
Breaking SU(3) spectral 
degeneracies in heavy deformed 

nuclei 

IOANNIS ASSIMAKIS  

NTUA /INPP NCSR DEMOKRITOS 

 



Dynamical symmetries in nuclear 
physics 

• A Hamiltonian 𝐻 of a nuclear model that 
commutes with every element 𝑥  𝐻, 𝑥 = 0  of 
a Lie Algebra 𝑔 is said to have symmetry 𝑔 
(invariant under 𝑔). 

• In this case 𝐻 can be written as  a function of 
Casimir operators 𝐶 𝑔 , 𝐶 𝑔′ , 𝐶 𝑔′′ … of a 
chain of subalgebras  𝑔 ⊃ 𝑔′ ⊃ 𝑔′′ … of  𝑔 

• Since symmetry implies degeneracy,different 
irreducible representations of 𝑔 classify different 
sets of eigenstates of the system 



Proxy-SU(3) 
• It has been found that Nilsson orbitals that differ by ΔΚ ΔΝ Δ𝑛𝑧 ΔΛ =

0[110] have large spatial overlaps 

• Substitution of the intruder parity orbitals of each nuclear shell with their 
0[110] partner orbitals from the next lower shell creates a shell which 
restores the symmetry of the harmonic oscillator i.e. SU(3) 

 

 

 Nuclear shell Harmonic 
oscillator shell 

Symmetry 

28-50 pf U(10) 

50-82 sdg U(15) 

82-126 pfh U(21) 

126-184 sdgi U(28) 



Irrep selection in the proxy-SU(3) 
scheme 

• The eigenvalues of the Casimir operators are functions of 
the irreps that characterize the system 

• The irreps of SU(3) are characterized by the pair (𝜆, 𝜇) and 
can be expressed by the corresponding Young tableux 
 
 
 
 

• In proxy-SU(3) the highest weight irrep is chosen because it 
gives the most symmetric configuration of the total wave 
function 

   



Proxy-SU(3) Hamiltonian 

    Including only one body and two body terms leads to 
a Hamiltonian with eigenvalues  

𝐻 = α𝐿2 + β𝐼2 

 

 

 

 

 

In this scheme bands belonging to the  same irrep are 
degenarate 

 

Eigenvalues 
of the 
invariant 
operators 

𝐿2 =𝑙(𝑙 + 1) 

𝐼2 =
1

9
𝜆2 + 𝜇2 + 3𝜆 + 3𝜇 + 𝜆𝜇  



• Casimir invariants do not break the 
degeneracy within an irrep 

• O(3) scalars break the degeneracy 

 

 

 • Ground state stands alone 

• 𝛾1and 𝛽1 bands are in the next irrep 

Bosonic models 

• Ground state band,𝛾1 band and first 𝐾 = 4 band are in the first 
irrep 

• 𝛽1,𝛾2 and second 𝐾 = 4 band are in the next irrep 

Fermionic models 



Including up to three body terms leads to a 
Hamiltonian 

 
𝐻 = 𝛼𝐿2 + β𝐼2 + Γω 

 

where Ω = LQL 

 

Omega operator matrix elements 

 



Including up to four body terms leads to a 
Hamiltonian 

𝐻 = 𝛼𝐿2 + β𝐼2 + 𝛿Λ 

where Λ = LQQL 

 

Lambda operator matrix elements 

 



Parameter independent quantities in 
proxy-SU(3)  

Splitting of the ground 
state and 𝛾1 bands 

𝐸 𝐿𝛾 − 𝐸(𝐿𝑔)

𝐸 2𝛾 − 𝐸(2𝑔)
 

Splitting of the ground 
state and 𝐾 = 4 bands 

𝐸 𝐿Κ − 𝐸(𝐿𝑔)

𝐸 4Κ − 𝐸(4𝑔)
 

Higher 0: bandheads 

𝐸 0𝑛 − 𝐸(01)

𝐸 02 − 𝐸(01)
 

Odd even staggering within 
𝛾 bands 

Δ𝐸(𝐿)

ΔE(3)
 



Splitting of the ground state and 𝛾1 bands 

 

The ground state and 
𝛾1bands of both 

𝐺𝑑 160 and 𝐸𝑟168  are 
characterized by the 
54,12  irrep in proxy-

SU(3).  



Splitting of the ground state and 𝛾1 bands 

 

The ground state and 
𝛾1 band of  both 𝐷𝑦162  
and 𝐸𝑟166  are 
characterized by the 
52,14   irrep in proxy-

SU(3). 



Splitting of the ground state and 𝛾1 bands 

 

The ground state and 
𝛾1 band of  both 𝐸𝑟162  
and 𝑌𝑏166  are 
characterized by the 
54,6   irrep in proxy-

SU(3). 



Splitting of the ground state and 𝛾1 bands 

 

The ground state and 
𝛾1 band of  both 𝐷𝑦160  
and 𝑌𝑏168  are 
characterized by the 
54,8   irrep in proxy-

SU(3). 



Odd even staggering within γ bands 
 Δ𝐸(𝐿)

ΔE(3)
 whereΔ L = E L −

𝐿 + 1 𝐸 𝐿 − 1 + 𝐿𝐸(𝐿 + 1)

2𝐿 + 1
   



Odd even staggering within γ bands 
 



Odd even staggering within γ bands 



Odd even staggering within γ bands 



Odd even staggering within γ bands 



Thank you for your time!! 


