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Spectroscopy and selected reactions
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Validation: nuclei with A<16

= Density Functional Theory
improved functionals

move computationally-imposed constraints
properties for all nuclei with A>16
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Dynamic Extensions of DFT
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Level densites
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Feshbach-Kerman-Koonin
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mass and energy distributions




DFT SFDFT
19}, 1€}

/

TDDFT
RPA, QRPA

Bertsch

Fock
Constrained DFT mep o
PES

Senkov,
Brown

Terasaki,
Engel

« “U
=
£

Bulgac,
Roche

Bertsch
Projection

Collective
H HW

Stoitsov,
Nazarewicz

EQCD)
=
O°O
— o

Ormand,
Johnson

E., oy SF, S4



Cal. E (MeV)

Cal. BE2)T (%)

Global calculations of the lowest 2* states

10 ¢

0.1 ¢}
0.01

0.001 b

Exp. B(E2)T (e°b?)

Terasaki et al. Sabbey et al. Bertsch et al.
o o :E o °°@°g:3 >
) o o o‘;.?%«? & ; ’
ool g5
i s (GCM, (GCM,
e o iy : o e Collective
QRPA ) ’ Hamiltoniz
s, Skyrme) - Gogny)
0.1 1 10 0.1 1 10 0.1 1 10
Exp. E (MeV)
ArXiv:0801.2346 . - w
" et .:‘
pl allaaley. -4 M
ot Tf’k j:"-":z?* - s
-2 - e
T = =L
N PRC75,044305 (2007) {{ PRL99,032502(2007)
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1

Deformed QRPA code including general Skyrme functional in progress (Terasaki, Engel)




Time-Dependent Superfluid Local Density Approximation (TD-SLDA)
(generalization of Kohn-Sham LDA to superfluid systems, Bulgac, 2002)
Bulgac (UW), Roche (ORNL), Yu (Lund -»Wuhan)

Space-time lattice, use of FFTW for spatial derivative
No matrix operations (unlike (Q)RPA) Nf « N N ~50.100, N, = 104 10°

t?

number of ¥ (7,0,t) ¥ O(N® x N,)

Observables and spectrum — Q(®) = Z I d37‘dtQ(F, o,t)p(r,o,t)exp(iot)

All nuclei (odd, even, spherical, deformed)
Any quantum numbers of QRPA modes
Fully selfconsistent, no self-consistent symmetries imposed

=150 -100 -50 0 50 100 150 200

Higgs mode of the pairing field in a homogeneous unitary Fermi gas - Bulgac, Yoon
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Gao and Horoi, in preparation

¢,(Sph) _DFT ¢j (def) ~ ¢j (32,54 . ) R. Rodriguez-Guzman, Y.

Alhassid, G. Bertsch,
arXiv:0709.0508, (2007)
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Basis @y . includes particle-hole
excitations corresponding to
many shapes

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



NLD and
Statistical
Spectroscopy

M. Horoi et al, PRC 67, 054309 (2003),
PRC 69, 041307(R) (2004), NPA 785,
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Coupled Cluster (CC) vs CI for
Heavy Nuclei °¢Ni, 5°Ni, >’Ni

GXPF1A effective interaction

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

Coupled-cluster (CC, CR-CC)
calculations: J. Gour, M. Wioch, M.
Lodriguito, P. Piecuch

56Ni: Phys.Rev.Lett. 98, 112051 (2007)
5Ni, 5’Ni: submitted to Phy.Rev.Lett

P
Jsi
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Generic Scaling:
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Succes story: Configuration

Low Spin States Interaction (CI)
in °°Ni - complete B Challenge: Can we accurately
spectroscopy Mev) | k:— describe shape coexistence using the
- DFT extensions (QRPA, time-
. — —— dependent, CI, CC, ...)?
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M. Horoi et al., in preparation
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Choices of the PCI basis
28Sj (USD Hamiltonian)
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Potential Energy Surfaces (PES)

>°Ni, GXPF1A |, Energy Surfaces(MeV)




Nilsson Levels for SD Shell
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