
1

High-K Isomers and Gamma Softness

David M. Cullen. 
School of Physics and Astronomy, University of 

Manchester, Manchester, M13 9PL, U.K.

Workshop on Nuclear Isomers: Structure and Applications, Isomer WS Guildford, May 2010

High-K isomers or Isomeric states

Consider an odd-mass deformed nucleus  (Nilsson quantum numbers)

The projection, K is the intrinsic single-

particle spin of the band-head state.
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K-hindrance and the K-selection rule

TW
1/2= Weisskopf half-life

Tγ1/2= Measured Partial half-life

ν = ∆K – λ λ = transition multipolarity

v = degree of K forbiddeness. 

Reduced Hindrance Factor

The K-Selection Rule:
The change in K should be less than or equal to the multipolarity of the transition 

making the decay, otherwise the transition should be hindered by 100 per 

degree of K forbiddeness, ν (Lobner 1965/6)

K-hindrance and the K-selection rule
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180Ta is least abundant 
element known 0.012% of 

natural Ta

Two examples of Long-Lived Isomers.

Low-energy excited nuclear 
states generally produced by

single-particle collective vibrations collective rotations

Yrast states angular momentum 

generated by collective rotations
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Collective rotation of deformed high-K structures 
generates angular momentum, I(I+1) ħ2/2J 

→ strongly-coupled rotational bands result

Angular momentum of Yrast states usually dominated by Collective Rotation

States above the band-head:

K-Selection Rule implies that Isomer decays follow 

stepwise path, minimising ∆K – λ at each step

K-Selection Rule obeyed

No decays apart from band-head states
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3 main methods where K-Selection Rule is known not to 
be obeyed:

1. Coriolis Mixing (172Hf, T-Bands, Band Crossings…)

2. Density of States arguments (K-isomers can be 
highly non-yrast and decay because of very high-level 
density.)

3. Gamma-Softness (182Os), loss of axial symmetry and 
gamma tunnelling.

Circumvention of K-selection rule in isomer decay

1. Coriolis mixing (172Hf, 138Gd,… T-Bands, Band Crossings…)

High-K isomeric state with e.g. K=8 

can mix with ground-state 

rotational band (expected K≈0) 

Happens especially in the band-

crossing region where nucleons are 

aligning with the rotation axis. 

This reduces the effective ∆K for 

the isomer decay

Coriolis interaction mixes states differing in K by  ∆K=±1
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1. Coriolis mixing (172Hf, T-Bands, Band Crossings…)

Coriolis force mixes states differing in K by  ∆K=±1

Phys Rev C58 (98) 846

K>0

K=8

K=0

E1 decay

E1 decay occurs in region of 

1st band crossing

6µs

See Mark Procter’s talk…

2. Density of states arguments (K-isomers can be highly non-yrast 
and decay because of very high-level density.)

Half life and hindrance 
(<3) is small for ∆K=12 
M1 transition and indeed 
for all of the decays from 
this state.

Fragmented decay 
of K=12 intrinsic 
state to many other 

states (in addition 
to stepwise decay).
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2. Density of states arguments (K-isomers can be highly non-
yrast and decay because of very high-level density.)

3. Gamma-softness (182Os), loss of axial symmetry and gamma tunnelling.

Long-Standing Issue:
The K=25 isomer in 182Os, decays to the ground-state band (K≈0) with a 1061-keV 

∆K=25 M1 transition. 

According to the K-Selection Rule, this should have a very long half-life not 130 ns!
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3. Gamma-softness (182Os), loss of axial symmetry and gamma tunnelling

The loss of axial symmetry implies K is no longer a good quantum number…

K=25

|γ|=10o

K=0, I=24

|γ|=-15o

Mentioned Gamma softness in 182Os

→ possibility of nuclear vibrations (gamma vibration)
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Consider λ=2 Quadrupole Phonons in Mass 180 Region (quadrupole deformed shape)

Gamma Vibrations Beta Vibrations

“Pushing” & “pulling” on sides of rugby ball “Pushing” & “pulling” on ends of rugby ball
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Contrast with rotor   

EI = I(I+1)ħ2/2J

164Er

Vibration

Possibility to generate angular momentum by 
vibrations in competition with collective rotation

120Te
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“Nuclear Tidal waves”

- Stefan Frauendorf

Rotating mean field gives a reliable microscopic description 

No new parameters
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Combination of

• Angular momentum reorientation

• Triaxial deformation

ϑ

→ Shape change at nearly constant angular velocity

Experimental rotational frequency well defined & constant in SC-TAC calculations.

