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* Realistic nucleon-nucleon interactions are determined
from the phase-shift analysis of nucleon-nucleon scattering

»* Realistic nucleon-nucleon interaction has strong repulsive core
at small distances ~ 0.5 fm
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W - Short-range central and fensor correlations are included in
the simple many body states via wnitary transformation
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* Instead of correlated many-body states, we use the correlated
operators in nuclear structure models for finite nuclei

R. Roth et al., Nucl. Phys. A 745, 3 (2004)
H. Feldmeier et al., Nucl. Phys. A 632, 61 (1998)
T. Neff et al., Nucl. Phys. A 713, 311 (2003)
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3 - Nucleons are moving in an average single-particle potential

h |¢nljm> — Enlj |¢nljm>

- Expansion of the single-particle state in harmonic-oscillator basis

[
|¢nl]m> = D D( /) |ualjm>

M- Matrix formulation of Hartree-Fock equations as a generalized
eigenvalue problem
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Low-amplitude collective oscillations

Vibration creation operator (1p-1h): o
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UCOM-RPA GROUND-STATE CORRELATIONS
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RELATIVISTIC MEAN FIELD THEORY

system of Dirac nucleons coupled to the exchange mesons
and the photon field through an effective Lagrangian.

o L o]
Sigma-meson: attractive Omega-meson: short- Rho-meson:
scalar field range repulsive field isovector field

3 THE ENERGY FUNCTIONAL: FE /|y, o, wh, pH, AH]

An effective density dependence Density dependent meson-nucleon
introduced via a non-linear potential: couplings (phenomenological):
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Derived from the time-dependent RHB equation in the small
amplitude limit around the RHB ground state generalized density
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The unitary correlation operator model (UCOM) is used to treat the short- A
range and tensor correlations in realistic NN interactions to provide a low-
momentum effective interaction for the models of nuclear structure

" UCOM Hartree-Fock model results with underbinding and small
radii -~ need for the /long-range correlations (recovered by RPA
& perturbation theory) and the three-body interaction

Fully self-consistent UCOM Random-Phase Approximation (RPA) is constructed
W in the UCOM Hartree-Fock single-nucleon basis, and employed in the studies of)
giant resonances in finite nuclei S

Relativistic QRPA studies of exotic nuclei — Pygmy dipole resonance,
»* i.e. collective low-lying excitations that correspond to the vibration
of loosely bound excess nucleons against the proton-neutron core
(both on the neutron and proton rich side of the nuclide chart)

In more neutron-rich nuclei PDR is located above the neutron separation
energy - implications for the measurements of the Pygmy mode
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