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Hamiltonian symmetry

The symmetry of the Hamiltonian H:
gHg ' =A.
for all g € G.

e Degeneracy of the energy spectrum
e Selection rules
e Wigner-Eckart theorem
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Wigner-Eckart theorem

Clebsch-Gordan series and coefficients:
AT x AT~ ® ., A

dim(ly) dim(2)
e =y Z (Mralab|Tc; a)plrel?
a=1
Irreducible tensor for a group G

dim(T
:E:: Aka

Wigner-Eckart theorem:
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Two symmetries in one body

‘Nuclear' surface Nr 1.: apo = 10, a3z = 0.5, SO(2), Cs

Nuclear surface:

R({a};0,0) = Ry (1 + ) a3, Yaulf, qb))
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2 in one,

‘Nuclear’ surface Nr 2.: app = 0.3, asz3 = 0.5, C,, Cs
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Partial-symmetries, non-orthogonal
decomposition

The schematic quadrupole+octupole model Hamiltonian:
H = Huip + ot
where

7‘Alvib = ﬂvib;2(042) + 7‘Alvib;3(063)
7_(rol“ — 7_(rot(Q)

If the Hamiltonian is related to the above nuclear shape Nr. 1:

Sym(ﬂvibﬂ) - SO(2)vib Sym(ﬁvib;?:) - a3;vib Sym(ﬁrot) - G'rot

~
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Partial-symmetries, non-orthogonal
decomposition

No vib-rot coupling terms = the eigenfunctions:

\Ulii\lﬂ/y/mt(a’ Q) = ¢é;xzrza(a2)¢é;n3r3b(a3)Réfil’,o,c(Q%

Vy = (/‘izrza), V3 = (/‘33r3b)1 Viot = (Klrotrrotc)

In the simplest approximation the electric transition operator:

Q= Anaryy

The reduced (in respect to J3 = M) matrix elements:

(WL IQ W) = D (onl @ulo) (R,

rot
o

D IIR:,.),

Vrot

V= (V2V3Vrot)r o = (V2, 1/3)




Partial-symmetries, non-orthogonal
decomposition

The schematic quadrupole+octupole model.

The quadrupole transitions:

(WONQEPIVT) = Gugus Y (D0 |26y, ) (R

DR

rot

i

The selection rules for axial symmetry SO(2),;, + Gror

The octupole transitions:
(WOIQEPIIW)) = bug, D (D lasil by ) (R

D3R

rot

i

The selection rules for the symmetry Cs.,ip + G or.




Partial-symmetries, orthogonal decomposition

Spectral theorem
Assume the discrete spectrum of H, then:

H = Ze,,P,,

v

Notation:
A) The operator A has the symmetry G:

G = Sym(A)
B) Collection of the projectors P, having the same symmetry G:

O ={P, : Sym(P,) = G}
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Partial-symmetries, orthogonal decomposition

The partial Hamiltonians:

7:((; has the symmetry G.

Orthogonal decomposition of H into the partial Hamiltonians:
RS e
G

G#G =

ﬂGﬂG’ =0 (*)
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Eigenproblem

To solve the eigen-equation for H = > He it is sufficient to solve
the eigenproblems for all partial Hamiltonians:

He|G; pula) = er|G; pula).
By definition, for G' # G
He|G; pla) = 0.
Here: u labels the equivalent i.r. of the group G. We get

H|G; pulra) = eur|G; ulra).



Band with symmetries

Hipotetyczne
pasma
o okreslonych
symetriach.
Rozkiad na
symetrie
parcjalne.

The energy band Dg is generated by 7:[96, the ground state band D,
by Hp,, and the tetrahedral band T4 by H1,.
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llustrative example 1/2

Let the set of subhamiltonians be defined as:
H1,H2,...,HN,H,, Hka/ :0, HkHIZO, fork#k/,

where Hj generate the ki excitation mode,
H’ represents a coupling among these modes.

Sym(Hy) = Gy, Sym(H') = G’
Notation: H@k =H, H==H,k=1,2,...,N.

The Hamiltonian

N
H=Y Hg +Hg Sym(H)=(1GNG"
k=1 k
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lllustrative example 2/2

G, G G

2 3

Energy bands groupped by symmetries, selection rules
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Problems

77
7N
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