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Initial Geometry and Final Distribution

Initial anisotropy
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Event-By-Event Fluctuations

50-55% centralities
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Anisotropic flow

Fourier analysis of azimuthal distribution of emitted particles
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Flow Analysis

@ The Fourier coefficients can be found by fitting the expansion to
experimental data, but ...
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Flow Analysis

The Fourier coefficients can be found by fitting the expansion to
experimental data, but ...

These enforce us to use ...

Finding the flow harmonics is not straightforward, because ...

There are several methods to find flow harmonics experimentally ...
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[Borghini, Dinh, Ollitrault, 2000]

Flow Harmonics, n-Particle Correlation Function

Define 2-particle correlation function

{2} = (e’

2)>single then many events
Instead of using ¢ we use c, {2}
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{2} = (e

[Borghini, Dinh, Ollitrault, 2000], [Borghini, Dinh, Ollitrault, 2001]

Flow Harmonics, n-Particle Correlation Function

#2)), ¢, {4} = (e D1+ P2—d3—¢a))
It is shown that
2

< in(¢;— ¢2>>
n{2} - Cn{2} Un{4} - _Cn{4}’ Un{6} - cn{6}/4
in v, {2k}

® Generallzmg the 2-Particle to n-Particle Correlation Function

PbPb 5.02 TeV

ATLAS
Pb+Pb |5,

7 ub’,

20 30 40 50 60
Centrality %
Hadi Mehrabpour (IPM)

Systematic Analysis of Flow Distributions

August 12, 2019

DA™

12/38



Why flow distribution?

The flow fluctuations contain the information of the collision geometry,
quantum fluctuations at the initial state, and effects of different evolution
stages in the heavy-ion process.

@ Low multiplicity in a single event
@ Randomness of the reaction plane angle
@ Non-flow effects

IR
N
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Evolution Response

© Initial anisotropy
én = 6718
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Anisotropic flow:
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For n = 2,3, The Hydrodynamic Response is Almost Linear

[Teaney, Yan, PRC, 2011], [Luzum, Ollitrault, . . ]
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Different Analytical

Distributions

06 04 0,

p<€n,w’ €n,y) -

® Two Dimensional Gaussian Distribution
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© Elliptic-Power Distribution [Yan, Ollitrault, Poskanzer, PRC, 2014]
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Integration Over Azimuthal Direction

> Bessel-Gaussian [Voloshin, Plez)
Poskanzer,Tang, Wang, PLB, 2008]

2, .2

entep Eo
Ple ) = Sne” 7202 [ (Eno
n/ = o2 o\ 52

o Elliptic-Power [Yan, Ollitrault, Ples)
Poskanzer,PRC, 2014]
P(g,) = 2ae, (1 —2)* 1 (1 —3)*1/2 x e
L [7(1— e, cosp) 22 M. Pleg

» Power (for odd n) [Yan, Ollitrault,
PRL, 2014]
P(g,) = 2ag, (1 —&2)ot €4

75% — 80% Centrality
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Bessel-Gaussian distribution

® Bessel-Gaussian

Centrality:
ATLAS Pb+Pb
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Fluctuations

Standardized Cumulants of Flow Harmonic

[N.Abbasi,D.Allahbakhshi,A.Davody, S.F.Taghavi,PRC,2017]

2D Cumulants
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Corrected Bessel-Gaussian distribution

[S.F.Taghavi, H.M, EPJC, 2018]

® Bessel-Gaussian

— (Yn I Uy Uy _U%+§%
p(vy) = (G8)lo(Zz)e 2

© Connecting p(v,,) and ¢, {2k} to each other by employing a
Gram—Charlier A series
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© Skewness [Giacalone,Ollitrault,Yan,
Noronha-Hostler,PRC,2016]
v, = _6\/5,02{4}2M

(vg{2}2—vq{4}2) 8’
Gaussian approximation

Uy = vy{4}, 20',»% = U2{2}2 - 02{4}2

In this case
q, =0
0.3< pT < 3.0 GeV/c
ml < 1.0 q6 X Y1

g o (va{4} —v{6}) — 11(v,{6} —v,{8})

® Limits:
[N.Abbasi,D.Allahbakhshi,A.Davody,
Centrality 9% S.F.Taghavi,PRC,2017]
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-
+ Joint Generating Functions

® Joint Generating Functions
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log(e*tA ) =
©Setz=V, =v,,+iw

/\i
DN

kU ‘{]‘ ]}
n,y and A
2k-particle correlation functions

(Ap —1iA,)/2

{2} = (vh), e {4} = (v
® The form of p,;4(
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) can be found in terms of cumulants ¢, {2k}!
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L
log(eM* A=) =37
o Set 2 =W, = (v, ,

2w wik, 1
—0,) +iv, , and A = (\, —i)\,)/

© New set of cumulants
{2} = (w3),

© The form of p, ,(

pq(vnv vn) =

Jn{4} =

wi) —2(w?),
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Joint Distribution of Flow Harmonics

© Experiments show that the event-plane correlations and symmetric
cumulants are non-vanishing!

P(vy,vq,...) # 11 P(v,)
@ The correlations between flow harmonics
® The event-by-event initial fluctuations

®) The correlations between different stages in heavy-ion
processes

collision
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© Joint Generating function (two flow harmonics):

WA+ W, A\ )" A)'
(e ) = exp Zk,l:o i K

7(00:7(10:7(01 =0,

‘7(11 - <vnvm COS(\Ill - \112» - ’l_)nq_]m - Re[‘/n‘/rtz] - En’l_)m’
‘7(20 = <’U$L> - 1_)721 = jn{2}7
‘7(02 = <U$n> - 7772n = ]m{2}a
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Applying Fourier transforming to both sides of joint generating functions
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3+1D viscous hydrodynamics Py(vy

30 - 40%
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Conclusion

© | employed the relation between joint cumulant and moment
generating function of flow harmonics to relate the radial flow
distribution to cumulants by using the standard method of finding
Gram-Charlier series.

® | have found a general form of radial flow distribution in terms of a
general set of cumulants j, {2k}.
o Also, | have obtained the odd flow distribution.

> | have obtained the joint distribution of flow harmonics and presented
a general form for P(W,, W,, ..., W,).

| introduced new observables X',,,,, and showed that the experimental
data for symmetric cumulants SC(2,3) and SC(2,4) can be
explained by combinations of these observables.

I
&

© | also obtained the joint radial distribution of the two flow harmonics
and showed that the first terms of this distribution for v5 and v5 can
justify the simulation data.
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y=1ly=6
50 (time (fm/c))

e Momentum rapidity: y = acosh(y), ~v=1/y/1—v?2
e Space time rapidity: y, = atanh(z/t)

@ In a boost invariant flow: v, = 2/t = y =y,
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