Breaking SU(3) spectral
degeneracies in heavy deformed
nuclei
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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).

* |n 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
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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 (4, u) and
can be expressed by the corresponding Young tableux
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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 — O(LZ ~+ Blz

Eigenvalues  ¢72y-7(] 4+ 1
of the A=A D)

emors | (12)=5 (2% 4 pu? + 31+ 3+ A)

In this scheme bands belonging to the same irrep are
degenarate




Bosonic models

e Ground state stands alone
e yiand f; bands are in the next irrep

Fermionic models

e Ground state band,y; band and first K = 4 band are in the first
irrep

e (31,7, and second K = 4 band are in the next irrep



Including up to three body terms leads to a

Hamiltonian

H=al*+ Bl +Tw

where () = LQL

Omega operator matrix elements

Qpx = V6(24 +p + 3)[1 (1 + 1) — 3K?],
Dy, = =3B FK)p
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Including up to four body terms leads to a

Hamiltonian
H = al?
where A = LQQL

B
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Lambda operator matrix elements

Apyr =224 +p + 32111 + 1) — 3K ?)
— 18K % + 6K2[51{(I + 1) — 3]

2+ 1R -T2+ 1)

—3u—K)u+K+2)[I(+1)—3K?]
— 3+ K)u — K +2)[I(I+1)— 3K?],
Ag ik =6l FK)u +K+2/ £ K+ 2)/ £ K+ 1)
X( FK)W FK—1)]"*24 4+ p F3K)



Parameter independent quantities in
proxy-SU(3)

Splitting of the ground Splitting of the ground
state and y; bands state and K = 4 bands

E(L,) — E(Ly) E(Lg) — E(Ly)
E(2,) —E(2,) E(4x) — E(4g)

ST 07 e hesdk Odd even staggering within
y bands

E(On) - E(Ol) AE(L)
E(02) — E(0y) AE(3)
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The ground state and
y1bands of both
160Gd and 1°8Er are
characterized by the
(54,12) irrep in proxy-
SU(3).
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The ground state and
¥1 band of both 162Dy
and 1°°Er are
characterized by the
(52,14) irrep in proxy-
SU(3).
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The ground state and
¥1 band of both 1¢2Er
and 166YD are
characterized by the
(54,6) irrep in proxy-
SU(3).
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The ground state and
¥1 band of both 169Dy
and 168YD are
characterized by the
(54,8) irrep in proxy-
SU(3).



AE (L) (L+1DE(L—-1)+LEL+1)

——— whereA(L) = E(L) —

AE(3) 2L + 1
















Thank you for your time!!



