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Uncoupled scheme 

jj coupling scheme 



1-(-1)J+T 



² Convenient to describe processes in which particles are created and annihilated; 
² Convenient to describe interactions. 



One-body operator in second quantization 
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The Hamiltonian becomes, 



Two particles in a single j shell 
The J=0 pairing interaction is the dominant component of the nuclear interaction. 







Reminder: Seniority symmetry 
1943 Racah 
1949 Goeppert-Mayer 

http://www.nobelprize.org/nobel_prizes/physics/laureates/1963/mayer-lecture.pdf 

Even-even 

Odd-A 

Mean	
  field	
  theories	
  
Ø  Single-­‐particle	
  model	
  

HO,	
  WS…	
  
Ø  Hartree-­‐Fock	
  (density	
  functional)	
  

approaches	
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  potentials	
  

Ø  Shell	
  model	
  
Monopole 	
  	
�



0+,2+,4+,6+ 2+,4+,6+ 

0+ 

6+ 

0+ 

2+ 

4+ 

no interaction J=0 pairing realistic interaction 

(0f7/2)2 configuration 

€ 

j 2JMJ
ˆ V pairing j 2JMJ =

− 1
2 2 j +1( )g0, J = 0

0, J ≠ 0

$ 
% 
& 

Realistic interaction and monopole pairing 

v J=0 interactions are strongly attractive. 
v Seniority is conserved when j<9/2 
v Pairing interaction conserves seniority 
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Binding energies of ground states in jn 
configuration 

Neutron separation energies from Ca 
isotopes 

Proton separation energies from N=28 
isotones  

I. Talmi, Simple models of complex nuclei  (Harwood, Chur, Switzerland, 1993) 
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  energy	
  

Semi-magic nuclei 



The spectrum with a pairing interaction 

v: Seniority 
s: Quasispin 

D. J. Rowe, M. J. Carvalho, and J. Repka, Rev. Mod. Phys. 84, 712 (2012).  

USp(10) irreps in the j=9/2 shell  



Seniority coupling scheme with realistic interaction	


|� = 2;JM� = (P+
j )(n�2)/2A+(j2JM)|�0�

|g.s.� = |� = 0;J = 0� = (P+
j )n/2|�0�

Energy levels of 0h11/2 protons in N=82 isotones 

I. Talmi, Simple models of complex nuclei 



Energy levels of 0g9/2 protons in N=50 isotones 

D.J. Rowe and G. Rosensteel, Phys. Rev. Lett. 87 (2001) 172502 



Partial seniority symmetry, Yale, June 2007 

Conservation of seniority 

€ 

j = 9 /2 : 65v2 − 315v4 + 403v6 −153v8 = 0
j =11/2 :1020v2 − 3519v4 − 637v6 + 4403v8 − 2541v10 = 0
j =13/2 :1615v2 − 4275v4 −1456v6 + 3196v8 − 5145v10 − 4225v12 = 0

€ 

j =15 /2

the rotationally invariant interaction has to satisfy [(2j − 3)/6] linear constraints to 
conserve seniority. 

I. Talmi, Simple Models of Complex Nuclei 
D.J. Rowe and G. Rosensteel, Phys. Rev. Lett. 87, 172501 (2001). 
P. Van Isacker and S. Heinze, Phys. Rev. Lett. 100, 052501 (2008). 
CQ et al., PRC 82, 014304(2010) 
	



