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i~@t⇢̂ = [ĥ, ⇢̂] (    1-body density matrix)⇢̂

i~@'i

@t
= h[%]'i {'i(r, t), i = 1, ...}%(r, t) =

X

i

|'i(r, t)|2

= � ~2
2m

�+ U
Coul.[%] + U

exch.corr.(%)
+U

ext.(r, t)

h[%] = � ~2
2m

�+ t0%+ t3%
1+� + ...

l Linear and non linear dynamics : Giant dipole resonance (n/p),  
   Optical response (electrons/ions), Fission, fragmentation …



Quantum mean-field : a « mother » theory

Skyrme Hartree-Fock TDHF

l Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Nuclei Clusters and molecules
Density Functional Theo. TDDFT 
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l Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Nuclei Clusters and molecules
Density Functional Theo. TDDFT 

i~@t⇢̂ = [ĥ, ⇢̂] (    1-body density matrix)⇢̂

l No « dissipation » beyond mean-field, constant occupation numbers… 
 l Strongly decreasing de Broglie wavelength in high energy dynamics
      Semi classics possible at high energy
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Beyond semiclassics (Boltzmann+)?

Derive a quantum kinetic equation ?

Caution with excitation energy E⇤

l very small       : fully correlated quantum dynamics 
l very large       : drift towards (semi) classics

E⇤

E⇤

Involved object... Need of simplifications for realistic finite systems

Standard classical kinetic equation is insufficient !
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Î
coll

[⇢̂] '
⇢̂ ”thermal”$E

⇤(t) � ⇢̂(t)

⌧
relax

(E⇤(t))



A quantum relaxation 
time ansatz

« Simplest » kinetic theory
… but quantum : dissipative TDLDA

Î
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