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Elliptic flow @ Low pT
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Elliptic flow @ Mid p+
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Quark Number Scaling baryon meson
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Integrated v2
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System Size Dependence

Eccentricity Scaling
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System size dependence
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System size dependence
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System size dependence
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System size dependence
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System size dependence
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System size dependence
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Universal v,

»Quark number + K.+ scaling
»Universal Scaling
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Quark number + K.+ scaling (AuAu 62.4GeV)

i )
PHENIX: Error bars include both statistical and systematic errors. Centra“ty 10-40 %
STAR: Error bars include statistical errors. Yellow band indicates systematic errors. Star results : Phys. Rev. C 75
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Scaling &&8
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Universal Scaling
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quark number + K¢ eccentricity + Npart'3 scaling
1 |vzln vs. m_-my/n_ 1 I v,/(n *e,,) vS. m_-my/n_n
i q T q q par T q 113
vzl(nq*epa,"Npm) VS. mT-mt,Inq T
%0.2_ 'E 1: =
> L * 0-10% .- * 0-10 % eg
0.18F- ° b X ’ B4 * 0-10%
- * 10-20% > F * 10-20% & |
0.16]- 0.8 irjz_ * 10-20 %
r 20-30 % - 20-30 % S
0141 0.7F > ¢ 20-30 %
: * 3040 % : * 30-40 % 0.1
0.12- 0.6 - * 30-40 %
- 40-50 % . 40-50 % I
L 0,
0.1F 0.5F 0.081 40-501%
L . * r L
i » r # i
0.081 . 0.4 § r &
C * . e i 0.06/ .
[ * Py L . » I . e W
006 ST 0.3f L9 s 3 [ - 8
r A & - st £ ® 0.04F .
0.04F e . * . 0.2 ..Q. s - o
I » * * L * - L] - ” w
C et ! r - § 3o - ¥
002f g%, 01 o 8% 0.02\- ¥
i i. F&” [ &
O—IIIIIlllllllllIlIIlIlllllllllllllllllllllllllllll :llil.llllIIllllIlIllIll1lllllllllllllllllllll[llll [ =
0 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0-9 1 0 IIIIIIIII|lIIl|IlIIIIIlI|IIIIIIIIIlIIIllIlIIlIIlI
me-mg/n, m,-my/n 0 0.1 02 0.3 0.4 0.5 0.6 07 0.8 09 1
T a m-my/n,

Vo(Ker/ng)ng/e o /N o1& I ZREICEDY —

38



Universal Scaling

113
vzl(nq*epa,*Npa,t) VS. mT-m(,Inq

€ Different Energy (200GeV ~ 62.4GeV)

0.141 * 0-10 % & Different Centrality (0-50%)
¢ 10-20 % & Different particles (m/ K/p =+*)
0'12:_ o 20-30 %
0.1 m K * 30-40 % {}
i AD 40-50 %

0.06 TEHE l

LB 1/3
Lo i SR nqxst

0.04/ % art
N
0.02

- ¥
L 5a
0 —El I L1l I L1l I L1l | | I || | || | || | L1l ] L1l

0 020406 08 1 12 14 16 18 2

my-m,/n [GeVic] Universal Curve !

39

2%




R Fi%fE2E

T EIARE

BEDEED

EE S OB FHERAEeDRE
eMBIENBEIRE
Vv, NER DR, HE

quark OFEFICITESELNTHE

BEI(Z{k7FELT-radial flowHh FE

L LAY

40



High p; charged hadron v,

+ Npart'3 scaling

V, VS. Pt eccentricity scaling
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Scaling (4th)

QM20086, S. A. Voloshin QM2006, R. Nouicer
C ' T T T
W - —— E_,/A=11.8 GeV, AutAu. EB7 -
~ 0.3 HYDRO (EoS H) E_ /A=40 GeV, Pb+Pb NA4S PHOBOS preliminary
o YL —B S e W 200 GeV. Au+Au, tracks ¢ 130 GeV. STAR
> [ HYDRO (EoS Q) 5 E_/A=158 GeV, Pb+Pb, NA4 ® 200 GeV. Au+Au, hits = 17 GeV, NA49
0.25 [ freeg, 0.3 |—* 130 GeV. AutAu, hits W 4 GeV, E877 _|
. - * ® 624 GeV, AutAu, hits
[ @ 19.6 GeV, AutAu, hits
0 2 [ ~ B 200 GeV. Cu+Cu, tracks
Y #® 200 GeV. Cu+Cu, hits
N §. ® 624 GeV, Cu+Cu, hits
- . 5 IR 0.2 —* 22.4 GeV, Cu+Cu, hits —
0.15¢ = + ’+ + +
- - B L0 [STAR Prelim. vAAFTPCYe,, (2} >
0.1 B8 —e— \5,,=200 GeV, Au+Au
- T —e— 5,762 GeV, Au+Au 0.1 ]
'3: 3 .

B —a— \ls, , =200 GeV, Cu+Cu
0.05F = |

2 —o— 5,62 GeV, Cu+Cu
STAR Prelim., v,{ZDC}e_,
—<— \IS -200 GeV, Au+Au

| | |
0o 10 20 30

0510 15 20 25 30 35
1/S dN _, /dy 1/(S) (dN_ /dy) [fm™]

SPS M5 RHICEZ TIE#R

R EETERRAZ{RE Lhydro limit[Z 2|2
LTL\%

42



Quark number + K+ scaling (PoPb 17.2GeV)

v, of p, m, A - C. Alt et al (NA49 collaboration) nucl-ex/0606026 submitted to PRL
v, of KO (preliminary) - G. Stefanek for NA49 collaboration (nucl-ex/0611003)
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Conclusion
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Direct photon analysis

Direct vy Hadron decay vy

hard scatter v, =0

Jet Brems.

