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Theoretical description

Initial momentum correlations  Interactions in the final state

Not correlated Correlated
with initial geometry with initial geometry
CGC Hydrodynamics
Transport theory
PD-PD reeesrrennsans ‘
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Theoretical description

Zhao et al., PRL 125, 072301 (2020)
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* Final state models provide good description of p-Pb colliSions i momentum correlations  Interactions in the final state
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Theoretical description

Zhao et al., PRL 125, 072301 (2020)
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* Final state models provide good description of p-Pb colliSions i momentum correlations  Interactions in the final state

» Description of pp collisions has its limits Not correlated Correlated
with initial geometry with initial geometry
CGC Hydrodynamics
Transport theory
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Zhao et al., PRL 125, 072301 (2020)
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* Final state models provide good description of p-Pb collisions

Initial momentum correlations  Interactions in the final state

e Description of pp collisions has its limits Not correlated Correlated
with initial geomet with initial geomet
 Models with initial state correlations only, or with few CGC J s vdrod 1 . i
scatterings in the final state without a medium, catch some Ty £ ynarr]mcs
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LHC in Run 3 (and beyond)
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* Very high multiplicities in pp and p-Pb collisions
e Similar to ~65% central Pb-Pb collisions

e Possibility to run p-O and O-O collisions
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Multi-particle cumulants of charged hadrons
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 (Very) high order cumulants Moravcova, Gulbrandsen, Zhou, arXiv:2005.07974
e Suppression of non-flow without the need for the subevent method ->

free from longitudinal decorrelations
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Multi-particle cumulants of charged hadrons
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e (Very) high order cumulants Moravcova, Gulbrandsen, Zhou, arXiv:2005.07974

e Suppression of non-flow without the need for the subevent method ->
free from longitudinal decorrelations

e Extraction of P(vn) -> not measured in small systems yet

o Constrain P(en) of the initial state (poorly understood in small systems)
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WG5S HL-LHC report: arXiv:1812.06772
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e Precise measurements of SC(m,N)sup and normalised
SC(m,n)sub

e Access to initial conditions and/or dynamics of the medium
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WG5 HL-LHC report: arXiv:1812.06772 - _ALICE, PRL 123, 142301 (2019)
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e Flow of 11, K and p not measured in pp collisions yet
ALICE-PUBLIC-2020-005
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Flow of identified hadrons

e Flow of 11, K and p not measured in pp collisions yet
ALICE-PUBLIC-2020-005
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Flow of heavy flavor hadrons

WGS5 HL-LHC report: arXiv:1812.06772 . . -
EPOT A7 « More (precise) measurements in pp (and p-Pb) collisions
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Flow of heavy flavor hadrons
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e Nonlinear response to initial state eccentricities/fluctuations

equivalent to (cos 4(‘¥, —¥y)) e Insight into the (hydrodynamic?) evolution of the system
/ ATLAS, PLB 789 (2019) 444
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Further possibilities
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Further possibilities
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e Nonlinear response to initial state eccentricities/fluctuations
e |nsight into the (hydrodynamic?) evolution of the system

e Correlations of <pT> and flow
 New promising tool to determine the importance of initial state

correlations
* More precise measurements needed ... but at low multiplicities
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Summary

* [In Run 1 & 2 we learned about the presence of collectivity in small systems

* In Run 3 and beyond we have an opportunity to understand its origin

e Effort from both theoretical and experimental side is crucial
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Symmetric cumulants at the LHC

ATLAS, PLB 789 (2019) 444

rn LR R Ll L R e L ALICE, PRL 123, 142301 (2019)
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e Different sign of SC(3,2)sup and NSC(3,2)sub at low Nen
e ALICE: positive sign
e ATLAS & CMS: negative sign
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Nonlinear hydrodynamic response

IN PRAGUE

e Nonlinear response to initial state eccentricities/fluctuations
e |nsight into the (hydrodynamic?) evolution of the system

ATLAS Pb+Pb —e— (cos(z®)) data

\S\w=2-76 TeV' —g— (cos(zd)) data
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ALICE, PRL 123, 142301 (2019)

Schenke et al., arXiv: 2005.14682 :
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* Final state models provide good description of p-Pb collisions

 Description of pp collisions has its limits Not correlated

with initial geometry

* Models with initial state correlations only, or with few
scatterings in the final state without a medium, catch some
features of data, too

CGC Hydrodynamics
Transport theory
A
?  pp e P p-Pbh e H PD-PD wreeererseeaes :
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Initial momentum correlations

Correlated

Interactions in the final state

with initial geometry
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Theoretical description

Bierlich et al, PLB 779 (2018) 58
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- Shoving g = 40 + 2.0GeV<p, <3.0GeV . Schenke et al., PRL 117, 162301 (2016)
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* Final state models provide good description of p-Pb colliSions i momentum correlations  Interactions in the final state

e Final state model description of pp collisions has its limits Not correlated Correlated
with initial geomet with initial geomet
 Models with initial state correlations only, or with few CGC J s vdrod 1 . i
scatterings in the final state without a medium, catch some Ty £ ynarr]mcs
features of data, too ) ranspzortt comly .
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Multi-particle cumulants
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Moravcova, Gulbrandsen, Zhou, arXiv:2005.07974
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Moravcova, Gulbrandsen, Zhou, arXiv:2005.07974
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Influence of the Initial state

Schenke et al., PLB 803 (2020) 135322
Schenke et al., QM19
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Re(&, - V¥)

0=
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VAE, PV P

e [nitial (gluon) momentum anisotropy important at low multiplicities

e [nitial spatial anisotropy important at high multiplicities

e Although the initial momentum anisotropy may have non-negligible effect
iIn small systems even at high multiplicity
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