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Thomas-Fermi expression for kinetic energy

Number of states up to energy E. for Hamiltonian H (general)
N(E) = Tro(E - H)

Specialize to kinetic energy, take semi-classical approximation for Trace
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Fermions: each state is singly occupied.
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Breaking of symmetries in mean-field calculations
Three-level Lipkin model
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Note:

1. Two-body interaction between levels 0 & 1 and 0 & 2 only
2. Continuous symmetry between levels 1 and 2

e« Hamiltonian invariant under “rotations”

CL . cos ¢ sing CL
os —sing cos ¢ el



Breaking of symmetries in Hartree-Fock calculations
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orthogonal transformation to HF basis given by
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HF energy E(a,B)=(HF|H|HF)
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HF energy independent of ! (Choose, e.g., )

Minimization of HF energy yields
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For sufficiently strong interaction, HF solution breaks
symmetry between levels 1 and 2.
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Density-functional theory: a very simple example
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2-level system with one particle H — [@ @] “external potential”

Ground-state energy Egs(e1,e0) = E1-2Fé?2 _ %\/(52 —e1)24 4A2
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Inversion straight forward. Functional from Legendre transform
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Traditional shell model unable to compute lifetimes!

From G. Hagen



From J. Rotureau (2008)



Differences between mirror nuclei 13C and 13N
due to the wave function of the odd nucleon.
Coupling to the continuum cannot be neglected!

[Ehrman (1951), Thomas (1952)]

From J. Rotureau (2008)



The harmonic oscillator basis is complete. Why can't it be used to describe
decaying states?






unification of nuclear structure and
nuclear reaction






Three-nucleon force not (yet) included



From Pieper (2008)



No-core shell model approach to “He-neutron scattering

S. Quaglione and P. Navratil, arxiv:0804.1560



Ab-initio calculations of charge radii of Li isotopes

R. Sanchez et al, PRL 96 (2006) 33002.






Summary

« ab-initio description of weakly bound and unbound light nuclei possible
* inclusion of continuum necessary  correct boundary conditions
« wave-function methods can be based on the Gamow shell model

 hallmark: single-particle basis of bound states, resonances and
scattering states



Outlook

Enthusiastic and lively field
Moving towards a unified description of all atomic nuclei

Plenty of opportunities and challenges



