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Motivations

Quarkonium — bound state of ¢ (or b) and € (or b) quarks

* Heavy quarks produced in hard scattering
— Quarkonium = hard scale (4 hadronization)

* Most of the charged particles produced in soft
scattering ALICE, pp 7 TeV, low multiplicity

— Charged-particle multiplicity = soft scale

Different scales: affected differently by several effects

— correlation quarkonium vs. multiplicity allows to study
differences and interplay between hard and soft scales
and probing Multi-Parton Interactions (MPI)

What is happening in high charged-particle
multiplicity density environment? ALICE, pp 7 TeV, high multiplicity
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ALICE in Run 2 (int. J. Mod. Phys. A 29 (2014) 1430044)
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ALICE in Run 2 (int. J. Mod. Phys. A 29 (2014) 1430044)

SPD: Inl<1 T et
g1 LICE pp fs =13 TeV 27 P triggered events
—e— EMCal triggered events
o o
Silicon Pixel Detector (SPD)
of the Inner Tracking System 2200,
Vertexing and
multiplicity
2 4 6 80 100

N

o
£ )
5 10°E ALIGE _ 13 Tev —— MB triggered events
8 CEpp (5=13TeV 27 |\l riggered ovents
10° —e— EMCal triggered events
: —5— Example data taking period
10

Trigger, multiplicity,

background rejection 10k
10°g

VOA: 2.8<n<5.1
10°

VOC: -3.7<n<-17 1

0 100 200 300 400 500 600 700 800

V0 amplitude (a.u.)
DIS2023 - Quarkonium production as a function of multiplicity in pp collisions with ALICE - G. Legras 4

ALICE


https://arxiv.org/abs/1402.4476

What could we expect?
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ALICE

J /vy production at midrapidity (PLB 810 (2020) 135758)
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Stronger than linear increase,
even stronger at higher pr

PYTHIAB8[1] underestimates
data at high-multiplicity, but
predicts the increase of the slope
with prt

Influence of non-prompt J/vw?

Influence of associated particles
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? dNyon e (autocorrelations) should be
N /O 0 . .
disfavoured from comparing VO and
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[1]: Models references collected at the end of the slides
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J /vy production at forward rapidity (JHEP 06 (2022) 015)

Multiplicity measured at midrapidity, J/v at
mid or forward rapidity
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J /vy production - Comparison to models
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* 3-pomeron CGC[2], CGC+ICEM(3] have only initial-state effects, PYTHIAS8J1],
EPOS3[4], Percolation[5], CPP[6] have both initial-state and final-state effects

* Most of the models describe data qualitatively, catching difference between mid and
forward rapidity, but PYTHIA8[1] and EPOS3[4] always underestimate the data,
while CGC+ICEM][3] overestimates forward rapidity data
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J/y at forward rapidity - mean pr
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w(2S) production at forward rapidity (arxiv:2204.10253)
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Radial excitation of J/y — less binding
energy

* Same trend as J/v, but smaller
multiplicity reach due to limited
statistics

* PYTHIAB8J[1] underestimates data at
high multiplicity, with and without CR
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w(2S) to J/y ratio
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Y(nS) production at forward rapidity (arxiv:2209.04241)
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Y(nS) production - Comparison to models
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Y(nS) production

Comparison to models
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* Statistics not enough to notice any increased dissociation as a function of
multiplicity for the less bound states — compatible with all models within

uncertainties

ALICE
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Ongoing studies

* Non-prompt J/¥ component vs * Multiplicity separated in azimuthal regions
multiplicity at midrapidity with Run 2 data, — disentangle auto-correlation effects
from 2D likelihood fit (mass & pseudoproper (idea from Eur. Phys. J. C 79, 36
decay length) (2019))

j/ulf\ssociated
particles
\\\\\\\\ 3 toward w3
region
Underlying
event

st a3

= N Recoil jet
A - (non-prompt)
’ 15
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Ongoing studies
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Conclusion

ALICE

Quarkonium vs multiplicity — production mechanism + interplay between soft
and hard scales

Stronger than linear increase at midrapidity (for J/v), almost linear at forward
rapidity (for J/w, W(2S), and Y(nS))

Models reproduce some features of the data, implementing initial-state and/or
final-state effects — not yet able to distinguish between them with the current
uncertainties

Run 3 and 4: better secondary vertex resolution at midrapidity (x3 with new ITS) for
prompt/non-prompt separation, secondary vertexing at forward rapidity (MFT), better
multiplicity estimation at forward rapidity (MFT), higher minimum bias statistics

Thank you for your attention!
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J/v in p-Pb collisions at forward rapidity (Phys. Lett.
B 776 (2018) 91)
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w(2S) in p-Pb collisions at forward rapidity
(arXiv:2204.10253)
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