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Summary: 

In studying quantum mechanical problem of heavy quark systems, like 

J/ψ and Υ suppression, we must incorporate physics of heavy quark 

diffusion (irreversible processes) in its description. Unified description 

of these physical processes is achieved by the closed-time path 

formalism of non-equilibrium QFT. 
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 From complex to stochastic potential 

• Schroedinger equation 

• Complex potential 

• Stochastic potential 
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 Corresponding classical system 

• Stochastic Hamiltonian = Brownian motion w/o friction 

 

• Diffusion equation in momentum space 

 

 

• Stationary solution = uniform in momentum space 

         Without friction, energy rises forever … 

          (Quantum version: Ehrenfest relation) 
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 Closed-time path 
1 
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 Application to QCD (qA + ψ) 
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 Quantum dynamical equations in the leading order 

perturbation in g and in (T/M)1/2. 

• Expansion in  j up to 2nd order (~g2) 

• Kinetic term and current in non-relativistic limit 
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• Instantaneous approx.  

  Time scale for j is slow ⇔ Time scale for G is fast 
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 Kinetic term 

 Influence functional 

 

 

 

 

 )0,(ˆ),,(ˆe ),(

),(lim)('2)(

)0,(ˆ),(ˆ)(

)()()(

)()()(

00

2

00,

00,
0

00,00,

00

0

2

00,

0000

~

00,

000000,

yAtxAdtgyx

yx
T

yxGTyxG

yAixAdgyxG

yxGyxGiyxG

yxGyxGiyxG

ba

ti

ab

abababab

abba

R

ab

ab

RF

ab

ab

RF

ab


















































 

  







yxt

aaaaaa

yxt

aaaaFV

LONR

jjDTiD

VVjjS







,,
212121

,,
22

*

1121

41                       

21],[






NRNR

kin

NR SSS ,2,1 

 
)()(    

)()()(

00

0000

yxGyxD

yxGiyxGyxV R













Complex potential 

Dissipative coupling 



Hamiltonian & Renormalization 

9 

 Action and Hamiltonian for what? 

• Initial value problem of a quantum system 

 

 

 

 

 

 Strategy 

• Obtain Hamiltonian H1+2 (~ladder approximation) 

• Functional Schroedinger equation for functional density matrix 
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 Time arguments at t 

• Which order in Hamiltonian? 

 

• Fermion bilinears 

    Order of fermions  time arguments in path integral 

 

 

 

• In instantaneous approximation 

    Symmetric in all possible order in time 
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 Hamiltonian 

• Inserting fermionic complete sets on a single time path 

    Fermions are time-ordered 

• Functional density matrix? 

 

 

 

 

 

★Coherent state built on empty Dirac sea for HQ ≠ HQ vacuum 
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• Change basis to 
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• Results 
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(real) UV divergence + finite imaginary part 
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 UV divergence and renormalization 

• UV divergence 

 

 

• Rernormalization of vacuum contribution 

    - correct potential at r~1/T~(typical exchanged momentum)-1 

    - correct kinetic term at k~(MT)1/2~typical HQ momentum 

 

 

 

 

V(0) = Vvac + Vmed 

 Vvac = UV divergent, D = Im[V(0)] = Im[Vmed] = finite 
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Perturbatively, Zg(T) = g(T)/gbare  or just Zg(T)=1, gbare=g(T) 
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 Renormalized Hamiltonian 
Complex mass & potential 

Dissipative coupling 
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 Functional density matrix 

 

 

 

 

• Time evolution 

     In analogy to Schroedinger wave equation 
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 Density matrix and master equation 

• Single HQ 

 

 

 

 

 

 

 

 

• Systems with arbitrary number of HQ can be treated similarly. 
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 HQ number conservation 

 

 

 

 Ehrenfest relations 

• Velocity 

• Drag force 

• Equilibration 
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 Forward correlation function 
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 Starting from non-equilibrium field theory on a closed-

time path, we derive renormalized Hamiltonian H1+2 on a 

single time. 

 Derivation in the leading order in g and in (T/M)1/2. 

 Master equation and forward correlator for any heavy 

quark system can be derived from the Hamiltonian H1+2. 

 HQ number conservation are confirmed.  

 Heavy quark equilibration is derived through Ehrenfest 

relations. 

 Imaginary part of the complex potential is obtained from 

thermal mass + complex potential. 


