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Parton energy loss
(at high pT)
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Production
Production inside jets
Nuclear modification factor:
1 Jet
1 dzNAA/dedy Jig. | axis

RAA(pT’y) B (Ncoll) | dszp/dedy

Excited-to-ground state ratios
(e.g. W(2S)/I/p)
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- Comparison with models
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— Models including regeneration mechanism in agreement with data
— Statistical Hadronization (SHM)
— All charmonia produced at the QGP phase boundary with thermal weights

— Transport model (TAMU)
— Charmonium spectral functions from lattice QCD
— Solve Boltzmann equation with gain (regeneration) and loss (melting) terms

— large uncertainties on the models arise from charm cross sections and poor constrained nPDF

— Are the observed path influenced by non-prompt contribution ?
- How to discriminate between the two pictures ?

TM2: Zhou et al., Phys. Rev. C 89, 054911 (21 May 2014) SHM: Andronic A. et al., Phys. Lett. B797 (2019) 134836,
Comover: Ferreiro E. et al., PLB 731 (2014) 57 TM1/TAMU: Du X. and Rapp R., Nucl.Phys.A 943 (2015) 147-158
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P(2S) R,, and P

- Pb-Pb, |/5,,,= 5.02 TeV

E ALICE,25<y_ <4, 0-90% (EPJC78(2018)509) ]
e Jiy (JHEP 2002 (2020) 041) ° Jiy -
® y(25) (preliminary) W(2S) 1

CMS, |y, | <1.6,0-100% -]

— P(2S) more suppressed compared to J/; rise
of J/Y and Y(2S) RAA towards low pT

— pT dependent R, in agreement with TAMU for
both charmonium states

— P-to-J/Y ratio at LHC in agreement with TAMU;
tensions visible with SHMc at higher centralities

TAMU: Du X. and Rapp R., Nucl.Phys.A 943 (2015) 147-158
SHMc: A. Andronic et al., JHEPO7 (2021) 035
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/
JIP production inside jets

[PLB 825 (2021) 136842]
pp 302 pb™' (5.02 TeV)
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pp collisions: prompt J/y produced with
more jet activity as predicted by PYTHIAS

(LO) QO S TRITEE TS T
~, sizable contribution from parton 9 5 SO TERT
shower . C)}

- later formation than generally
assumed! [PRL 119 (2017) 032002]
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[PLB 825 (2021) 136842]
pp 302 pb™' (5.02 TeV)
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pp collisions: prompt J/y produced with
more jet activity as predicted by PYTHIAS
(LO)

— sizable contribution from parton
shower

- later formation than generally
assumed! [PRL 119 (2017) 032002]
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production inside jets

PbPb 1.6 nb™, pp 302 pb” (5.02 TeV)
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Pb-Pb collisions:

— less suppression for mostly isolated

I

— larger effect in most central collisions

— suppression of J/Y through jet

. - 10
quenching mechanisms
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Flow

dN
—x1+4+2 Z U, - cos[n(@ —¥rp)] v, = (cos[n(p — ¥rp)])

Thee Decomposed transverse projection of
participant region in Fourier series

— low-p_: sensitive to bulk QGP properties

— high-p_: sensitive to the in medium energy loss (path-lenght
dependence)
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( Jltp V, — comparlson to D-mesons and 1t

JHEP 10 (2020) 141
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— Clear mass hierarchy at low-pT: v,(11)>V,(D)>V,(J/W)
— Specie independent v, at high-p_
S HF2022

- J/Pv,>0-
consistent with

hydrodynamic flow of
charm quarks in QGP

—J/y v, grows from

central towards
semi-central collisions,
similarly as lighter
particles
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JIY v, — comparison with models

JHEP 10 (2020) 141
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— Low p, region described by TAMU, however tensions clearly visible at high p. (>4 GeV/c)
— Better agreement with the model thanks to recent improvements (p, distribution of
regenerated component and improved description of the primordial component)
— agreement further improved including charm quark space-momentum correlations
TAMU: Du X. and Rapp R., Nucl.Phys.A 943 (2015) 147-158 13

