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Heavy quarks in heavy ion collisions 

• Some remain as bound state in the whole evolution

• Some dissociate in the hot medium and release constituents which 

travel through QGP, thermalize via diffusion 

• Form open charm/bottom mesons during hadronization

➡ Heavy quarkonia as thermometer of QGP

➡ Heavy quark diffusion coefficient as crucial input for hydro/transport 

models to describe the experimental data
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⌅ bulk of matter created in HICs is expected to quickly reach some intermediate equilibrium
) “strongly coupled QGP”

⌅ But wait... what about heavy quarkonia?
⌅ M � T , only produced in early hard collisions
⌅ remain as bound states / melt into constituents

⌅ travel through QGP, thermalize to some extent via diffusion

⌅ form DD̄ or BB̄ meson pairs, decay into dileptons
) probes for transport properties of QGP

J/ ⌥

cc̄ bb̄

3.1GeV 9.5GeV

cf. T ⇠ O(100) MeV

[Figure: S. Bass, mod. by O. Kaczmarek]

[SA.Bass]

Heavy quarkonia are produced only in the early stage of collisions
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✴ Backus-Gilbert Method

✴ Maximum Entropy Method

✴ New Bayesian Method

✴ Stochastic Approaches

✴ …

✴ Fit with theoretically inspired ansatz

M. Asakawa, et al., PPNP. 46(2001) 445-508

H.-T. Ding, et al., PRD97, 094503

B. B. Brandt, et al., PRD93, 054510(2016)

Y. Burnier and A. Rothkopf, PRL 111,18,182003

✴ Deformation of SPF

   —> dissociation temperature

Hadron spectral functions 
• Carry all information about the in-medium properties of quarkonia 

• Analytic continuation and spectral reconstruction

✴ Transport peak of SPF:

   —> heavy quark diffusion coefficient
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Lattice setup 

• Large, fine, isotropic lattices in the 
quenched approximation (for large Nt)


• Five different temperatures 

• Clover improved Wilson fermions

• Wide kappa (quark mass) range
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Interpolation to physical masses

• Several heavy quark masses (𝜅) at each lattice spacing

• Pole masses not at exact physical masses

• Inter/extra-polate correlators to physical 𝐽/𝜓, 𝛶 mass
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Extrapolation to continuum limit
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Combined spline fits taking care of separation interpolation and respecting the lattice action:
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• Extrapolate the correlators to continuum limit using spline interpolations
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Temperature dependence of correlators
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• Extract spectral functions 
from correlators via:

GH(⌧) =

Z
d!

⇡
K(!, ⌧, T )⇢H(!, T )

• transport peak • bound state region • continuum part

• Use a perturbatively inspired 
model spectral function



Perturbative spectral functions
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• pNRQCD calculations applicable around the threshold

• Ultraviolet asymptotics valid well above the threshold

• Combine two parts by interpolation:

[M. Laine, JHEP05(2007)028]

[Y. Burnier and M. Laine, EPJC72, 1902(2012)]

[Y. Burnier et al., JHEP11(2017)206]
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• Separate from the (sharp) transport peak:

bottom(PS)

• No transport peak in this channel:
⇢mod
PS (!) = A⇢pertPS (! �B)
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Dissociation temperatures

• Fit model to the difference of adjacent correlators


• For J/psi no resonance peak is needed to describe the lattice data even at 1.1Tc

• For Upsilon the resonance peak persists to 1.5Tc
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Transport contribution
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✴ Difficult to resolve D from the tiny 
curvature of Gtrans


✴ Not shown here but similar for 
bottomonium
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• Solving transport peak using Lorentzian ansatz:
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• Reconstruct the transport contribution:
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Estimate transport peak from midpoint correlators
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• Transport peak plays its most significant role at midpoint 𝝉𝛵=0.5

• Calculate midpoint correlator by integrating Lorentzian ansatz with varying eta at 

physical charm&bottom quark mass

• Compare with lattice data and find range for eta from intersections

✴ Analysis of the upper integration limit 
suggests the results for charmonium not 
trustable 

model

lattice
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M

!⌘

!2 + ⌘2



Estimate transport peak from thermal moments (I)
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• Fit correlators to get the ratio of thermal moments

• Thermal moments defined as Taylor coefficients
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• Calculate the ratios from spectral function



0 2 4 6 8 10
0

100

200

300

400

÷/T

R2,0

Bottomonium
1.1Tc

1.3Tc

1.5Tc

2.25Tc

0 2 4 6 8 10
20

30

40

50

60

÷/T

R2,0 Charmonium
1.1Tc

1.3Tc

1.5Tc

2.25Tc

Estimate transport peak from thermal moments (II)
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• The intersections of different methods 
determine the range of eta



Combine the results and compare with literature
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✴Consistent with results from AdS/CFT

✴Smaller than results from LQCD at heavy quark mass limit (high order corrections?)

[A. Bouttefeux and M. Laine, JHEP12(2020)150]
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Conclusion
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• First principle calculations of charmonium and bottomonium correlation functions 
at physical masses


• Continuum extrapolations based on large & fine quenched lattices


• Well described by perturbatively inspired models


• No resonance peak needed to describe charmonium down to 1.1Tc  while 
resonance peak needed for bottomonium up to 1.5Tc


• Consistent estimates on heavy quark diffusion coefficient


