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Prompt charmonium production

ALICE
P. Braun-Munzinger, J. Stachel, Nature 448 (2007) 302 Phys. Rev. D 105, 011103 (2022)
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* Suppression of the direct charmonium due to colour screening and the dynamic dissociation
e Charm quark production cross section at the LHC is much larger compared to RHIC energies,

and the (re)generation contribution to the J/y is significantly higher than at RHIC
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Mass dependent parton energy loss

JHEP 01 (2022) 174
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Non-prompt charmonium is from the beauty hadron decays: corresponding measurements can

contribute to the study of the mass dependence of parton energy loss
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Charmonium polarization

PRL 131 (2023) 4, 042303
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Heavy-quark pairs are produced in the early stage of AA collision and can experience both the short living B
and the L of the rotating medium, polarization w.r.t. an axis orthogonal to the event plane can be affected.
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Charmonium measurements with the ALICE detector (Run 2)

ALICE
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Inclusive charmonium measurement down to
pr=0

Prompt and non-prompt J/y can be separated
down to very low pr at midrapidity
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Inclusive J/y yield in Pb—Pb collisions at \/syy = 5.02 TeV
ALICE

arXiv:2303.13361

T — T T T - 107 T T T T
§ ALICE < ALICE T
g Pb-Pb, 0-109 =502 TeV 5 107 Pb-Pb, 0-209 =502 TeV ]
= 102 ly| <0.9 O} L Inclusive Jiy)2.5 < y < 4
Q»— 3 -~ - |
2 . 3 104 |
T F S
= : r
Q0" AT . =
= F e Data = [ e Data ]
= B Transport (R.Rapp et al.) = | Transport (R.Rapp et al.) ]
:E [ Transport (P.Zhuang et al.) = r [JTransport (P.Zhuang et al.) -
. E SHMc (A.Andronic et al.) j 10 = SHMc (A.Andronic et al.) —
o 102 . e = % L -
o ] a
3 | ] 3
[} L — ]
o
8 1 1-4- - 2
S - — = =
0 5 10 15
P, (GeV/e)

» Inclusive J/y yields are shown as a function of pr at mid- (left) and forward (right) rapidity in central collisions
» Two transport models describe the data within uncertainties

» SHMc agrees with data at low pr, and underestimates the measurement at high pr Zhou, K.. et al., PRC 89, 054911 (2014)
Andronic, A, et al, PLB 797, 134836 (2019)
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Inclusive JAy Ry VS Pt

ALICE
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» Evidence for J/y (re-)generation at low py

» Transport and SHMc models describe data at low pp, while SHMc underestimates the
measurement at high pr The energy loss model agrees with data at high p

Zhou, K., et al., PRC 89, 054911 (2014)
Andronic, A, et al, PLB 797, 134836 (2019)
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Inclusive J/y R, 4 vs centrality

ALICE
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» Evidence for J/y (re-)generation in central collisions, with a larger contribution at
midrapidity compared to forward rapidity

» All models can describe the data but suffer from large uncertainties related to inputs used
in calculations (eg. charm cross section, shadowing).

1 Ll
200 300

PR
0 100

Zhou, K., et al., PRC 89, 054911 (2014)
Andronic, A, et al, PLB 797, 134836 (2019)
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Inclusive J/y r,, in Pb—Pb collisions at \/syy = 5.02 TeV

ALICE
arXiv:2303.13361
< T T T T I T T T T I T T L} T I T T L} T g T T T T I T T T T I T T T T I T T T T
< | ALICE - w - ® ALICE, {5, = 5.02 TeV, Pb-Pb, Iyl <0.9 .
L Pb-Pb, {5, =5.02Tev @ Data _
Vo ° T RR | ¢ ¢ PHENIX, {Syy = 0.2 TeV, Cu-Cu, Au-Au, lyl < 0.35
2 L Inclusive Jiy, ly| < 0.9 ransport (R.Rapp etal.) _] ol -
L 0.15<p, < 15GeV/c ] Transpé)rt (P.Zhuang etal.) | i + NA5O0, \sy, =17.3 GeV, Pb-Pb, lyl <1 i
Pt /pppy 1 i ++++++++‘**’
I + * i}
¥ [}] $
e
b 2 e - —
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
0 100 200 300 400 0 100 200 300 400
<Npart> <Npart>
» Decreasing trend for 75, from semicentral toward central collisions Zhou, K., et al., PRC 89, 054911 (2014)

» raa below unity indicates a softening of the J/y pr shape in Pb—Pb collisions compared to pp collisions, the behavior is
different from the lower center-of-mass energies
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J/y-to-D? ratio in Pb—Pb collisions

ALICE
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A. Andronic et al., JHEP07, 035 (2021)
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Non-prompt and prompt J/y pr spectrum

ALICE

arXiv:2308.16125
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LT1: PRC107, 054917(2023)
POWLANG:

JHEP 05 (2021) 279,

EPJC 75 (2015) 121
CUJJET3.1: CPC 43 (2019)
044101

SHMec: PLB 797 (2019) 134836
BT: CPC43 (2019) 124101

» Non-prompt (left) and prompt (right) J/y pt spectrum are compared with several different

models.

