger than the antiflow other hadrons at |y| < 2 in Au + Au at
one, in central rapidity window the anti- /s = 130 AGeV because of similarities
flow can overshadow its normal counter- of their production and dynamics

part
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|Directed Flow at SPS I

-

C. Alt et al. (NA49 Collab.), PRC 68 (2003) 034903
Rapidity dependence of the v; of 7, IV
e 0.08 pre———r—rr = = ==
eripheral - 3 <2GeVic E F b=2f - b=4f - b=6f @
- perpnerd 2 ok prsosi t 18AGevy [ bb. %015 ol bib, =030 ,* [ bib,, 045 J°
g S 0. 25 - &N (] - Y :
g s 00Oz o o .. ..o o
-0.02F = o Ot Re'o SllesSe
-0.04F° 0 %%gﬁeo%w DOO .%Ooooo
-0.06 b .. g .. ..
H F @ s N
0.06 S 0.2 [o® - e o
004 i S \H‘\:..H‘\Hm”\:Q,H\H\Hm
002p > " b=8m e [ b=10fm T p=12m o
OF 0.2 | b/by,=060 % [ b =075 ® | bb, =090 @
-0.02E i i o o
0.04f ° o 4 o .
0,06 o0 0 e e® O
nnn: 0 - UO (2%; fa) O: ) %% (@) j)h ..%Qe.. <
0.0 0 o o O o® o0 F e 0P
0.04F o [ ] - N
0.02F " o p o o
oF -0.2 » 3
'0-02; ES ..Pb-l‘-Pblii‘OAGe‘VF‘. inllonolloool
-0.04F : R E 0 2 4 6 0 2 4 6 0 2 4 6
E —0.065—. o ° .Vl sfandlard E y
2 15 1 05 0 05 1 15 2 008 IS 1 05 0 05 1 15 2
rapidity rapidity .
QGSM calculations for Pb+Pb at 158
: AGeV
NA49 Collaboration results for Pb+Pb at Ge
158 AGeV (p; < 2GeV)
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Kaon flow at SPS

‘PT Dependence of Directed Flow I

L. Bravina, L. Csernai, A. Faessler, C. Fuchs, E. Z., PLB 543 (2002) 217

'0| ! .éw&i #H<Lé 4333 ¢¢<*+I*

S

v, (Y, Ap;, all b)

O.ll
o

TN NS
s %
‘06<‘pT<O‘9GeV{c‘ I ‘all‘pT‘ Lo |
1 2 3 4 5 0 2 4 6
y y

Strong difference between kaons and
antikaons
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Kaon flow at RHIC

| e K'+K°
- oK +K°

Au+Au s¥’=130AGeV
P RN SRR SN NN

e) L +
% [ O 0634)
- an ®
- [ @ aU@@c /
% [ F?% )
= [t
— 1
>
¢ 3
@
¢O‘GQQGQ_QG = ,!3
i
[ ‘ ‘ 0.9‘< pr < %.O GeV/(‘: [ ‘ ‘ aI‘I o
4 -2 0 2 4 -4 -2 0 2 4
y y

No difference between kaons and
antikaons
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‘Directed Flow (Conclusions): I

[1 Microscopic models reproduce, at least qualitatively, basic features of the v,
development

[1 Directed Flow = Normal Flow — Antiflow
Normal Flow > Antiflow (except of the midrapidity range)

[1 The softening of the flow may be misinterpreted as the softening of EOS
due to formation of the QGP, but:
QGP — the effect is stronger for semi-central collisions
Cascade — the effect is stronger for semi-peripheral and peripheral ones

[ At RHIC: The directed flow of both mesons and baryons is zero or
antiflow-oriented at |y| < 2

[1 The directed flow of high-p; hadrons is elongated in normal direction
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‘Elliptic Flow at RHIC I

E. Z., L. Bravina, A. Faessler, C. Fuchs, PLB 508 (2001) 184

| ® all diagrams

| m all diagrams

PPNP 53 (2004) 183
M. Bleicher and H. Stocker, PLB 526 (2002) 309
S. Manly et al. (PHOBOS Collab.), NPA 715 (2003) 614c

