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Elliptic Flow

Nalve picture:

_s V2= {(a/pr)* = (Py/PT)?) = (COS2(¢ — T))

Eccentricity: Linearity:
.y . <y2 _332> - K
System symmetry — Elliptic flow €2,RP = 22 1 ) V2 = IN2E2
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Elliptic Flow

Nalve picture:

_s V2= {(a/pr)* = (Py/PT)?) = (COS2(¢ — T))

Eccentricity: Linearity:

System symmetry — Elliptic flow vy = Koeg

Finite # participant —  Event-by-event fluctuations. — Eccentricity redefinition

\/<T2 co8(2¢part))” + (2 sin(20part))” Linearity restored: vo = Koéeo
(r?)
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Triangular Flow
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Event-by-event fluctuations — Triangular eccentricity

............................................................................
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Flow Correlations & Fluctuations

Vo = Vy + X422(V2)2 V., = vnein\pn

Vs = Vsr|+ X523 V2 V3

Vo = VerL+ xe222(V2)? + xe33(V3)?

Vo = Voo 4 x73(V5)?Vs, \ Phys. Lett. B 744 (2015) 82
Linear part (from ¢ ) Nonlinear part (from ¢,,€,)
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Flow Correlations & Fluctuations

Vo = Vy + X422(V2)2 V., = vnein\ll”

Vs = V5L 4+ x523V2 V3

Vo = Ver+ xe2(V2)® + xess(Va)?

Vo = Voo 4 x73(V5)?Vs, \ Phys. Lett. B 744 (2015) 82
Linear part (from ¢ ) Nonlinear part (from ¢,,€,)

> V_ coefficients driven by:

@ Initial geometry;
€ Medium properties.
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Flow Correlations & Fluctuations

Vo = Vy + X422(V2)2 V., = vneinqln

Vs = | Vsr|+ x523V2 V3

Vo = Ver+ xe2(V2)® + xess(Va)?

Vo = Voo 4 x73(V5)?Vs, \ Phys. Lett. B 744 (2015) 82
Linear part (from ¢ ) Nonlinear part (from ¢,,€,)

> V_ coefficients driven by:

@ Initial geometry;
€ Medium properties.

> Initial eccentricity fluctuations — Flow fluctuations

» Different averaging of flow over the events: way to probe initial fluctuations
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Two-particle correlations method

1 d2 Npair
Ntrig dA’I]dAgb

2D correlation function:

Fourier fit of 1D distribution:

1 deCLZ"” NCLSSOC

Nt'rig dAgb 2T

{1 + %: 2V cos(nAqb)}
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Two-particle correlations method

1 d2 Npair
N trig dA??dAﬁb

2D correlation function:

Fourier fit of 1D distribution:

1 deazr NCLSSOC {
- 1+ 52V, A }
e = (1 S et
Flow harmonics: Un= 1/ VLA
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Multi-particle cumulants method

Multi-particle correlators:

Flow harmonics:

Milan Stojanovic

= (@),
((ein(eh +¢2—¢3—¢4)>>’

((6)) = ((ein(¢1+¢z+¢3—¢4—¢5—¢s)))’
((e

in(@1+d2+od3+¢s—¢s5—de—d7—d8) ))

va{4} = m,
v, {6} = ¢ lcn{cs}

8} = {/ - nl8)

ICNFP 2019

Multi-particle cumulants:

en{4} = ((4)) — 2((2))",

cn{6} = ((6)) — 9((4))((2)) + 12((2))°,
cn{8} = ((8)) — 16((2))((6)) — 18((4))"

+ 144((4))((2))* — 144((2))".
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Flow Fluctuations

va{2} = 1/(52)? + 02 + 03,

Phys. Rev. C 95 (2017) 014913
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Flow Fluctuations

1 2

Vs = 5 /0 P(p) cos2p dp,
1 27 .

vy =5 i P(p)sin2p dep.

s1= ((vz — 2)°),
2 = ((ve — V2)vy).

Phys. Rev. C 95 (2017) 014913
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va{2} = 1/(52)? + 02 + 03,

0'2—0'2

_ S1 + 82
4} ~ Y = — ,
vo{4} ~ Ty + 221_)2 2 2(?_)2)2
- ay—ax_gsl+32
vo{6} ~ Uy + 221_)2 2 7(2_)2)2
oL — 0 81 + 89
~ 7 Yy z 11
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Flow Fluctuations

1 2
Vo = o /0 P(p) cos2p dp,
1 27

or | P(p)sin2p dep.

s1 = {(vg — '52)3)2,
2 = ((vg — ﬁz)vy).

02{6) — 2 (8} = - (v2{4} — va1{6}).

Phys. Rev. C 95 (2017) 014913
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va{2} = 1/(52)? + 02 + 03,

0'2—0'2

_ S1 + 82
4} ~ Y z_ ,
vo{4} ~ Ty + 221_)2 2 2(?_)2)2
- ay—ax_gsl+sz
vo{6} ~ Uy + 221_)2 2 7(2_)2)2
o, — 0O —81 + 82
~ Yy z 11
’02{8} ~ Vg + 2"_)2 (1_}2)2
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Flow Fluctuations

1 2
Vo = o /0 P(p) cos2p dp,
1 27

vy =5 i P(p)sin2p dep.

s1 = ((vg — v2)3)
so = ((vg — ’Uz)’Uy>

02{6) — 2 (8} = - (v2{4} — va1{6}).

Phys. Rev. C 95 (2017) 014913
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va{2} = 1/(52)? + 02 + 03,

2 2
_ g, —0 S1 + 82
41 ~ ¥y % _ :
vo{4} ~ Uy + 221_)2 2 2(?_)2)2
N Oy — 0z 381 + 89
v2{6} ~ v + 22,02 - (@2)?
o, — 0O —81 + 82
~ Yy r 11

va{4} — v2{6}
(v2{2}2 — v {4}2)3/2

expt — —6\/5’0 {4}2
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HYDJET+H+ & AMPT models

HYDJET++

> Event-by-event generator;

> Based on PYTHIA and PYQUEN
initial parton-parton collisions;

> |deal hydrodynamic evolution
of the system;
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HYDJET+H+ & AMPT models

HYDJET++

> Event-by-event generator;

initial parton-parton collisions;

> |deal hydrodynamic evolution
of the system;

> Based on PYTHIA and PYQUEN

Milan Stojanovic
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AMPT

>Event-by-event generator;

>Based on HIJING
initial parton-parton collisions

>/Zhang’s parton cascade;
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Results — elliptic flow skewness
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centrality [%)]

> Vo{2} > Vy{4} = v,{6} = v,{8}
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Data:

Phys. Lett. B 789 (2019) 643

20



V{6V {4}

Results — elliptic flow skewness
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Results — elliptic flow skewness
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Results — elliptic flow skewness
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» Good agreement in absolute
difference
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» HYDJET underestimates the
skewness of the data
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Results — flow harmonic correlations

PbPb \s\\ =2.76 TeV
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Results — flow harmonic correlations

PbPb \sy = 2.76 TeV

0.045

0.04

0.035

0.02

0.015

0.01

» Good agreement between data
and models in v, vs v, slope in
central and mid-collisions

Milan Stojanovic

Phys. Rev. C 92 (2015) 034903

» Each source shows different
behavior in peripheral events
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Results — flow harmonic correlations

PbPb \/SNN =2.76 TeV




> V,{m}/ v,{n} ratio sensitive to the medium properties
» Skewness predictions from HYDJET++ below data results

» AMPT very good in describing higher harmonics (v,)
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