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EEMC Magnet BEMC TPC TOF BBC

STAR Detector at RHIC

» TPC detector mainly get used in
the current analysis
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Azimuthal anisotropy measurements

Two-particle correlation function Cr(Ap = @, — @),

Cr(Ap) = dN/dAp and vy,

n>1
ab _—_ ,,a,,b
Un —vnvn+ 5short

CMS PbPb \/sy = 2.76 TeV
Lje =120 ub™
0-0.2% centrality

ab _ Zag CT(Ag) cos(n Ag)

ZA(p CT(AQD)

vfb

n=1

= v{lv{) + 5long

-

s |5

g o

Zl=

%5lg 51 SN
o e

1—|z- 51.0 R “““‘ a1/

SZONVATTIT
S ,/"{,‘,“‘v' 1
S

A
W

2 /'
1< p'T"gl <3 GeV/c QO@ 0

1<p** <3 GeVic

Short — range




Azimuthal anisotropy measurements

Cr(Ap) = dN/dAp and vy,

n>1
ab _—_ ,,a,,b
Un —vnvn+ 5short

CMS PbPb \/sy = 2.76 TeV
Lje =120 ub™
0-0.2% centrality

ZA(p CT(AQD)

vfb

n=1

Two-particle correlation function Cr(Ap = @, — @),
ab _ Lag CT(A9) cos(n Ag)
=viv) + 6
V1V long

-

s |5

g o

Zl=

%5lg 51 SN
o e

1—|z- 51.0 R “““‘ a1/

SZONVATTIT
S ,/"{,‘,“‘v' 1
S

A
W

2 /'
1< p'T"gl <3 GeV/c QO@ 0

1<p** <3 GeVic

Short — range




Azimuthal anisotropy measurements

Cr(Ap) = dN/dA¢@ and

n>1

ab _—_ ,,a,,b
Un™ = Vnyp + 5short

CMS PbPb \/sy = 2.76 TeV
Lje =120 ub™
0-0.2% centrality

Un

Two-particle correlation function Cr(Ap = @, — @),
ab _ Lag CT(A9) cos(n Ag)
ZA(p CT(AQD)
n=1
vfb = vaf + 5long

- |5
g o
&l5 ST, <5
it i
-om "Q‘\“z,";\\\\_\,\)}.\‘\\\‘.‘n =
SEEE S

/4 ‘!’p A\
o

assoc
1<p; <3 GeV/c 4




Azimuthal anisotropy measurements

Two-particle correlation function Cr(Ap = @, — @),
ab _ Lag CT(A9) cos(n Ag)

Cr(Ap) = dN/dA d v
(Ap) /dAp and vy Yaq CT(AQ)
n>1 n=1
v = Ayl + 500 vi = vf 'Vf + Olong

-

CMS PbPb \fsTN =2.76 TeV
Lipy =120 ub™
0-0.2% centrality

Short — range

'S

Zeesyet! A
XSO 58
‘::‘y el

S ATRRT L
2 P Vs ety
“lf 51.0 8 XSO e
, b ¢
AW
el
e
A (o2

1< p'T"g <3 GeV/c QO@/ 0 _
1<p** <3 GeVic 4 ‘ ’

Charge

11



Azimuthal anisotropy measurements
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Azimuthal anisotropy measurements
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Short — range
Non—flow

The v, vs centrality at /syy = 200 using different An cuts
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» Short-range non-flow effect get reduced using |An| > 0.7 cut

Short-range non-flow suppression
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- Long-range non-flow suppression

vll(pT) pT) . even( a) even(p’?) CPT pT

arXiv:1203.0931
arXiv:1203.3410
arXiv:1208.1874
arXiv:1208.1887
arXiv:1211.7162

1

C x (< Mult >)1

15



- Long-range non-flow suppression

arXiv:1203.0931
arXiv:1203.3410
arXiv:1208.1874
arXiv:1208.1887
arXiv:1211.7162

1

a ..b\ _
U11(PT; PT) — vaen(P?)vaen(PlT)) ~Cpr P?

C x (< Mult >)1

v11 In Eq(1) represents NxM matrix which we fit with N+1 parameters
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- Long-range non-flow suppression arXiv:1203.0931
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a ..b\ _
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v11 In Eq(1) represents NxM matrix which we fit with N+1 parameters
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» Good simultaneous fit ( T

~ 1.1) obtained with Eq. 1
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- Long-range non-flow suppression

ab —
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v11 In Eq(1) represents NxM matrix which we fit with N+1 parameters
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» Good simultaneous fit (n)in ~ 1.1) obtained with Eq. 1

» V11 characteristic behavior gives a good constraint for v$"¢"(pt) extraction
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: In| < 1and |An| > 0.7
Long—range non-flow SUppression

0.12

v11(P§ DY) = v (pDvEe  (pb) — € p p?