0.075 | T | , "
- O w/ohard & chains F O w/ohard & chains
g | EISTAR data
0% | oaf & a1 A
N A , V. [~ Yy o
>o.025 *’¢”””¢“ g F v STARdata,v§{4} i o
g | + + | g E ¢
o W F -
L s T A AL PV N STLY
1 AutAu %=130AGev | | 4 prOBOS data¥ > Cort | pas i H&
EvollonnlloonlonolonallonlBoolonollonnlonolonallog L Y [
0075 | @ all diagrams | ™ all diagrams N, o A FEREET f+ F
- Ow/ohard & chains - O w/ohard & chains - ® Ny (n[<13) - B N, (nl<13)
- - 0.1 - A 1y (lyl < 1.0)
N 0.05 ? UrQI,\+/|+[1 ++++ ? ﬁ+ﬁﬂﬁ+ﬁ B E v R&MD, Tt (ly]<15)
> g it ! i b i i
0.025 +§I¢¢+¢+¢¢I¢+ Y.Hin{:%] +¢ E+++++ &EH'

+ it el XOUUR STt aat).
ik 4 Gl +++%¢Mvv,,,,v
1 AurAu s”=200acev 1} ey ey kgl T T
‘4‘2(‘)££‘1‘4‘2(‘)££‘1 0O 02 04 06 08 10 25 5 75 10 125

y ; N/ (N max b (fm)

(Pseudo)rapidity dependencies of the elliptic flow of charged particles in the
whole 7 range at both energies were obtained before the experimental data
became available
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‘Elliptic Flow at RHIC I

(M. Bleicher and H. Stécker, PLB 526 (2002) 309 Origin of the two-hump structure
0.035 G. Burau et al,, PRC 71 (2005) 054905
®p . . . .
o0s| L P , The number of binary particle collisions per pseu-
Au+Au, 51/2=200 AGeV, min. bias . - - o o .
0.025 | | dorapidity interval normalized to its maximum as
e A S function of the pseudorapidity difference An =
Toosl . et T m — 12 (left) and the mean pseudorapidity 7 =
oo . f (m1 +12)/2 (right) of the two colliding particles
0.005 | ’ " | IQIGSIMI: t;inlar;l clolllisilorls ;vi;h IA1I]:I1]I1—I1]ZI | + IQIGISI\I/I: Ibirllarly Icollli;iolnslwlithl ﬁI=I(T'lI1+InZI)/2I | E
I B B 2 1 I
0.025 — ‘ g/ . ot sim ;‘g
¢ K % 1 5
0.02 | Au+Au, s"/?=200 AGeV, min. bias 2’: sk __ Jos :i
3% Z8
0.015 ..-..- ‘_.-u. -5 Z
s "o g - ) 2 =mb=2fm
. "-_-.. . | ! ®—®bH=8fm
001 - s ¢ : 0 I I I I I I i,
n n 4 2 1] 2 4 4 2 0 2 4
. . An N
0.005 R . ]
ety Tl Left: particles with similar rapidities
004 O . .
© 4 2 0 2 4 interact most likely

Right: a double peak structure appears in
the same rapidity region as seen for the

v2(n)

UrQMD calculations for Au+Au at
Vs = 200 AGeV (minimum bias
events)
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Centrality Dependence

not good.

0.12
"\\x - eWN
\Y)
2 0.1 ---- sWN
‘‘‘‘‘ - eBC
0.08f ™. = sBC
% — sat.
0.06} % B3 STAR data
é
0.04r
0.02;
0 1 1 1 1 1
0 0.2 0.4 0.6 0.8 n | 1
ch max

‘Elliptic Flow at RHIC (Hydro) I

P. Huovinen et al.,, PLB 503 (2001) 58

T. Hirano and K. Tsuda, NPA 715 (2003) 821c

Pseudorapidity Distribution

0.08

0.07}
0.06
0.05}
>¥0.04 -
0.03}
0.02}
0.01}

T

prelirﬁinary PI—‘IOBOSd‘ataHH
ICA— ]
ICB -~ |

The agreement between the experimental distributions and model simulations is
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0.06
0.04F

0.02

v,(n)

0.06
0.04

0.02

E CH 3-15%central | 15250 midcentral
PHOBOSdata 3 QGSM predictions 3
0.06 |

IIIIIIIII IEEI IIIIIIIIIIIIIIIIIII IE
peripheral 3t AU+Al at 200 AGeV 3

|3 minimum bias 859.04

>
0.02

Vs = 200 AGeV

bias events.
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va(n) of charged hadrons in Au+Au at

for (a) 0/0geo =

‘Elliptic Flow at RHIC I

B. Back et al. (PHOBOS Collab.), nucl-ex/0407012

L. Bravina et al., hep-ph/0412343

Rapidity dependence of the v-

LB L L L L LB L LB BLELEL LN BLELELELE B LR

F Au+Au (b=8fm) at 130 AGeV N

L LI L L

11111111

> X A

1111

No difference for different species

Collective flow and freeze-out in relativistic HICs (page 20)

