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1. Shape coexistence in light Kr isotopes
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Shape coexistence and low-lying 0+ states

‖02+ 𝑀𝑀 𝐸𝐸𝐸 �01+ ∝ 𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃0𝑐𝑐𝑐𝑐𝑠𝑠𝜃𝜃0 𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝2 − 𝛽𝛽𝑝𝑝𝑜𝑜𝑜𝑜2
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Systematics of the light Kr isotopes

E. Bouchez et al., Phys. Rev. Lett. 90, 082502 (2003)

Mixing of the ground state
(two-level mixing extrapolated 
from distortion of rotational bands)
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2. Band mixing between the ground and γ-band in 164Dy
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Band mixing between the ground and γ-band in 164Dy
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Band mixing between the ground and γ-band in 164Dy
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Rotation Vibration Model
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3. Coulomb excitation of the K = 8 isomer in 178Hf

parameters and resolutions FWHM
Ei 5.5% at 1332 keV
ti 2.8 ns
W(θ)   140

Etotal 18-22% for Mγ=20
Mγ 25-30% for Mγ=20

The two basic observables which can be measured for the 
resulting γ-ray shower are the total energy emitted as γ-radiation 
and the number of γ-rays.

H. Xie et al.; Phys. Rev. C48 (1993), 2517

162 NaI detectors
6 Ge detector

Delayed sum-energy spectrum taken at 590 MeV. (delayed time window 20-65ns 
with respect to beam pulse) A peak associated to the Kπ=8- shows up. 
The other peaks correspond to isomers of fusion products from target contaminants 
and β-decay.

 178Hf + 130Te at 560, 590, 620 MeV
particle detection at ~1800, Pb catcher (0.5 mm thickness) was positioned 
1cm downstream to stop the recoiling 178Hf ions. 

8-
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Coulomb excitation of the K = 8 isomer in 178Hf

4 s → 𝑀𝑀30 𝐸𝐸𝐸 ≤ 0.01

delayed γ-spectrum

 178Hf + 130Te at 560, 590, 620 MeV

H. Xie et al.; Phys. Rev. C48 (1993), 2517

Delayed γ-ray spectrum of the Crystal Ball with 85𝐸𝑘𝑘𝑘𝑘𝑘𝑘 ≤ 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑𝑜𝑜 ≤ 11𝐸𝐸𝑘𝑘𝑘𝑘𝑘𝑘
and 𝐸 ≤ 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑 ≤ 6. In addition at least one of the delayed γ-rays must have 
been detected in one of the Ge-detectors.
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Decay of the isomer by barrier penetration

+ small K=8 admixture + small K=0 admixture

rigid rotor model:

�𝐼𝐼𝑓𝑓 𝑀𝑀 𝐸𝐸𝐸 ⟩𝐼𝐼𝑖𝑖 = 𝐸𝐼𝐼𝑖𝑖 + 1 � 𝐼𝐼𝑖𝑖𝐸𝐾𝐾𝐸|𝐼𝐼𝑓𝑓𝐾𝐾 � 𝑀𝑀30

8- lifetime is independent from excitation
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2-band K-mixing model
+ small K=8 admixture + small K=0 admixture

rigid rotor model:

�𝐼𝐼𝑓𝑓 𝑀𝑀 𝐸𝐸𝐸 ⟩𝐼𝐼𝑖𝑖 = 𝐸𝐼𝐼𝑖𝑖 + 1 � 𝐼𝐼𝑖𝑖𝐸𝐾𝐾𝐸|𝐼𝐼𝑓𝑓𝐾𝐾 � 𝑀𝑀30

Clebsch Gordan coefficient:

8- lifetime is independent from excitation
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Coulomb excitation of the K = 8 isomer in 178Hf

4 s → 𝑀𝑀30 𝐸𝐸𝐸 ≤ 0.01

delayed γ-spectrum

 178Hf + 130Te at 560, 590, 620 MeV

𝑀𝑀30 𝐸𝐸𝐸

coupling between rotational motion 
and single particle excitation

𝜓𝜓 8− ≅ ⟩|𝐾𝐾 = 8 + 𝛼𝛼 ⟩|𝐾𝐾 = 0

H. Xie et al.; Phys. Rev. C48 (1993), 2517
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