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Introduction

Heavy quarks (HQ) in Heavy-ion collision:
• cc̄/bb̄ pairs perturbatively created at early times in HIC experiments.
• Important probes to study QGP properties (mHQ >> T ).

• Undergo energy loss due to collision and soft gluon radiation in medium.

HQ transport coefficients:
• Sensitive to medium evolution.
• Drag coefficient: Resistance due to light (anti)quarks and gluons

• Diffusion coefficient: Transverse and longitudinal in momentum space
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HQ transport coefficients
Boltzmann eqn. + soft scattering approx. ⇒ Fokker-Planck eqn.
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B. Svetitsky, Phys. Rev. D 37, 9 (1988)

Collision (Elastic): HQ(p) + lq/l q̄/g(q)→ HQ(p′) + lq/l q̄/g(q′)

〈F (p)col〉 =
1
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Radiation (Inelastic): HQ(p) + lq/l q̄/g(q)→ HQ(p′) + lq/l q̄/g(q′) + g(k ′)

〈F (p)rad〉 = 〈F (p)col〉 ×
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S. Mazumdar et al., Phys. Rev. D 89, 014002 (2014)
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Thermal medium interaction : EQPM
EQPM: Effective fugacity Quasi-Particle Model (lattice QCD EoS based)

V. Chandra et al., Phys. Rev. C 76, 054909 (2007)

In-medium interactions of QGP encoded into particle: quasiparticle

Introduction of temperature dependent effective fugacity zk in the

distribution functions of quasiparticle k ≡ (lq, l q̄, g).

f 0
k =

zk e−Ek/T

1± zk e−Ek/T

Quasiparticle dispersion relation: q̃k
µ = qµk + δωk u

µ

Collective excitations of quasipartons: δωk = T 2 ∂T{ln(zk )}
Effective strong coupling constant αs (eff ) is introduced through EQPM

based Debye mass.

αs (eff )(T ) = αs (T )

{
2Nc
π2 PolyLog[2, zg ]− 2Nf

π2 PolyLog[2,−zq]
}

{
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3
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6

}
S. Mitra et al., Phys. Rev. D 96, 094003 (2017)
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Viscous hydrodynamic corrections
Leading order shear and bulk viscous corrections to the (anti)quark and

gluon distribution function obtained by solving the effective kinetic theory.

S. Bhadury et al., J. Phys. G 47 (2020) 8, 085108

Energy-momentum tensor for the dissipative (viscous) hydrodynamics,

Tµν = εuµuν − (P + Π)∆µν + πµν

Quasiparticle distribution function near local thermal equilibrium,

fk = f 0
k + δfk where δfk/f

0
k << 1

Boost-invariant Bjorken (longitudinal) expansion of the fluid.
LO viscous corrections to the quasiparticle thermal distribution function.

• By solving the relativistic Boltzmann equation with RTA using

Chapman-Enskog method,
δfk = f 0

k (1± f 0
k ){φk (bulk)(1) + φk (shear)(1)}
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]
A. Shaikh et al., Phys. Rev. D 104, 034017 (2021)
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Results for shear viscous correction (i. Transport Coefficients)

Nc = Nf = 3, mlq = µlq = 0, mc = 1.3 GeV, Tc = 170 MeV, τ = 0.25 fm
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Results for shear viscous correction (ii. Energy Loss)

Nc = Nf = 3, mlq = µlq = 0, mc = 1.3 GeV, Tc = 170 MeV, τ = 0.25 fm

mb = 4.2 GeV

Differential energy loss: −dE

dx
= p A(p,T )
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Results for bulk viscous correction

Nc = Nf = 3, mlq = µlq = 0, mc = 1.3 GeV, Tc = 170 MeV, τ = 0.25 fm

 

PoS CHARM2020 (2021) 060
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Comparison with Grad 14-moment approximation method

δfk Grad (shear) = f 0
k (1± f 0

k )

{
2 s β2
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Nc = Nf = 3, mlq = 300 MeV, mc = 1.3 GeV, Tc = 170 MeV, τ = 0.25 fm
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Second order shear viscous correction

δf (shear) = f 0(1± f 0){φ(1) + φ(2)}

General Case
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For Bjorken (1D) expansion
(ωµν = u̇µ = 0)
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C. Chattopadhyay et al., Phys. Rev. C 91, 024917 (2015)
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Conclusion

1 Heavy quark transport coefficients is studied in a viscous QCD medium for
collisional and radiative processes.

2 The thermal medium interactions are incorporated using EQPM and the first
order shear and bulk viscous corrections are included to the distribution
function of the quasiparticles.

3 Shear viscous corrections are substantial for slow moving HQ (p ≈ 1− 2
GeV at T = 3Tc ) where the increase in η/s decreases the drag coefficient.

4 Bulk viscous corrections are prominent near transition temperature
(T ≈ 1.5Tc ).

5 The effect of the second order viscous corrections to the HQ transport
coefficients is in progress.

Thank you !
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