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PHENIX Flow Measurements : Outline
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PHENIX Flow Measurements : Methods
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PHENIX Flow Measurements : Event Plane Resolution
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Overall good event plane resolution

W, ¥ (In=1.0-2.8) for V, measurements and study beam
MPC (In|=3.1~3.7) energy dependence of the flow.
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PHENIX Flow Measurements : Methods

Vi (EP): arXiv:1105.3928 ., _Phys. Rev. Lett. 105, 062301 (2010)
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» No evidence for significant y-dependent non-
flow contributions from di-jets. 5




Effect of rapidity gap on V, measurements at LHC

Significant bias from near-side jet for |An|<0.5
Consistent for larger An at p;<4 GeV

QM 2011

J. Jia [ATLAS Collaboration ]

Deviation again for p:>4 GeV due to swing of recoil jet
EP method ( |An|< 2.5 with EP from full FCAL: 3.3<|N|<4.8 )
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Figure 14: Top row: Comparison for four centrality selections of the v, between the EP method and two-
particle fixed-pr correlation method in several Az slices. Bottom row: Ratios of v, between two-particle

and EP results.

ATLAS AN: http://cdsweb.cern.ch/record/1352458




Effect of rapidity gap on V, measurements at LHC

two-particle v

J. Jia [ATLAS Collaboration ]
QM 2011

Significant bias from near-side jet for |An|<0.5

Consistent for larger An at p;<4 GeV
Deviation again for p:>4 GeV due to swing of recoil jet
EP method ( |An|< 2.5 with EP from full FCAL: 3. 3<|n|<4 8 )
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Figure 25: Top row: Comparison for four centrality selections of the v3 between the EP method and two-
particle fixed- pr correlation method in several Az slices. Bottom row: Ratios of v3 between two-particle

and EP results.

ATLAS AN: http://cdsweb.cern.ch/record/1352458




Are Flow Measurements at RHIC Reliable?: PHENIX /PHOBOS

Centrality: D-20%

Centrallty: 20-40%
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Are Flow Measurements at RHIC Reliable?: PHENIX/STAR (1)

V,{EP} — standard EP method

V{EPHSTAR) / V_[EPHPHENIX)vs p_, AusAu\s, = 200 GeV, 40-60 % |

V,{EP,} — modified EP method
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Are Flow Measurements at RHIC Reliable?: PHENIX/ STAR (2)

V_{EP_(STAR) / V_(EP}(PHENIX) vs p_, Au+Au\s,, = 200 GeV, 5-10 % V,{E Pz}(STAR) / VZ{EP}(PHEle) vs Centrality
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For 0-20% central collisions STAR V, > PHENIX V, :

Is rapidity gap in STAR TPC too small ? Need detailed comparison
with STAR FTPC results (2.5 <|n|<4.0)

Do we have the same centrality definition between experiments?
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[n/s estimates — QM2009]
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New constraints required for the initial eccentricity model and n/s

—~>Do higher-order flow harmonics provide such constraints? 1



New constraints for €, and n/s
http://arxiv.org/abs/1105.3928
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12



v, PID scaling

Flow is partonic
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KE;/n, scaling for V, and hadronization at RHIC
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What is the mechanism of
hadronization at RHIC? Can we
describe PID scaling using
hydro or we need coalescence?

K.Dusling, G.Moore, D.

Teaney : Phys. Rev. C 81,2010
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Beam Energy dependence of V, : before 2010

Phenix: Phys. Rev. Lett. 94, 232302 (2005)
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difference in the differential flow results !

» Saturation of differential elliptic flow at 62.4-200 GeV (STAR/PHENIX)
» PHENIX: RHIC/SPS: ~ 50% difference . STAR: RHIC/SPS ~ 10-15%

»2011: New measurements at RHIC (BES program ) and LHC ! 15




Beam Energy dependence of V,

V,vs P, AutAu \/s, =39 - 200 GeV , 30-40 % L
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» Saturation of differential elliptic flow at 39-200 GeV
» V, at 7.7 GeV is significantly lower than at 39-200 GeV

