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deformed nuclei – Nilsson model: Wp[NnzL]; L=W ± 1/2

⇒ each nuclear level in well-deformed nuclei has E, T1/2, L, S , Jp, and Kp(Wp)
⇒ in most case the band-head (the lowest state) has J=K, BUT …

● due to decoupling & Coriolis interactions –> J=5/2-, K=1/2- for 1/2[541] (h9/2)
● due to residual proton-neutron interactions –> J=1-, K=0- for isomer in 176Lu

K quantum number & deformation



K-hindered decays & K isomers
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ü hindrance  Fw = tg / tW
ü reduced hindrance fn = Fw

1/n

typically fn = 20 – 300,
but many exceptions… 
because of K mixing 

t

ü transition of multipolarity l can 
only change the K projection by 
at most l.

ü the shortfall is the degree of 
“forbiddenness” n = DK –l. 
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⇒ b-decay spectra are not discrete  
● Ib are not directly measured

γ1

γ2

● total absorption g-ray spectroscopy (TAGS)

● discrete g-ray spectroscopy
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176Lu

p7/2+[404] n7/2-[514]

hindered by ~1012

Qb-=1194.1 keV

997.73 keV

1293.12 keV



178Ta
n7/2-[514] p7/2+[404]

QEC=1837 keV

p9/2-[514] p7/2+[404] DK=1
log ft =4.8 spin flip Au

Ω& + Ω% 	7-

2.36 hK=8-

K=0+

n7/2[514] -> p9/2[514] 



P.M. Walker & F.G. Kondev, Eur. Phys. J., in press

☛ relatively simple decay schemes – low Qb-

☛ known Jp – directly measured 
☛ known Jp for the daughter levels
☛ evaluated T1/2 and BR

Quantifying the K forbiddenness
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survey of ENSDF & NUBASE2020

236Np
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230Pa & 238Np

158Tb

176Ta & 
244Am

log 𝑓𝑡<= = 1.9×∆𝐾 + log	𝑓𝑡∆=FG for 4+ to 4+, DK=4 -> log ft~14



Spin-trap isomers in deformed odd-odd nuclei
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⇒ high W orbitals near both the proton &  
neutron Fermi levels

⇒ states populated in the daughter 
nucleus

● DI=0, +/-1 but also DK=0, +/-1
● related  structure – Alaga: Ah or Au

⇒ distinctive g-ray decay pattern
⇒ different beta-decay half-lives
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TAGS measurement using SUN at NSCL/MSU
● 104mNb is associated with 0.9 s b-decaying state
● no decay scheme was established – based on ENSDF

log ft (exp)=6.4, but 5- to 0+, DJ=5 
transition (5F) & DK=5 forbidden

0(5-)
0.89 s

104Nb

5- to 4+; DJ=1 1F with log ft (exp)=7.4, 
but log ft ~ 16 for DK=5 forbidden 
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(4- or 5+)

1.097 (21) s

106Nb

DK=4 or 5

106Mo

12.1(8)%

1.6(1)%

10(3)%

7.2

6.4

log ft

J> 3 by the authors

⇒ data indicate 2 beta-decaying states 
⇒ log ft ~ 14  or 16 for DK=4 or 5 

p5/2[422] n5/2[413], K=5
p3/2[301] n5/2[413], K=4

Ib-

Qb-=9925 (9) keV

K=0




