
   The atomic nucleus: a bound system of 
interacting nucleons 

 
   1. Nuclear forces and very light nuclei 
 
 2. The nuclear shell model: from independent particle 

motion towards modern applications 
 
 3. Nuclear deformation and collective motion: 

phenomenological models and self-consistent mean-
field theory 

 





Many-body Hamiltonian-Nuclear mean-field
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H=
p

+
1-
2

V (|r -r |) 
A

i=1

i
2

2mi

A

i,j=1
ij i j



 

. Introduction of mean-field U(ri)
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ho(i) Residual interaction
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Spherical field
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Construction of basis wave functions
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. Two-particle wave functions (j ,j )Ja b

(j j ,JM)   J all values |j -j |<-J<- j +ja b a b a b

(j , JM)     J: 0,2,4,6,... ( even only)2 
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Adding more particles 3,4,..,n, angular momentum becomes  
more involved (use of angular momentum coupling methods) 

An alternative method: constructing a Slater determinant 
wave function: state with fixed M (no fixed J). 







Use of various algorithms: Jacobi method (small),  
Householder method (few 100-1000), Lanczos 
method for “very big” matrices (see numerical 
schemes).  





28Si using the USD-A 
Hamiltonian for the sd 
shell  
 
B.A.Brown and W.A.Richter, 
Phys.Rev.C74(2006),034315 

http://www.nscl.msu.edu/~brown/resources/usd-05ajpg/si28.jpg 







Round up of the shell model approach 

 Shell model represent a powerful theoretical model to 

describe low-energy nuclear spectroscopy 

 Having got EJ,k, J,k one can calculate matrix elements of 

operators to compare with experiment (spectroscopic 

factors, static and transition electromagnetic moments - 

Q, , B(E2), …, weak decays - , , lifetimes, etc) 

 There is a link to the NN interaction, although more 

developments in the effective interaction theory is 

required 

 

The shell model as unified view of nuclear structure 
E.Caurier et al,   Rev. Mod. Phys. 77 (2005) 427  