The extracted 3" (pr) and the momentum conservation
parameter C at \/Syy = 200

| STAR Preliminary Au+Au
200 GeV

> Fit to v{¥¢"(ps) data shows
v’ (pr) centrality dependent

0%-10% s |
10%-20% wunnunsunnn i
20%-30% i
30%-40%  mmmmmn _

p1(GeV/c)

» The characteristic behavior of
v’ (pr) shows a weak centrality
dependence
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: In| < 1and |An| > 0.7
Long—range non-flow SUppression

v11(P§ DY) = v (pDvEe  (pb) — € p p?

The extracted 3" (pr) and the momentum conservation
parameter C at \/Syy = 200
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Non-flow suppression

»> 1 gap between particles in each pair used to suppress the

short-range non-flow
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Non-flow suppression

»> 1 gap between particles in each pair used to suppress the

short-range non-flow
» Simultaneous fit used to suppress long-range non-flow

associated with momentum conservation

» Multi-particle correlations also used to further suppress

non-flow
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Multi-particle correlations and the non-flow suppression

c, {4} =A4) — 2(2)? In the s VRN, Short-range non-flow dominate
W particles are correlated (4) = <ein(¢i+¢j—¢k—¢z)>
= €2 {4%“:; across all subevents

(long-range)
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Multi-particle correlations and the non-flow suppression

— . 2 Short-range non-flow dominate
Co{4} = (4) — 2(2) In the subevent method, e

particles are correlated (4) = <ein(¢i+¢j—¢k—¢z)>
across all subevents
(long-range)

Three subevent cumulant
can further suppress away-
side jet contribution

Long-range non-flow dominate

(4) = <ein(¢i+¢j—¢k—¢1)>

-2.5

arxXiv: 1701.03830

0.5
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Multi-particle correlations and the non-flow suppression

— . 2 Short-range non-flow dominate
Co{4} = (4) — 2(2) In the subevent method, e

particles are correlated (4) = <ein(¢i+¢j—¢k—¢z)>
across all subevents
(long-range)

Three subevent cumulant
can further suppress away-
side jet contribution
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Subevent cumulant measures long-range collectivity. |




Results

Au+Au Beam Energy Scan
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Pseudorapidity dependence of v,,~

In] < 1and |An| > 0.7

0.2 < pr< 4 GeV/c

The extracted v,,~1 (1) at all BES energies

NS P U UL L B
(@)  Aut+Au _|(b) () _(d) N
200 GeV 1 62.4 GeV 1 39Gev V2€ ",_g_," 1 27 GeV ]
I 0-40% | STAR Preliminary | v, & | 1
n 1 e L L
- KA A AN A - r 9
1 I M I
NS RSB Rl s
| () | (D) | (2) | (h) .
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__———“—“——“—— _
A Y A A
0 04 08 O 04 08 O 0.4 08 0 04 0.8
In|

» v, (n)has similar trends for different beam energies.

» v, (n)decreases with harmonic order n.
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In| < 1and |An| > 0.7

Pseudorapidity dependence of v,,~1 0.2 < pp< 4 GeV/ec
: T

The extracted v,,~1 (1)
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» v, (1) has similar trends for different beam energies.

» v, (1) decreases with harmonic order n.
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Longitudinal decorrelation of v, in Au+Au 200 GeV

(vn ( ’/)v; ( Tlref ))
(vn ’/)v;,(’ll'(rl':’)

rn (1)

» 1,(n) decrease linearly for different

centrality studied
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Longitudinal decorrelation of v, in Au+Au 200 GeV

(vrr( ’/)v:("/mf))
(v,,,( ’/)v:‘(’/rcf:’)

rn (1)

» 1,(n) decrease linearly for different

centrality studied

» The decorrelation effect gets
stronger as the collision become

more peripheral
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0.98F s 1 ogsf . ]
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» More information will be given

today by Maowu Nie

31



0.04
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0.02

0.01

Beam-energy dependence of v~

The extracted v,,1Vs /Syy for TPC(|n| < 1) and FTPC(2.5 < |n| < 4)

A ' ' Y U LT T g ' U U T
(a) Au-Au TPC —=—{ () Au-Au TPC —=—
Uy 5%--50% FTPC —e—1 VU3 5%--50% FTPC —&—
STAR Erclimuinging i STAR Preliminary N

0.2 < pr< 4 GeV/c

» At mid and forward rapidity;

v v, (\/SN N) shows a monotonic increase with beam-energy.

v o, (\/SNN) decreases with harmonic order n (viscous effects).
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Summary-1

» 1 gap between particles in each pair used to suppress the

short-range non-flow
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Summary-1

» 1 gap between particles in each pair used to suppress the
short-range non-flow
» Simultaneous fit used to suppress long-range non-flow

assoclated with momentum conservation

» The longitudinal decorrelation of v, was observed for

Au+Au at 200 GeV

» At mid and forward rapidity;
v ou, (w/sN N) shows a monotonic increase with beam-energy.

v o, (,/SNN) decreases with harmonic order n (viscous effects).
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Collectivity in small systems
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Collectivity in small systems

