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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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Short-range central and fensor correlations are included in
the simple many body states via unitary transformation
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»* Instead of correlated many-body states, we use the correlated
operators in nuclear structure models for finite nuclei
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AN Il Overview of the Unitary Correlation Operator Method
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- Nucleons are moving in an average single-particle potential

h |¢nljm> — Enlj |¢nljm>
- Expansion of the single-particle state in harmonic-oscillator basis
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& Matrix formulation of Hartree-Fock equations as a generalized
eigenvalue problem
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Included intrinsic kinetic energy to eliminate center of mass
contributions
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M Description of low-amplitude collective excitation phenomena
based on correlated nucleon-nucleon interaction

M- Vibration creation operator (1p-1h excitations)
Oy = Xmi X,lq/,lia;_qi_fzai — Zmi Y,;/,lia;_am
0y10) =0
0y 10) = [v)

M- Schrodinger equation — Equations of motion — RPA equations
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M- Fully self-consistent model: the same interaction is used in the
ground state calculations (Hartree-Fock) and in the residual
RPA interaction
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The correlated realistic nucleon-nucleon (NN) potentials provide a good
starting point for the nuclear structure models:

The unitary correlation operator model (UCOM) is used to treat the short-
range and tensor correlations in NN potentials — Hartree-Fock calculations

UCOM Hartree-Fock model results with underbinding and small
radii -~ need for the /long-range correlations and three-body
interaction

Fully self-consistent UCOM Random-Phase Approximation (RPA) is
formulated for the studies of collective excitations in finite nuclei

UCOM-RPA model based only on the correlated nucleon-nucleon
interaction results with a collective Isoscalar Giant Monopole
Resonance

‘RPA ground-state correlations recover part of the missing long-range
correlations in the UCOM-Hartree-Fock model



