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Outline

● Physical setting & motivation:
- Quark gluon plasma

- Heavy ion collisions

● Heavy quarks:
– Motion in plasma

– Theoretical description

● On the Lattice:
– Non-perturbative & perturbative

● Status
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Heavy Ion Collision

Two heavy ions bunches collide with each other:

In the fireball a QGP is created with a temperature of 
300 MeV.
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QGP modelling

Hydrodynamical modeling requires transport 
coefficients determinable from measurements or 
calculations in underlying microscopic theory.

Theoretical determination provides finite-T check of 
QCD.

One of the coefficient most accessible to theory is 
the kinetic thermalization rate of heavy quarks 
(charm or bottom).
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Thermalization

For a relatively small value of       the thermalization rate 
of light and heavy quarks are given by

but experiments show that the heavy quarks appear to 
thermalize about as effectively as the light quarks.

This warrants a further study of the heavy quark 
thermalization in the QGP.
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Heavy quarks in QGP

Consider heavy (charm or bottom) quarks propagating 
through the QGP:

- created in the initial stages of the collisions as             .

- if                  then the momenta                    only slightly 
altered in each collision.

Quarks observable as D and B mesons.
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Langevin Description

The momenta of the heavy quark is described by

where       is the kinetic thermalization rate and        is a 
noise term.
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Theoretical description

Momentum diffusion coefficient:

Noise from coloured Lorentz force interactions. In the 
heavy quark limit related to Euclidean correlator1:

1S. Caron-Huot, M. Laine and G. D. Moore
JHEP 04 (2009) 053 [0901.1195]
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Lattice Computation

Non-perturbative nature necessitates determination via 
lattice simulations.

Extracting the continuum limit of lattice results is an 
expensive endeavor in terms of computation time.

A perturbative calculation can help guide the procedure.
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Perturbative calculation

Due to lattice:

Finite temperature leads to Matsubara sums:

Additionally more Feynman rules.
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Diagrams

Expansion for small couplings and small a. Diagrams:
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Status

The results are currently being checked. Status is:
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Thank you all for the attention.
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Lattice Calculation

A non-perturbative calculation from first-principles can 
be performed numerically using the lattice:

 

a regulates the UV.
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Lattice Representation

Observable                                                         drawn as

a
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