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• Extrapolation Using Neural Networks in Ab Initio Nuclear Structure Theory

• Neural Networks in Density Functional Theory Applied to the r-Process



Ab initio nuclear structure theory

• Ab initio NCSM

- 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





JISP16 vs Daejeon16

A.M. Shirokov, I.J. Shin, YK, M. Sosonkina, P. Maris and J. P. Vary, N3LO NN interaction adjusted to light nuclei in ab exitu approach,  
Phys. Lett.B 761 (2016) 87



Gianina Alina Negoita, et al.,  Phys. Rev. C99, 054308 (2019); 
e-Print: 1803.03215 [physics.comp-ph]

Deep learning: Extrapolation tool for ab initio nuclear theory

Nmax= 2, 4, …, 10 for ANN training and testing



G. A. Negoita, J. P. Vary, G. R. Luecke, P. Maris, 
A. M. Shirokov, I. J. Shin, Y. Kim, et al,  
Deep learning: Extrapolation tool for ab initio
nuclear theory, 
Phys. Rev. C 99 (2019) 5, 054308

For each ​ value (ranging from 2 to 18), 
19 different ℏω values were considered, using a 
total of approximately 170 data points.



Neural Networks in Density Functional Theory Applied to the r-Process

The production of the elements up to iron and about half of the elements heavier than iron is
reasonably well explained by the Big Bang nucleosynthesis (BBN), slow-neutron capture process (s-
process), etc. The other half of heavy elements in the universe is attributed to the rapid-neutron
capture process (r-process). 
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The role of neutron dripline in the r-process (on-going)

Yongbeom Choi (BUAA), Zhenyu He (BUAA), YK, T. Kajino, et al



• For our numerical simulations, we use the Libnucnet libraries for the 
reaction networks [B. S. Meyer, D. C. Adams, M&PSA, 42, 5215 (2007)] and take the 
thermonuclear reaction rate from JINA-REACLIB database.

• The collimated jets due to rapid rotation and strong magnetic fields  
could provide a favorable environment for a successful r-process; 
since nuclei are dissociated into free nucleons due to the high 
temperature, the initial composition of the elements consists of 
mainly protons and neutrons.

• We use the twenty three trajectories from the MHD jet model             
[S. Shibagaki, T. Kajino, G. J. Mathews, S. Chiba, S. Nishimura and G. Lorusso, Astrophys.J. 816, 79 
(2016)]

Astrophysical environments: MHD Jet Supernovae



[Eu/Fe] as a function of metallicity [Fe/H]. 
Gray dots show the data from metal-poor halo stars

Observed sensitivities in MHD Jet Supernovae

Kyungil Kim, YK, Zhenyu He,  Yudong Luo, T. Kajino, I. Tanihata, Yong-Beom Choi, R. Diehl (submitted to ApJ)



from He to B from C to O



• We observed an interesting feature  in MHD model that the (n, 
gamma) reaction of stable isotopes (15N,18O) or relatively stable one 
14C and their chain reactions (alpha, n) show a high sensitivity to the 
r-abundances.

• The 14C(n, gamma)15C reaction has high sensitivity both in  MHD jets  
and neutrino driven winds. 

• In the collapsar model, neutron induced reactions, in general, have a 
high sensitivity. 

Kyungil Kim, YK, Zhenyu He,  Yudong Luo, T. Kajino, I. Tanihata, Yong-Beom Choi, R. Diehl (submitted to ApJ)





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

Deformation

X O

R-process mass (deformation) sensitivity study

RCHB mass table project was initiated in 2013, mainly between IBS (YK) and Peking U. (Jie Meng).

Spherical symmetry Axial symmetry



Members of the DRHBc collaboration (2018 ~ )
Up to now, there 31 universities and institutions from countries including China, South
Korea, and Japan joining the DRHBc Mass Table Collaboration.



RMSD (RCHB)=  7.960 MeV from  
the 2284 mass data
(either neutron or proton magic 
nuclei: RMSD= 2.157 MeV)

RMSD (DRHBc, even Z)=1.433 MeV 
from the 1244 mass data

The shell parameters are computed as the distance
to the nearest magic numbers





Soon-Chul Choi, Kyungil Kim, YK and T. Kajino, e-Print: 2411.19470 [nucl-th] (submitted to PRC)



Summary

• (deep) Neural networks were applied to ab initio and microscopic 
nuclear structure theories

• We observed that deformation (mass) affects the r-abundances!


