Measurement of Flow Harmomcs, Nonlinear

Flow Response and Symmetrlc Cumulants | in
Large and Small systems with ALICE*

. Zhiyong Lu :
®  For ALICE Collaboration

. ALICE



Flow measurement in heayy-ion collision

Previous studies showed that: -

QGP(Quark Gluon Plasma) i1s formed 1n the
heavy-1on collision

but we can’t measure 1t directly

In hydrodynamlc picture, QGP can be Jescribed
by the nearly- ideal fluid

final state
cool down (partic.les)
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Flow measurement in heayy-ion collision

Anisotropy in distributions of final-state particles
can be measured by

1—|—2Zvncosn(g0 V,)
n=1

- ~ Anisotropic flow coefficients v,, its correlation and non-linear
R ‘ response to the initial geometry provide detailed information on the

~arXiv: 2005.07974




FlOW _ll_l small SYSte“Hl « * Sizeable flow observed across all collision systems
Double ri_d-g-e’ a sign fo'-COlleCtiVi-t}’{ * Together with multiparticle long-range correlations
observed in bOthpp and p-Pb collisions confirmed collectivity in small systems

2< pmrig <4 GeV/c p-Pb \/?W =5.02 TeV
1< P sesoc < 2GeV/c (0-20%) - (60-100%)
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8 yate all p%s-sible observables: .
e 3 ) S C (4,2) in-large and small systems, to
behaves same or different in large and small §ysiem‘%_-»"- : -

To achieve this, we want to invésti

see flow
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| Observables |
3 e - 1—|—2Zvncosn(gp v,)
n=1

Flow harmonlc coefﬁc1ents (Vp):-
¢ Charactenzé thé degree of anisotropy in the d1str1but1on of emitted particles - :
Nonlmear ﬂ%W modes(vm s Xm L pm nk) : Bhalerao et al. PLB 742 (2015) 94-98

. Représe tnonlinear response to initial geometry
Symmetric cumulants (SC(m,n)):

« Characterize the correlations between different order flow coefﬁcients

"3 * Bilandzic et al. PRC 89 (2014) 6, 06490
All the observables are calculated using generlc framework - .
e.g. Un = ( cos(ng)))
_':;';;!}1_6 means average of tracks, the outer bracket means average of events

FoT.

2- and 3- subeventgmethod
Correlate paf;ticles in diffeE& .n're'g,ions".to
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Observables _- !
Z-paiﬁ fae flow haromic 4-particle v,
Vn{2} = Y(2)n _n = Ver{2} va{d} = V2(2))3, = @5z, = Y20210)
L |
Nonlmear mode (example in n=4) | - T |
3 s o ot
Uiy = \/::43_4’- et Symmetric Cumulants and Normalized SC
B T SC(m, n) = (A mn,-m,—n— 2, -m{(2))n,-n
A =2, . -
Pa22 = : : ‘5t ((4 »mn —m,— n"'((z»m m((z»n —n
. NSC(m,
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1. Inner Trackaihg.'s.ys}telil_ EI:;[S)
e Tracking and-trig'gerirt‘gf.-

2d. VO detector
Lo Trlggermg and event &is
mult1p11¢1ty determu’nilorg,

3. Tlme PrOJectlon Q*amber
- (TPC) e -
e Tracking 4 .

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. VOand TO

e. FMD
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ITS

FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.ZDC

19. ACORDE
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2%
3.
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Mainly we calculate the TPC-TPC particle correlation
will investigate the TPC-FMD correlation (2e. Forward Mult1p11c1ty Detector)

in the future



Results | 7 2.
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N, (I7<0.8,0.2 < p_<3.0 GeV/c)

Neéw measifrements: PYTHIA.S model show: =
» about 3 times data used in pp V4{2} with better nonflow * Negatiye ¢342} for Nch>60 .
control e v2{2}>v4{2}>v3{2} which is not seen in data.

Similarities observed across collision systems
* The magnitudes of v, in pp are similar as in PbPb at low

multiplicities [P-Glasma+MUSIC+UrQMD model give:
« Thevy{2} suggests a multiplicity dependence qualitatively © V2{2}>v3{2}>v4{2}
similar to the V,{2} in Pb—Pb collisons * underestimate the ALICE measurement
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i SRR In pp collisions, 3,2|-2|-3 contain least nonflow

contamination(validated with PYTHIA &
simulation) , deviation between different 3-
subevent methods are not significant in PbPb

Hint of SC(3,2) (2.10 significance) and I
SC(4,2)(1.9 o significance) in pp collisions, having
as Pb—PDb collisions and PYTHIAS8 simulation
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"Results
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Ny, (7l <0.8,0.2 < p_< 3.0 GeV/c)

observed across collision systems
¢ Indicate a between peripheral
PbPb and high multiplicity pp collisions for

Vg,22, V5,32 and X422, X'5,32
% In pp collisions, p4 22 shows a

trend, which indicate the subnucleon structure
of proton . ,

* In pp collisions, hydrodynamic_ model largely
| V4,32, V532, 04,22, P5,32

L

. PYTHIA 8.fails to describe the mult1phc1ty

dependenCe of 0422,
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'-Sunimarly < : %

- Measurement of flow harmonics, nonlinear flow modes and symmetric cumulants is
presented | \
< In pp, flow coefficients and symmetric cumulants studles are updated w1th much
more data. Nonlinear flow in pp is studied for the -

** In PbPb, multiplicity dependence of nonlinear is

By |
The study will help to build coherent picture of flow across system and help us to p1n
down the origing ﬂow in small collision systems | |
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