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® Introduction

ALICE

Features known as a signature of QGP were observed in high multiplicity events in pp and
p—Pb collisions, such as:

* Elliptic flow of charged particles: long-range angular correlation.
ALICE collaboration, PLB 719 (2013). CMS collaboration, JHEP 10.1007/09(2010).

* Enhanced production of strange hadrons similar to Pb—Pb collisions.
ALICE collaboration, Nature Phys 13, 535-539 (2017).
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How to interpret these behaviors ? possible scenarios:

* QGP droplets in high multiplicity events.

* Non linearities originating from multiparton interactions (MPIs).




ALICE

® Where to look for MPIs with quarkonia ?

* Quarkonium pair production (ideal tool):

ol o

* Direct probe for MPlIs.

* Provide information on single quarkonium production mechanism.

010

AIP Conf. Proc. 1523 (2013) 1, 255-259

A Large luminosity is required.

* Quarkonium production vs charged-particle multiplicity:
* Indirect probe for MPIs.
Multiplicity is correlated with the number of MPIs.

* Qain insight on the correlation between soft and hard
processes occurring in the same event.



https://arxiv.org/pdf/1212.5427.pdf

The ALICE Experiment
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The ALICE Experiment
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The ALICE Experiment

ALICE

Multiplicity is measured
&7 Lo, e * with SPD within Inl < 1.
X o il e or with VO detector.
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J/@ pair production

Important to gain an insight on : p -
« J/Y production mechanism.
 Single and double parton scattering.

AIP Conf. Proc. 1523 (2013) 1, 255-259



https://arxiv.org/pdf/1212.5427.pdf

J/@ pair production

Important to gain an insight on :
» J/y production mechanism.
 Single and double parton scattering.

AIP Conf. Proc. 1523 (2013) 1, 255-259

pp, V5 = 13 TeV
ALICE Preliminary L,~24 pb’ .
Inclusive J/y, 25 <y < 4 _
LHCb JHEP 06 (2017) 047 L,,~279 pb"
Prompt Jiy, 2< y < 4.5 — —
, : , ; : , , , : Good agreement between ALICE and LHCb results :
0 1 2 3 4 Z ) [e)
| do(ury Jryydy (nb) | * Double J/@ cross section.
' ' ; ' ‘ * Double-to-single J/y cross section ratio.
ALICE Preliminary L,~24 pb’ : - :
Inclusive Jiy, 2.5 < y < 4 ; ! Caveats:
LHCb JHEP 06 (2017) 047 L,,~279 pb — * LHCb measured double prompt J/@ production.
Prompt Jiy, 2<y <4.5 . . . 1. .
* Slightly different rapidity window for ALICE and
g
AT . A e eoew—". LHCb.

| do(ry Jy)/dy / do(dry)idy



https://arxiv.org/pdf/1212.5427.pdf

Multiplicity dependence of J/@ production
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https://www.sciencedirect.com/science/article/pii/S037026932030561X?via%3Dihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.064903
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Multiplicity dependence of J/@ production
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J/Y self normalized yields at forward
rapidity show a less rapid increase than
midrapidity results (no strong deviation
from linearity within uncertainties).

Models including initial state effects
(CGCHICEM and 3pomeron CGC ), or initial
and final state effects (percolation, ,
EPOS3 and ) describe qualitatively

the measurements.



https://link.springer.com/article/10.1007/JHEP06(2022)015

Multiplicity dependence of PY(2S) production

Similar behavior for J/@ and @(2S) vs multiplicity.

é\ | ALICE, pp, Vs = 13 TeV 1 ¢ Measurements are compatible with available models
T - Iy, w(2S) - pt L 25<y, <40 1 within uncertainties:
e[ e D i
> 91-5 R PY'?'I—?IA 8.2 iy
S| 3 [ — PYTHIA82(noCR) | Jcomover ] * Comovers:
=l I * Interaction of quarkonia with final state
i ] . ) .
2] particles that are co-moving with them.
e _ * Predicts a stronger suppression of Y(2S) at high
= . multiplicity with respect to J/y.
Q i * PYTHIA 8.2 : suggests a flat self normalized Y(2S)-
\2% 3 to-J/Y ratio.
ol v v v v v 1 T * The statistics do not allow to disentangle any
0 2 4 S possible final state effects.
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https://arxiv.org/abs/2204.10253
https://www.sciencedirect.com/science/article/pii/S0370269315005766?via%3Dihub

Multiplicity dependence of PY(2S) production
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« Similar behavior of self-normalized J/@ and @(2S) yields vs dVN, / dn in p-Pb.

* Similar trend of the self-normalized WY(2S)-to-J/y ratio vs multiplicity in both rapidity regions.
ratio is compatible with unity.

* The comovers calculation describes the data within uncertainties.


https://arxiv.org/abs/2204.10253
https://arxiv.org/abs/2204.10253

®

ALICE

Multiplicity dependence of Y(nS) production
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Rising trend observed forY(1S) and Y(2S) self-normalized yields measured at forward
rapidity vs multiplicity at mid rapidity (similar behavior as observed for J/psi)



® Summary

ALICE

» J/y pair production measured in ALICE for the first time; results are compatible with
LHCb ones.

* Quarkonium self-normalized yields increase as a function of charged-particle
multiplicity both in pp and p—Pb collisions.

* Results are described by models which include MPIs in the calculation.

* Data on y(2S)/ J/y ratio do not show evidence for strong final state effects in high
multiplicity pp collisions

LHC RUN 3 will bring constraints to MPI modeling thanks to higher statistics available for data.




Thank you
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Multiplicity dependence of WY(2S) production
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* Y(2S) self-normalized yields increase
linearly with dN,/dn.

* PYTHIA 8.2 predicts the trend of
the measurements up to 5 times the
average multiplicities.

dN_ /dn



https://arxiv.org/abs/2204.10253
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Multiplicity dependence of PY(2S) production
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« The Y(2S) yield increases with increasing dN, /dn in p-Pb collisions.

* Percolation+ comovers+EPS09 calculation predicts the trend of the measurements

* Large uncertainty at forward rapidity due to EPS09 nPDF uncertainty.
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J/@ production vs multiplicity

ALICE
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https://arxiv.org/abs/2112.09433

Multiplicity dependence of J/y@ production
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https://arxiv.org/abs/2005.11123
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