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Transition rates in nuclei.
Fermi’s Golden Rule.
Weisskopf estimates.p

K-Selection rule and Isomeric transitionsK Selection rule and Isomeric transitions.

Circumnavigation of the K Selection ruleCircumnavigation of the K-Selection rule.

h  h lf l f    h   1 0 80 Short half-life isomers in the mass 170-80 region.

Potential Experiments with Nuball and LaBr3 Fast timing.



γ-ray transition rates given by Fermi Golden Rule:
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The single-particle Weisskopf estimates:g p p

Large L ‐> small (kr)L  (as kr<1)



Modification of single particle Weisskopf estimates
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Modification of single-particle Weisskopf estimates
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Transition rates can be strongly affected by:

1. Collectivity, e.g. Rotational states have very similar underlying initial and 
final wave functions which enhances the single‐particle rates (invoke 
effective charges to increase proton and neutron charges)effective charges to increase proton and neutron charges).

2. Wave function miss‐match where initial and final state matrix element 
l i t l i ll hi d i th t iti t l ti t thoverlap interval is small, hindering the transition rates relative to the 

single‐particle rate.

/3. The density of states, dN/dE can enhance or hinder the transition rates.



Isomeric States
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Wave function miss‐match
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Multipolarity, L in M(σL)



Isomeric States
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Isomeric States

sTns 100200 21  21

hrTs 1100 21 
hrT 121 

Review of Metastable States in Heavy Nuclei, 
G.D. Dracoulis, P.M. Walker, F.G. Kondev., ,



High-K isomers
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Large changes in angular momentum direction between initial and 
final wave function can seriously hinder the decay of a high‐K state:

e.g. Kπ =16+   31‐year isomeric state in 178Hf 



The K-Selection Rule
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High‐K isomer decay and the K‐selection rule

Th h i K b t th i iti l d fi l t t tK The change in K between the initial and final states must 
be less than or equal to the transition multipolarity, λ

  KLöbner 1968, transitions hindered by a factor 
of 100 for each degree of K‐forbiddenness
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The K-Selection Rule

Ki
Kπ =16+   31‐year 

178Hf

Kf
Kπ =8‐ state

)3()( EMM 
178Hf

Kπ =16+   31‐year isomeric state in 178Hf

K =8 state 

K 16 31 year isomeric state in  Hf 

Isomer decays by an E3 transition:
1. Weisskopf (including conversion) gives t1/2 = 0.1 s
2. Only when factor in Löbner 1005 from the 5 times K‐

forbidden E3 transition (ΔK 8) do you get t ~ 30 yearsforbidden E3 transition (ΔK=8) do you get t1/2~ 30 years. 

Kπ =16+ Isomeric state half‐life due to conservation of angular g
momentum:  high‐L transfer (spin trap) plus K‐selection rule.



Circumventing the K-Selection Rule
Some notable Isomer decays are known to “ignore” the K‐selection rule

182Os Kπ =25+ isomeric state decay to K~0 ground‐
state band with single ΔK=24 M1 transitionstate band with single ΔK=24, M1 transition.

Hindered  (130ns) 
decay but not nearly as 
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much as expected from 
K‐selection rule.



Circumventing the K-Selection Rule
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Analysis of many isomeric states shows that K selection rule canAnalysis of many isomeric states shows that K‐selection rule can 
be circumvented in 3 main ways:

1. The presence of non‐axial shape distortions γ softness (β22) 
which renders K no longer a good quantum number.

2. Coriolis mixing:  In the region of the first backbend, the 
ground state band may have non zero K components mixedground‐state band may have non‐zero K components mixed 
into its wave function, making ΔK smaller.

if K  1* 

3. Increased density of states, enhancing the transition rates, 
for highly non‐yrast isomers. (Statistical mixing of low‐K 
states into the high‐K wave function.)

dE
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Circumventing the K-Selection Rule
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1. Non‐axial shape distortions γ softness in 182Os (1988).