» All the models seem to over estimate measured data of non-prompt J/y, the SHMc and BT

agree with data within uncertainties for the prompt J/y at low pr
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pr dependence of prompt and non-prompt J/y R,

ALICE |
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» R extended down to pp =1.5 GeV/c and compatible within uncertainties with ATLAS and

CMS measurements in the common pt range JHEP 12 (2022) 126
0 . . . . . ATLAS, Eur. Phys. J. C 78 (2018) 762
» ALICE non-prompt J/y and D? are compatible within uncertainties CMS, Eur. Phys. J. C 78 (2018) 509

09/11/23 Recent charmonium measurements in heavy-ion with ALICE



Non-prompt and prompt J/y R, 4 :comparison with models

ALICE
arXiv:2308.16125
< 2_' T T | T T T T T T I T T T I T T T T T 7 2 , , , ] , I I [ I I [ l l I l l l
Q:< 1 g POWLANG = Data 3 =% LT TALCE ' T
P L HTL DREENA-A 1 1.8F 0 E
1 6__ ""LatQCD DCUJET31 s m C Pb—Pb, 0—10/0, VS—NN= 502 TeV ]
E SILT] . . 1.6 Prompt J/y,|ly| < 0.9 B
1 4 C LBT ] 14 Lo m Data ]
C . . Dissociation ]
1.2 —LT2 = 120 + SHMc =
C ] B BT ]
L L L - ME N L am] CUJJET3.1: CPC 43 (2019)
085" Ao B N . 08l 1 044101
8 LT E oL = LT1: PRC107, 054917(2023)
0.6E L\+\j = 0.6 3 LBT: PLB838(2023) 137733
P ey - 1 LBT2: EPIC 81 848 (2021) 1035
0.4F ALICE S — 04 E
- Pb—Pb, 0-10%, {5y = 5.02 TeV : 0.2F e m— R
0.2Non-Prompt Jiy, Jy| < 0.9 ——*—— 7 o T
o~ L L L L 0 2 4 6 8 10 BT: CPC43 (2019) 124101
0 2 4 6 8 10 p_ (GeV/c)

P, (GeV/c)

» The SHMc model and transport microscopic calculations that include a contribution from regeneration are compatible with
the measured prompt J/\y R, 4 at low pr

» Non-prompt J/y R, described within uncertainties by models implementing collisional and radiative energy loss
contributions

» POWLANG calculations, which include only collisional contributions, overestimate the R4 at intermediate and high py
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Y(2S) R, in Pb—PDb collisions at \/syy = 5.02 TeV
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» Alarger suppression of the y(2S) w.r.t the J/y is observed
» The y(2S) Ry, increases at low pr, which 1s a hint of y(2S) regeneration (SHMD) A Ancironio. ot . PLE707,134836(2015)
» The TAMU model describes data better than SHMc in central collisions
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% Single and double ratios of y(2S) over J/y
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» The y(2S)-to-J/y ratio shows no significant centrality and py dependence at 5.02 TeV,
» Stronger centrality dependence of the y(2S)-to-J/y ratio at lower energy (TAMU) X. Du, et al NPA943,147-158(2015)

. . . L. (SHMc) A. Andronic, et al.,PLB797,134836(2019)
» The TAMU model describes data slightly better than SHMc in central collisions
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J/y polarization in Pb—Pb collisions at /syy = 5.02 TeV

ALICE
PRL 131 (2023) 4, 042303
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» First measurement of quarkonium polarization w.r.t the event plane

» Significant polarization (~3.50) observed in semicentral collisions (40-60%) in 2 < pr <6 GeV/c
» The significance of the polarization reaches ~3.9¢ at low pr (2 < pr <4 GeV/c) in 30-50%

» Interpretation of results requires inputs from theoretical models
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y(2S) and J/y in pp collisions with Run 3 data
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» Run 3 pp data collected with upgraded detectors

» Significantly improved statistics w.r.t to Run 2

» Allows one to measure the y(2S) to J/y ratio at both mid-
and forward rapidity

» The high statistics Pb—Pb data analyses are ongoing

Recent charmonium measurements in heavy-ion with ALICE



Summary and outlook

ALICE

» J/y and y(2S) production in Pb—Pb collisions at \/syy = 5.02 TeV

* Dominant contribution from (re-)generation in central collisions and low p; for inclusive and prompt J/y
* Strong suppression observed for non-prompt J/y
* A larger suppression of the y(2S) with respect to the J/y is observed

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

* More precise measurements can be expected from the upgraded detector and higher statistic samples, a

factor ~10% for pp and ~10? for Pb—Pb w.r.t Run 2

* The newly installed MFT enables the separation between prompt and non-prompt charmonium at forward

rapidity
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ALICE

Thanks

09/11/23 Recent charmonium measurements in heavy-ion with ALICE