Pls. see D. Reynolds and J. Mitchell talks for details
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Elliptic Flow of Charged Hadrons: Au+Au at 39-200 GeV
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No significant change in v,(p+) for Vs = 39 -200 GeV !
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Elliptic Flow of Charged Hadrons: Au+Au at 39-200 GeV

V,vs p_, h', Au+Au at \[s =39 GeV, 30-40 %
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Overall good agreement between PHENIX/STAR preliminary results for V,
of charged hadrons from mid-central Au+Au collisions at 39-200 GeV
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V; (p+) of Charged Hadrons: Au+Au at 39-200 GeV
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No significant change in v,4(p;) for Vs = 39 -200 GeV !
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V, of Charged Hadrons: from RHIC to LHC
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V,, V;and V, of charged hadrons saturate above
39GeV, up to LHC energy (?!
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Vying

V, of Identified Hadrons: from RHIC to LHC
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More detailed systematic studies are needed to
undertand the beam energy dependence of V_ for
identified hadrons
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Summary

High order flow harmonics results extracted by PHENIX

Provide new constraints for &€, and n/s
Further confirm that flow at RHIC is partonic

V, 3, for charged hadrons saturates for Vs 39 - 200 GeV way to LHC (?!)

These observations may suggest similar initial geometry fluctuations and dynamic
evolution of matter above 39GeV.

PHENIX: There is good quantitative agreement between different
methods of study V,

RHIC: Reasonable quantitative agreement found for event plane
results for V, (p;, centrality ) for charged hadrons from Au+Au
collisions at 200 GeV:

v PHENIX/PHOBOS and PHENIX/STAR [for mid-central collisions].

v Futher comparisons with results fromm STAR FTPC are needed to undertand the
source of the difference in central collisions?

v' Comparison for PID results in under way.

The transition to the detailed measurements of V, of identified

hadrons started and it is very important.
22
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Elliptic Flow Measurements V, (p;, centrality) in PHOBOS/STAR/PHENIX
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PHENIX: Extensive anisotropy Data
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Flow scales across centrality

| V,In, vs KE//n,, Centrality: 0-5 % |

£0.05
£
5
0.04

0.03

0.02

_._R++1t-
_E_K++K-
—4&— p+p

o
pqﬂijil::l-[:]l':z:'l .E}Ii *

PHENIX Prellmlnary

‘0-2. .

¥ — I
KETan @ev)?

V,!n, vs KE/n_, Centrality: 25-30 % |

=U'
>r»D.14
0.12
0.1

0.08

—— g+
_E_K++K-
—4&— p+p

.D.D.Dl ]

el

PHENIX Prellmlnary
g 04 * 05 08 1 KErl'n (GeVl

1/ n, vs KE/n_, Centrality: 10-15 %

31

08

06

04

02

+1t++n-
_E'_K++K-
—&— p+Pp

PHENIX Prellmlnary

0.6 0.8 1

—5z T4
KETJ'n (GeV)

| V,/n, vs KE /n_, Centrality: 30-35 % |

=U'
::0.14
0.12
0.1
0.08
0.06
0.04

0.02

- —m— gt+q

o S K '+ K

C —&— p+Pp

F E E-E[g ®
:_ lDID o d

- II‘#]

7. PHENIX Prellmlnary

] % R ¥ S Y I—Y 3

KE1an (GeV}

V,/n, vs KE//n_, Centrality: 15-20 %
0121
> [ e
04— —=— K'+K
L —A— p+Pp
0.08]-
r |
- B Inll=! LIul_|n
0.06 inl™ 1
L Dﬂﬁ:‘
0.0 @
n.oz:—
i PHENIX Prellmlnary
L B ¥ S X 0.8 1
KE]an (cevit
V,/n, vs KE//n_, Centrality: 40-45 % |
016
> oal TE AT
E —E— K'+K
0.12F —4&— p+p
""? E‘D'D'D'D.D' "
0.08 L
0.06— M
0.04
0.02—
. PHENIX Prellmlnary
b0z G 1
KETIn (Gev)

KEt & n, scaling validated for v, as a

function of centrality

27
27



V, : A Small, But Sensitive Observable For Heavy lon Collisions

PHENIX: QM 08, WWND 08, DNP 08, QM 09
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