Multi-phonon Quadrupole Vibrations.

Can become Favoured high-spin mode in soft osmium nuclei 

where the energy of rotation is > energy of vibration

(PRL 91(03)182501)

Nuclear Tidal Wave :

Angular momentum generated by:

• phonon vibration in intrinsic frame

• coupled with collective rotation

• Shape change at nearly constant angular velocity
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Results of Gammasphere Experiments

181Os, 182Os, 183Os (Berkeley)

36S + 150Nd → 183Os (3n),

→ 182Os (4n), 

→ 181Os (5n).

Thick target 1.0mg/cm2

Berkeley 88-inch cyclotron

Kπ =25+ Six Quasi-particle Isomer Decay in 182Os.

Rotation:  Eγ = I(I+1) h2/2J
L.K. Pattison, PhD, Thesis 2006.

182Os

Small hindrance 

factors for new 

decays
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182Os    Very clean Prompt spectra produced from careful time 

gating on delayed transitions from Isomer decay.

Structures on top of K=25 Isomer

L.K. Pattison et al.  Phys. Rev Lett. 91(03)182501

Anomalous features of high-K Structure:

Decays to other structures above bandhead

Several New Structures discovered above K=25 isomer in 182Os 
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Focus on main structure above K=25 
isomer in 182Os 

L.K. Pattison et al.  Phys. Rev Lett. 91(03)182501

Anomalous features of high-K 

Band:

1. Strong E2s

2. Intensity Staggering of 

Signatures  

3. ∆Eγ ≈ Constant (c.f. 

rotational g and t bands)

182Os Excitation energy minus rigid-rotor reference.

Efficient generation of 

angular momentum 

above isomer c.f. 

ground-state band
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182Os Aligned-Angular Momentum.

Spin generated at constant frequency
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SC-TAC Calculations, S. Frauendorf

TAC calc.

TAC calc.

Conclude gamma vibrations in 182Os contribute but also rotational contribution.

182Os

L.K. Pattison et al. 

– PRL. 91(03)182501
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Tidal wave

yrast
Less favoured

vibrations

Mixed with p-h 

excitations

182Os
L.K. Pattison, et al.,  Phys. Rev Lett. 91(03)182501

181Os; 5n channel 

in hot-4n reaction 

– quite optimised

181Os
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181Os
D.M.Cullen et al. 

– Nucl.Phys.A728(03)287

Multi-phonon angular momentum generation competes with collective rotation.

Spin generated at constant frequency
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181Os

Nuclear Tidal Wave / 

multi-phonon vibration 

interpretation partially

fits 181Os data…

Shell-Corrected TAC calculations

183Os

183Os; Our data, 3n channel in hot-4n 

reaction – not optimised but…
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T. Shizuma et al, NPA696(01)337

Small hindrance 

factors for new 

decays

183Os; 3n channel in hot-4n reaction!

Delayed/early

Delayed/early
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Efficient generation of 

angular momentum 

above isomer c.f. 

ground-state band

Spin generated at constant frequency

183Os
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183Os

Nuclear Tidal Wave / 

Multi-phonon vibration 

interpretation fits 183Os

data reasonably well (but 

some evidence for other 

interactions)

Shell-Corrected TAC calculations

180Os

36S + 150Nd → 180Os (6n) Gammasphere experiment

- Argonne National Lab.

Beam pulsing at EM deflector
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180Os Gammasphere experiment 
(N. Lumley PhD thesis 2010)

No structures on top of isomers

Isomers not well linked into yrast

Problems with half-life.

180Os Gammasphere experiment 
(N. Lumley PhD thesis 2010)

New Structures on top of isomers- level scheme coming soon…

New Structures on top of isomers- level scheme coming soon…

New Structures on top of isomers- level scheme coming soon…
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Spin generated at constant frequency 182Os

180Os Perhaps not showing same behaviour

PES Calculations for the new isomers would also be of use to see how gamma 

soft the new isomeric states are…

SCTAC Calculation performed for other 

structures before we found the new ones!
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Nuclear Tidal Wave / Multi-phonon Interpretation:

• Gives good explanation for  anomalous high-K behaviour in soft

osmium nuclei 181Os 182Os, 183Os [and perhaps 180Os?] 

• Angular momentum generated by shape change at nearly      

constant angular velocity 

• Competes with collective rotation

• Look for future examples…

2006 - Octupole (λ=3) tidal waves in discovered in 220Th

W. Reviol, Phys Rev. C 74 (06) 044305

Conclusions

Thanks to the collaborators…

N. Lumley (180Os),  R. Glover (183Os)


