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Nuclear Quadrupole-Octupole Motion

Hamiltonian

H= Hrot + Hvib + Hsp + Hcoriol
Assumptions

@ The nucleus oscillates simultaneously with respect to axial
quadrupole 3, and octupole 33 deformation variables
coupled through a centrifugal interaction

@ odd mass nuclei — the single nucleon moves in a quad-
rupole-octupole deformed potential induced by the even-
even core

@ the core and the unpaired nucleon are coupled through the
Coriolis interaction and the good total parity of the nucleus



Nuclear Quadrupole-Octupole Motion

Collective Hamilton

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

qu = Hrot + Hvib + Hcoriol

A X(1,K,a)

Ho = _— C C ~7 7 A0 . g A0V
‘ 2B, 08  2B; 08 2 2P + 3G+ 2(daf33 + d333)

1 1
X(I,K,ma) = 5 |do+1(1 +1) - K? + by 1 (—1)"1/2 (/ + 2)}

a — Coriolis decoupling factor



Nuclear Quadrupole-Octupole Motion

Coherent quadrupole-octupole mode

Coherent quadrupole-octupole mode

C2/B2:C3/B3EW2 ,82—)77COS¢, ﬁ3*>775in¢

En(l, K, ma) = hw [2n~|—1—|—\/k2~|—bX(l,K,7ra) . n=01,2, ..

Core wave function: || = (1, ¢) = ()™ (4)

) (n) — generalized Laguerre functions

¢ () = 2/mcos(kp), k=135 . - 7= (+)
o (¢) = \/2/msin(ko) k=246,. — 7= (-)

= Parity effects in the collective and s.p. motion



Nuclear Quadrupole-Octupole Motion
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Reflection asymmetric deformed shell model

Axially deformed Woods-Saxon potential

[ M. Brack et al, Rev. Mod. Phys. 44, 320 (1972)]

Hsp = T + sz + \/so + VCouI

e (distzao,mﬂ B

R(0,8) =c(B)Ro |1+ > Bmo(cose)), B = (B2, B3, Ba Bs, Bs)

A=2,3,...

sz(ra ﬁA) = VO

[computer code by S. Cwiok et al., Comp. Phys. Comm. 46, 379
(1987)]



Nuclear Quadrupole-Octupole Motion
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Reflection asymmetric deformed shell model

Parity mixed s.p. states

S.P. wave function: Fo =, A Cib. AINN:AQ), (Q = K)

sp| NN AQ) = (—1)N|Nn,AQ) Tep = (—1)N

f3 =0 = N =even (7msp, = +) or N =odd (7sp = —)
B3 # 0 = N =even and N =odd = parity mixed s.p. states

= Y A F) 4 FD)

Wsp—il

fpFo) = +FS) = |ApFa=F5) - FS)

average parity: (fsp) = (Falfisp|Fa) = Xpna(—1)" ()



Nuclear Quadrupole-Octupole Motion
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Particle-core coupling

Total Particle-Core wave function

1 "

Viuk = SN+ R1)Diy k(0)(1 + 7P) 75 Fi
RiDyy = (=1)'"KDy, P=fc- s
RiFk = Fx = Fk fepFk = Fie) — Fi )
qu)z:rére = 7,-I-chz:rcgre = :l:q)(::%re

7. — fixed
e = (+) = &7, = downwards shifted levels
e = (=) = Pe = upwards shifted energy sequence

(1 + 7P) — projects out .7-",(<+) or .7-",({) = 7T =7¢ (Tsp)

= soft octupole shape in a strong coupling limit



Nuclear Quadrupole-Octupole Motion
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Particle-core coupling

Schematic levels

[N. Minkov, S. Drenska, M. Strecker and W. Scheid, J. Phys. G: Nucl.
Part. Phys. 36, 025108 (2009); 37, 025103 (2010)]

olHE)
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r =(+) n =)



Nuclear Quadrupole-Octupole Motion
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Particle-core coupling

Decoupling factors in parity mixed s.p. states

I 1 .
—(W’,TM%\I_H]\U’;M%) = N?(=1)/*z <I + 2> - (decoupling factor)

R (G A PR Ry NI

= %ﬂ'c [(1 + mme)at) + (1 - ch)a(_)}

)G - )3 -
A = <]::E/2) ’J+|f£1>2> a7 = <]:1(/2)|J+|}—£1>2>

Tgs = (+) = a=alt)
Tgs =(—) = a= —ao)



Parity-mixing effects in the (32, 83)- plane

Global deformed shell model calculations in the (5, 33)- plane

@ Dependence of the s.p. angular momentum projection K and
the s.p. parity mixing on quadrupole-octupole deformations

@ Behaviour of the Coriolis decoupling factor in the (32, 33)-
plane

o Effects on the collective parity-doublet spectra

e Favourable deformation regions and quadrupole-octupole
collectivity



Parity-mixing effects in the (32, 83)- plane
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Study of parity mixing and projected decoupling factors

K-values for the odd nucleon of ?!°Ra in the (53, 33) plane
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Parity-mixing effects in the
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Study of parity mixing and projected decoupling factors

Decoupling factor a* in ?!°Ra (3D plot)

Decoupling factor a™ in 2"%Ra




Parity-mixing effects in the (32, 83)- plane
00®0000000

Study of parity mixing and projected decoupling factors

Decoupling factor a* and average parity (r.,) in 2°Ra
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Parity-mixing effects in the
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Study of parity mixing and projected decoupling factors
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Split parity-doublet spectrum in
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Study of parity mixing and projected decoupling factors
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Parity-mixing effects in the (|

Decoupling factor a* in ?Ra (3D plot)

Decoupling factor a™ in 22°Ra

)
s
Voot
Wonioininiss
e

i,
i,
= S 5

== AR,

R

R
R
R
R
S

X
R

&

2
R

X
R
R

R

R
RRRRRRR
SR

2,




Parity-mixing effects in the (/
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Study of parity mixing and projected decoupling factors

Decoupling factor a* and average parity (75p,) in




Parity-mixing effects in the (/
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Study of parity mixing and projected decoupling factors

Split parity-doublet spectrum in 2*>Ra
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Parity-mixing effects in the (32, 83)- plane
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Study of parity mixing and projected decoupling factors

Decoupling factor a* and average parity (r5,) in 22°Th
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Parity-mixing effects in the (/
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Study of parity mixing and projected decoupling factors

Decoupling factor a* in 2*!Cm (3D plot)
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Parity-mixing effects in the (32, 83)- plane
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Study of parity mixing and projected decoupling factors

Decoupling factor a* and average parity (r5,) in 24!Cm




Conclusion

CONCLUSION

@ Model of quadrupole-octupole vibrating and rotating core plus
particle — new coupling scheme with parity mixed s.p. states

e Parity mixing — complex behaviour of (7sp) in the (35, 33)
plane without saturation to (7sp) = 0 with increasing 33 —
(wide ranges of approximately good “dominant” parity)

@ Coriolis decoupling factor — strong dependence on 33 and 2
deformations; comparison to the collective model — regions
of physically reasonable deformations in the (3,, 33) plane

@ Consistent collective and microscopic model description of the
split parity-doublet spectra in odd-mass nuclei
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