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The method: 

Density functional theory



























theorem of Hohenberg und Kohn: 

Hohenberg

Kohn

Hohenberg-Kohn theorem (1964)







For any interacting system, there exists a local single-particle
potential vs(r), such that the exact ground-state density of the
interacting system equals the ground-state density of the auxiliary
non-interacting system:

... there exists a unique energy functional:

for which the variational equation yields the exact ground-state density ns.
Ts[n] - universal kinetic energy functional of non-interacting particles.



In nuclei DFT has been introduced by effective Hamiltonians: 

More degrees of freedom: spin, isospin, “pairing”

Nuclei are self-bound systems. 
The exact density is a constant.  ρ(r) = const 
Hohenberg-Kohn theorem is true, but useless…
ρ(r) has to be replaced by the intrinsic density: 

Density functional theory in nuclei is probably not exact,
but a very good approximation.

Skyrme
Gogny
Rel. MF

Density functional theory in nuclei:



   Slater determinant  density matrix̂
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Mean field: Eigenfunctions:
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Interaction:

Extensions:   Pairing correlations

E(ρ)How do we proceed?









Single particle levels: occupy and empty; Fermi energy is between the last occupied and the first empty orbital. 



(Thouless theorem, p for particle, h for hole)

Set Zero!

















Effective Interaction: Skyrme force 









Effective Interaction: Pairing force 

Surface-Volume pairing force 



Effective Interaction: Gogny force 



The physics: 

Clustering in nuclei



α- cluster states in N=Z light nuclei







Molecular structures in T=1 nuclei

Core α















12~14: Rigid rotor; 
15~18: Back-bending; 
19~20: Rigid rotor again.



The valence neutron densities outside the core 12C



20Ne

20Ne: highest occupied orbitals (2proton+2neutron), 1/2+[220] 





Clustering becomes difficult in 
heavy nuclei! 
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The DFT is a microscopic frame, which can be 
used to investigate the clustering phenomena 
without the assumption of cluster structure.

Take-away message









Energy Density Functional in Hartree-Fock



Densities

• Normal density, or density 
matrix

• Abnormal density, or pairing 
tensor
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One-body densities in Hartree-Fock



The Energy Density Functional



The Skyrme-HF central potentials



The spin-orbit and Coulomb potentials



The center-of-mass correction



Spherical case: radial equations in r-space


