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CGSM and MBPT calculations with realistic nuclear forces

Outline

I.  Core Gamow Shell Model (CGSM) with CD Bonn

(resonance + continuum) 

II. Ab-initio MBPT with N3LO  (LQCD) 
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N. Michel, W. Nazarewicz, J. Okolowicz, M. Ploszjczak, Nucl. Phys. A 752, 335c (2005)

188Pb: prolate and oblate bands

γ-ray spectra
Spectra of resonance states

Energies and lifetimes or widths (against particle 

emissions)

J. Pakarinen et al., PRC 72, 

011304(R) (2005)
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T. Berggren, Nucl. Phys. A109 (1968) 265

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

scattering on equal footing.

The radial wave function 

Orthogonality and Completeness

Discretized

Outgoing solution at 

large distance

Gamow Shell Model
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R.J. Liotta et al., PLB 367, 1 (1996)…

Used Berggren basis to describe single-particle resonance in nuclei;

later for two-particle resonance (Betan et al., PRL 89, 042601 (2002) 

Using phenomenological potential
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Michel, Nazarewicz, Ploszajczak, Rotureau et al., 2003--
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4He core Michel, Nazarewicz,

Płoszajczak, Vertse, 

Phys. G: Nucl. Part. Phys. 

36 (2009) 013101

phenomenological potential



Hagen, Hjorth-Jensen  et 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 (2013): realistic nuclear forces

Ab initio no-core Gamow shell model calculations for light nuclei



Our Gamow shell model with an inert core

1. To start from realistic nuclear forces;

2. No limitation on the number of valence particles;

Q-box + folded diagrams

3. To calculate level energies + resonance widths of 

states.



𝑽𝒍𝒐𝒘 𝒌 or SRG

Realistic nuclear forces             Gamow shell model calculations

Bare forces:

Strong repulsion，
slow convergence

To remove hard core,

but still keep good 

descriptions of NN 

scattering phase shifts

Q

Realistic CGSM with CD-Bonn

Taking a doubly closed core

Nondegenerated extended Kuo-Krenciglowa folded-diagram 
method (EKK) by Takayanagi, NPA 852, 61 (2011)



Model space
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Q-box folded diagram in complex-k 

basis

For a given partial wave 

(a given channel)
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Symmetries：

1. parity

2. spin

3. isospin

Meson-exchange potential

QCD-based Chiral effective field theory 

(Chiral EFT)



Convergences



CD-Bonn CGSM, compared with conventional H.O. SM

(Λ=2.6 fm-1)



No 3-body force(Λ=2.6 fm-1)



Summary for CGSM calculations

1. Starting from the realistic nuclear force, CD-Bonn

2. Vlow-k

3. Full Q-box folded-diagrams to build a realistic effective 

interaction for the defined non-degenerated model space 

4. GSM with a doubly magic core

(resonance & continuum)

5. Well describe the spectra of bound, weakly-bound and 

unbound  nuclei.



; ,

a) First we did HF calculations (in HO basis); 

b) The HF state is chosen as a reference state.

c) In the HF basis, we make MBPT corrections up to 3rd order using 

j-j coupling:

II. ab-initio calculations with MBPT



For the ground state:
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Rayleigh-Schrodinger method



HF energy

HF

0 0| |H



Anti-Symmetrized Goldstone (ASG) diagram expansion

E(2)

E(3)

E(0)+E(1)

2p4h =

HF energy



ASG diagrams for wave functions
ψ(1)

ψ(2)



2nd orderHF 2nd order



NCSM 

S.K. Bogner et al., 

arXiv0708.3754v2 (2007)

Our MBPT calculations

4He

N3LO+SRG without 3NF



16O

Our MBPT: N3LO+SRG without 3NF



Our MBPT calculations with N3LO+SRG: convergence in radius



R. Roth et al. (2006) PRC 73, 044312 

AV18, UCOM, corrections to 3rd order in energy, 2nd order in radius                              



HF-MBPT calculations for 4He with N3LO-SRG, Nshell=13, hΩ=35 MeV  

Point-proton 

rms radius

rp(NCSM)=1.418 fm with Nmax=10

Binding energy 



HF-MBPT calculations for 16O with N3LO-SRG, Nshell=13, hΩ=35 MeV  

Binding energy 

Point-proton 

rms radius

3NF important!



Chiral potential N3LO MBPT calculations



LQCD was provided by Aoki and Inoue

We renormalize it using V low-k

LQCD            MBPT calculations

Eexpt = -28.3 MeV

Preliminary



Eexpt = -127.6 MeV Eexpt = -342.0 MeV

LQCD + MBPT

Preliminary



Advantages of ab-initio calculations:

i) To understand the nature of nuclear forces;

III. Summary

Starting with realistic nuclear forces

I. CGSM with CD Bonn + Vlow k +folded-diagram for weakly-bound and 

unbound nuclei (resonance & continuum), Oxygen isotopes

II.  MBPT with N3LO (LQCD) + SRG for close-shell nuclei

ii) To understand many-body correlations;
……
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