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Introduction of IBS and CENS
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Introduction and organization of CENS

• To become one of the leading research institutions in nuclear physics
• To explore uncharted regions of nuclei and find important discoveries



• RCHB (spherical symmetry)

• DRHBc (axial symmetry)
▪ Dripline

▪ Shape coexistence

▪ Bubble

▪ Alpha decay

▪ Halos



RCHB

Lagrangian density of the point-coupling model

ℒ = ℒ𝑓𝑟𝑒𝑒 + ℒ4𝑓 + ℒℎ𝑜𝑡 + ℒ𝑑𝑒𝑟 + ℒ 𝑒𝑚

After taking the mean field approximation on the 
above Lagrangian and performing the Legendre 
transformation, we obtain the corresponding mean 
field Hamiltonian:

By minimizing the density functional with respect to the densities, 



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)



The point-coupling constants and pairing strengths of PC-PK1 set.

fitted to observables of 60 selected spherical nuclei, including the binding energies, charge radii, and 
empirical pairing gaps.



V0 = 685 MeV fm3: fixed by experimental odd-even mass differences of Ca isotopes, 
Sn isotopes, N=20 isotones and N=50 isotones.





Mostly, due to consistent treatment of pairing correlations in the continuum, the neutron drip 
line predicted by RCHB theory are more neutron-rich than other mass models.

QU XiaoYing, CHEN Ying, ZHANG ShuangQuan, ZHAO PengWei, SHIN Ik Jae, LIM Yeunhwan, KIM Youngman &MENG Jie





9035 bound nuclei in O(Z=8) to Z=120 region predicted by RCHB theory with 
PC-PK1. For 2231 observed nuclei, the relative binding energy differences 
between the data and present calculations are shown in different colors. 
For measured nuclei, the root of relative square deviation: 





DRHBc mass table project

✓ To develop the DRHBc theory and extend it to provide a unified description of all even-even, odd-A, and odd-odd 

nuclei in the nuclear chart by overcoming all possible challenges.

✓ To construct the first relativistic nuclear mass table with the deformation and continuum effects by the DRHBc

theory.

✓ To explore novel phenomena in nuclear physics by the DRHBc theory and various applications of the DRHBc

mass table in nuclear astrophysics.

✓ To promote and strengthen an active scientific collaboration in the fields of nuclear physics and nuclear 

astrophysics between the parties.

https://drhbctable.jcnp.org/



Dripline v.s. deformation



Eun Jin In, YK et al, Int.J.Mod.Phys.E 30 (2021) 2150009 
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Shape coexistence







Bubble nuclei

The unstable isotope silicon-34 has a 
bubblelike center with a paucity of 
protons, scientists report October 24 
in Nature Physics.

OCTOBER 24, 2016

Bubble nuclei

http://nature.com/articles/doi:10.1038/nphys3916








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



Alpha decay

Preformation factor from cluster-formation model

Preformation factor from NLEFT?

total penetration probability with the
WKB approximation



Preformation factors as a function of parent neutron number





K.Y. Zhang, S.Q. Yang, J.L. An, S.S. Zhang, P. Papakonstantinou, M.-H. Mun, YK, H. Yan,   PLB 844 (2023) 138112

Halos

37Mg was identified as a halo nucleus in 2014 and remains the heaviest nuclear halo system to date, its description has been still challenging afterwards. 



(D. S. Ahn et al. Phys. Rev. Lett. 129, 212502, 2022)



K.Y. Zhang, P. Papakonstantinou, M.-H. Mun, Y. Kim, H. Yan et al. Phys. Rev. C 107 (2023) 4, L041303







DRHBc mass table project

Atom.Data Nucl.Data Tabl. 158 (2024) 101661

Nuclear mass table in deformed relativistic Hartree–Bogoliubov theory in continuum, II: Even-Z  nuclei

4829 bound even-Z nuclei from O(Z=8) to Z=120 predicted by the DRHBc theory with PC-PK1.
For the 620 even-Z nuclei (8 ≤ Z ≤ 120) with charge radius measured, the deviations between the DRHBc
calculations with PC-PK1 and the data are scaled by colors. 



For the1244 even-Z nuclei with mass measured, the binding energy differences between the data and the
DRHBc calculations are scaled bycolors.



➢ It may be interesting if one can clearly pin down the location of the neutron 
dripline and describe exotic nuclear shapes in NLEFT.

✓ Clustering (d, t, 3He, alpha) in NLEFT?     right after this meeting with M. Kim and S. Shen@BUAA



ONOKORO project

(p,pX) @ E/A = 200—300 MeV (X: d, t, 3He, α)

❖ Relative abundances of d,t,3He,α clusters and their isotopic dependences
❖ Surface α formation in heavy nuclei→ understanding of α-decay
❖ Discovery of deuteron clusters in heavy nuclei
❖ First determination of the ratio of t/3He clusters 

❖ A new project ONOKORO (RCNP, RIKEN, HIMAC)
- To investigate clustering in medium-to heavy mass nuclei with cluster knock-out reactions

The 1st experiment for ONOKORO project
(2023. 6.27~7.9)

A new detector array, TOGAXSI
- GAGG:Ce scintillators and silicon-strip detectors

(d, t, 3He, α) cluster formation in 
a nucleus 

The first generation of the TOGAXSI will be 
ready by the end of 2024, including the 10 
GAGG:Ce scintillators provided by CENS.


