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- Ab initio: nuclei from first principles using “fundamental” interactions 
without uncontrolled approximations.

- No core: all nucleons are active, no inert core.
- Shell model: harmonic oscillator basis
- Point nucleons

Ab initio NCSM







Ik Jae Shin, Y. Kim, P. Maris, J. P. Vary, C. Forssén, J. Rotureau, N. Michel, J .Phys. G44, 075103  (2017)





N3LO interaction

SRG
(similarity renormalization group)

SRG-evolved N3LO

Daejeon16

PET (phase equivalent 
transformation)

A.M. Shirokov, I.J. Shin, Y. Kim, M. Sosonkina, P. Maris, J.P. Vary, PLB761 (2016) 87

Used in many ab initio structure studies and more are planned 

Daejeon 16 NN interaction









Gianina Alina Negoita, ..., .I.J. Shin, YK, et al., Phys. Rev. C99, 054308 (2019)

Deep learning: Extrapolation tool for ab initio nuclear theory





Effective shell-model interactions from Daejeon 16

A new (not fully though) microscopic effective shell-model interactions in the valence sd shell, obtained from the 
modern Daejeon16 nucleon-nucleon potential

Nmax =6

I. J. Shin, N. A. Smirnova, YK, et al, submitted to PRC



N. A. Smirnova, B. R. Barrett, Y. Kim, I. J. Shin, et al, Effective interactions in the sd shell,  Phys. Rev. C 100 (2019) 5, 054329

Nmax =4



I. A. Mazur, I. J. Shin, Y. Kim et al., SS-HORSE extension of the no-core shell model: Application to resonances in 7He, PRC 106, 064320 (2022)

We describe all experimentally known 7He resonances and suggest an interpretation of an observed wide resonance of unknown spin-parity

Application harmonic oscillator to continuum spectrum 



Tetra neutron

K. Kisamori et al., Phys. Rev. Lett. 116, 052501 (2016): 
ER = 0.83 ± 0.63(statistical) ± 1.25(systematic) MeV; width  Γ ≤ 2.6 MeV

JISP 16:  Er=0.8 MeV,  Г=1.4

A.M. Shirokov, G. Papadimitriou, A.I. Mazur, I.A. Mazur, R. Roth, J.P. Vary. Phys. Rev. Lett. 117 (2016) 182502 



I. Mazur, A.M.Shirokov, I. A. Mazur, L. D. Blokhintsev, Y.Kim, I. J.Shin, and J. P. Vary, Physics of Atomic Nuclei  82, 537 (2019)



Nuclear Lattice EFT Collaboration 



e-Print: 2210.17488 [nucl-th], to appear in Nature









e-Print: 2210.17488 [nucl-th]



Myungkuk Kim, Young-Ho Song, Serdar Elhatisari, Dean Lee, Youngman Kim et. al., in preparation



Covariant density functional theory





Lagrangian density of the point-coupling model

ℒ = ℒ𝑓𝑟𝑒𝑒 + ℒ4𝑓 + ℒℎ𝑜𝑡 + ℒ𝑑𝑒𝑟 + ℒ 𝑒𝑚

PC-PK1



Relativistic Dirac-Hartree-Bogoliubov equation

Dirac Hamiltonian

where scalar and vector potentials

with local densities
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Kucharek and Ring, Z. Phys. A 339, 23 (1991)





Y.-B. Choi, C.-H. Lee, M.-H. Mun, Y. Kim, Bubble nuclei with shape coexistence in even-even
isotopes of Hf to Hg,  Phys. Rev. C 105 (2022) 2, 024306





K.Y. Zhang, P. Papakonstantinou, M.-H. Mun, Y. Kim, H. Yan et al., Phys. Rev. C 107 (2023) L041303



(D. S. Ahn et al. Phys. Rev. Lett. 129, 212502)







To appear in Atomic Data and Nuclear Data Tables 



K. Kim, S. Jeon, C.-H. Lee and Y. Kim, Nuclear Bubble Configuration in Heavy-Ion Collisions,  Universe 2022, 8, 499

The densities at the collision center at Ebeam = 50 (a) and 100 (b)  A MeV when the impact parameter is 3 fm

DaeJeon–Boltzmann–Uehling–Uhlenbeck (DJBUU)



The directed flow v1 of protons





Myeong-Hwan Mun, Ik Jae Shin, Won-Gi Paeng, Masayasu Harada, YK, Eur. Phys. J. A 59 (2023) 149 

Parity doublet model in finite nuclei

✓ Spherical code was provided by Prof. Jie Meng (Peking Univ.).
✓ Main difference is the behavior of sigma mean field.
✓ Revised the code to incorporate the difference.
✓ With no Delta baryons in matter
✓ Can we pin down the value of the chiral invariant mass?















1. Construction the neural network.

2. Training using AME2020+RCHB (even-even, even-odd) data and compare the AME2020+RCHB whole data.

We expect that the machine might learn the odd information from AME2020 data.

3. Training using AME2020+DRHBc (even-even, even-odd) data and predict the odd-even, odd-odd cases.

RCHB DRHBc

Main difference

Deformation

X O

Possible effects of nuclear deformations on the solar r-abundances







Soon-Chul Choi, Kyungil Kim, YK and T. Kajino, in progress



Summary 

• Focusing on nuclear structures, recent results from  ab initio 
or microscopic theories were discussed

• For compound nuclear reactions we have used DNS model.  
Recently, we started to work with the Langevin method.

• For direct nuclear reactions, … so far some but not much …


