
    The nuclear shell-model: from single-particle 
motion to collective effects 

 
    1. Nuclear forces and very light nuclei 

 

 2. Independent-particle shell model and few nucleon 
correlations 

 

 3. Many-nucleon correlations: collective excitations 
and symmetries 
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Construction of basis wave functions
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(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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. Add more particles 2, 3, ..n   one can use n n+1 n+2

  coupling 

  (j JM)= [ j ( 'J')j|  } j J] (j ( 'J')j;JM)n n-1 n n-1;
',J'

(c.f.p:coeff.of fractional parentage)

Alternative method: construct Slater determinant (M)

and project out J values

1 1 2 1 A( r )    ( r ) … ( r )

2 2 2 2 A( r )    ( r ) ... ( r )

A A 2 A A( r )   ( r ) ... ( r )

(1,2,..A)= 1_
A!

. . .

A very convient way for computing







Above results can be obtained approximately using

. Square-well potential + strong spin-orbit term
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Many-body Hamiltonian-Nuclear mean-field

. Start from many-body Hamiltonian
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Hartree-Fock method

U( r )  =    (r') V(r, r') dr'

( r') =      | ( r' )|b
2

Solve H. F. equations in self-consistent way, starting from V(r, r')

and initial guess for ( r )i
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Iterate equations  convergence

Exchange(Fock)term
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