0 — 15%, (b) 0/0geo = 15 — 25%, (c) v2(n) distribution of 7 N, KA
0/0geo = 25 — 50%, and (d) minimum Au+Au at /s =200 AGeV




‘Elliptic Flow at RHIC I

Rapidity dependence of v; in Au+Au at /s = 63 AGeV

0.06 RARRLARARE REARS RN MRS RALLE RAALS RARES RALES RAARS RALES RLLR]
[ TT Au+Au (min.bias) at 63 AGeV ]

0.02 |

(1) No difference for different species
(2) The flow is only slightly weaker than that at 200 AGeV
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0.1

T[T

TTTTTTTITTT

LN LR

ETT Evolution: ;
. Au+Au (b=8m) at 130 AGeV 180ffmm/c‘if
: 6 fm/c

10 fm/g
8 fm/c]
6 fm/c
4 fm/c3

t=80 fm/d

4fm/c§

‘Time Evolution of the Elliptic Flow I

PIONS (Au+Au, 130 AGeV, b=8fm)

Collective flow and freeze-out in relativistic HICs (page 22)

NUCLEONS
0.1 P AR —
E N Freeze-out: t:%glfm;cé
: d
E Au+Au (b=8fm) at 130 AGeV 8frrn1r}c5
0.075 3 6 fm/c]
— 3 4 fm/c3
) : ]
<005 E
0.025F 3
OI """"" R A
F N Evolution: t=80fm/d
i 10 fm/d
0.06 8 fm/c
£ 6 fm/c]
— . 4 fm/c
> F ]
~<0.04F =
>k 5
0.02 F 3
0 E P A\ A P gl E
-5 0 5
y

(1) The earlier the freeze-out of pions, the stronger their elliptic flow

(2) The later the freeze-out of nucleons, the stronger their elliptic flow
(3) The flow formation is not over e.g. at ¢t = 6 fm/c due to continuous
freeze-out of particles
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F K evolution at
F Au+Au (b=8 fm) at 130 AGeV

(@)

T[T T T T T ITr 7T

.................. T
! T T

T TTTTTTT

||||||

: 4fml/c]
: 6fm/c]
: 8fm/c]
1 10 fm/d
: 20 fm/c]

-5 0

‘Time Evolution of the Elliptic Flow I

KAONS (Au+Au, 130 AGeV, b=8 fm)

TR [V v oo Uy T
- A evolution at ]
0.075 E 2. 4fm/cH
E 3: 6fm/cH
F (a) 4: 8fm/c]
— F 5: 10 fm/c]
\>c)\| 0.05F 6: 80 fm/c]
> : 6 ]
0.025 - —
OE:'....:.::.I........:I
A frozen at ]
F AutAU (b=8 fm) at 130 AGev £ £IMC
0.075 _ (b) fm/c_g
= E 6 0fm/q
\?*(,\] : 0 fm/c]
0.025 F =
O E, 1. Ll
-5 5

Collective flow and freeze-out in relativistic HICs (page 23)

(1) The earlier the freeze-out of kaons, the stronger their elliptic flow
(2) The later the freeze-out of lambdas, the stronger their elliptic flow

This is the main difference in the formation of the elliptic flow of mesons and
baryons



‘Sequential Freeze-Out I

L. Bravina et al., NPA 715 (2003) 665

-

L. Bravina, L. Csernai, et al., PLB 354 (1995) 196

RHIC

0.06 gr——————— A RRERE R s

- g Au+Au at 130 AGeV 1

= g — NinQGSM ]

s, g . A :

% 0.04H . L. K E
‘3:-!—'
kS,
S~~~
Z
ge

(1) compared to lower energies, many
hadrons leave the system immediately
after their production

(2) mesonic distributions are peaked at
t=8—10fm/c

(3) distributions of baryons are wider
due to the large number of rescatter-
ings

Freeze-out order: 1 - pions; 2 - kaons;
3 - lambdas; 4 - nucleons
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‘Freeze—Out and Elliptic Flow I

Au+Au (b=8 fm) at /s = 130 AGeV
dn/dt

freeze-out Vo(y=0) (1) Substantial part of
| Ol hadrons leaves the sys-
tem immediately after
their production within
the first two fm/c.

