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End results

• Binding energies, (Sn, Sp, neutron matter…)
• T1/2 for beta decay (Gamow-Teller, First Forbidden)
• (p,γ) (Ex, proton and γ decay widths)
• (n,γ)
• (α,γ), (α,p)….
• Neutrino inelastic cross sections



Tools and Input

• Shell model phenomenology
Mean-field (Skyrme) – RPA
Configuration mixing (model space)

Large-basis, Monte-Carlo, IBM… 
Renormalized G matrix 
GFMC, variational methods

(light nuclei and nuclear matter)

• NN and NNN interaction



Minimal model for low-lying states 

• Full configuration mixing for the closely spaced        
orbitals near the Fermi surface 

• Complete set of levels up to about 5 MeV.
• Model space for a few orbitals, but matrix 

dimensions grow beyond computational limits
• Mixing with other orbitals must be taken into 

account (renormalization, perturbation…)



Energy of first excited 2+ states













pfg* means f5/2, p3/2, p1/2, g 9/2











Islands of Inversion



132Sn



• Start with one of the doubly-magic nuclei as the vacuum
• Exact solution of H within the model space for the orbits 

inside the shell gaps
• Single-particle energies U from experiment
• Two-body matrix elements (G) from NN interaction 

renormalized to the model space



Single-particle energies for 132Sn
from data on 131Sn, 133Sn and 133Sb



Renormalization of NN
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USD-05 – a new effective
sd-shell interaction
700 energies, 130 keV rms
with Werner Richter



28Si with USD-05  (d5/2 d3/2 s1/2 model space)



30P with USD   (d5/2 d3/2 s1/2 model space)



33P with renormalized USD-05  (d5/2 d3/2 s1/2 model space)

Sp in 33Ar
Clement et al
32Cl(p, γ)
PRL, 2005



REU project with Angelo Signoracci (Notre Dame)
Volya and Zelevinsky, PRL 2005 (unified descrete and continuum)



Gamow-Teller strength from 26Mg(3He,t), R. Zegers et al.



Gamow-Teller strength from 26Mg(3He,t), R. Zegers et al.





Langanke et al PRL, 2004





Ongoing project with 
Taka Otsuka and Michio Honma



56Ni in fp-shell, 
GX1A effective 
interaction.

M. Horoi and B.A. Brown, to be submitted.





pfg* means f5/2, p3/2, p1/2, g 9/2

76Ni

68Se

Current project of 
Alexander Lisetskiy







jj closed shells





• Start with one of the doubly-magic nuclei as the vacuum
• Exact solution of H within the model space for the orbits 

inside the shell gaps
• Single-particle energies U from experiment
• Two-body matrix elements (G) adjusted to obtain a 

“best fit” to known data – to get the USD interaction



Renormalization of NN







Renormalization of NN



Two-body matrix elements – USD-05 vs NN



USD                                                   NN
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