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Time-dependent Schrodinger equation + Hydro

 Heavy quark potential :

Real part:
(Lattice)

imaginary part(HTL):

M. Laine, et al, JHEP, 07’
M. Strickland, PRC, 15’𝑉 = 𝐹

𝑉 = 𝑈 = 𝐹 + 𝑇(−  𝜕𝐹 𝜕𝑇)S.Digal, et al, EPJ, 05’

𝑐  𝑐 dipole

𝜏c  𝑐 < 0.1 𝑓𝑚 𝜏𝜓 < 𝜏0(~0.6 𝑓𝑚)

pp data

J. Cugnon, P.B. Gossiaux, ZPC, 93’
R. Katz, P. B. Gossiaux, 16’
B.Z. Kopeliovich, et al, PRC, 15’
Taesoo Song, et al, PRC, 15’ mS eigenstate components in one dipole:
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 Gaussian wave:

Initialization of 𝑐  𝑐 wavefunction

𝐴 =
2

𝜋1/4𝜎0
3/2

 𝑑𝑟 ∙ 𝑟2|𝜙0 (𝑟)|
2 = 1

Fixed by pp data:
Direct 2S/1S

 Strong color screenin at ~ 2Tc, 𝑐  𝑐 dipole 
wavefunction expands outside 

 Most of ccbar dipoles can move out of QGP 
in time ~5 fm/c

Direct 
𝑅𝐴𝐴(2𝑆)/𝑅𝐴𝐴(1𝑆)

Boayi Chen Hard Probe 2016 Flash Talk



Nuclear modification factor of 2S
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Enhancement of charmonium 2S

2) Initialize the wavefunction of 
𝑐  𝑐 dipole with 2S eigenstate

1) Initialize the wavefunction of 
𝑐  𝑐 dipole with Gaussian function 
(both 1S and 2S component)

Small 𝑅𝐴𝐴(2𝑆), consistent 
with Sequential suppression 
model

2S implemented by   1S->2S

Background: hydro
Potential: only real part

𝑅𝐴𝐴(2𝑆)
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 Nuclear Modification factor 𝑅𝐴𝐴:

𝑅𝐴𝐴 in heavy ion collisions

R𝐴𝐴
𝑚𝑆 =

 𝑑  𝑥0𝑑  𝑝0 𝑐𝑚𝑆 𝑡,  𝑥0,  𝑝0
2 𝑑𝑁𝑐  𝑐
𝑑  𝑥0𝑑  𝑝0

𝒮(  𝑥0,  𝑝0)

 𝑑  𝑥0𝑑  𝑝0 𝑐𝑚𝑆 𝑡0,  𝑥0,  𝑝0
2 𝑑𝑁𝑐  𝑐
𝑑  𝑥0𝑑  𝑝0

EPS09s NLO

Preliminary
 Now, we do not include pT-dependence in our heavy quark potential.

 𝐽 𝜓
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Prompt upsilon (1S, 2S) at RHIC and LHC

Gaussiaux’s figure

 Mean radius: < 𝑟 >Υ(1𝑆) ~0.28 fm,

< 𝑟 >Υ(2𝑆) ~0.56 fm,

1S strongly bind even at LHC energy;  
2S suffer strong suppression due to 
color screening effect. 

no double ratio enhancement 

LHC 2.76 TeV Pb-Pb

RHIC 200 GeV Au-Au
RHIC 200GeV Au-Au

Theory: prompt

P. B. Gossiaux ‘s talk in 

Hard Probe 2016

Preliminary
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1) To be clear, at LHC,
regeneration from uncorrelated 𝑐 and  𝑐 (off-diagonal contribution) 

still dominates the total charmonium yields and the yield in low pT bin. 

2) Both formation process and sequential regeneration should contribute to the 
double ratio 𝑅𝐴𝐴(2𝑆)/𝑅𝐴𝐴(1𝑆) in middle and high pT bins.

3) Internal evolutions between 1S and 2S is especially important for 
𝑹𝑨𝑨(𝟐𝑺)

𝑹𝑨𝑨(𝟏𝑺)

Thank organizers and committee very much for this 
flash talk.
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Summary
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Double ratio 
enhanced and suppressed
in different T


