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An example of anisotropic flow:
Elliptic Flow

Elliptic flow: initial spatial anisotropy =» pressure gradients =»
momentum anisotropy
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Anisotropic Flow Harmonics — Event Plane Method
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Anisotropic flow harmonics

* Reflect properties of initial state and evolution of
collision system
* Probe different length scales
* Sensitive to Equation of State and viscosity/entropy
ratio n/s
* Uncertainties in energy density deposition in
initial state are limiting factor in deducing n/s
* Asymmetric collisions probe effect of initial geometry
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v, sign conventions used

a) Reaction Plane X b) Transverse Plane
Cu Spﬁctatar

&

target(n<0) projectile(n=0)

A0
>

% z
participant zone

Au Spectator

v, is defined to be positive at positive nj (Cu-going)

x is positive if spectators flow outwards

Measurements use Au spectators, signs are flipped
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Centimeters
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Collision Systems

at BNL-RHIC
« Au+Au
* ptp
« d+Au
e Cu+Cu
. U+U PHENIX data in this analysis
. « Run 12 (2012)
Cu+Au « 200 GeV
« He+Au . 5 weeks
« p+Au - /.6 B events
* In| < 0.35
* p+Al . arXiv:1509.07784
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Event Plane Resolution
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three sub-event method used to determine the resolution:
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Centrality Dependence
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Centrality Dependence
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v, System size dependence:

Au+Au, Cu+Au, Cu+Cu
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Cu+Au v, lies between Cu+Cu and Au+Au

N
A\ PH--ENIX

AAAAAAAAAAAA
\\\\\\\\\\



v, (g, scaled)
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&, scaling reorders the results by system size
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v, (g, N, scaled)—length scale
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For the same centrality, g5 is larger in the smaller
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centrality

Au+Au 200 GeV

Cu+Au 200 GeV

bin £3 £3
0%—10% 0.087 + 0.0018 0.130 + 0.004
10%—20% 0.122 = 0.0035 0.161 =+ 0.005
20%-30% 0.156 4+ 0.0047 0.208 4+ 0.007

system due to increased fluctuations
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vV, system size dependence
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v, (&5 scaled)
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Identified particle v,
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Identified particle v, and v,

v, V3
Q002F ~ — " T T T 1 T T T T 1 T
L PHENIX Cu+Au 200 GeV . 015 PHENIX Cu+Au 200 GeV |
| a | ® TI:++R.— |
n .%Egﬁ o - O K++K_ ]
g e C ¢ p*p s & T
i = 1 0.1 . .
=002 X % | = [ i + ]
i o E ] - o® w 5 U $ ]
. @ T+m 4 005 Q # i
004 0 K4k T ] ! g
T pip 10-50% 7] - ﬂgﬁ = 0-30%
P U RS R L. Ll Ll L
D'Deﬂ 1 2 3 0 1 2 3
p, (GeVic) P, (GeVic)

Mass ordering at low p; for Vi3

N
V PH.CENIX =

AAAAAAAAAAAA
\\\\\\\\\\



0.02

>.0.02

-0.04

v, comparison to viscous hydrodynamics
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v, and v, comparison to viscous hydrodynamics
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. ® PHENIX Cu+Au 200 GeV
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For 0-5% centrality, n/s
=0.8 better reproduces
data
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both values of n/s agree
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Comparison to AMPT
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Conclusions
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In Cu+Au the magnitude of v, decreases from central
to peripheral, opposite to v, behavior. v, is not strongly
centrality-dependent

System size comparison: v, 5 in different systems scale

: 1/3
with g, 3 N__ . /3

Mass ordering is seen for all harmonics.
V,and v, are consistent with viscous hydrodynamics

AMPT with ¢ = 3.0 mb describes v, and v, for p; < 2
GeV.
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backup

Number of participant and the participant eccentricity (g2, £3) from Glauber Monte-Carlo calculations for Au+Au, Cu+Cu,
and Cu+Au collisions at 200 GeV

centrality Au+Au 200 GeV Cu+Cu 200 GeV Cu+Au 200 GeV
bin Npart g2 £3 Npart £2 Npart £2 £3
0%-10% 325.2 0.103 0.087 98.2 0.163 177.2 0.138 0.130
+3.3 +0.003 + 0.0018 +2.4 +0.003 +5.2 +0.011 +0.004
10%—20% 234.6 0.200 0.122 73.6 0.241 132.4 0.204 0.161
+4.7 +0.005 + 0.0035 +2.5 +0.007 +3.7 +0.008 +0.005
20%-30% 166.6 0.284 0.156 53.0 0.317 95.1 0.280 0.208
+5.4 +0.006 + 0.0047 +1.9 +0.006 +3.2 +0.008 +0.007
30%—40% 114.2 0.356 0.198 37.3 0.401 65.7 0.357 0.266
+4.4 +0.006 + 0.0083 +1.6 +0.008 +3.4 +0.010 +0.010
40%—50% 74.4 0.422 0.253 25.4 0.434 43.3 0.436 0.332
+3.8 +0.006 + 0.0111 +1.3 +0.008 +3.0 +0.013 +0.013
50%—60% 45.5 0.491 0.325 16.7 0.579 26.8 0.523 0.412
+3.3 +0.005 + 0.0179 +0.9 +0.008 +2.6 +0.019 +0.019
—~—
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backup

Systematic uncertainties given in percent on the v,

measurements.
vn  Uncertainty Sources  10%—20% 409%-50% Type
vy  Event plane resolution 20% 12% C
Event plane detectors a% 4% B
Background 2% 2% A
Acceptance 10% 10%% C
vz Event plane resolution 2% 2% C
Event plane detectors 3% 4% B
Background 2% 2% A
Acceptance ey 3% C
va  Ewent plane resolution 2% 2% C
Event plane detectors a% 7% B
Background 2% 2% A
Acceptance 2% 10% C
Y
QL
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backup

Systematic uncertainties for particle identification

species pr = 2GeV/c pr = 2GeV/ie  Type
pion 3% 5% A
kaon 3% 10%% A

proton 3% 5% A

’_Y‘
PH>ENIX ~



Contributions to systematic uncertainties

* Event plane resolution correction

* Event plane using different detectors
* V. from background tracks

* Acceptance dependencies

* PID purity
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PHENIX Run 12 Detector Configuration
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