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E2 rates from Electron Scattering Reveal 
Shell Evolution to Shape Coexistence in 96Zr

Funded by the German 
Research Council, DFG

• Evidence for shape coexistence from EM 
transition rates: 96Zr

• Interpretation in Terms of Type II Shell 
Evolution
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Structural Evolution in Zirconium Isotopes

90-110Zr Neutron Number →

T.Togashi et al., Phys.Rev.Lett. 117, 172502 (2016). 
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Electron Scattering on 96Zr
Experiment
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Electron Scattering on 96Zr
Data
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Electron Scattering on 96Zr
Data

96Zr
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Electron Scattering on 96Zr
Data

96Zr2 -2
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Electron Scattering on 96Zr
Data
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Type II Shell Evolution in 96Zr
Two-State Mixing Calculation
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Shape Coexistence in 96Zr
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Comparison to Large-Scale Shell Model

T-plots:
Tsunoda,
Otsuka et al.

C.Kremer et al., PRL 117, 172503 (2016)
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Comparison to Large-Scale Shell Model



29.05.2018 |  Norbert Pietralla  |  Institut für Kernphysik  |  TU Darmstadt  |  Type II Shell Evolution in 96Zr 12

Interpretation in terms of
Type II Shell Evolution*

*Tokyo group: T.Otsuka et al.
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Nuclear Shell Evolution

Figure 1 from “The role of shell evolution in shape coexistence”
T Otsuka and Y Tsunoda 2016 J. Phys. G: Nucl. Part. Phys. 43 024009

T2SE: Configuration-dependent ESPE‘s
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Type II Shell Evolution in 96Zr
Proton Occupation Numbers
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Type II Shell Evolution in 96Zr
Neutron Occupation Numbers

ν(d5/2
-1s1/2)
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Type II Shell Evolution in 96Zr

56
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Type II Shell Evolution in 96Zr

Analysis of excited structure
• Spread of active neutron orbitals is

strongly reduced w.r.t. ground state.
• Spread of active proton orbitals is

strongly reduced, too. 
• Z=40, N=56 subshell closures eliminated
• More uniform occupation of orbitals
 Deformation!
• Self-reinforcing phenomenon → robust!
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Structural Evolution in Zirconium Isotopes

W.Witt et al., submitted for publication, next talk

90-110Zr

Neutron Number →

C.Kremer et al.,
PRL 117, 
172503 (2016)

T.Togashi et al.,
PRL 117, 
172502 (2016)
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• Evidence for shape coexistence from EM 
transition rates: 96Zr

• Interpretation in terms of Type II Shell 
Evolution

Summary

Special Thanks to

Dr. C. Kremer, 96Zr
W. Witt, 98Zr

V. Werner, 
P. von Neumann-
Cosel

T. Otsuka, T2SE

Thank you very much!
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