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The Extended Time Dependent Hartree-Fock equation
Projection Methods — Martin-Schwinger hierarchy — quantum BBGKY hierarchy
principle: summation over non observed degrees of freedom
Starting point:

Liouville equation ihp"‘\' — L/)"\' (1)
many - body system



Reduced density matrix of s particles: . (1,2,...,58) = ——T7req N p
‘ S)!

O trace operation in Eq. (1) : a set of N coupled equations of motion for the p,

O thetrace Tr, , gives a kinetic equation for the one-body density:
ihp(1) = Lo p(1) + Try L1(1,2)p2(1,2)

O neglecting 2-body correlations:  p2(1.2) = Ap(1)p(2)

ihnp(1) = [h,p(1)] h= fm””“ A(1,2)p(2)}

Time Dependent Hartree-Fock equation

O solving the equation of motion for the 2-body correlation, with truncation of
the hierarchy at the 3-body level:

p3(1,2,3) = A{p2(1,2)p(3) + p(1)p(2)p(3) }

with V' 2-body interaction,



the Extended-Time Dependent Hartree Fock equation is obtained:

thp(1) = [h, p(1)] +iK(p(1))

€ initial 2-body correlations neglected

€ weakinteraction: Ujy(1,2) ~ Uy(1,7)Uq(1,7)
Ug(1,7) = e £MT/R short time filter

slowly varying field, markovian approximation

@ long times, diagonal approximation:

Ka(p) =Ga — Lo = Z Wapys [/)7,'/05(1 - /)a)(l —pg) — /)0'103(.1 - :07')(1 - /)0‘,)]
3,v,0

Wagys = T|Vopysl” 8(ea + 5 — £y — &5)



The Moeel

1 initial conditions

2 time evolution

3 fluctuations



1 initial conditions h(p), p] =0

h(o) =t + V(O) v — WS

V fitted with a 3-D anisotropic Harmonic potential well

s.p. states: {|s«9/\> .g)\}

: : A
wavelet analysis ea(t)) =) crlag(D) spline basis ‘[lak>:|’
k
one-body ) N . \
density matrix P = Z Z .'3z',j|ai >< aj| V(p) effective force
and i A=0 i
hamiltonian N
- h = ZZ h?_'j|af,-A >< afJA-| mo>  diagonalized
A=0 ij

compute € + check convergence



2 time evolution

2.1 pure mean-field dynamics

Al on(t
A1) =3 Qlad(®) n D) _ o r)
k
to d
Variational principle: A = / (a|ih— — h|a)
" ot

analytic approximation of splines by correlated coherent states (Gabor wavelets)
a(r) = oz(z)oy(y)a=(2)

0 (@) = Nexp{~a(z — (2))? + i L2z — (a))}

in 1 D the Lagrangian is a function of 4 parameters and of their time derivatives:



definitions: ( )= {(q

X = ((z = (2))°)
o= ([(z - (z)),

A = X@—a

(Pz = (P=))]+)

,,;__|;,f\/

taking as the four independent parameters:

the solution to the variational problem gives:

d@)  (p) dp) O
dt m dt o(x)
dy _ dyx dy _ h2 _
A m dt — 8my

for a local effective ineraction V

1z), (Pz), X

7}




2.2 dissipative dynamics

ifp = [, p] + ik (p)

Kalp) = Z Wapys [py0s(1 — pa)(1 — pg) — paps(l — py)(1 — ps)]

_;'3,",’,(5

Wapys = 7| Vigsl” 8(ca + s — &y — &5)

, 2R -~~~ do(kF)

. . . A 2 N N M nn ;
Wagys in the Born approximation *:  [Vagos|” = ——53-0(ka + kg — K, — ks) — =
where: T ko — ks ik — ks

2 2
al A A2
c.c.s. expansionof p: p = Z Z n;\|a;\ >< a;\| n; = ml¢
A=0 i /

s.p. occupation numbers
E A,
1

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

c.c.s. weights



separation of collisions from mean-field evolution !

I A
if c.c.s. satisfy the modified TDHF equation: -j,h.dla(_;t(t» — h™ \ai(t))
0 ,.
: m p rTHF m
th: h" = — + [V t
w " = 2 VI (1))

=» master equation:

18 = SN Wagss []nd(1c2? —n2) (| > — nf)

By d Gkl
- 'n'*.,’)(’cz‘? — ps)]

-~

)
C;

—ng 71‘13 (

numerical calculation with Monte Carlo summation techniques

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



: [ AA AT — 5. .8
since  (af|a;) = i j0an

J

the summations can be rewritten only in terms of ¢ jand £ :

the loss term reads: n; = E .C_)i.j.lc.l n;
7.k,l

the presence of the factors d(ca +25— &y —€5) 6(]315 R =R R)
gives, in the N>>1 limit: n; = Z /dQ ©;;(Q2) n;
J

the summation is calculated with a uniform sampling,
the integral is sampled and calculated with a non uniform sampling, ruled by
the n-n cross-section, according with the rejection method.



2 fluctuations

many body information in TDHF: Slater
determinants of s.p. wave functions

ETDHF the simplest many-body states:
N-body density matrix  p" (1,..., N) =
requirement:

(1) contains the same one and two body
information as ETDHF solutions

p(1) = NTry, np"

p2(1,2) = Ap(1)p(2) + p°(1,2)



in the wavelet representation of s.p. states \(1),}} — Z 3k (I)th(.{a}»

- m

where the ‘(I)?,m ({a})) are S.D. of wavelets -
the coefficients are of the form of N products v R
of wavelets belonging to different s.p. levels G~ || ¢ fixed at t=0
Ai
i M
the many body density in the RPA is pN = Z Z lag | BE 2| @Y V(DY |
k m

it is compatible with 1 and 2 body information given by the ETDHF solutions and
with Fermi statistics

the corresponding 1-body density is : p="Try npN = Z Bl 23

a superposition of 1-body densities involving just one wavelet from each s.p. level



N-boely Informeition « ceceonvelution »
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incoming nucleon
y

target mean field
evolution
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Evidences of a hierarchy in
scattering cross-sections

indications of a
*®Pb(n,Xp) < **Pb(p,Xn) ~ **Pb(p,Xp) < **Pb(n,Xn) neutron skin



Summarizing:
A condensed overview of the model has been presented

Characteristics:

* self-consistent

* shell effects

* dissipative effects

* statistical fluctuations

Improvements:

* cluster formation

* effective force: non-local effects

* correlations: Langevin force? = dynamical fluctuations
* in medium corrections in nn cross-sections



