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CGSM and MBPT calculationswith realistic nuclear forces
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|. Core Gamow Shell Model (CGSM) with CD Bonn
(resonance + continuum)

Il. Ab-initio MBPT with N3LO (LQCD)
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Spectra of resonance states

Energies and lifetimes or widths (against particle
188ph: prolate and oblate bands  emissions)

o-ray spectra
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Gamow Shell Model
T. Berggren, Nucl. Phys. A109(1968)265

Single-particle Berggren basisin complex-k plane, describing bound, resonance and

scattering on equal footing.

The radial wave function u(r)/r boundary conditions
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R.J. Liotta et al, PLB 367, 1 (199p é

Used Berggren basis to describe singlgarticle resonance in nuclei;

later for two-particle resonance Betanet al, PRL 89, 042601 (2002

Using phenomenological potential

For many-body systems

i=1 i<j=1
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U 1s the Woods-Saxon potential



Michel, Nazarewicz Ploszajczak Rotureau et al, 2003-
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Hagen,Hjorth -Jensenet al, PRC 73, 064307 (2006): Core GSM

with realistic nuclear forces, but no Q-box, limited to 2 valence particles
later Tsukiyama Hjorth -Jensen, Hagen, PRC 80, 051301 (R) (2009) improved

by using Q-box but not folded diagrams limited to 2 or 3 valence particles

Papadimitriou et al., Phys Rev. C 88, 044318 (20)3realistic nuclear forces

Ab initio no-core Gamow shell modetalculations for light nuclei
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Our Gamow shell model with an inert core

. To start from realistic nuclear forces,;
. No limitation on the number of valence particles;
Q-box + folded diagrams

. To calculate level energies + resonance widths of

states.



Realistic CGSM with CD-Bonn

Realistic nuclear forces =) Gamow shell model calculations

Taking a doubly closed core

To remove hard core,

Bare forces: but still keep good

Strong repulsion
slow convergence

descriptions of NN
scattering phase shifts
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QCD-based Chiral effective field theory
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TADBLE I. The convergences of the 20 state energies E.n_ = L, —il'/2(in MeV) calculated with

different discretization point numbers Nz on the dg/o continuum contour Lt

(0.0 = (048 —

0.20i) — 0.62 — 2.2} (see Fig.1 for the definition of the contour L™). A = 2.6 fm~! is taken.

Ny 0t ot 1+

16 —50.642 + 0.013i —46.172 — 0.004i —45.922 — 0.009
18 —50.716 + 0.002i —46.262 — 0.046i —46.017 — 0.049i
20 —50.711 — 0.001 —46.219 — 0.054i —45.976 — 0.056i
22 —50.712 + 0.000i —46.218 — 0.053i —45.974 — 0.056i




CD-Bonn CGSM, compared with conventionaH.O. SM
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Summary for CGSM calculations

. Starting from the realistic nuclear force, CD-Bonn

. Viowk

. Full Q-box folded-diagrams to build a realistic effective
Interaction for the defined nondegenerated model space
. GSM with a doubly magic core

(resonance & continuum)

. Well describethe spectraof bound, weakly-bound and

unbound nuclel.



1. ab-initio calculationswith MBPT
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a) First we did HF calculations (in HO basis);
b) The HF state ischosenas a referencestate.
c) Inthe HF basis, we make MBPT corrections up to'8 order using

I-] coupling:
I-] piing Hy = Zh’hizal a,

l1lo
H:FI0+(I3I—I3I0):I3I0+\7
The exact solutions of the A-nucleon system are,
Hv, = E,V,, n=0,1,2,...

The zero-order part is,

Hoo, = EP,  n=0,1,2,..



For the ground state:

A

Perturbation (MBPT)

Rayleigh-Schrodinger method



