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Pairing algebras and the resulting seniority quantum  

number continue to play an important role in SM

For many single-j shell nuclei seniority 

quantum number  is good or useful
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Pairing symmetry with nucleons occupying several 

j-orbits is less well understood from the point of view

of  its goodness and usefulness .

For multi- j shell nuclei,  taking S+ to be a sum of S+(j)

with arbitrary phases – SU(2) algebra for each set of

phases - multi-orbit or generalized seniority (AM choice).

With r number of j-orbits, 2r-1 SU(2) algebras 

There are new selection rules for EM

All these extend to IBM’s

Also, multiple SU(3) algebras both in SM and IBM’s. 



2. Multiple Pairing SU(2) and 

Complimentary Sp(2) Algebras in SM : 
Selections rules for EM operators and applications
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Multiple multi-orbit pairing SU(2) algebras
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generalized quasi-spin SU (2) algebra
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For each , , ,  set there is a SU (2)

Thus,with  number of orbits there are 2  SU (2) algebras
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Complimentary Sp(N) algebra
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Selection rules for EM transitions
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Correlations between H and Hp
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French’s SDM

(Kota and Haq book)

Most recent due to 

K.D. Launey, 
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Applications

116Sn to 130Sn

128Sn120Sn to

126Sn120Sn to

B(E2;2,10+2,8+)

B(E2;4,15-4,13-)

B(E1;4,13-4,12+)

High-spin isomers in Sn isotopes
v

104Sn to 116Sn
g7/2,d5/2,d3/2,s1/2 with =10 for 
Sn(104-116) and Sn(100) core

h11/2,d3/2,s1/2 with =9

116Sn to 130Sn
h11/2,d5/2,d3/2,s1/2 with =12 for 
Sn(116-130) and Sn(108) core
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3. Multiple pairing SU(1,1) and 

complimentary SO(2) algebras in IBM: 
form of EM operators
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Multiple multi-orbit pairing SU(1,1) algebras
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Selection rules for EM transitions
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Given l defining S+ or Hp

one can choose EM operators 
to be

1 0

0 0 or T T

Ru isotopes

often this is not followed in IBM’s
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interepolating
different S+

giving 

generalized

Hp to study

QPT and 

order-chaos

transitions

also in analyzing

spectroscopic

data

Pan Feng, 

Draayer,

Jafarizadeh ---



4. Multiple SU(3) algebras in SM and IBM
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Given an oscillator shell , the l values are l=, -2, ---, 0 or 1

1 2 [ /2]

, 2,  form (3) for 1 2  in number q qL Q SU      

Consider as an example sdgIBM – there will be 4 SU(3)’s –giving different shapes
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5. Conclusions
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•In SM there will be multiple pairing SU(2) algebras in j-j coupling for identical nucleons

with a complimentary Sp(N) algebra having number conserving operators

•They will give selection rules for EM operators

•Sn isotopes provide (with AM choice) examples – low-lying levels and high-spin isomers 

•However, the correlation between realistic H and Hp is maximum 0.3

•There are multiple pairing SU(1,1) algebras in IBM’s with corresponding SO(N) algebras

•SU(1,1) tensorial nature of  EM operators can be determined consistently

•May give new insights into QPT, order-chaos transitions

•There are multiple SU(3) algebras in both SM and IBM – in IBM they will give different

geometric shapes

•search for multiple pairing and SU(3) algebras is needed 

•In future, further studies of multiple SU(3) algebras and also address multiple pairing 

algebras with internal quantum numbers  (spin-isospin or isospin)


