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Motivation ALICE

- Quark matter at extreme energy density form Quark-Gluon Plasma
- Heavy quarks are produced at the early stage of collisions
- Interact with the hot and dense QCD medium

- Quarkonium
* Suppression due to colour screening
- (Re)generation during the QGP evolution or at the phase boundary

- Elliptic flow
- Cold Nuclear Matter effects

* Nuclear parton shadowing/gluon saturation
- Parton energy loss
* Nuclear break-up
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A Large Ion Collider Experiment
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JI R, , 1n Pb-Pb collisions at \/syy = 5.02 TeV
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* R,, changes as a function of rapidity

* Hint of weaker suppression at mid-rapidity as compared to forward rapidity
* The J/Y is more suppressed in high-pt than low-pT region
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J/ll] RAA n Pb Pb colhslons at \/SNN = 5 02 TeV FILI

25<y <4, pT <8 GeV/c 1.2 ® Pb-Pb,\s,,=5.02TeV (Preliminary)
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A suppression from peripheral to central collisions is observed, with a flat pattern for V.., > 100 gj
 The new results of Pb-Pb collisions at /syy = 5.02 TeV show similar trend with higher precision gfﬁé

« New measurements are compatible with Pb-Pb collisions at \/syy = 2.76 TeV, no significant
deviation at forward rapidity (left) and mid-rapidity (right).




JI Ry, 1n Pb-Pb collisions at \/syy = 5.02 TeV  alice
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Transport, p_> 0.3 GeV/c (TM1, Du and Rapp Transport (TM1, Du and Rapp)
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0.2 Transport (TM2, Zhou et al.) 3 0.2 Transport (TM2, Zhou et al.)
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[The brackets represent the contribution for p; > 0.3 GeV/c ]

Statistical Hadronization : [primodial suppressed + éc phase boundary
Co-movers interaction model : | ]

Transport model (TM1) : [continuous cc dissociation and (re)generation]
Transport model (TM2) : [Continuous cc dissociation and (re)generation]
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Data are more precise than the model predictions



s,

Differential measurement of J/P Ry, vs (Npart), DT ALICE
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* The suppression is smaller at low-py, * No centrality dependence for the lowest p; bin £l
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for most central collision * R,, decreases by 60-80% at large p; and for $=
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 TMI1 prediction agrees with data within uncertainties for most data points
 The observed features are expected in a regeneration scenario




Ratio of Ry, of Y(25) to J/P 1n Pb-Pb at \/syy = 5.02 TeV aLice
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The signal extraction of Y(2S) is challenging and ALICE will profit from the upgrade
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The ratio of R,, of Y(2S) to J/Y in Pb-Pb collisions at /syy = 5.02 TeV is consistent with the
2.76 TeV results

ALICE and CMS measurements are in agreement within uncertainties



J/ v, In Pb-Pb collisions at /syy = 5.02 TeV ALICE
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* The observed v, suggests that J/{ are formed by flowing charm quarks g; £

* The hint of non-zero v, in Pb-Pb collisions at /syy = 2.72 TeV is now confirmed at /syy =
5.02 TeV [7.40 for pp= 4-6 GeV/c]
* The transport model predictions are not able to describe the data in the high-p, region




Y(1S) R\, 1n Pb-Pb collisions at \/syy = 5.02 TeV  alice
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Transport Model [Rapp et al. EPJA 48(2012)72, private comm.]
225 without regeration
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Transport Model [Zhou et al., PRC89 (2014) 054911, private comm.] L [ Strickland et al, Universe 2016, 2(3), 16

without regeneration
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* Transport models by Zhou et al. (TM2) and Rapp et al. (TM1)
qualitatively reproduce the centrality dependence.
* The anisotropic hydrodynamic model by Strickland et al. can describe the rapidity

dependence of R,, , but hint of different trend is observed
 The prdependence of Y(1S) R,, in Pb-Pb collisions is described by the transport model and anisotropic
hydrodynamics model

 Transport model, with or without (re)generation effect can describe the data
* The ratio of R,, for Y(2S) to Y(1S) is 0.26 + 0.12 (stat.) + 0.06 (sys.)—> hint of sequential suppression
* Suppression of direct Y(1S) ?

« Ry, of Y(1S) = 0.40 £+ 0.03 (stat.) + 0.04 (sys.) —> Also observed in CMS data [CMS PAS HIN-16-023]
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Summary

- Charmonium
- Interplay of two main mechanisms : suppression and (re)generation
- Higher states Y(2S) are more strongly suppressed than ground state J/{s
- Observation of non-zero v,with higher precision

- Bottomonium
* Suppression plays dominant role with negligible (re)generation
« Suppression is stronger for states, Y(2S), with lower binding energy
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More ALICE quarkonium results : Biswarup Paul and Jana Crkovska
Upgrade talk on MFT as forward rapidity detector: Maciej Slupecki
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JY (pr) and 1,4 as a function of centrality ALICE
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* <pr> decreases with increasing centrality = supports (re)generation scenario
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« TMI1 prediction can not reproduce the r,,4 result in semi-central collisions
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RAA

Y(1S) R,, in Pb-Pb collisions at /syy =

5.02 TeV

ALICE

1 -1
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* The anisotropic hydrodynamics model which does not have the (re)generation
component and CNM effect describe the data within n/s uncertainties.




RAA
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Y(1S) R,, in Pb-Pb collisions at /syy = 5.02 TeV

ALICE Preliminary, Pb-Pb |s,, =5.02 TeV

T T | L

ALICE

m Inclusive Y(1S) —» p'n, 0 < P, < 12 GeV/c, 0-90% global sys.= = 3%
Y(18), Pb-Pb (S = 5.02 TeV

L 1 .........................................................................................
i Strickland et al., arXiv:1605.03561 i ¢ CMS || Krouppa and Strickland (arXiv:1605.03561)
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The anisotropic hydrodynamics model can describe the rapidity
dependence of R,, , but hint of different trend is visible
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JAp R,, in Ph-Ph callicions at ./< = 5,02 T~V ALICE
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* Most precise result in Pb-Pb collisions at \/syy = 5.02 TeV at forward rapidity
 New results are compatible with Pb-Pb collisions at \/syy = 2.76 TeV

 Larger R,, in central collisions and it increase at low-p;
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* Suppression effect are visible at RHIC where as LHC shows the interplay of suppression
and (re)generation




ALICE

ACORDE

EMCal

rac mg
Chambers

A -

Dlpole
Magnet

FM
D

VZERO K

Muon filter

VZERO-C (—3 7<p<-1. 7) and VZERO-A
(2. 8 <np<5.1)

Muon Spectrometer acceptance
-4<p,<-2.5

ALICE measures bottomonium
resonances down to pp ~ 0 at
forward rapidity in the dimuon

channel
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In addition to (10-30)% B-decay production
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High pT
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Quarkonium production in nucleus-nucleus collisions

with ALICE at the LHC, EPS HEP 2017, [.Das
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* Most precise measurement of elliptic flow of charmonium
* The prompt open-charm mesons also shows non-zero elliptic flow
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