Niels Bohr Institute

Anisotropic flow fluctuations of charged and identified
hadrons in Pb-Pb collisions with the ALICE detector

Ya Zhu (for the ALICE Collaboration)

Central China Normal University

University of Copenhagen

Quark Matter 2019



Anisotropic flow and flow fluctuations

initial spatial anisotropy
y

momentum-space anisotropy

Interactions among constituents transform the initial
spatial anisotropy into momentum anisotropy
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v,, are sensitive to the evolution of the collision
system.(n/s, Initial conditions...)

Initial geometry fluctuations lead to flow fluctuations
in the final state
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[J.E. Bernhard et al, Phys. Rev. C 94
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Anisotropic flow and flow fluctuations of identified particles

partonic

e Anisotropic flow of identified particles:
¢ Further constraints to initial conditions,
particle production mechanisms
¢ Probes the freeze-out conditions of the
system

e Multi-strange baryons:
¢ Expect small hadronic cross-sections.
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First measurement of v,{4} (Less

sensitive to non-flow ) and flow
fluctuations of identified hadrons
with the ALICE detector
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ALICE detector

THE ALICE DETECTOR

a.ITS SPD (Pixel)
b. ITS SDD (Drify)
c. ITS SSD (Strip)

18.20C
19 ACORDE

e Tracks:
| n | < 0.8 (unidentified)
| y | < 0.5 (identified)

ALICE Pb-Pb at /5. =5.02 TeV
320M events(2015 + 2018 data)

ITS: Tracking, vertexing, triggering
TPC: Tracking, PID

TOF: PID

VO0: Triggering, multiplicity estimation
= K*, p(p):
¢ Utilising combined TPC & TOF
detectors

@ Track-by-track basis with purity >
80%

[ALICE, Eur.Phys.J.Plus 131 (2016) no.5, 168]
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e 2- & multi-particle cumulants are obtained

Multi-particle cumulant method

using Generic Framework
[ A. Bilandzic et al, Phys. Rev. C 89 (2014) 064904]

o The 2- & 4-particle cumulant are given by

cn{4}

a{2} = 2>
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e Estimates of differential flow v, are

denoted as
” _ 4 {2}(p.)
{2} (Pr) ey
{4} (o,) = — d.{4}(p,)

non-flow effect
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o Multi-particle cumulant effectively suppress
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e 1) gap suppress short-range
correlations
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p-differential v2{2}, v{4}, w{6}, v{8}
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e Plethora of charged particles v {2}, v2{4}, v2{6} and v»,{8} measurements in ALICE
e {2} larger than v»{4}, v»{6} and v»{8} : fluctuations and non-flow
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p-differential v» PDFs
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e Deviation of v,{4}/v,{6} and v>{4}/v>{8} from unity at low p, — Bessel-Gaussian
parametrisation of v, p.d.f. is not valid

e Non-trivial evolution with p,
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p-differential v, PDFs

e Different moments (Skewness 71 and
Kurtosis 72) of the distribution from

vo{m} were calculated
[G. Giacalone et al, Phys. Rev. C 95 (2017) 014913]
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e Dependence of the v, p.d.f. on p, is
not constant

e Higher p. ( > 3 GeV/c): 71 and 7, are
consistent with 0
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V2{4}

of identified particles
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First measurement of v,{4} of identified hadrons

Qualitatively similar behaviour as of v,{2} measurements
Clear mass ordering at low p,. and baryon/meson grouping at intermediate p..
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ng scaling test for vo{4} of identified particles & hydro
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e Both v, and p, are scaled by the number of constituent quarks (ng)
e The various hadron species approximately follow a common trend at intermediate p..
(About 20% deviation)
e Hydro calculations can describe v2{4} of 7, K, p well
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v3{4} of identified particles
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e v3{4} of identified hadrons has been measured in a wider centrality interval

e Qualitatively similar behaviour as of v3{2} measurements
Clear mass ordering at low p,. and baryon/meson grouping at intermediate p..
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Flow and flow fluctuation
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Relative flow fluctuations
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e Relative v, fluctuations
F(v) = 22
(Vn)

e First measurement of relative flow fluctuations for identified hadrons

e No definite particle species dependence
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Relative flow fluctuations of identified particles compared

with hydro calculations

Hydro calculations with AMPT-IC \ | Hydro calculations with TRENTo-IC
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e Hydro can describe F(v,) of 7, K, p well in 30-40%

e Hydro calculations with AMPT initial state describe a F(v») distribution with
obvious particle species dependence at low p,
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po-differential measurements of
charged particles flow coefficients
using 6- and 8-particle cumulants are
done for the first time in ALICE.

v» distribution is not described well
by the Bessel-Gaussian distribution.

Non-trivial evolution with p,..

The first measurement of v,{4} and
flow fluctuations of identified
hadrons.

No definite particle species
dependence observed for relative flow
fluctuations of identified particles.
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Back up
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p.-differential v3{2,4} and v4{2}
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Correlation between soft and hard v,{m}
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{4} of identified particles
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v,{4} of identified particles compared with hydro calculations

using AMPT-IC
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v,{4} of identified particles compared with hydro calculations

using TRENTolC

< T T T o 0.35 prerr e e e
¥ ALICE Preliminary 10-20% VoM X ALICE Preliminary 20-30% VOM
0.3 PO-Pb 5 =5.02TeV DR = 03[ PoPb {5y =502 Tev T
17l <0:8 - <08 e
025F Wee 025F DN
02 E t E
P
015 % . . t 3 4 E
& . 4
LRI E N E
S Femevisi . — 4
* TRENTGIC & wis(T) & Us() & Urht s 3 TRENTOIC & 75(T) & Us(T) & UraMD
=k 3 E|
o) - o)
I T A OV T T o T TV T OO T TN
2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
p, (GeVic) p, (GeVic)
& 036 prer e e & 038 e
% ALICE Preliminary 30-40% VOM % ALICE Preliminary 40-50% VOM
> 03[ Po-Pb 5, =5.02TeV o = > 03[ Po-Pb |5, =502TeV = 4
1nl<0:8 = « <08 -
025 Aoy } T 025F T
.. 4 02F E
Tt E 3
4 E 4 3
TRENTG.C & 1/5(1) 8 Js(T) & UraMD 3 TRENTOIC o) & Yo 8 i E
K 13
o) o)
P AT SN TOT POV TOT T IO T T T TP TR T
12 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
Py (GeVic) Py (GeVic)

J\ A«I'\mcxbtpz
Ul 2019 @




of identified particles compare with hydro calculations

using AMPT-IC
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of identified particles compare with hydro calculations

using TRENTo-IC
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