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Introduction 

At present, nuclear reaction data measured in all over the world, are accumulated and 

distributed to public under the international collaborations (NRDC). A nuclear database 

is one of the most important infrastructure for developments in several fields. 

 Certainty 

 Accuracy 

 Completeness … 

Important items for the database 

difficulties 

Compilation miss,  

Difficultness of measurements, 

Evaluation based on empirical ways …  

We construct the nuclear database with only theoretical methods. 

 Density distribution (about 3,500 nuclide), 

 Reaction cross section,  

 Differential cross section, 

for the reaction with 3,500 nuclide + p, n and a at 20 -1000 A MeV 

Collaborators: Y. Hirabayashi, S. Hatakeyama, W. Horiuchi (Hokkaido Univ.) 
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Methods 

For ground state: 3D Skyrme Hartree-Fock+BCS (HF+BCS) 

For low-energy reaction: Folding model w/ DDM3Y Int. 

For high-energy reaction: Glauber model 



Method (3D Skyrme HF+BCS) 

HF+BCS Equation 

Density matrix 

Single particle Hamiltonian 

Pauli principal, Nuclear pairing,  

Nuclear deformation 

In 3D coordinate space representation,  

Skyrme effective interaction Vsky  

Coordinate space represented s.p. state 

S.E. done 



Method (3D Skyrme HF+BCS) S.E. done 

HF HF+BCS 

For light nuclei  R = 12 fm, dh = 0.8 fm 

R 

R 

dh 

For middle &  

       heavy nuclei  
R = 15 fm, dh = 1.0 fm 

For heavy nuclei  R = 20 fm, dh = 1.0 fm 

# of lattice point 

15,000 ~ 34,000 

(half of cubic) 

RA=300 ~ 8 fm 



Method (Folding Model w/ DDM3Y for low-energy reaction) 

Projectile P Target T 

R 

r2 

r1 

s Schrodinger Eq. 

Potential scattering theory: How to prepare the potential? 

( R → ∞ ) 

w/ the boundary condition: 

When projectile  

is nucleon. 
Single Folding: 

Double Folding: 

nucleon-nucleon Int. 

(DDM3Y) 

w/ Y.Hirabayashi 



Method (Glauber Model for high-energy reaction) 

In the eikonal and adiabatic approximation, … 

Glauber model + OLA + NTG 

(Optical Limit Approximation, Nucleon-Target formalism in the Glauber) 

b 

Profile function: 

Phase shift function: 

to reproduce the nucleon-nucleon collision 

Projectile: P 

Target: T 

w/ S.Hatakeyama, W.Horiuchi 



Results (ground state) 



Results (charge density) 



Results (Differential cross section sel) 

40Ca + p @ [65 – 1044] MeV 58Ni + p @ [65 – 1047] MeV 

90Zr + p @ [65 – 600] MeV 

208Pb + p @ [35 – 800] MeV 



Results (Differential cross section sel) 

58Ni + a @ [72 – 175] AMeV 208Pb + a @ [72 – 175] AMeV 



Results (Reaction cross section) 



Results (Reaction cross section) 



Interface to use the Database 

http://nucl.sci.hokudai.ac.jp/~ebata/tmp_mfg/index_tmp.html


Summary & Future works  

 We construct the theoretical reaction database included the ground state nucleon densities, 

reaction and differential elastic reaction cross sections for the whole nuclear mass region 

(A=12-276, with Z=6-92) and in the whole energy region (Ein=20 - 1000 AMeV). 

 For the ground state: 3D Skyrme HF+BCS model. 

     For the low- and high-energy reaction: Folding and Glauber models 

 We will complete the database construction, in this FY.  

 We will extent the database to those with other interaction. 

 New projectile will be added (deuteron, photon) 

 Comparison with TALYS results 

Collaborators: Y. Hirabayashi, S. Hatakeyama, W. Horiuchi (Hokkaido Univ.) 
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