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Motivations

» What is the balance between the role of 2NF and 3NF?

» Neutron-rich nuclei above '*?Sn provide a valid laboratory to
study this topic

» To investigate the influence of three-body correlations on the
monopole components of the shell-model hamiltonian
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Our framework: the realistic shell model

» First step: choose a realistic nucleon-nucleon potential and
renormalize short-range correlations

» Second step: choose a convenient model space

» Third step: derive an effective shell-model hamiltonian H. by
way of the many-body perturbation theory

» Fourth step: diagonalize the shell-model hamiltonian in the
chosen model space

L. C., A. Covello, A. Gargano, N. Itaco, and T. T. S. Kuo, Prog. Part. Nucl. Phys. 62
(2009) 135 -
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The shell-model effective hamiltonian

A versatile way to derive H.i is the time-dependent perturbative
approach as developed by Kuo and his co-workers in the 1970s (see
T. T. S. Kuo and E. Osnes, Lecture Notes in Physics vol. 364 (1990))
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The shell-model effective hamiltonian

A versatile way to derive H.i is the time-dependent perturbative
approach as developed by Kuo and his co-workers in the 1970s (see
T. T. S. Kuo and E. Osnes, Lecture Notes in Physics vol. 364 (1990))

In this approach the effective hamiltonian H.; is expressed as

He—0-0 [a+a [afa-& [afafa-,

» The so-called Q-box is a collection of irreducible valence-linked
diagrams

» The integral sign represents a generalized folding operation o)
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The renormalization of the NN potential

Nowadays there are two approaches to the renormalization of the
short-range correlations:
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The renormalization of the NN potential

Nowadays there are two approaches to the renormalization of the
short-range correlations:

» to renormalize the V) integrating out the high-momentum
components of the potential - Viow—_x or SRG approaches

» to resort to realistic potential derived from the chiral perturbation
theory and defined only for momenta below a cutoff A
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The renormalization of the NN potential

Both ways are rooted in the EFT, providing a suitable way to deal with
meson theory and QCD, respectively
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The renormalization of the NN potential

Both ways are rooted in the EFT, providing a suitable way to deal with
meson theory and QCD, respectively

Both pictures need to include many-body terms, aside the 2NF
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The renormalization of the NN potential

Both ways are rooted in the EFT, providing a suitable way to deal with
meson theory and QCD, respectively

Both pictures need to include many-body terms, aside the 2NF

Many-body forces recover what has been left out when constructing a
nucleon-nucleon potential below a certain energy scale
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Low-momentum nucleon-nucleon potentials: Vigw_«

Inspiration to renormalize Viyy:
» Effective field theory (EFT)
» Renormalization group (RG)
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Low-momentum nucleon-nucleon potentials: Vigw_«

Inspiration to renormalize Viyy:
» Effective field theory (EFT)
» Renormalization group (RG)

from EFT: we restrict the configurations of Vyy(k, k") to those with
k~, kK < kcutoff =M

ke

-
k ]
AZ

1 N

Al
' L, wid
A, e

Luigi Coraggio INFN, Napoli

ARIS 2014, June 1-6 2014, Tokyo



> Input Viyn: View_« derived from the high-precision NN CD-Bonn
potential with two different cutoffs: A = 2.1,2.6 fm~".

» H.¢ obtained calculating the Q-box up to the 3rd order in Vioy k-
» Model spaces:

» For protons: 0972, 1ds/2, 105/2,2812,0h; 2
» For neutrons: Ohg/g, 1 f7/2, 1)(5/27 2p3/2, 2p1 /25 0i13/2

» Single-particle energies are taken from the experiment: this will
help to stress the role played by 3NF forces on the two-body
residual interaction
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One step backwards
LETTER LETTER

Masses of exotic calcium isotopes pin down Evidence fora new; nuclear ‘magic number’ from the
nuclear forces level structure of **Ca
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Results for the calcium isotopes
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Single-particle states in '33Sb

Luigi Coraggio

1338b

11/2°

_— 32
! - 12

52" _ 512"
32" / /
1 /
7/2* 7/2" 712"
Ll
5/2" —‘1 4
2.1 fm” Exp 2.6 fm

)
INFN
=

INFN, Napoli

ARIS 2014, June 1-6 2014, Tokyo




Effective single-particle energies of N=82 isotones
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Effective single-particle energies of N=82 isotones
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2] energies in N=82 isotones
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27 energies in N=82 isotones: theoretical s.p.e.
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Two-proton separation energies of N=82 isotones
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Single-particle states in '33Sn
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Effective single-particle energies of tin heavy isotopes
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Effective single-particle energies of tin heavy isotopes
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27 energies in heavy tin isotopes
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Two-neutron separation energies of heavy tin isotopes
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Cutoff (in fm~T)

2.1
2.6
00

Pp (in %)

3.96
4.49
4.85

INFN, Napoli

ARIS 2014, June 1-6 2014, Tokyo



Summary

» Monopole components of the shell-model hamiltonian are
affected by the lack of the inclusion of 3NF

» This seems to be far less important for model spaces built
up by full HO major shells

» In nuclei above '32Sn nucleon-nucleon potentials with a
larger cutoff may reduce the role played by 3NF

» The latter effect is probaly connected to the tensor
component of the input nucleon-nucleon potential
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