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Nuclear deformation and K -isomers

P. Walker, G. Dracoulis, Nature 399, 35 (1999); Rep. Prog. Phys. 79, 076301 (2016)

K -isomeric states in even-even nuclei:

Broken nucleon pairs ⇒ coupled s.p. orbitals ⇒ two- or multi-

quasiparticle (qp) excitations with high K under axial symmetry

conditions ⇒ ∆K suppressed transitions ⇒ K isomeric states

K -isomeric states in odd-mass nuclei:

Di�erent K bandheads and axial symmetry
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High-K isomers in 178Hf

S. M. Millins, G. D. Dracoulis et al, PLB 400, 401 (1997)
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DSM+BCS analysis of 2qp energies and magnetic moments

DSM+BCS with quadrupole and octupole deformations

H = Hsp(Vws(β2, β3)) + Hpair

Pairing constants: Gn/p =
(
g0 ∓ g1

N−Z
A

)
/A, g0 = 17.8 MeV, g1 = 7.4 MeV

Two-quasiparticle energies

EKπ
2qp = EΩ1π1

1qp + EΩ2π2
1qp , EΩπ

1qp =
√

(EΩπ
sp − λ)2 + ∆2

K = Ω1 + Ω2; π = π1 ·π2 (β3 = 0), π = sign〈π1〉 · sign〈π2〉 (β3 6= 0)

Magnetic moment of the 2qp con�guration

µ = µN

[
gR

I (I + 1)− K 2

I + 1
+ gK

K 2

I + 1

]
gK =

1

K

∑
n=1,2

〈FΩn |gs · Σ + gl · Λ|FΩn〉

gR = Z/A, gs = 0.6g frees
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Neutron s.p. levels in 244Pu in dependence on the octupole
deformation β3 at �xed quadrupole deformation β2
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Two-quasiparticle energy and magnetic moment for the Kπ = 8−

{ν7/2[624]⊗ ν9/2[734]} con�guration in 244Pu

[P. M. Walker and N. Minkov, Phys. Lett. B 694, 119-122 (2010)]
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Two-quasiparticle energy and magnetic moment for the Kπ = 6−

{ν5/2[633]⊗ ν7/2[743]} con�guration in 234U

Other approaches:

� PES calculations by H. L. Liu and F. R. Xu, PRC 87, 067304
(2013) � (β2 ∼ 0.22, β3 ∼ 0.03)
� Skyrme HFBCS calculations by L. Bonneau, P. Quentin, N. M. et

al, Bulg. J. Phys. 46, 366 (2019) � (β2 ∼ 0.25, β3 ∼ 0.05)
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Two-quasiparticle energy and magnetic moment for the Kπ = 8−

{ν7/2[624]⊗ ν9/2[734]} con�guration in 254No

[N. Minkov and P. M. Walker, Phys. Scripta 89, 054021 (2014)]
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2qp energy and magnetic moments for Kπ = 9−, 10− isomer in 270Ds

[N. Minkov and P. M. Walker, Phys. Scripta 89, 054021 (2014)]
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Systematics of 2qp energy minima
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Coriolis mixing in 1qp isomers of N = 153 isotones, T. Shneidman,
N. M., G. Adamian, N. Antonenko PRC 106, 014310 (2022)

TCSM TCSM DSM

251Cf: Iπ ,Kπ[NnzΛ] = 7/2+, 1/2+[620] → E = 105.7 keV;

Iπ ,Kπ[NnzΛ] = 7/2+, 7/2+[613] → E = 106.3 keV
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Skyrme HFBCS in K -isomers

Hartree-Fock (HF) plus BCS energy-density functional

Selfconsistent blocking of two s.p. states (2qp isomer con�guration)

SIII Skyrme force with spin and current vector time-odd �elds

Deformed HO basis with axial symmetry: N0 + 1 = 17 (for actinides
and SH) and N0 + 1 = 15 (for rare-earths) major oscillator shells;
NGz=30 (Gauss - Hermite in z), NGr=15 (Gauss�Laguerre in ⊥)
quadrature mesh points; basis parameters b, q optimized

