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Global calculations of the lowest 2+ states

Terasaki et al.

QRPA

Bertsch et al.Sabbey et al.

Deformed QRPA code including general Skyrme functional in progress (Terasaki, Engel)
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Basis ΦΚ κ includes particle-hole
excitations corresponding to
many shapes

Gao and Horoi, in preparation
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R. Rodrıguez-Guzman, Y.
Alhassid,  G. Bertsch,
arXiv:0709.0508, (2007)

Advantages:
- used DFT-generated orbitals
and effective Hamiltonians
- DFT identifies relevant
configurations on the Potential
Energy Surface (PES)
- Significantly lower dimensions
than the full CI



Accurate Nuclear
Level Densities

Comparison of CI (Horoi) with
HF+BCS (Goriely), and experiment

Ratio of unnatural to natural level
density using moments method
(Horoi - Phys. Rev. Lett. 98,
262503 (2007) + refs), compared
with recent CI (NuShellX)
calculations

CI (NuShellX)

moments

Will be used in reaction modeling (see Thompson’s talk)



NLD and
Statistical

Spectroscopy

28Si  π = +        staircase: exact shell model
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M. Horoi et al, PRC 67, 054309 (2003),
PRC 69, 041307(R) (2004), NPA 785,
142 (2005).

f 5/2, p3/2, p1/2, g9/2 model space

Eg.s. from Exponential Convergence
Method (ECM), PRL 82, 2064 (1999).

Other methods:
- Ormand, PRC 56, R1678 (1997):
SMMC.
- Nakada and Alhassid, PRL 79, 2939
(1997): SMMC
- Langanke, Phys. Lett. B 438, 235
(1998): SMMC
- Teran and Johnson, PRC 74,
067302 (2006): use higher moments.



Coupled Cluster (CC) vs CI for
Heavy Nuclei 56Ni, 55Ni, 57Ni

GXPF1A effective interaction

CI calculations: M. Horoi, B.A. Brown

Coupled-cluster (CC, CR-CC)
calculations: J. Gour, M. Włoch, M.
Lodriguito, P. Piecuch
56Ni: Phys.Rev.Lett. 98, 112051 (2007)
55Ni, 57Ni: submitted to Phy.Rev.Lett

56Ni
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Generic Scaling:



Succes story:
Low Spin States

in 56Ni - complete
spectroscopy

Exp.
Koeln

Theo: CI
GXPF1A
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J " 6

Challenge: Can we accurately
describe shape coexistence using the
DFT extensions (QRPA, time-
dependent, CI, CC, …)?
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LBNLhigh spin

M. Horoi et al., in preparation

Configuration
Interaction (CI)

Egido et al, PRL 93, 082502 (2004)

Full CI investigation of the  shape coexistence
region around 76Sr in the f5/2pg9/2-shell: 2008 -
2009 (Horoi, Gao)



Choices of the PCI basis
The GCM Method:
Only the G.S SDs
41 shapes
 with -0.6<     <0.6
by 0.03

Particle-Hole states(PH):
40 total SD’s 
with the same shape
at minimum

VS



Potential Energy Surfaces (PES)
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Configuration
Interaction (CI):
Spherical basis vs
Deformed basis
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Gao, Horoi, Bertsch


