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Original motivations

TDDM, Extended TDHF...

Correlation evolution
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If pairing is neglected
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fo Lacroix et al, NPA651 (1999) 369.
Correlation is a functional of occupation numbers (non local in time)

# Let’s try to find directly functionals of n.



EDF from a different perspective: introducing natural orbital and occupation
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Exact solution Variational
parameters
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Improve the functional of occupation numbers and

natural orbitals
DMFT - Gilbert (1975).
Lieb (1983), Papenbrock, Bhattacharyya, PRC75 (2007)



Application to the Lipkin Model

Lipkin Model V
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Severyukhin, Bender, Heenen, PRC74 (2006)

Natural orbitals and Hartree-Fock solution
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Density Matrix Func. Theory for the Lipkin model

Lacroix, PRC79 (2009)
Goal: FEgxact ~ 5MF[%‘, nz‘] + 5corr[th', ni]
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Large N limit

Indep Pair approx
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Result and discussion
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D> Excited states ? Lowest state for each J© (Yes) <02
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P> Dynamics (Yes)- then excited state (Yes) 0 1



What about a functional for pairing
with particle
number conservation?



Functional Theory for Pairing with particle number conservation

BCS vs Projected BCS state

lllustration: Richardson Hamiltonian
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Functional Theory for Pairing with particle number conservation

BCS vs Projected BCS state

lllustration: Richardson Hamiltonian

®|ala;|®) (®|alalasa;|P)
E — 8 nza EiNi + —3 Cij  with n; = < ’ , Cij = L
Z Z ’ (©|P) ’ (®|®)

BCS

PBCS
N
- <Z xia;faj> )

|BC'S) H(l - xia;-ra%rﬂ—)

2 2
Bk = Nz |2Z<u in_20 [Tl i |
n, = ——s—"x = i
(=2 + 1) 5({:17}) e
C i ’ Z( y(ig) [T P i
’L] — 2 2 C — N{L’ 11, K t,] 11 1K
zi|+ 1)(|z;]* +1 ij i Lj
(P + (7 + 1) e

?



Implicit Functional of occupation numbers for Pairing

Existence of the functional

E({xi}) v £({n;})

Can we prove that the x. are functional of the n.? Yes

The {x.} are implicit functional

of the occupation

f| -

2% = |22




Explicit Functional of occupation numbers for Pairing
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A new systematic expansion beyond BCS:
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Lacroix and Hupin, submitted to PRL Coupling



Explicit Functional of occupation numbers for Pairing

So = %Zn?

Application
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All contributions can be approximately summed to give:
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Summary

Perspectives and future applications

=) Generalization to other algebraic model

=) Time-Dependent EDF with pairing
1-TDHF+BCS (K. Washiyama)
2-Beyond BCS

=) Application to nuclear structure and
ultrasmall metallic grain (G. Hupin)



