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COLLECTIVITY IN SMALL SYSTEMS

ALICE Preliminary TPC-FMD1,2
pp ¥s=13 TeV VOM: (0'0‘051%)
0.2<p! <3GeVic fog(0i1<1002%)

p? >0 GeV/c

= Double ridge structure, a sign of
collectivity in heavy-ion collisions, also
observed in pp and p—Pb collisions

dzNas 0C
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= The puzzle:

= Is there any fundamental difference between the flow-like signals in large and small
systems

= To answer the question, one need to know:
= The role of initial stages (initial geometry and initial coupling)
= The role of final stage effects

= The known thing:

= Geometry and fluctuations are important in small collision systems
* Hydrodynamic works well on many of the signatures



GEOMETRY AND FLUCTURTION

PHENTIX, Nature Phys. 15 (2019) no.3

- ] .

0.2pr~rr e L2 R LU ILELELEL DU IR LU F AL UL BN LU I UL
0.18Fp+Au |s,, =200 GeV 0-5% (a) __ d+Au |'s,, = 200 GeV 0-5% (b) I °He+Au |s,, =200 GeV0-5% (c) .
« Geometry plays an gy sy i
important role in small S ‘
system. 008
0.04F
= Geometry + hydrodynamic  °%

g _7s e 1 A T T ;2 |
05 1 15 2 25 3 0.5 S5 2 25 3 05 1 15 2 25 3

provides reasonable py(GeVic 'p (Geic 2 Gevic
description Of pT _differntia]. SUPEI:SONIC 1u'r p+p, V5=5.02 TeV, 0-1% super'SONlc for p+Pb, 5=5.02 TeV, 0-5% ‘ SupErSONIC for'Ph+Pb, \:s=5.02 T:';‘V. 075%'

: o1 ST t=
ﬂOW ln Sma-]-l Systems 012 A,?r'rus Nm=glﬂi‘f : ‘i ATLAS, Nm=un-1:3-—|- '3. . I ALICE, ﬂw;“i —.— (] () ¢
01 cms*-%abls.:y_ffri;gosg i 1 M ham20350 2 r é
geometry scan. ;oo ST Vg .
0.06 oY v b 1 j o | y o L]
0.04 m.o.m 4 % o < s 0 1 . . P e .
= Can they go further to e R T LA A I LR

describe the event-by-event S N I B
fluctuations of the system?

R. D. Weller, P. Romatschke Phys.Lett.B 774 (2017) 351-356 @


https://inspirehep.net/authors/1757876
https://inspirehep.net/authors/1020508

GEOMETRY AND FLUCTUATION )

Solid: pp Open: Pb-Pb
| I LILIL | I I I I I LI I I I I I LU | I I ]
0.14— v,{2 v4{2} v 42} vo{4} ]
— anl>14 A= 1.0 |An>10 3-sub il <0.8 7
— Vs =13 TeV |
0.12 — % S Ee [*] ALICE Preliminary 0.2< p. < 3.0 GeV/c _]
= Pb-Pb 5, = 5.02 TeV -
0.1 © 6 5 §JPRL123(2019)142301 . § § 88555 ]
- I 5o ° : "o, .
& 0.08— 8 u 500 ‘><><>(><> O ]
> [ 3 Uy 0 _
_ T ]
0.06= 4, 21y 1 géu:ﬁ:a LT T -
u " $ _
0.04 - | d ¥ —
- v3{2} I 600000 © b & ]
— s sfle B & denpeted

0.02 — : | #- ) + n 6.’.ﬁ‘.ﬁ§ % 0%00 © Xm0

NSR21 A b s .
10 10° 10°

N, (I7<0.8,0.2 < p_< 3.0 GeV/c)

= The magnitudes of v, in pp are similar as in Pb—Pb at low multiplicities (flow
fluctuation dominates region)

= Flow harmonics provide constraints for modeling of the initial geometry
and its fluctuations, as well as the transport parameters e



CEOMETRY AND FLUCTUATION

In heavy-ion collisions:

= Shape of the fireball:
" &V
" & V3
" &4, &2 Vy
= Size of the fireball:
= radial flow, 1/R — [pr]

= Measurements of the fluctuations
and the correlation between the
flow and transverse momentum small <pt>
helps to understand the event-
by-event initial geometry of
the matter

large <pt>

Methodology:

Measure the same observables in large and smal systems
and compare them to see see if they can be explained in a

coherent way {G)



RLICE EXPERIMENT

Inner Tracking System (ITS)
= Tracking, triggering and vertexing

V0 Detector (VOA/VO0C) 7 i
= Triggering and event classification s R e

Forward Multiplicity Detector (FMD)
= Unique pseudorapidity coverage
= 34<n<-l.17
= 1.7<1n<85.0

Time Projection Chamber (TPC)
= Tracking and particle identifi

Time-of-Flight detector (TOF)
= Particle identification

Data sample: LHC Run2 sample

I

PP 13 TeV
p-Pb 5.02 TeV

Pb-Pb 5.02 TeV ©



FLOW CORRELATIONS IN SMALL SYSTEMS

SC(4,2)

SC(m,n)

SC(3,2)

= SC(m,n) = cov(v3, v2): correlation of event-by-event v,
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Hint of negative SC(3,2)
(2.10 significance) and
positive SC(4,2)

(1.90 significance) in pp
collisions, having the same
sign as Pb-PDb collisions
Constraints on initial
geometry fluctuations
Best non-flow control
technique utilized, but still
not non-flow free

Precision needed to prove or disprove the geometry correlation
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FLOW AND [pr] FLUCTUATIONS
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* A decreasing trend observed for ¢, inconsistent with the hydrodynamics

predictions

* Constraints on initial shape fluctuations and initial size fluctuations
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— [pr] COVARIANCE IN SMALL SYSTEMS
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= A decreasing trend is observed in pp and p—Pb collisions

= [P-Glasma + MUSIC + UrQMD f{fails to describe the data (with and

without initial momentum anisotropy (IMA))

300
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SUMMERY

Observables Physics messages

Symmetric cumulants Correlation between ¢, and &;

SC(3,2)

Symmetric cumulants Correlation of ¢, and ¢,

SC(4,2) Nonlinear contribution of v, from ¢,

o(vs) Fluctuation of &,

Cx Fluctuation of size of the matter

cov(vs, [pr]) Correlation between shape and size of the matter
p(v, [pr]) Correlation between shape and size of the matter

= Constraining the geometry and geometry fluctuation of the
initial stage.
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ALICE

Thank you for your attention




