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

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

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

y-ray spectra
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Gamow Shell Model

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 u(r)/r boundary conditions
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R.J. Liottaetal., 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

For many-body systems
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Michel, Nazarewicz, Ploszajczak, Rotureau et al., 2003--
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phenomenological potential

V.{é,’ 1s the strength in the J7T channel
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Ploszajczak, Vertse,

Phys. G: Nucl. Part. Phys.
36 (2009) 013101



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

0.7
3
0.6F /1 Viow« N'LO 0p3/2 —— resonance
r 0s1/2 = = bound

& 05 ‘1 105172 e scattering
= 10p3/2 —- - scattering
= ! 10p1/2 scattt §
= 04r ' He
~ “ s.p. basis states
>

25}

Energy (MeV)

-2

Argonne Uys Vigw—r A=1.9fm

abinitio GSM v
fit —

Faddeev —




Our Gamow shell model with an nert 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,
but still keep good

Bare forces:

Strong repulsion,
slow convergence

descriptions of NN
scattering phase shifts
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Contlinuum

Model space
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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 conventional H.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 non-degenerated model space
GSM with a doubly magic core

(resonance & continuum)
. Well describe the spectra of bound, weakly-bound and

unbound nuclei.



I11. ab-initio calculations with MBPT
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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 3" order using

|-] coupling:
J-J coupiing 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:

Perturbation (MBPT)
A

where Ry = Z

AE =Y " (0| V[Ro(ES)(V — AE)] ™ |do)
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i) (P
0 0
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is called the resolvent of Hy

Rayleigh-Schrodinger method
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Anti-Symmetrized Goldstone (ASG) diagram expansion
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ASG diagrams for wave functions

\Il(l) Pl hq ho

OR
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NCSM
S.K. Bogner et al.,
arXiv0708.3754v2 (2007)

Our MBPT calculations
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Our MBPT: N3LO+SRG without 3NF
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Our MBPT calculations with N3LO+SRG: convergence in radius

Proton rms Radius [fm]
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R. Roth et al. (2006) PRC 73, 044312
AV18, UCOM, corrections to 3" order in energy, 2" order in radius
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FIG. 8. (Color online) Charge radii for selected closed-shell
nuclei in the HF approximation and with added second-order MBPT
corrections. The correlated AV18 potential with 7, = 0.09 fm® was
used. The bars indicate experimental charge radii [32].



HF-MBPT calculations for “He with N3LO-SRG, N;=13, hQ=35 MeV

SRG flow parameter A (fm_l)

1.5 2.0 2.5 3.0
Expt. [60] -28.296 -28.206 -28.206 -28.296
NCSM  [61] -28.20 -28.41 -27.43 -26.80
Binding energy SHF -25.754 -21.864 -15.854 -10.278
PT2 -1.788 -5.088 -9.652 -13.783
PT3 -0.391 -0.899 -1.523 -1.953
SHF+PT2+PT3 -27.933 -27.850 -27.029 -26.013
rp(NCSM)=1.418 fm with N__ =10 SRG flow parameter A (fm~!)
1.5 2.0 2.5 3.0
Expt. 1.477 1.477 1.477 1.477
Point-proton SHF 1.677 1.652 1.714 1.816
rms radius PT2 0.007 0.001 -0.021 -0.065
Arem. -0.226 -0.222 -0.227 -0.235
SHF4+PT2+Ar 1.458 1.431 1.466 1.516




HF-MBPT calculations for *O with N3LO-SRG, Ng,,,=13, hQ2=35 MeV

SRG flow parameter A (fm_l)

1.5 2.0 2.5 3.0
Expt. [60] -127.619 -127.619 ~127.619 -127.619
Binding energy  SHF ~169.968 -133.169 -85.173 -44.102
PT?2 -10.132 -20.497 _59.617 _88.326
PT3 -0.794 -1.031 ~4.630 _7.339
SHF+PT2+PT3 ~180.893 -164.597 -149.419 -139.767
3NF important!
SRG flow parameter A (fm™!)
1.5 2.0 2.5 3.0
Expt. 2.581 2.581 2.581 2.581
Point-proton SHF 2.008 2.096 2.201 2.345
rms radius
PT2 0.011 0.011 -0.006 -0.042
ATerm -0.067 -0.067 -0.070 -0.073
SHF+PT2+Are . 2.042 2.040 2.125 2.230




PHYSICAL REVIEW C 94, 014303 (2016)

Ab initio nuclear many-body perturbation calculations in the Hartree-Fock basis

B. S. Hu (8#1LL).! E. R. Xu G4 H28)."" Z. H. Sun (#M1¥%)." I P. Vary.? and T. Li (Z=38)’
'State Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University, Beijing 100871, China
2Department of Physics and Astronomy, lowa State University, Ames, lowa 50011, USA
(Received 25 April 2016: published 6 July 2016)
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LQCD =mm) MBPT calculations
LQCD was provided by Aoki and Inoue

We renormalize it using V ..«
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FIG. 6. Ground-state energy of *He in MBPT calculation as a function of oscillator parameter i{)

for different Vigyp interactions with A = 2.0,2.1,2.5,3.0 fm_l. The initial interaction is the lattice

QCD simulations [1-4].

Preliminary

EexPt= -28.3 MeV



LQCD + MBPT

Preliminary
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QCD simulations [1-4]. lattice QCD simulations [1-4].
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[1l. Summary

Starting with realistic nuclear forces
. CGSM with CD Bonn +V,,,  +folded-diagram for weakly-bound and
unbound nuclei (resonance & continuum), Oxygen isotopes

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

Advantages of ab-initio calculations:

1) To understand the nature of nuclear forces;

1) To understand many-body correlations;
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