Pairing strengths Gn, Gp: overall adjustment to experimental MoI
1/(2J) = E (2+

1 )/6 → Gn = 16 MeV, Gp = 15 MeV in r-earths

HFBCS 2qp K -isomer energy: E∗
th(Kπ) = E 2qp

tot (Kπ)− EGS
tot
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Kπ = 6+ and Kπ = 8− isomers in Hf isotopes and N = 106 isotones

P. Walker, G. Dracoulis, Rep. Prog. Phys. 79, 076301 (2016)
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HFBCS description of Kπ = 6+ isomer energies in Hf isotopes.
Con�gurations: ν5/2−[512]⊗ ν7/2−[514]; π5/2+[402]⊗ π7/2+[404]

[N.M., L. Bonneau, P. Quentin, J. Bartel, H. Molique, M.-H. Koh,

Phys. Rev. C 109, 064315 (2024)]
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HFBCS description of Kπ = 8− isomer energies in Hf isotopes.
Con�gurations: ν7/2−[514]⊗ ν9/2+[624];π7/2+[404]⊗ π9/2−[514]
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HFBCS description of Kπ = 8− isomer energies in N = 106 isotones.
Con�gurations: ν7/2−[514]⊗ ν9/2+[624];π7/2+[404]⊗ π9/2−[514]
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HFBCS description of energies and magnetic moments in Kπ = 6+

and Kπ = 8− isomers in Hf isotopes and N = 106 isotones

Data on magnetic moments can favour the n or p con�guration
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Two-quasiparticle isomers in heavy actinide and SH nuclei

[N.M., L. Bonneau, P. Quentin, J. Bartel, H. Molique, D. Ivanova, PRC

105, 044329 (2022)]
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HFBCS description of K -isomer energies in actinides and SHs
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N = 152 deformed shell gap issue

[N.M., L. Bonneau, P. Quentin, J. Bartel, H. Molique, D. Ivanova, PRC

105, 044329 (2022)]
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HFBCS description of K -isomer radii and quadrupole moments
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HFBCS description of 270Ds K -isomer: test calculations

E exp
isomer = 1.348(66) MeV, T exp

1/2
= 3.9(+13,−8) ms ??, Kπ = (10−)

F. Kondev, G. Dracoulis, T. Kibedi, ADNDT 103-104, 50 (2015);
D. Ackermann et al., GSI Sci. Rep. 2011, p.208 (2011) [266Hs]

E exp
isomer = 1.13 MeV, T exp

1/2
= 6.0(+82,−22) ms, Kπ =?

S. Garg et al., ADNDT 150, 101546 (2023); S. Hofmann et al., EPJA 10

5 (2001); D. Ackermann, C. Theisen, Phys. Scr. 92, 083002 (2017)

Con�guration
EHFBCS
isomer (MeV) / Skyrme force

SIII(s1) SIII(s2) SkM
∗
(s1) SLy4(s1) SLy4(s2) SLyIII(s1)

9−{n 7
2

+
[613], n 11

2

−
[725]} 1.946 2.402 2.635 1.079 1.343 1.920

10−{n 9
2

+
[615], n 11

2

−
[725]} 2.593 2.985 1.668 0.547 0.823 2.461

BCS pairing constants sets
s1: Gn = 15.8 MeV, Gp = 14.2 MeV (overall adjusted in actinides)
s2: Gn = 17.0 MeV, Gp = 16.0 MeV

Re�ection symmetry conserved
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Concluding remarks

DSM and TCSM approaches: In�uence of octupole deformation on
the formation of 2qp K -isomeric states in heavy and SH nuclei and
their magnetic moments; Enhanced 1qp isomer decay resulting from
Coriolis K -mixing.

Skyrme HFBCS in Hf isotopes and N = 106 isotones: Good
reproduction of the Kπ = 6+ and Kπ = 8− isomer energies and
magnetic moments, identi�ed mixing of p and n con�gurations;
Reproduced systematic behaviour of isomer energies.

Skyrme HFBCS in heavy actinides and SHs: Overall good
reproduction of 2qp isomer energies and GS radii and quadrupole
moments; Skyrme SIII and N = 152 deformed shell gap; SLy4 in
270Ds; Possible readjustment of the Skyrme force including very
heavy and SH nuclei.

Further work: Tests of Skyrme interactions on multi-q.p. isomers;
Odd-mass and odd-odd heavy and SH nuclei; Exploring the octupole
mode.
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