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Collective Quadrupole-Octupole Model
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Model Hamiltonian

Hamilton operator

2 92 R 92
Ho, = —ET@—T&%‘FU(@,B&/)

X(1)

“logritapey XU
UlB2: B, 1) = 5 Colfe + 5 G05° + e

X() =[do+ (I +1)]/2
@ (3> and [33 axial deformation variables
@ Mass parameters B, and B3

@ Stiffness parameters C; and C3

@ Moment of inertia parameters d» and d3

[N. M. et al, Phys. Rev. C 73, 044315 (2006); 76, 034324 (2007)]
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Model Hamiltonian

Potential Shapes

general form
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Model Hamiltonian

Prolate quadrupole deformation 3, > 0

-0.5

1.0 -1.0 1.0 1.0

boundary condition model space 5> > 0
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Coherent quadrupole-octupole mode (CQOM)

Coherent quadrupole-octupole mode

P2 = V d/d27’]COS¢, B3 = V d/d3775in¢7 d:(d2+d3)/2

Ui(n) = ECU e

w=+/G/B=+/G/B;=/C/B

92 2B B2 k2
8—7721/1(?7) f—w(n) E— B Ui(n)| ¢(n) =0
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Coherent quadrupole-octupole mode (CQOM)

Analytic solution of the Schrodinger equation

Energy spectrum:

2B
En,k(/,w):m[2n+1+,/k2+b)<(/)], b= n=012..

Rotation-vibration wave function:

_ [21 + 1 _
Viamo(n, @) = WDII\/IO(G)q)n,k,I(na(b)

¢Z,k,/(v7, P) = djrlwk(n)@;i((é)
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Coherent quadrupole-octupole mode (CQOM)

Quadrupole-octupole vibration function

o7 (0, 0) = VL (n)ei(0)

2cl(n+1)
M(n+2s+1)
c=+VBC/h, s=+/k2+ bX(I)/2
B2>0 = o(-m/2)=¢(r/2) =0
o (¢) = +/2/mcos(kp), k=1,3,5,... = w=(+),] =even
e (@) = /2/msinkg), k=2,46,... - 7= (—),/ =odd

e—cn2/2cs772sL%S(Cn2)

Uie(n) =
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Coherent quadrupole-octupole mode (CQOM)

Structure of the spectrum

Yrast alternating-parity sequence: n =0, k, — kéJr), kéf)
= unites the ground-state band  (07,27,47,6],...)
with the first negative-parity band (1;,37,5,...)

First non-yrast sequence: n=1, k, — k{ﬂ, k{f)
= unites the first 3-band (03,25 ,45,...) with the
second negative-parity band (15,35 ,55,...)

Second non-yrast sequence: n =2, k, — k§+), k2(7)
= unites the second -band (03,2747, ...) with
the third negative-parity band (15,353,535 ,...)

and so on ...



Electric Transitions
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B(E1)-B(E3) reduced transition probabilities

Reduced transition probabilities

(E)\' n-k-l~ — nf/(flf)
2
=551 2 (Vo O MENN a0 0)|

M; fu

3 .
M, (E1) = \/meDgw p=0,%+1,

2)\ 1,
Mu(EN) = + S Qu0Dg, A=2.3, p= 0,41, )




Electric Transitions
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Transition operators for quadrupole-octupole deformations

Multipole operators A = 1,2, 3

Qo = MiBapBs = Mipqn? cos psin d
o = MyBy = Mrpncos¢
G0 = MsBs = Mzgnsing¢
3 A
My = ——>_7eR), A=23
A+ 1)m
o OAZE <1+ 15>
YT 56v35r \J | 8QA}

J- surface, Q- volume symmetry-energy parameters
Q@0 connect states with fixed 8> and (3 deformations
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Complex shape density distributions in CQOM

Complex-shape density distribution ]@2.,(’,(/5’2,/33)\2
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Electric Transitions
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Complex shape density distributions in CQOM

Complex-shape density distribution

|®7 1 (B2, B3) 7

model space

model space
-04 =02 04 -04 =02 04
B2
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Complex shape density distributions in CQOM

Complex-shape density distribution |¢71r,k,l(/327/33)‘2

-0.4 -0.2 0.0 0.2 04 -04 =02 0.0 0.2 04



Electric Transitions
ocooe

Complex shape density distributions in CQOM

Complex-shape density distribution |¢71r,k,l(/327/33)‘2
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Generalized angular operators

Generalization in the angular variable ¢

cos¢ — Ax(p) = i cos(ko) = —%[In 2+ 1In(1 — cos ¢)]

sing — Asp(¢) = Z sin(kkgzﬁ) =z ; ¢ + mFloor (;;)
k=1

cospsing — /A4(1) ZZCOS ) sin( gb)

m=1n=1

6?10(777 ¢) = M Pqtl2/2\10(¢)
920(777 ¢) = szﬁf\zo(ﬁf))
@30(n,0) = MagnAse(9)

Connection between states with any difference Ak = kr — k;
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Generalized angular operators

Model expressions for B(E1), B(E2) and B(E3)

B(EX; njkili — ngkelr)
2A+1 2 p2

Rx(njkili — ngkelf) = <¢:§kf,f(777¢)\©Ao\¢:,'fk,/i(?7, ¢)>

Ry = MipgSa(ni, li; ne, Ie) 177" (ki, k)
Ry = MapSi(ni, li; ne, le) by "™ (kiy kf)
Ry = MsqSi(ni, lj; ne, Ie) 1377 (i, ke)
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Generalized angular operators

Model expressions for B(E1), B(E2) and B(E3)

[e.o]

Si(ni, I ng, lf) = i dmblt (mn v (n)

Solis b, 1) = /0 didle (nyut (n)

us

. 2 (2 .
I;\r”ﬂ-f(k,',kf) = 7_{_/_ AA0(¢)90Z;(¢)90Z;(¢)d¢’ A=1,23
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Description of alternating parity bands and transition rates

Energies and transition probabilities in 152Sm

Energy [keV]
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Description of alternating parity bands and transition rates

Energies and transition probabilities in 154 Sm
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Description of alternating parity bands and transition rates

Energies and transition probabilities in 15 Gd
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Description of alternating parity bands and transition rates

Energies and transition probabilities in 15°Gd
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Description of alternating parity bands and transition rates

Alternating-parity spectrum in 158 Gd
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Description of alternating parity bands and transition rates

Energies and transition probabilities in 230U
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Description of alternating parity bands and transition rates

Energies and transition probabilities in 1°°Mo
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Summary

SUMMARY

Results
e CQOM formalism for non-yrast alternating parity levels and
E1-E3 transition probabilities

@ Consideration of complex-shape density distribution =
generalized angular part of E1-E3 transition operators

@ Description of octupole spectra and the attendant intraband
and interband B(E1)-B(E2) transition probabilities in yrast
and non-yrast bands in rare-earth, actinide and Mo nuclei

Perspectives

@ Extension to odd-mass nuclei
@ Extension beyond the limits of the coherent-mode assumption
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