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Outline

• The Cranked Nilsson-Strutinsky (CNS) and Cranked
Nilsson-Strutinsky Bogoliubov (CNSB) formalisms.

• Reinterpretation of ‘TSD’ bands in 164Hf - terminating bands.

• Terminations at very high spin in 156Dy - interplay between dg
and sd pseudospin partner orbitals.

• How should we understand the TSD bands with wobbling

excitations in 163,165,167Lu.
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Cranked Nilsson-Strutinsky (CNS) -Bogoliubov (CNSB) models.

Modified oscillator or Nilsson potential:
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0
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The cranking Hamiltonian is diagonalized (CNS):

H
ω
CNS = HMO − ωjx; H

ω
CNSχ

ω
ν = e

ω
νχ

ω
ν ; eν = 〈χω

ν |HCNS |χ
ω
ν 〉

CNSB: Hω
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Rotating liquid drop energy:

Erld(Z,N, I, εi) = Eld(Z,N, εi) +
~
2I(I + 1)

2Jrig.(Z,N, εi)

Eld : Lublin-Strasbourg drop (LSD model) [or FRLDM]

Jrig.: diffuse surface: r0 = 1.16 fm, a = 0.6 fm

B.G. Carlsson and I.R., Phys. Rev. C74, 011302 (2006)

B.G. Carlsson et al. Phys. Rev. C78, 034316 (2008)
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Cranked Nilsson-Strutinsky (CNS) -Bogoliubov (CNSB) models.

Removal of virtual crossings - diabatic configurations.

CNS: Mesh in deformation space: (ε2, γ, ε4) .
Unique features to label orbitals and thus to fix conf’s, e.g.:

• Diagonalization in rotating harmonic oscillator basis,
Nrot-shells treated as pure

• Labelling of high-j shells and low-j shells, respectively

CNSB: Mesh in def. and pairing space: (ε2, γ, ε4, λp, λn,∆p,∆n)

• Minimization in (ε2, γ, ε4, λp, λn,∆p,∆n) space

• Particle number projection.

• Removal of virtual interactions for fixed parameters

⇒ Possible to draw smooth PES’s in the full (ε2, γ)-plane.

Conf’s: (π, α)p(π, α)n
SSNET workshop, Nov. 7-11, 2016



Comparison CNS - CNSB, 161Lu.

No pairing and pairing included.

Difference shows a rather

smooth trend approaching zero

at high spin.

⇒ Experiment down to rather

low spin is well described by

CNS if moment of inertia is

renormalized.

No paired crossings at

high spin

Trend towards more termina-

tions (aligned non-collective

states) with CNSB
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Total energy surfaces for 161Lu.

(πp, αp)(πn, αn) = (+,−1/2)(−, 1); ∼ π(h11/2)
6ν(i13/2)

3, Imax = 52.5.
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Typical features of E − Erld plots

Different types of observed bands:
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Interplay between dg and sd orbitals.

Note pseudo-
spin partners:

dg: d5/2g7/2
sd: d3/2s1/2

Creation of un-
paired crossings
at intermediate
and high spin.
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Typical configurations (relative to 146Gd core).
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Observed bands in 164Hf, TSD interpretation.

Marsh et al., PRC 88, 041306 (2013):

Two triaxial superdeformed (TSD)

bands observed!

Mainly based on moment of inertia

(similar down-slope in figure above)

SSNET workshop, Nov. 7-11, 2016



164Hf, problems with TSD interpretation.

TSD band in 164Hf predicted
and searched for since long.

Problems with TSD interpre-
tation:

• ‘Easy’ connection to normal

deformed bands

• Observed too low in
energy

• Signature degeneracy
not explained

Alternative interpretation?
More interesting!

SSNET workshop, Nov. 7-11, 2016



Exp. compared with CNS calc., 164Hf.

Unpaired conf’s for AE and AF
bands:
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Total energy surfaces, 164Hf.
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Exp. compared with CNSB calc., 164Hf.
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Summary, 164Hf.

TSD1,TSD2 −→ TB1, TB2
TB: terminating band

146Gd core + 18 valence parti-
cles

Should be possible to observe
these bands in an extensive spin
range from I ≈ 30 to full align-
ment at I = 55, 56.

(cf. 156Dy with a tentative fully aligned I = 62

state with 18 particles + holes.)

SSNET workshop, Nov. 7-11, 2016



Observed energies in 156Dy relative rotating liq. drop.
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F.G. Kondev et al., Phys. Lett. B437, 35 (1998).

SSNET workshop, Nov. 7-11, 2016



Configuration assignments for 156Dy (+, 0) bands.
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Maximum spin in major shells.

52 56 60 66 72 76 80
Particle number

114
Xe

0

10

20

30

M
ax

im
um

 a
ng

ul
ar

 m
om

en
tu

m

109
Sb

156
Dy

126
Xe

158
Er

164
Hf

SSNET workshop, Nov. 7-11, 2016



Interpretation of ‘TSD’ bands in 163,165,167Lu?

Wobbling excitation observed for the TSD bands in 163,165,167Lu.

⇒ These bands are triaxial!

but

what about arguments for ’strong deformation’ or ’superdeformation’?

(formed in a secondary minimum at larger deformation).

Arguments for ’superdeformation’:

• Not linked or very difficult to find linking transitions.

• Large transitional quadrupole moment Qt.

• Large moment of inertia

????

SSNET workshop, Nov. 7-11, 2016



Linking of TSD bands in 163Lu.

D.R. Jensen et al., Eur. Phys. J. A 19, 173 (2004)

Easy linking of ‘TSD’
bands!!
Also in 165,167Lu!
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Transition quadrupole moments - ND

X. Wang et al., PRC 75, 064315 (2007)
SSNET workshop, Nov. 7-11, 2016



Transition quadrupole moments - SD

Typical values: A = 163− 167: 7 eb
A = 168− 175: 13 eb

X. Wang et al., PRC 75, 064315 (2007) SSNET workshop, Nov. 7-11, 2016



Energy systematics for observed bands in 163Lu.
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Total energy surfaces for 163Lu.
Scan calc., (π, α) = (+, 1/2)
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Comparison, exp -calc; 163Lu.
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Summary

• CNSB - diabatic orbitals for fixed values of

(ε2, γ, ε4, λp, λn,∆p,∆n) ⇒ possible to get smooth energy

surfaces for fixed spin values I in full (ε2, γ)-plane.

• Minimization of total energy in these variables.

• Combination of CNS and CNSB powerful method to analyze

high-spin data.

• TSD bands reinterpreted as TB’s in 161Lu and 164Hf.

• Experiments are coming close to the maximun spin which can be

formed from the particle in the Z,N = 50− 82 shell.

• The ’TSD’ bands in 163,165,167Lu appear not to be strongly de-

formed - possible reinterpretation.

SSNET workshop, Nov. 7-11, 2016
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