TAMU+SMCc: arXiv:2111.13528
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JIP v,

PbPb 1.6 nb™ (5.02 TeV) JHEP 10 (2020) 141
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— Significant J/Y v, observed at low p.

| — Similar hierarchy observed for v, /v, - higher harmonics are damped faster for heavy quarks
than for the light ones

— Nearly species independent for light flavor particles while heavy-flavour hadrons (both J/{p and D
mesons) deviate from this expectation

- Less sensitivity to initial state fluctuations wrt light flavor species 14

" HF2022 F. Fionda




v,and v JIY vs Y(2S)

CMS-PAS-HIN-21-008

Pbe 1.6 nb™' (5.02 TeV)
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Polarization

Reference frames:

Helicity (HE): direction of vector meson in the
collision center of mass frame

Collins-Soper (CS): the bisector of the angle
between the beam and the opposite of the
other beam, in the vector meson rest frame

; rest
! frame

l !; quarkonium — sensitive to production mechanisms

— difference in Pb-Pb w.r.t. pp expected due to
different mechanisms at play

16
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00 0

J/IY polarization

PLB 815 (2021) 136146

E Jiy — i Helicity & Collins-Soper 3
3 3 E
3 : 5
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E. [@]ALICE, Po-Pb s, =502TeV,25<y <4 £ 3
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E 1 1 ] 1 l 1 l L l E
F I 1 1 | | 3 1 | I | 3
E—- ----- %"E?‘#i%-! IIIIIIII ...?a- ----- % I%I -- .-.---.é

— Polarization measured by
ALICE in Pb-Pb collisions

— 20 deviation for )\e in

2-4 GeV/c w.rt zero in HE
and CS

— compatible with ALICE in
pp colllisions
[EPJC 78 (2018) 562]

— significant difference w.r.t.

LHCb pp measurements
[EPJC 73 (2013) 11]

- difference due to
suppression / regeneration
in Pb-Pb ?

17
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HF2022

— Event Plane based frame (EP): axis
orthogonal to the event plane in the collision
center of mass frame

— Event Plane normal to B and L

— Heavy quarks produced early in the
collisions — can experience both B and L

— Small centrality dependence

— Significant polarization (3.50) in 40-

60% and 2 < p, <6 GeV/c

— Theoretical description of vector
meson polarization in heavy ion
collisions still missing

F. Fionda
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Summary

Regeneration mechanism essential at low transverse momemtum for describing
suppression patterns observed for J/W at the LHC

* First YP(2S)-to-J/P ratio measurements from ALICE tend to favourite transport
model

Significant non-zero v, measured at the LHC for J/W:

» Consistent with the regeneration scenario, assuming thermalization of charm
guarks in QGP

* Recent version of transport model is able to reproduce the trend in the whole pT
range

Evidence of jet quenching mechanism contributing to suppression at high pT
Non-zero J/{ polarization in Pb-Pb collisions at the LHC

« Significantly different from pp - difference due to suppression / regeneration
* Observed as a function of event plane - sensitive to initial state
 Lacking of theoretical models

19
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-
hank yoy for your attention!
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X(3872)-to-yY(2S) ratio

1.7 nb” (PbPb 5.02 TeV)
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v,and v JIY vs Y(2S)

CMS-PAS-HIN-21-008 PbPb 1.6 nb™ (5.02 TeV) PbPb 1.6 nb” (5.02 TeV)
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— Hint at larger prompt Y(2S) v, compared to prompt J/Y v, - possibility of larger
contribution from regeneration for Y(2S)

— Y(2S) v, consistent with zero and with prompt J/ v, however uncertainties are
large for concluding
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VS,

I — Weaker suppression
rapidity at the LHC

—Increasing R,
at midrapidity

— Similar suppression observed in Pb-Pb collisions at
= 2.76 TeV and 5.02 TeV

— Less suppression at LHC energy compared to lower
RHIC energy towards more central events

at midrapidity compared to forward

— Comparable suppression at high p.

towards lower p,, more pronounced
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