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Quarkonium production in AA collisions

ALICE
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* Suppression of the direct charmonium due to colour screening and dissociation
* Charm quark (c and ¢) production cross section at the LHC is larger compared to RHIC energies, and the
(re-)generation contribution to the J/y is significantly higher than RHIC

* Measurement of the non-prompt J/y can contribute to the study of the mass dependence of parton energy loss
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% Quarkonium measurements with the ALICE detector

ALICE
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Inclusive quarkonium measurement down to
pr=0

Prompt and non-prompt J/y can be separated
down to very low pt at midrapidity
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* Evidence for J/y (re-)generation at low p and in central collisions, with larger contribution at at midrapidity

compared to forward rapidity

* The statistical hadronization model can describe the data at low pr, while the transport model agrees with data

in the whole measured p;ranges
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% Non-prompt J/y fraction measurement in Pb—Pb collisions
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» The precision of the new measurement is significantly improved compared to Run 1 results

» The slight centrality dependence hints at an increasing contribution from (re-)generation towards most central
collisions for prompt J/y

» ALICE extends non-prompt J/y measurement at the LHC down to p;= 1.5 GeV/c at midrapidity
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% Centrality dependence of prompt and non-prompt J/\y R,
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» Prompt J/y R, , increases towards more central collisions, points to an increasing contribution from (re-)generation

» Non-prompt J/y is more suppressed in central collisions, expected from heavy quark energy loss in the medium
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% prand centrality dependence of prompt and non-prompt J/y
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» Prompt J/y R, increases from semicentral to central collisions in the lowest p; intervals
» The suppression seems stronger in central collisions compared to the semicentral at high p for both prompt and
non-prompt J/y R, o
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% Jy R, comparison with models

ALICE
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» Rya extended down to pr =1.5 GeV/c and compatible within uncertainties with ATLAS and CMS measurements at high py

» Similar trends for non-prompt J/y and non-prompt D R, (small difference could arise from the different decay kinematics)

» Non-prompt J/iy Raa described by models implementing collisional and radiative energy loss for pr > 5 GeV/c, while the
prompt J/y Raa agrees with the SHMc prediction at low py
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% DO-to-J/y ratio in Pb—Pb collisions

ALICE
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Quarkonium polarization
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% Quarkonium polarization
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Figures from P. Faccioli et al. EPJ C69 (2010) 657-673

» Constrains quarkonium production mechanism in pp collisions.
» Probe of the dissociation/regeneration in QGP

» Heavy quark pairs are produced in the earlier stage of AA collision and can experience both the short living B
and the L of the rotating medium, can affect J/y polarization w.r.t a chosen axis (event plane)
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ALICE

J/\y polarization in Pb—Pb collisions at \/syy =5.02 TeV
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» First measurement of J/\y polarization in Pb—Pb
collisions at LHC

» Ay shows a maximum 20 deviation w.r.t zero in HE
and CS for 2 < p; <4 GeV/e, 30 difference w.r.t
LHCDb in pp collisions in the HE reference frame

» Difterent behaviours in Pb-Pb compared to pp
collisions due to the suppression/regeneration?

LHCb, EPIC 73 (2013) 11
ALICE, EPJC 78 (2018) 562
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% J/\y polarization in Pb—Pb collisions at \/syy =5.02 TeV

ALICE
arXiv:2204.10171
F 0.5 prrrrprrr RN RN RRRE AN AN LREE RN LR ] & 06— -
oal ALIGE, Pb-Pb \/sN _5.02TeV : 050 ALICE, Pb-Pb |5, = 5.02 TeV E
"I Inclusive Jiy — E : i — whu- ]
: P — utu” : NEW 0.4k Inclusive JAp — utu-,2.5<y <4 E
0.3F 2<pT<GGeV/C,2.5<y<4 - - :
: ; 0.3F .
0.2F : ook E
o4 _; o :
of + : o —f— ‘3
B : -0.1F -
_0.1F ¢ Stat. uncert. - - ¢ 0-20% -
|:|Syst uncert Event plane|; 0.2 - % 30-50% Event planef:
— -2 IIIIIIII | IIIIIIII | L 111 | L 111 | L 111 | L 111 | L 111 | 111 | _ B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ]
0 0 10 20 30 40 50 60 70 80 90 100 O'30 2 4 6 8 10 12
Centrality (%) P, (GeV/c)

» First measurement of quarkonium polarization w.r.t the event plane
» Significant polarization (~3.50) observed in semicentral collisions (40-60%) in 2 < p; < 6 GeV/c

» The deviation reaches ~3.9¢ at low p; (2 <pr <4 GeV/c) in 30-50%
» Interpretation of results requires inputs from theoretical models
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% Y'(1S) polarization in pp collisions at /s = 13 TeV
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» Qualitatively in agreement with NLO
NRQCD (Gong et al, PRL 112, 032001 (2014))
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% Summary and outlook

ALICE

» Nuclear modification of J/y in Pb-Pb collisions at /sy = 5.02 TeV

* Dominant contribution from (re-)generation in central collisions and low p; for prompt J/y

* Strong suppression observed for non-prompt J/y, described by the energy loss models

» Quarkonium polarization in pp and Pb—Pb collisions

* Y(1S) polarization parameters are all compatible with zero for pp collisions

* Significant non zero J/y polarization observed w.r.t event plane in semicentral Pb-Pb collisions at low py
» Detector upgrade for Run 3

* More precise measurements can be expected from high statistics

* The newly installed MFT enables the separation between prompt and non-prompt J/\y at forward rapidity.

14/06/22 Quarkonium production and polarization measurements with ALICE



ALICE

Thanks

14/06/22 Quarkonium production and polarization measurements with ALICE



% Non-prompt J/y fraction in Pb—PDb collisions

ALICE
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» The non-prompt J/y fraction is extracted through an unbinned two-dimensional likelihood fit of the dielectron
pair invariant mass and pseudoproper decay length
» The main challenge is the very low signal-to-background ratio, in particular in central collisions and at low py
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