Jet Fragment v,>0
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Direct photon analysis

Direct photon v, at 200GeV Au+Au (Run4) DAL
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Rapidity dependence

T. Hirano, U. Heinz, D. Kharzeev, R. Lacey, Y. Nara, PLB 636 (2006) 299
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LHC TV, 55 L& (2)
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Mmid rapidity TODv,[XEZ S ?

W. Busza, LHC Workshop, May/2007
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‘m+ scaling” of v,

||||||||||||||||||||||||

L L N B
oaf. 020 % centrality 1 PHENIX preliminary
[ e+ 1
[ TK K I
0.2? Ap+p T
I .l i I .
o1 :ll' ‘ } + et ¢
[ iyt i ,’,,,P
G_I ...‘,“‘ ................ S P S E——
Lo e B L B L B LA L B B AL LA
oa. 20 - 40 % centrality 1 PHENIX preliminary
LA I
(KK O | .
02 4 p+p i -+ s
i bt L T Vet
i jout I -
0.1~ ..'-'l + ¥
[t ::,..i'
[ emat 1
oo
- 40-60 % centrality 1 |
0.3_— . ) l t
I H }
[ "K' +K i i it
02 4 p+p bo o * .® o++
i .o'qi ' + LT ' +
i .o" “o
ot o™ + & .
F e T 1
[ egs I PHENIX preliminary |
| ey 4 1é i
o I N AN SR T NN SO SO H NS IT W S
0 1 4 2 3 4

m; - m, (GeV/c?)

-V,{BBC} for identified

hadrons

-At low p+, m; scaling

of v,

Radial flow leads
mass ordering of v,

-Meson-Baryon

grouping at

intermediate p+
Quark coalescence,
recombination

52



NCQ scaling of v,
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Multi- strange hadrons

QM06 A Taranenko PHENIX Preliminary
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4-1. Direct photon analysis

Hadron decay vy

0.30

0.25 centrality 00-20% ® inclusive photon v_(Run 4

hadron decay photon v
0.20 - ye 2

0.15

="' 0.10

..E
-
-
[ ]
-
-
=
e
P
—_—

0.05

0.00

.
——

-0.05

—IIII|IIII IIII|IIIIIIIIIIIIllllIIlTIlII—

\[sNN = 200 GeV Au+Au collisions

IllIllIllIIlIIlllllllllllllllllllllll
1 2 3 4 5 6 7

-0.10

°_||||||||| T
(2]
of
-
o

hard scatter

o
®
®
<
&

Jet Brems.

The v, is sensitive to the initial geometric

Jet Fragment overlap zone and pressure gradient.

Therefore, direct photon v, is considered to
depend on the production processes of photons.

sQGP
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Reaction Plane
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resolution =< cos[2(W W )] >~ \/ <cos[2(W,-W¥;)]>

measured

WA,B : reaction plane determined for each sub sample.
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N..«"® scaling #i &
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Comparison between Au+Au and Cu+Cu

Rpa (P, > 7.0 GeV/c)

N

—_
o

—T T
PHENIX PRELIMINARY
e Integrated R 200 GeV
- > I\ntegrated R'::g: 200 GeV

l

200

Both behave same at mid central.

part 0.5
/

T T T T | T T T
,S 1.5-PHENIX preliminary .

®  Au+Au 30-40 % Np=114.2

e  Cu+Cu0-10 % Np=98.2 |

=JPHENIX preliminary

®  Au+Au 40-50 % Np=74.4

e  Cu+Cu10-20 % Np=73.6 |

oo



| v,In, vs. m-my/n, n |

Centrality dependence

Au+Au, 200GeV, PID by EMC

Apply quark number and KET scaling.
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Centrality dependence

Au+Au, 200GeV, PID by EMC

Apply quark number + KET scaling and eccentricity scaling.
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Apply quark number + KE; scaling, eccentricity scaling and Npart'?® scaling.

Centrality dependence
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Quark number + K.+ scaling (AuAu 200GeV)

| voIn vs. mp-mgin  0-10 % I

0.2
0.18 AuAu 200GeV, |<0.35
0.16 vin,
0.14
0.12
0.1
0.08
0.06 s
0.04 g .é i
0.02
O 0204 0608 1 12 14 16 18 2
{m,-mjn,
| voin_ vs. mp-mgin_ 30-40 % I
AuAu 200GeV, [/<0.35
vz.'nQ
o 5 & i

°o 02 04 06 08 1 12 14 16 1.8 2

(m, -y in_

| vyin g vs. mp-mgin  10-20 % I
0.2

e AuAu 200GeV, [n]<0.35

It
0.16 v/,

0.14

‘-’ ok 4 i

% 02040608 1 12 14 16 18 2
{m_-m,in_

m
T

v,in_ vs. mp-mgin _ 40-50 % I

AuAu 200GeV, [|<0.35

0.16 v,

00 02 04 06 08 1 12 14 16 18 2

{m -y in_

| voin, vs. mp-mgin  20-30 % I
0.2

0.18 AuAu 200GeV, [|<0.35

0.16 vin,

00204 0608 1 12 14 16 1.8 2
{im_ -, in_

m
T

63



