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Overview

● Recent experiments at RIKEN-RIBF: SEASTAR + EURICA

● Selected deformation phenomena around N=60

● Triaxiality (?), type-II QPT sph.-def., prolate-oblate coexistence

● Isomer spectroscopy of 92,94Se

● Isomers found, most likely oblate

● Impact of isomer decay behavior

● Low-lying prolate / oblate structures in Se isotopes, A=58,60
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RIKEN-RIBF

Beam energy:       345 AMeV (0.68c)
Primary beam:      238U
Production target: 9Be

Beam energy:       345 AMeV (0.68c)
Primary beam:      238U
Production target: 9Be

www.nishina.riken.jp/facility/

SEASTAR (Shell Evolution And Search for Two-plus energies At RIBF):
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Secondary Beam Separation

EingangskanalEingangskanal

85Ge (p,pn) 84Ge85Ge (p,pn) 84Ge 87As (p,2p) 86Ge87As (p,2p) 86Ge 89As (p,2p) 88Ge89As (p,2p) 88Ge

AusgangskanalAusgangskanal

(p,2p)

SEASTAR: Search for Two-plus energies: (SPs Doornenbal+Obertelli)



Rigid Triaxiality of 86Ge

Staggering parameter:Staggering parameter:

positive S(4)positive S(4)  3+
1 closer to 2+

2 3+
1 closer to 2+

2

Triaxial
rigidity
Triaxial
rigidity

• Low-spin spectra of 76Ge and 86Ge
   are very similar
•76Ge known to have triaxial shape
•Triaxial rigidity stronger in 86Ge76Ge76Ge 86Ge86Ge

S(4)=0.091(2) S(4)=0.20(9)
Y. Toh et al., Phys. Rev. C 87, 041304(R) (2013)

N.V. Zamfir and R.F. Casten, Phys. Lett. B 260, 265-270 (1991)

Volker Werner | TU Darmstadt | AG Pietralla | CGS16 | Shanghai, 19 September 2017 | Nuclear Shapes: 86Ge, 98Zr 5

M. Lettmann et al., PRC 96, 011301(R) (2017)
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N=70 Systematics

No sign of a N=70 shell closure
in Zr isotopes (Z=40)

Smooth decrease of E(2
1
+)

Smooth increase of R
4/2

N. Paul et al., PRL 118, 032501 (2017)
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92,94Se Decay Spectroscopy

E=345 MeV/u
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Region of interest – only 
accessible at RIBF
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SEASTAR 2015 @ RIBF



Decay sZeroDegree Particle IDentification

C. Lizarazo  | T.U. Darmstadt -  A.G. Pietralla  | GSI - Gamma Spectroscopy |  DPG Meeting  – 28.03.2017

 ev
  

Implanted nuclei 



Volker Werner | TU Darmstadt | 14 May 2018 | New Experimental Approaches to Nuclear Shape Coexistence 10

92Se Spectra
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All Half-Lives agree

Time 
spectrum

Decay
curve 
fit
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92Se Level Scheme

92Se

 

 BrIcc calculation of   for  keV, Z=34 :

 

 

       Energy-  isomer,   = E2

 From the current data:prelim
inary
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94Se Spectra
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94Se Level Scheme

 

In-beam data Isomer-decay data

• 470, 495, 642, 821 are all in 
coincidence,  and have similar 
eff-correc intensities.

prelim
inary
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Fingerprint of oblate deformation 
at N=60

92Se

 Observed decay pattern can be explained by an oblate oblate quasiparticle state  &  the prolate-oblate 
shape transition predicted [ SCCM Calculations, S.Chen - T. Rodríguez PRC 95, 041302  (2017) ]

94Se

C. Lizarazo, Doctoral thesis, TU Darmstadt

~15 μs ~0.6 μs

prelim
inary
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Fingerprint of oblate deformation 
at N=60

92Se

 Observed decay pattern can be explained by an oblate oblate quasiparticle state  &  the prolate-oblate 
shape transition predicted [ SCCM Calculations, S.Chen - T. Rodríguez PRC 95, 041302  (2017) ]

94Se

C. Lizarazo, Doctoral thesis, TU Darmstadt

~15 μs ~0.6 μs

prelim
inary
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Isomerism for Z=34; N=58,60

From Delaroche Gogny CHFB

92Se:

neutrons

94Se:

E1: ν = ΔK – λ = 7 – 1 = 6
      T

1/2
 = 15 μs

“reduced hindrance”:
f
λ
 ~ 25 

(typical in this region:
f
λ
 ~ 27-42

E2, 67 keV

β ~ -0.24
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Fingerprint of oblate deformation 
at N=60

 
92Se

 Observed decay pattern can be explained by an oblate oblate quasiparticle state  &  the prolate-oblate 
shape transition predicted [ SCCM Calculations, S.Chen - T. Rodríguez PRC 95, 041302  (2017) ]

94Se

C. Lizarazo, Doctoral thesis, TU Darmstadt

oblate

~15 μs ~0.6 μs
(7-)
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92,94Se Prolate-Oblate Shape Coex

92Se58
94Se60

90Se56
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 Potential Energy Surfaces  
(quadrupole deformations):

 

Spherical
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● SEASTAR: A~100 region rich of “exotic” structures

● EURICA + SEASTAR → isomer spectroscopy

● Isomers in 92,94Se most likely oblate, β ~ -0.24

● 92Se: 9- → 7- transition isomeric due to E2 single-particle @ 67 keV

● 94Se: 7- → 6+ transition isomeric due to E1 K-forbidden decay

● Decays of isomers consistent with

● 92Se: prolate GS structure, oblate ES structure
● 94Se: oblate  GS structure, (prolate ES structure ?, not observed)

Summary / Outlook



Volker Werner | TU Darmstadt | 14 May 2018 | New Experimental Approaches to Nuclear Shape Coexistence 21

 Thank you !
Collaboration:

C. Lizarazo, P.-A. Söderström, M. Lettmann, N. Pietralla
for the local analyses and discussion

P. Doornenbal, A. Obertelli, N. Paul and the SEASTAR/EURICA 
Collaborations
for RIBF / DALI2 / MINOS / EURICA
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