Tunnelling through the gamma planeTunnelling through the gamma plane.



Circumventing the K-Selection Rule
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2. Coriolis mixing:  2‐quasi‐particle bands Kπ =6+, 8‐ bands in 172Hf.

7 times K‐
forbidden E1 
transition (ΔK=8)



Circumventing the K-Selection Rule
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2. Coriolis mixing:  2 quasi‐particle decays occur to ground‐state 
band where it is undergoing first alignmentband where it is undergoing first alignment. 

172Hf
if K  1* 

Here Coriolis force mixes

172Hf

Here, Coriolis force mixes 
high‐K components into 
ground‐state band 
reducing the effective ΔKreducing the effective ΔK 
required by E1, reducing 
the hindrance factors.



Circumventing the K-Selection Rule
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3. Density of States.

Four quasi‐particle states 
in 172Hf, t1/2 ~ 2ns.
Non‐yrast isomersy

Lifetime and hindranceLifetime and hindrance 
factors for ΔK=12, M1 
transition very small



Circumventing the K-Selection Rule
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3. Density of States.

178Hf 
16+

178Hf 
14‐ 180W 

14‐
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High-K isomer Experiments
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Much of this work relied on:

1 L f G d t t h G h ith b k d1. Large arrays of Ge detectors such as Gammsphere with backed 
targets to identify weak decay branches, or 

2. State‐of‐the‐art beam pulsing and chopping, prompt‐delayed 
coincidences (ANU) to select isomers.

However, both methods used Ge or LEPs detectors with relatively 
i t i i ti i l ti (30 ) Thi t blpoor intrinsic timing resolution (30ns). This creates a problem 

when the half‐life becomes < ~ 1ns.



New Potential Experiments
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p

Nuball offers a unique opportunity to measureNuball offers a unique opportunity to measure 
lifetimes of sub‐ns isomers with high precision.

Take advantage of:
1. 36 LaBr3 detectors to make fast‐timing LaBr3 coincidences.3 g 3
2. 24 Clovers for added channel selection if necessary.
3. Pulsed tandem beams for isomer selection/cleanliness.

Discuss two representative cases which could form 
Nuball proposals to better define the role of the 
density of states on the transition half‐life of isomeric 
states in 172Hf and 170Hf.



New Potential Experiment: 172Hf
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2 quasi‐particle region 
shows many intrinsic 
looking states. 
Measure precise 
lifetime to qualify K 
values from stepwise 
K‐selection rule decaysse ec o u e decays



New Potential Experiment: 172Hf
Four quasi‐particle states 
in 172Hf, t1/2 ~ 2ns.
Non yrast isomersNon‐yrast isomers.

Lifetime and hindranceLifetime and hindrance 
factors for ΔK=12, M1 
transition very small
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New Potential 
Experiment: 170Hf
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p f

172Hf

Two quasi‐
particle states, 
ΔK 8 E1 d

170Hf
ΔK=8, E1 decays



New Potential 
Experiment: 170Hf
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Experiment  Hf

Four quasi‐
particle states, 
hi h it ti13 times K‐ high excitation 
and Coriolis 
components 
responsible for

13 times K
forbidden E1 
transition 
(ΔK=14), fν < 2.8 responsible for 

small reduced 
hindrance values.

( ), ν



Better define Hindrance Limits
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170 172For the four‐quasi‐particle states in 170,172Hf could help characterise 
the role of density of states in reducing the hindrance.

178Hf178Hf 
16+

Hf 
14‐ 180W 
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Better define Hindrance Limits
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Accurate half‐life measurements using LaBr3‐LaBr3
coincidence measurements 

(for short‐lived isomeric states, t1/2 < ~2 ns, which could(for short lived isomeric states, t1/2  <   2 ns, which could 
not be measured with Ge detectors) 

will help to better define K‐hindrances and allow a 
more detailed st d of the mechanisms for themore detailed study of the mechanisms for the 
circumvention of the K‐selection rule.
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