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Tsinghua model
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The initial quarkonium distribution is constructed by a superposition of that in p+p 
collisions with considering the cold nuclear matter effects. The quarkonia are 
produced at (t=z=0; or =z=0) and free streaming in the pre-hydro stage ( ).τ τ0



3

Shadowing effect
Corin effect
Nuclear absorption
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Initial state



1. Nuclear absorption : quarkonium has inelastic interaction with the 
surrounding nucleons and suffers from a suppression 
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Cold nuclear effects

Neglected at LHC energies!

N. Brambilla, et al., Eur. Phys. J. C 71 (2011) 1534. M.C. Abreu, et al., Phys. Lett. B 466 (1999) 408.
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Cold nuclear effects
2. Corin effect : Before two gluons fuse into a quarkonium, they acquire additional 
transverse momentum via multi-scattering with the surrounding nucleons, and this 
extra momentum would be inherited by the produced quarkonium 

We take a Gaussian smearing for the modified transverse momentum distribution.

C. Gerschel, J. Hufner, Ann. Rev. Nucl. Part. Sci. 49 (1999) 255.
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Cold nuclear effects
3. Shadowing effect: The distribution function for parton in a nucleus differs from a 
simple superposition of the distribution in a free nucleon 

To produce a charmonium state:

We read directly the shadowing effect from the EPS09 model

EPS09, EKS08, KHN07,
NNPDF,…. Many model. 
Extracted from eA, 
pA,,,data

K.J. Eskola, H. Paukkunen, C.A. Salgado, JHEP 0904 (2009) 065.



Hydrodynamic :

MUSIC(3+1D)
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QGP evolution

• 2+1D ideal hydro

• 3+1D viscous hydro (MUSIC package) with fine-tuned parameters

Optical Glauber + first order phase transition

http://www.physics.mcgill.ca/music/

Optical Glauber + “s95p-v1” EOS (lattice QCD+ hadron resonance gas) +  η/s = 0.08
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Transport description (Boltzmann equation)  X. Zhu, L. Yan, Y. Liu, K. Zhou, B. Chen, J. Zhao 
PF. Zhuang. Tsinghua Model
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Dissociation and regeneration are related to each other via the detailed balance.
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Quarkonium evolution

Cooper-Frye :



Chun shen

Only gluo-dissociation process in Tsinghua model

Operator Production Expansion method (OPE) 
Bhanot and Peskin. 
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Quarkonium dissociation
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Gluo-dissociation

 and the coefficient  with the 
binding energy  of the quarkonium.  is the reduced mass.
r = ω/ϵ A0 = 211π/(27 (2μ)3ϵ)

ϵ μ

The binding energy  of quarkonium in the hot medium.ϵ

 is thermal distribution function. 
 is related to the dissociation cross section

fg
Wcc̄

gψ = 4Fgψ(s)σcc̄
gψ



Color screening

 Burnier Y, Kaczmarek O, Rothkopf A. JHEP, 2015, 12:101. 
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Quarkonium dissociation

However, the volume of the produced fire-ball in relativistic heavy ion collisions is relatively small 
and expands rapidly, implying rather fast temperature changes and short fireball lifetimes. In this 
case, the conclusion from the static Debye screening effect may deviate from the real system. In 
particular, the quarkonia can be destroyed below Td and survivable above Td.

 H. Satz, J. Phys. G 32, R25 (2006)

S. Digal et al., Eur. Phys. J. C 43 (2005) 71.

Choose an effective binding 
energy for ground state. And 
the decay width of excited 
states can be obtained via the 
scale:

Γψ = ΓGS
⟨r2

ψ⟩
⟨r2

GS⟩
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Quarkonium regeneration
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fc(p, x) =
ρc(x)N(x)
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• The experimentally observed large charmed meson flow in high energy RHIC 
and LHC energies indicates charm quarks seem thermalized at low pT 
regions. We take, as a first approximation, a kinetically equilibrated distribution 
for charm (anti-charm) quarks 

N(x) is the normalization factor
 is the density in coordinate space and controlled by the charm conservation equation 

 . With the initial distribution: 
ρc
∂μ(ρcuμ) = 0

• For bottom quark, we use firstly the non-thermal distribution in Bc production 
recently. arXiv: 2209.13475

• No regeneration for bottomonium !
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Quarkonium in hadronic phase

We didn’t consider the evolution (dissociation and regeneration) of charmonium 
in the hadronic phase at high energy RHIC and LHC energies.

At SPS energy, we consider the charmonium dissociation in hadronic phase via 
; J/ψ + π → D + D̄ * or D̄ + D* J/ψ + ρ → D* + D̄ * or D̄ + D

 B. Chen, P. Zhuang and Z. Xu, Phys. Rev. C 93, no. 4, 044917 (2016).



Thank you! 
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Other points


