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Ø Early creation: heavy quarks created in initial hard scatterings experience the entire evolution of the quark-
gluon plasma (QGP) (mq>> TQGP)

Ø Include Both pQCD and non-perturbative : can be calculated down to low pT in pQCD (mq>> ΛQCD), the 
process to form the heavy mesons involves soft momentum scales

Ø Probes to QGP properties: dissociation (static and dynamic) and (re-)generation

Why heavy flavors
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Thermometer?

ü Large abundance of qqbar increasing their 
combining probability to form quarkonium.

ü Compete with dissociation.
ü Dominate at central and semi-central collisions.



shadowing

Anti-shadowing

Other effects
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Ø Formation time: 
p high 𝑝! hadrons fly out the medium 

faster
Ø Feed-down contribution to prompt yields: 

pdecay from excited states 
Ø Non-prompt contribution: 

p such as decay from open hadrons
Ø Medium-induced energy loss: 

pparton energy loss
Ø Cold Nuclear Matter effects (CNM):

the effects induced by the presence of the 
nuclei in the initial-state

p nPDF;
p Coherent energy loss;
p Nuclear absorption;
p Co-movers

Lifetime of b hadrons (𝒪(500) 𝜇𝑚/𝑐)
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Hot medium and cold nuclear matter effects in A+A collisions !
Cold nuclear matter effects in p+A collisions ?



Charmonium in p+p
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LHCb – J/𝝍



Charmonium in p/d+A
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)

?
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)

similardifferent
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)

Increasing?
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)
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PHENIX – J/𝝍 and 𝝍(𝟐𝒔)



STAR -- 𝑱/𝝍
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STAR -- 𝑱/𝝍



Charmonium in A+A
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STAR -- 𝑱/𝝍
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STAR -- 𝑱/𝝍
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STAR -- 𝑱/𝝍
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STAR -- 𝑱/𝝍
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STAR -- 𝑱/𝝍



ALICE -- 𝑱/𝝍
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ALICE -- 𝑱/𝝍
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ALICE -- 𝑱/𝝍
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ALICE -- 𝑱/𝝍
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ALICE -- 𝑱/𝝍 and 𝝍(𝟐𝒔)
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ALICE -- 𝑱/𝝍 and 𝝍(𝟐𝒔)
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ALICE -- 𝑱/𝝍
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ALICE -- 𝑱/𝝍
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ALICE -- 𝑱/𝝍



LHCb – J/𝝍 in UPCs 
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LHCb – J/𝝍 in UPCs 
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Reconstruction candidates:



LHCb – J/𝝍 in PCs 
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LHCb – J/𝝍 in PCs 
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LHCb – J/𝝍 in PCs 
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LHCb – J/𝝍 in PCs 
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Summary 
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Ø p+p collisions:
ü LHCb (J/𝜓)

① A new results from LHCb at 5 TeV, good agreement with NRQCD

Ø p/d+A collisions:
ü PHENIX (J/𝜓 and 𝜓(2𝑠) in p+Au): 

① At forward rapidity, nPDF can well describe data

② At background rapidity, it suggest the presence of the final states (similar at RHIC 

and LHC energy)

ü STAR (J/𝜓 in p+Au):

① Suppression at low 𝑝!, consistent with unity at high 𝑝! at mid-rapidity



Summary 
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ØA+A collisions:
ü STAR (J/𝜓 in Au+Au and isobar):

① No significant energy dependence from 39.9 to 200 GeV

② Seems to be driven by system size (<Npart>)

ü ALICE (J/𝜓 in Pb+Pb):

① Consistent with CMS and ATLAS results within 

uncertainties

ü LHCb (J/𝜓 in Pb+Pb UPCs and PCs):

① Consistent with model