(2) Baryons and mesons
are completely different:
pions emitted within
the first few fm/c carry
the strongest flow. In
contrast to pions, the
baryon fraction acquires

1 0.06 F
1 0.04 F

1 002 E

1 o008 E
1 0.06 H
1 004 F
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|Freeze—0ut of Hadrons at RHIC I

( L. Bravina et al., hep-ph/0412343

Time evolution of m and rr spectra  Rapidity and z— distributions

i NAu+Au (b=8) 130 AGeV/ |

g

075 1 | R S ay |
m;-m,, GeV M, fm 4 2 0 2 4 -50 0 50
y z, fm

Pions are emitted mainly from the overlapping almond-shaped zone in
(z,y)-plane of nuclear collision. As the radial symmetry of this region is
restored, the elliptic flow of pions becomes weaker. Nucleons are coming both
from the overlapping zone and from the spectator regions. This circumstance
explains why the v’ maintains its strength after t ~ 12 fm/c.
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‘Freeze-out and Elliptic Flow of 7, N at RHIC I
(

Anisotropy in coordinate space and elliptic flow of nucleons and pions in Au-+Au
collisions at /s = 130 AGeV with the impact parameter b = 8 fm.

t= 4. fml/c

-1 01 2 3

p,, GeV/c
Strong anisotropy in coordinate space, Anisotropy starts to develop in the
but weak anisotropy in the momentum  momentum space for low momenta
space
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‘Freeze-out and Elliptic Flow of 7, N at RHIC I
(

Anisotropy in coordinate space and elliptic flow of nucleons and pions in Au-+Au
collisions at /s = 130 AGeV with the impact parameter b = 8 fm.

-20  -10 0 10 20 3 -2 -1 0 1 2 3 B 2 -1 0 1

X, fm p,, GeVic P, GeVlic

Nucleons leave the overlapping region;
at the end of the reaction we see the
pronounced maxima at centers of nuclei.
Most of the pions is staying within the
overlapping area till the end of reaction

The anisotropy in coordinate space
(almond-shaped region) is transformed
into the anisotropy in the momentum
space.
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‘Elliptic Flow at RHIC I
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G. Burau et al,, PRC 71 (2005) 054905
B.B. Back et al. (PHOBOS Collab.), nucl-ex/0407012
J. Adams et al. (STAR Collab.), nucl-ex/0409033
Centrality dependence of v, in Au+Au at /s = 200 AGeV
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Good agreement between model simulations and experimental data



‘Elliptic Flow at RHIC I

Transverse momentum dependence of v,

Both UrQMD and QGSM show crossing of the elliptic flow for mesons and
baryons. This agrees with the experimental data

September 30, 2005 Collective flow and freeze-out in relativistic HICs (page 30)
QCD at Cosmic Energies -l

M. Bleicher and H. Stécker, PLB 526 (2002) 309 G. Burau et al.,, PRC 71 (2005) 054905
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‘Elliptic Flow at RHIC I

. QGSM:
Hydrodynamics:

— Ut v U * U ° I v
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| | ‘ | ‘ | | 0.20 | m QGSM:h, (min.bias)  Au+Au @ s"?=200 GeV
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The magnitude of the v (p;) distribution is underestimated
Possible explanation: jets
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[Elliptic Flow at 40 AGeV |

-

H. Stdcker et al., nucl-th/0412022
C. Alt et al. (NA49 Collab.), PRC 68 (2003) 034903 02 Pb+Pb,40AGeV |  , Pb+Pb, 40 A GeV
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Collapse of proton elliptic flow:
evidence for a first order phase transition
or for non-flow two-particle correlations?
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‘Elliptic Flow and Freeze-Out (Conclusions): I

Microscopic models reproduce, at least qualitatively, basic features of the v,
development, i.e. centrality, rapidity, and p;- dependences

]

EF of hadrons increases with rising Pr
EF at y = 0 reaches maximum at { ~ 8 fm at RHIC
The magnitude of the v2(p:) distribution is underestimated at p, > 1GeV

OO O Od

Pions are emitted mainly from the overlapping almond-shaped zone of the
reaction. As the symmetry of the almond is restored, their elliptic flow
decreases. Nucleons are coming both from the overlapping area and from
the spectator domains

[1 Freeze-out dynamics for baryons and mesons is different and, therefore,
development of particle collective flow should be studied together with the
freeze-out picture

[1 General trend: The earlier the freeze-out of mesons, the stronger the
v¥(y = 0) , while the vy of baryons frozen earlier is weaker than the v, of
baryons frozen later on
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|more distributions... I
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|more distributions... I
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