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REALISTIC AND EFFECTIVE NUCLEON-NUCLEON INTERACTIONS
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Realistic nucleon-nucleon interactions are determined from the phase-shift

analysis of nucleon-nucleon scattering

ARGONNE V18 — Wiringa et al., PRC 51, 38 (1995)
V(NN) = VEM(NN) + VI(NN) + VR(NN)
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NN interactions in the nuclear structure models - truncation of the full many-
body Hilbert space to a subspace of tractable size (e.g. Slater det.) is problematic
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SHORT-RANGE NN INTERACTION-INDUCED CORRELATIONS

* Short-range central/and tensor correlations are included in
the simple many body states via unitary transformation
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* Both the central/and tensor correlations are necessary to
~ obtain a bound nuclear system:
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THE UNITARY CORRELATION OPERATOR METHOD (UCOM)

FELDMEIER, NEFF, ROTH

C = CoC, Argonne V18 A
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CORRELATED WAVE FUNCTIONS - DEUTERON

The short-range correlations are
encapsulated in correlation functions:

central
correlations

tensor
correlations
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CORRELATED OPERATORS IN THE UCOM SCHEME

* Instead of correlated states with uncorrelated operators,

the correlated operators are employed\
(P|O¥") = (¥|C{CHOCaCr |¥) = <‘P€<§§‘P'>

% - All observables need to be transformed consistently |

* Correlated Hamiltonian in fwo-body approximation

HC2 = C:C;HCQC;’ = T + Vycom

* Correlated realistic NN interaction is given in an explicit operator form

¥ Momentum-space matrix elements of the correlated interaction Vycom

K and low-momentum interaction V,,, , are similar /




TEST OF CONVERGENCE FOR THE Vi com POTENTIAL: 4He
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K NCSM code by P. Navratil, Phys. Rev. C 61, 044001 (2000) /




TJON-LINE AND THE RANGE OF THE TENSOR CORRELATOR

NO-CORE SHELL MODEL
CALCULATIONS USING

VUCOM
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SELECT A CORRELATOR
7 WITH ENERGY CLOSE TO
EXPERIMENTAL VALUE

U

CANCELLATION OF

: OMMITED 3-BODY

d CONTRIBUTION OF
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AND GENUINE 3-
BODY FORCE
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R. Roth et al., Phys. Rev. C 72, 034002 (2005)
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WORK IN PROGRESS : °Li
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HARTREE-FOCK BASED ON CORRELATED NN-POTENTIAL

The nuclear ground state is described by a Slater determinant
- (short-range correlations are included in the correlated Hamiltonian)

* Expansion of the single-particle states in harmonic-oscillator basis
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* Hartree-Fock matrix equations as a generalized eigenvalue problem
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* Single-particle energies and wave functions are determined from
K iterative solution of the Hartree-Fock equations /




UCOM HARTREE-FOCK SINGLE-PARTICLE SPECTRA
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UCOM HARTREE-FOCK BINDING ENERGIES & CHARGE RADII
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¥ WHAT IS MISSING?

1. Long-range correlations

2. Genuine three-body forces
K 3. Three-body cluster contributions /
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Long-range correlations can be
recovered by the Many-Body

Perturbation Theory (MBPT) or
by evaluating RPA Correlations
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UCOM RANDOM-PHASE APPROXIMATION
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UCOM-RPA ISOSCALAR GIANT MONOPOLE RESONANCE
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UCOM-RPA ISOVECTOR GIANT DIPOLE RESONANCE
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Improved description of the single-
particle spectra (smaller range of
the tensor correlator) pushes the
IVGDR to lower energies.
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UCOM-RPA GIANT QUADRUPOLE RESONANCE
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THE CORRELATED REALISTIC NN
INTERACTION GENERATES THE

LOW-LYING 2* STATE AND GTANT
QUADRUPOLE RESONANCE (THE
EXCITATION ENERGY TOO HIGI—y




* The correlated realistic nucleon-nucleon interaction (AV18) is employed in
different nuclear structure methods: NCSM, HF, RPA

* UCOM Hartree-Fock results in underbinding and small radii
‘| - Jong-range correlations are recovered by many-body
perturbation theory and RPA

* Fully self-consistent UCOM Random-Phase Approximation (RPA) is constructed
" in the Hartree-Fock single-nucleon basis

* Correlated realistic NN interaction generates collective excitation
' | modes, however it overestimates the energies of giant resonances

”[::> Optimization of the ranges of correlators
HU::> Three-body interaction, complex configurations in RPA

WHAT ARE PERSPECTIVES FOR NUCLEAR ASTROPHYSICS.y




