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The Extended Time Dependent Hartree‐Fock equa'on  

Projec)on Methods – Mar)n‐Schwinger hierarchy – quantum BBGKY hierarchy 

principle: summa)on over non observed degrees of freedom 

Star)ng point: 
Liouville equa)on 
many ‐ body system 

(1) 



Reduced density matrix of s par)cles:  

 trace opera)on in Eq. (1) :  a set of N coupled equa)ons of mo)on for the ρs 

 the trace Tr2,…,N gives a kine'c equa'on for the one‐body density:  

  solving the equa)on  of mo)on for the 2‐body correla)on, with trunca)on of 
the hierarchy at the 3‐body level: 

with V 2‐body interac)on,  

 neglec)ng 2‐body correla)ons:  

Time Dependent Hartree‐Fock equa'on 



the Extended‐Time Dependent Hartree Fock  equa)on is obtained:  

 ini)al 2‐body correla)ons  neglected 

 weak interac)on:  

short )me filter 

slowly varying  field, markovian approxima)on 

 long )mes, diagonal approxima)on: 



1    ini)al condi)ons 

2   )me evolu)on 

3   fluctua)ons 



1    ini'al condi'ons 

V  fiTed with a 3‐D anisotropic Harmonic poten)al well   

s.p. states: 

wavelet analysis                spline basis 

one‐body 
density matrix 

and 
hamiltonian  

diagonalized 

compute  εF   +    check convergence 

V(ρ) effec)ve force  



2  'me evolu'on 

2.1 pure mean‐field dynamics  

Varia)onal principle: 

analy)c approxima)on of splines by correlated coherent states (Gabor wavelets) 

in 1 D the Lagrangian is a func)on of 4 parameters and of their )me deriva)ves: 



defini)ons: 

taking as  the four independent  parameters: 

the solu)on to the varia)onal problem gives: 

for a local effec)ve inerac)on V  



2.2  dissipa've dynamics  

Wαβγδ  in the Born approxima)on 1: 

where: 

c.c.s. expansion of ρ: 

s.p. occupa)on numbers 

c.c.s. weights 
[1] C. Toepfer, C.Y. Wong, PRC 25 (1982) 1018 



separa)on of collisions from mean‐field evolu)on 1 

if c.c.s. sa)sfy the modified TDHF equa)on: 

with:  

 master equa)on: 

numerical calcula)on with Monte Carlo summa)on techniques   

[1] C.Y. Wong, H.H.K. Tang PRC 20 (1979) 1419 



collision term simula'on 

since 

the summa)ons can be rewriTen only in terms of  i, j and k : 

the loss term reads: 

the presence of the factors 

 gives, in the N>>1 limit: 

the summa)on is calculated with a uniform sampling,  
the integral is sampled and calculated with a non uniform sampling, ruled by 
the n‐n cross‐sec)on, according with the rejec)on method.



2  fluctua'ons 

many body informa)on in TDHF: Slater 
determinants of s.p. wave func)ons 

ETDHF the simplest many‐body states: 

N‐body density matrix 

requirement: 

(1) contains the same one and two body 
informa)on as ETDHF solu)ons    

  ρ 

(1) 



in the wavelet representa)on of s.p. states 
where the                           are S.D. of wavelets 

the coefficients are of the form of N products 
of wavelets belonging to different s.p. levels 

the many body density in the RPA is     

sta's'cal mixture of Slater Determinants of wavelets  

fixed at t=0 

it is compa)ble with 1 and 2 body informa)on given by the ETDHF solu)ons and 
with  Fermi sta)s)cs  

the corresponding 1‐body density is : 

a superposi)on of 1‐body densi)es involving just one wavelet from each s.p. level 



ρ1   ρ2         ρ3                  ρ4   

  ρ 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Wilczynski 
diagrams 

Experimental data: R.J. Charity et al , Z. Phys. 
A 341 (1991) 53  
LV calcula)on: dots 
                      maximum values 
                      mean value 

Dywan calcula)on 

pheriperal 

central 



all events  

selected events   

experimental data from Ref. D. Doré 
et al., Phys. LeT. B 491 (2000) 15  

Dywan calcula)on 

total transverse 
kine)c energy 

impact 
parameter 



incoming nucleon   

target 

n+Pb E/A 62.27 MeV 

density 
profiles 
in the 
reac)on 
plane 

mean field 
evolu)on 



channels 

indica)ons of a 
neutron skin 

 +  E.L. Hjort et al, Phys. Rev. C 5 (1996) 237 




