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Motivation

» |s the observed anisotropy in ion-ion collision a final- or
Initial state effect?

> What are the essential differences between the medium created
In small (p+A) and large (A+A) collision systems?

» Is there a limiting size to lose final-state effects ?



Motivation

» STAR collectd data for different systems;

©0@e®ego

Au + Au Cu + Au Cu + Cu d + Au p + Au

» v, measurements for different systems are sensitive to system
shape (&,,), dimensionless size (RT) and transport

coefficients (“ ¢ )
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ields 4
» Scaling out the system shape and size —— (S ) ) effect

on v,, for each system.



Transport coefficients

» The v, measurements are sensitive to ¢,, RT and (3,5,
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» Acoustic ansatz

v Sound attenuation in the viscous matter reduces the magnitude of v,,.

» Anisotropic flow attenuation; PRCB4 034908 (2011)

P.Staig and E.Shuryak

arXiv:1305.3341

Un —B n? n
2 x e P ’ ﬁ X __+ J. Jia, et al.

Roy A. Lacey, A. Taranenko,

£n S RT
» From macroscopic entropy considerations (RT)3 « Z—:
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In(v,) = a (Z) (%) " b in(e,) + Inb)

v" Scaling out the system size ( )and shape (&,) should give

similar transport coefﬂment( )(I e. similar v,,) for different
systems (final state-effect).
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STAR Detector at RHIC

Magnet

» Uniform acceptance in |n| <1



Correlation function technigue

» All current techniques used to study v,, are related to the
correlation function.

» Two particle correlation function Cr(A@) used in this analysis,

YA Cr(A@) cos(n Ap)
Yap Cr(AQ)

dN/dAgp(same)

CT(A('D) B dN /dAgp(mix)

and v,, =

» Non-flow signals, as well as some residual detector effects (track
merging/splitting) suppressed with |An = n; —n,| > 0.7 cut.

Uan (P P5) = 1 () 7 (p) n>1 6
v" Factorization ansatz for v,, (n > 1) verified.

£\ — 1,8Ven (. a\.,even t a .t PRC 86, 014907 (2012) |wsi
v (f, pr) = V1 (PT)VT (pT) — Cpr pr ATLAS Collabor(ation)
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» C Is the momentum conservation parameter C o«



Correlation function

Different system correlation function

@  U+U J4®) AutAu 4] © CutAu N
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Using the correlating function we can extract v,, | Vmn = S0y CT(A9)

v,(py) forn # 1 as Vn(P1) = Van (P, PT)/ /vnn(prref)

Forn=1?



Forn=1 Dipolar Flow
Simultaneous fit
v11 (P, p7) = vaen(p%)vaen(p%) —Cpr P%

> v11 Eq[7] represents NxN matrix which we fit with N + 1 parameters

» Dipolar nature require that meSTN pr vt =0
T

x107>
Ha) CAauwrau] Ry T T THe) T
2 0%--5% F 1.0<p}<1.4 F 1.4<p}<18
- 200 g}eV I STARPreliminary ¥
> 1 0.2 <pT<0.6 <1 T

ptT(GeV/c)
» Good simultaneous fit obtained with fit function Eq[7].

» v;;Characteristic behavior gives a good constraint for vyV¢™ (pr) extraction.



Dipolar Flow

v (pf, p1) = v PPV (pr) — C pf pF

» The extracted v{"¢"(py) and the momentum conservation
parameter C at 200 GeV

: STAR Preliminary PRst,zszsoz(Szz?;::: Au+Au
1 0%--10% 1 200 GeV Jaar
i STAR Preliminary
:_ \“““‘ ] ‘“""‘ ©
o - .‘““.“‘
L “‘.“‘ d.‘“ O
Z. '.'I'I'II.'N m‘
0  lp(GeV/eY? 30 001 0.02
pT( ) 1/<Mult>

» The characteristic behavior of v{V¢"(p+) in good agreement with the
hydrodynamics calculations
» The momentum conservation parameter C scales as 1/<Mult>
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Results
In|] < 1and |An| > 0.7

System size effect

1
In(v,) =a (g) (;d%jg + In(g,) + In(b)

System size and shape effect

1
dM\3
In(v,) =a i + Ingg,) + In(b)
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U, (Mult)
System size and shape
In| < 1and |An| > 0.7

v, VS mean multiplicity for all systems
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» v,(Mult) show similar trends for all systems.

» 1, 1S system dependent (shape).



U, (Mult)

System size
In| < 1and |An| > 0.7

viV®"and v;vs mean multlpI|C|ty for all systems
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C scales as 1/<Mult>

» v7V"and v5 show similar trends and magnitudes for

all systems.
> v and v, are system independent (similar E).
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U, (Mult)
Summary
In| < 1and |An| > 0.7

v, mean multiplicity dependence for all systems
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» For a given n, v, (pr) show similar trends for all systems.
> vi’"and v5 are system independent (similar 2).

» v, IS system dependent.
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Un(pr)
System size

In| < 1and |An| > 0.7

v, vs pr at fixed mean multiplicity for all systems
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» v, show similar trends for all systems.

» U, IS system dependent (shape).
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Un(pr)
System size

In| < 1and |An| > 0.7
v{’¢" vs pr at fixed mean multiplicity for all systems
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» vyV"and v; show similar trends and magnitudes for all systems.

> v and v, is system independent (similar g).
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Un(pr)
Summary

In| < 1and |An| > 0.7

vy, Vs pr at fixed mean multiplicity for all systems
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» For a given n, v,(pr) show similar trends for all systems.

> v7’¢™ and v are system independent (similar 2).
> 1, IS system dependent (shape).
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Un(pr)
System size and shape

In| < 1and |An| > 0.7

:—2 pr dependence at fixed mean multiplicity for all systems
2
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v .
> 6—2 (pr) for all systems scales to a single curve.
2

> Similar g for all systems.
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U, (Mult)
System size and shape
In| < 1and |An| > 0.7

— mean multiplicity dependence for all systems
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> :—2 (Mult) for all systems scales to a single curve.
2

> Similar 2 for all systems.
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[11. Conclusion

Comprehensive set of STAR measurements presented for
v, (pr, Mult) for several collision systems.

» For all systems;

v For n =1, v{Y®" (pr) shows the same characteristic behavior.
v For n >1, v, decreases with the harmonic order.

» Scaling the system size;
v The odd harmonics v{¥*"and v4 are shape independent

(%
v 6—2 for all systems scaled onto one curve
2

v Final state ansatz hold for presented systems

Scaling features suggest that all presented systems have
similar transport coefficient (2) at \/Syn ~ 200 GeV

(final-state effect)
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[11.  Conclusion
Answers to Initial guestions?

> Is the observed anisotropy in ion-ion collision final- or initial
state effect?
v" Final state ansatz hold for presented systems (p+Au,
d+Au, Cu+Cu, CutAu, AutAu and U+U ).

» What are the essential differences between the medium created in
small (p+A) and large (A+A) collision systems?
v' Size and shape are system dependent.

v" Scaled results suggest similar (2) for p+Au, d+Au, Cu+Cu,
CutAu, AutAu and U+U.

» Is there a limiting size to lose final state effects ?
v" All presented systems show evidence for strong final state
effects.
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