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Quadrupole-octupole core plus particle model

Quadrupole-octupole core plus particle Hamiltonian

H = qu + Hs.p. + Hpair + HCorioI
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Quadrupole-octupole core plus particle model

Coherent quadrupole-octupole mode (CQOM) in the even core
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Quadrupole-octupole core plus particle model

Quadrupole-octupole (QO) vibration function of the core
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Quadrupole-octupole core plus particle model

Total core plus particle wave function
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Quadrupole-octupole core plus particle model

Quasi parity-doublet spectrum from CQOM+DSM+BCS
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Quadrupole-octupole core plus particle model

Coriolis mixed core+particle wave function
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Quadrupole-octupole core plus particle model

Reduced E)X and M1 transition probabilities
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Coriolis K-mixed matrix elements = permission of
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Quasi-doublet (QD) spectra in odd-mass actinide nuclei

CQOM-DSM-BCS description of QD spectrum in ?>3Ra
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N. M., Phys. Scripta T154, 014017 (2013)



Quasi-doublet (QD) spectra in odd-mass actinide nuclei

CQOM-DSM-BCS description of QD spectrum in >?1Fr

E nE}})eory o 21Fr experiment
X = =1 k=1
N k=8 k=1 +305.6
E -+ 9 : ot
s0f 92932 3 972047
F 772726 z+§7§.§
r 2= 2
; 542443 o35 512338
b 22202 5 == L0246
> b shoeg 2 9-200.8 2
Q200 22— P %—1958
2 b Thiog ) .
> b 71523 TL88 7" 1500
80 b Ifjps3? JRREER
e [ Ii0e4 FuUso 2 T 108.4
LE Po3—== 2 3+ 99.9 3799.6 2 ==
100 - 2 37_84.6 3-80.7 2 — 5-T00.9
L 2 — 5 2
N =322
" ysie K32 -
¥ A 538, 336.6
232 3366
r 1 ©=0.019, b=11.7, d,=4.2 == 2
FOK=1/2"2._06 2.0 rms,=26.7 rms =25.9
OF 570 ap=2.38, p,=0.156, B,=0.01 2 rms, =252

N. M., Phys. Scripta T154, 014017 (2013)



The 7.8 eV isomer in “**Th

229Th: experimental spectrum
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The 7.8 eV isomer in “**Th

229Th: Low-energy levels and transitions
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The 7.8 eV isomer in “**Th

Details of the CQOM+DSM+4BCS model calculations

@ General: two quasi-doublets with identical QO oscillation
quantum numbers n =0, kKt =1, k= = 2 built on 5/2[633]
and 3/2[631] s.p. orbitals

@ DSM: 5, and (33 determination — correct positions and
mutual spacing of the 5/2[633] and 3/2[631] orbitals =
By = 0.240 and f33 = 0.115

o CQOM: parameters fits — w, b, dy (for energy levels); ¢, p
(transition probabilities); K-mixing constant A (energies and
transitions)

e BCS: pairing constants tuning — E(3/2%) ~ 0.4 keV

@ Isomer energy adjustment: w b, dy tuning =
E(3/2") ~ 0.0078 keV — rms deterioration 0.4 — 1.0 keV



The 7.8 eV isomer in “**Th

Theoretical and experimental quasi parity-doublet spectrum of ?>°Th
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The 7.8 eV isomer in “**Th

Theoretical and experimental B(E2) and B(M1) transition values for
229Th

N. M. and A. Pilffy, Phys. Rev. Lett. 118, 212501 (2017)

Type/Mult Transition Th1[Th2] (W.u.) Exp (W.u.)
E2 /255 — 5/25 252 [267] 300 (£16)
E2 9/2} — 5/2},, 82 [85] 65 (£7)
E2 92 = 7/2 213 [224] 170 (430)
E2 9/2h. —5/25,  19.98 [17.37] 6.2 (+0.8)
2 3/20, 5/2),  27.04 2305 ?
M1 72 — 5/25,  0.0093 [0.0085]  0.0110 (-0.0040)
M1 9/2 5 7/2%. 00178 [0.0157]  0.0076 (+0.0012)
M1 0/2% s 7/25.  0.0151[0.0130]  0.0117 (-0.0014)
M1 3/2., — 5/25, 00076 [0.0061] ?

Thl — E(3/27) =0.4263 keV ~ Th2 — E(3/2") = 0.0078 keV



The 7.8 eV isomer in “**Th

Theoretical B(E2) and B(M1) transition values for 2°Th at different
parameter sets

w b d ¢ p A k( ) kéx) rmsyr rmsex rmstot Eex( ) B(E2) B(M1)
0.2039 0.28 18 79 1.0 0.158 2 2 399 260 34 0.4263 27.04 0.0076
0.2361 0.28 33 89 1.0 0.141 2 2 412 264 35 0.0078 23.05 0.0061
0.0912 239 49 245 1.0 0.152 4 6 376 158 29 0.3556 25.80 0.0071
0.0635 4.51 45 321 1.0 0.144 6 8 36.4 124 28 0.0725 22.86 0.0063

0.0563 7.34 66 473 1.0 0.138 8 10 383 11.9 29 10~° 21.31 0.0058

= experimental transition probabilities for the 3/2"-isomer decay
in 22°Th expected in the limits:

B(E2)=20-30 W.u.
B(M1)=0.006-0.008 W.u.

Phys. Rev. Lett. 118, 212501 (2017)



DSM+BCS analysis of 2qp energies and magnetic moments

Two-quasiparticle energies:

Q Q Q m
Efs = ELm + BB B = (B2 - A2 +

Magnetic moment of the 2qp configuration

B I(1 +1) — K2 N K?
K= pUN | &R I+ 1 gK/—l—l
un = eh/(2mc), gr = Z/A
1
S Y A

Y =QFA, g = 0.6gfre



Two-quasiparticle energy and magnetic moment for the K™ = 8~
{v7/2[624] ® 19/2[734]} configuration in ?**Pu

2qp energy (MeV)
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[P. M. Walker and N. Minkov, Phys. Lett. B 694, 119-122 (2010)]




Magnetic moment in the K™ = 87, {17/2[624] ® v9/2[734]}, state of
24p,
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Neutron s.p. levels in 24Py (K™ = 8~ {v7/2[624] ® 19/2[734]}

configuration)
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Two-quasiparticle energy and magnetic moment for the K™ = 4~
{v1/2[631] ® v7/2[743]} configuration in 230U
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[ N. Minkov and P. M. Walker, Eur. Phys. Journal A, 48: 80 (2012)]
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Two-quasiparticle energy and magnetic moment for the K™ = 8~
{v7/2[624] ® v9/2[734]} configuration in 2*No
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2qgp energy and magnetic moments for K™ = 97,10~ isomers in 2’°Ds
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SUMMARY

Model: collective CQOM plus microscopic DSM+BCS with
fully microscopically treated Coriolis interaction - E/M
transitions with K-mixing.

Applications: quasi-parity doublet spectra in odd-mass nuclei
(®5Ra, 221Fr).

229Th: complete nuclear-structure-model calculation for the
low-lying spectrum including the 7.8 eV isomer.

229mTh interpretation: a bandhead of an excited parity
quasi-doublet, built on 3/2[631] q.p. state coupled to a
collective quadrupole-octupole vibration-rotation mode -
remarkably fine interplay between all involved modes!
229mTh decay: predicted B(E2), B(M1) values for

3/2f . — 5/24s and available data on other transition rates.
DSM+BCS for high K-isomers: strong dependence of the
magnetic moments on the octupole deformation and isomer
energy minima at non-zero octupole deformation.
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