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= 1  No effect

< 1  Suppression

> 1  Enhancement
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Hydrodynamic 
Evolution

      + EoSTransport 
Equation

Transport(cold&hot) + Hydrodynamic
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1) Gluon dissociation :

in Vacuum

in Medium

Spectral Function

ECT* Quarkonium 2016 6Kai Zhou        Trento



( , , )f p x t
 

QQg 
 

),(4
2)2(2

1
3

3

xkfF
E

kd
E ggg

gT
   





)1/( /

g TupgeN 


1) Gluon dissociation :

in Vacuum

in Medium
)0(

)()0()( 2

2








 Tr

TrTT gg 

ECT* Quarkonium 2016 7Kai Zhou        Trento



( , , )f p x t
 

QQg 
 

2) in-Medium Regeneration :
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 Detailed balance :

 heavy quarks are assumed to be
kinetically thermalized:
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Shadowing

Absorption

Cronin
Cold 

Effects

Nuclear
absorption

Cronin effetc

nPDF vs. free PDF

 ttcoll so it's neglected at LHC

R.Vogt et al. PRL91 (2003) 
142301.PRC71(2005) 054902

Gassian smearing treatment
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 Regeneration plays an important 
roll in most of centralities, and 
can be dominant.

 Competition leads to platform 
structure in most centralities.

PRC89,054911(2014)
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PRC89,054911(2014)
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PRC89,054911(2014)
Nucl.Phys.A834,249C(2010)
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SPS: Cronin effect for 
      initial production

RHIC: competition betw.
      initial Vs. regeneration

LHC: dominant regeneration 
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NNs QGP

PRC89,054911(2014)
Nucl.Phys.A834,249C(2010)
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Clearly showes
a hotter medium
been created at
LHC !

T
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When we go to higer and higer energy collisions (eg. FCC) :

hotter means thermal partons are more energetic (~ s)

denser means a higher PDF in the medium
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Theoretically, would dynamical
Charm flavor also contribute to
bulk medium properties? 
like EoS, transport coefficients...

Wuppertal-Budapest 2014

M.Laine, K.Sohrabi, Eur.Phys.J.C 75 (2015) 80

secondary in-medium thermal charm production rate
can be large
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When we go to higer and higer energy collisions (eg. FCC) :

hotter means thermal partons are more energetic (~ s)
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Phenomenologily,

secondary in-medium thermal charm production rate
can be large

2
)(/ ~ cc

onregenerati
J nn 

Charmonium Enhancement ?
Future Circular Collider

39TeV!



Ncoll*pp

only shadowing

w. shad | w. thermal pro.
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)()( gccqqgccgggain RRR   (Nason, Dawson & Ellis, 1988)

Rate equation for charm quark density:

lossR : from detailed balance with 
gainR

thermal production in Pb+Pb becomes
remarkable at 5.5 TeV and 39 TeV. 



w. shad | w. thermal pro.

w. shad | w/o thermal pro.

w/o shad | w thermal pro.

upper dotted-lines : without shadowing
 
@2.76TeV
 weak thermal charm production

@5.5TeV
 regeneration enhanced ~40% (quatratic in c)

@39TeV
 wide plateau clearly increasing trend
 central coll. 0.2 0.75  ( 3 times! )
 production sourced directly from thermal 

medium but not initial produced charm
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2~ cconregenerati NNsince                         , thermal charm production
can enhance the charmonium regeneration



w/o shad | w thermal pro.

w. shad | w. thermal pro.

w. shad | w/o thermal pro.

Initial production dominate high pT, 
regenration dominate low pT.

@2.76TeV
 regeneration mostly from initial charm

@5.5TeV
 sizeable enhancement ~ 40% at low pT 

@39TeV
 RAA >1 at low pT~enhancement
 slight bump impling thermalization (flow)
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ppTAATAA ppr 22 / cold? hot?
not that hot

very hot !

a little hot

"heavy
quarkonia
cat"
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since                         , thermal charm production
can enhance the charmonium regeneration,
source for charmonium changed from initial
hard charm to thermal charm directly from medium

2~ cconregenerati NN

Future Circular Collider

39TeV!
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Cronin + Shadowing(EKS98)
can describe the p-Pb(5.02
TeV) data well  !

p-Pb 5.02 TeV
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PRC89,054911(2014)
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Note the "kink"----
Melting Tempereature from
Color Screening

PRC89,054911(2014)

Mid-Rapidity
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1,  sensitive to the degree
of heavy quark thermalization
--energy loss.

2,  not sesitive to the cold 
nuclear matter effect------
Shadowing effect.

clearly indicates QGP's medium
effects
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PRC89,054911(2014)
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lower border  : w/o  Shadowing
upper border : with Shadowing

mid-y (lab-y=4.3) : Anti-shadowing
 for-y  (lab-y=2.3) : Shadowing 

GeVsNN 72~ 

3.4tanh 1  
cmsy 

Sensitive probe to gluon distribution 
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Both Initial production and Regeneration suffers Suppression
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1、flat structure gradually 
dissappears with pT.---->

Regeneration is mostly 
contributed in low pT part.

2、Jpsi naturally provide two 
probes:
a） Hard Probe：high pT，
Color Screening
b） Soft  Probe：low pT，
Thermalization

PRC89,054911(2014)

Forward Rapidity
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         (2->1)process
Color Evaporation Model

 pp

AA

R.Vogt et al. PRL91 (2003) 142301.
                     PRC71(2005)  054902
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