» The correlation function C(Ag) for all systems at one (N, ) value

> {4} vs (Np,) for 4 systems <1073
T T T L LR SR
Jab) AwrAu I (c) CurAu 1t (g) AvtAu @4 ]
AT A 200 GeV T 18 200 GeV £ | —
101 = el ‘e 0
L STAR Preliminary
il - Co14}
S g a0
— 0.99 5o %
O-
o ] :
L I 11 . _
1.01 Cy il u -—0.01
| ' .
| - |
It 1L g ]
i 1r 1-0.02
[ ] FThree subevent cumulant -
0.99:””””||||||||||||||||:: plosaeliessls P I T T T N T T T

| AP Y P Y PR Y P [ P T
0 1 2 3 0 200 400 600

EXR '1
Acq(rad) (Nep)

-3-2-10123

» C(Ag) shows similar trend for all systems

> c,{4} shows negative value for different systems
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Acoustic ansatz

PRC 88, 044915 (2013)
E. Shuryak and I. Zahed

Au + Au
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p + Au

» v, measurements for different systems are sensitive to system shape (sn),

dimensionless size (RT) and transport coefficients (n Z, )

S S
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» v, measurements for different systems are sensitive to system shape (gn),

dimensionless size (RT) and transport coefficients (n Z, )
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PRC 84, 034908 (2011) arXiv:1305.3341
° P. Staig and E. Shuryak. Roy A. Lacey, et al.
A tic ansatz
cous c S PRC 88, 044915 (2013) arXiv:1601.06001
E. Shuryak and I. Zahed Roy A. Lacey, et al.
Au + Au | |
U+U Cu + Au Cu + Cu d + Au p + Au

» v, measurements for different systems are sensitive to system shape (&,,),

dimensionless size (RT) and transport coefficients (g,g, )

v,/€En X e

A 1s a constant

n

2
— AL S ~(RT)3 ~ (N¢p) then RT~(N¢p,)/3 In (ﬁ> x —A (g) (Ncp)~/3
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PRC 84, 034908 (2011) arXiv:1305.3341
° P. Staig and E. Shuryak. Roy A. Lacey, et al.
Acoustic ansatz
PRC 88, 044915 (2013) arXiv:1601.06001
E. Shuryak and I. Zahed Roy A. Lacey, et al.
Au + Au | |
U+U Cu + Au Cu + Cu d + Au p + Au

» v, measurements for different systems are sensitive to system shape (gn),

dimensionless size (RT) and transport coefficients (TS] 2, )

_A(”

v, ) _
n S ~(RT)3 ~ (Ngy) then RT~(No,)1/3  In (E) ¢ —A () (Nea) /3

v,/€En X e

A 1s a constant PRC 88, 044915 (2013)
E. Shuryak and I. Zahed

At the same g and (N¢p)~ /3

driven by
vn é gn + LN}
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Acoustic ansatz

PRC 88, 044915 (2013) arXiv:1601.06001
E. Shuryak and I. Zahed Roy A. Lacey, et al.
Au + Au | i
U+U Cu+ Au Cu+ Cu d + Au p + Au

» v, measurements for different systems are sensitive to system shape (gn),

dimensionless size (RT) and transport coefficients (TS] 2, )

Un n _
~A(LZ RT) S ~(RT)? ~ (N.p,) then RT~(N_;)'/3 In (a) x —A (E) (Ncp)™1/3

V,/€E, X €

A 1s a constant

PRC 88, 044915 (2013)
E. Shuryak and I. Zahed

At the same g and (Np,)~1/3 Odd Harmonic v3
driven by 1
vn — gn + &3 X \/_ﬁ
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Au + Au

U+U

Acoustic ansatz

Cu + Au

PRC 84, 034908 (2011)
P. Staig and E. Shuryak.

arXiv:1305.3341
Roy A. Lacey, et al.

PRC 88, 044915 (2013)
E. Shuryak and I. Zahed

arXiv:1601.06001
Roy A. Lacey, et al.

Cu + Cu d+ Au

©o® e O O

p + Au

» v, measurements for different systems are sensitive to system shape (en),

dimensionless size (RT) and transport coefficients (n Z, )
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A 1s a constant

Even Harmonic v,
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» Similar slopes implies similar viscous coefficient ( A n/s ) for all systems.
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Conclusion

Comprehensive set of STAR measurements presented for
v,(M, 1, (Ncp)) for several collision systems/energies.

» Non-flow suppression
v An cut used to suppress the short range non-flow
v' c,{4} shows negative value for all presented systems.
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Conclusion

Comprehensive set of STAR measurements presented for
v,(M, 1, (Ncp)) for several collision systems/energies.

» Non-flow suppression
v An cut used to suppress the short range non-flow
v' c,{4} shows negative value for all presented systems.

» Scaling the system size;
v The odd harmonics are system independent
v’ v,is system dependent

v :—2 for all systems scaled onto one curve to ~10% in slope
2

At the same energy, the scaling features suggest similar
viscous coefficient (Ag) for different systems.
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