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N-N interaction



from ChPT: connected to QCD through chiral symmetry

Modern N-N interaction



Clusters of levels → shell structure

Atoms



Inert core

Interacting SM HF



(conventional)

(ab initio)



(conventional)



(ab initio)





HF: single determinant, pre-calculated single particle basis vectors through
the variational principle

Single particle orbitals from H.O.



Pieter Maris





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

PET preserves two nucleon observables such as N N phase shifts and deuteron properties











0d5/2 ​, 1s1/2 ​, 0d3/2

Valence nucleons in sd shell.

Oxygen-18 
Neon-20 
Magnesium-24 
Silicon-28 
Sulfur-32 
Calcium-40 (sd shell closure)

Clusters of levels with similar energies → shells



- 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





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

PET preserves two nucleon observables such as N N phase shifts and deuteron properties













YK, Ik Jae Shin, J. Vary et al, Proceedings of NTSE 2018@IBS



Achievement



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, Phys.Rev.C 110 (2024) 034306 



Effective shell-model interactions from Daejeon16

A new microscopic effective shell-model interactions in the valence sd shell, obtained from the Daejeon16 nucleon-nucleon 
potential using no-core shell-model (NCSM) wave functions of  at Nmax = 6

A hope!





❑ Improvement of Daejeon16 for sd shell nuclei with preliminary results being under way

❑ Construction of charge-dependent versions of the Daejeon16 potential in order to get ab-
initio isospin non-conserving interactions

❑ Construction of effective interactions in the 1hw-space shell-model space would allow the 
description of unnatural parity states in psdpf shell-model space, crucial for astrophysics 
applications

Plan



p-sd-pf shell model space

❖ Goal

▪ To construct valence-space effective interaction to describe positive/negative parity states

in sd-shell nuclei

❖ 0p -1s 0d -1p 0f shell model space

: Effective interaction consists of 5 blocks as

• 0p [easily done], 1s 0d [published: PRC100, 054329] and 1p 0f [straightforward] TBMEs

• cross-shell 0p -1s 0d and 1s 0d -1p 0f TBMEs

- 16O unnatural parity states are investigated..

- For analysis, TBMEs from 16N has been considered 



p-sd-pf shell model space

❖ Rough description of Strategy to obtain TBMEs in sd-shell (e.g. 18F)

1. To do NCSM calculation at Nmax=0

Eigenstates 𝐸𝑖 and corresponding eigenvectors | ۧΨ𝑖 :  𝐻 ۧΨ𝑖 = 𝐸𝑖 ۧΨ𝑖

2. Eigenvectors could be expanded as | ۧΨ𝑖 = σ𝑙 𝑢𝑖𝑙 ۧ| 𝑙 where  ۧ| 𝑙 = ۧ| 𝑛 𝑝 ⨂ ۧ| core ∼ ۧ| 𝑛 𝑝

𝑢𝑖𝑙 could be also extracted from code

3. Then

𝑎𝑏; 𝐽 𝐻 𝑐𝑑; 𝐽 = 𝑎𝑏; 𝐽 σ𝑖 | ۧΨ𝑖 |Ψ𝑖ۦ 𝐻 σ𝑗 | ൿΨ𝑗 ൻΨ𝑗| 𝑐𝑑; 𝐽 = σ𝑖𝑙𝑚 𝑎𝑏; 𝐽 𝑙 𝑢𝑙𝑖𝐸𝑖𝑢𝑖𝑚 𝑚 𝑐𝑑; 𝐽

here, 𝑙 𝑎𝑏; 𝐽 = 𝛼𝛽 𝑎𝑏; 𝐽 is replaced by the combination of Clebsch-Gordan coefficients

4. The core energy and SPEs, which are obtained from 16O, 17O and 17F,

would be subtracted appropriately to obtain TBMEs 𝑎𝑏; 𝐽 𝑉 𝑐𝑑; 𝐽



Budget Requests

- A Short-term visit of French team members to Daejeon and
- A Short-term visit of the Korean team members to Bordeaux.


