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Shape Transition around N=60
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P. E. Garrett, M. Zielińska, E. Clément,                 
Progress in Particle and Nuclear Physics 124 (2022)• The region with  of the nuclide 

chart is of high interest for various 
reasons


• Abrupt changes in  state energy and 
 values for Sr (Z=38) 

and Zr (Z=40) isotopes between N=58 
and N=60


• Evidence of a transition from spherical to 
deformed ground state configurations
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Shape Coexistence in Sr and Zr isotopes
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• Shape coexistence is a widespread 
phenomenon


• Clues of shape coexistence can be 
found in monopole and quadrupole 
transition strengths


• High B(E2) values are indicative of 
collective behaviour


• Low B(E2) values may indicate 
their belonging to two separate 
configurations


• Shape coexistence has been 
proposed in both  and 96Sr 96Zr

C. Kremer et al., PRL 117, 17 (2016)96Zr



The  puzzle96Zr
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• Recently, a review of the available 
spectroscopic data for  was made


• Large ,  and 
 values indicate a collective 

nature of the structure built on top of the  
state


•  and  have only 
been roughly estimated


•  is well known and equal to 



• The precise interpretation is still debated
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W. Witt et al., EPJA 55, 79 (2019)
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The  puzzle96Zr
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• Of particular interest is also the state at 
2669keV, with the tentative assignment of 




• It could be part of a quadrupole vibrational 
structure based on the  state


• With known data, an upper limit of 400 W.u. on 
the  value was deduced, 
assuming a pure E2 transition because the 
mixing ratio was unknown


• No transitions to lower energy  states were 
observed for this state, questioning the  
assignment

Jπ = 2+

0+
2

B(E2; (2+) → 2+
2 )
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(2+)

W. Witt et al., EPJA 55, 79 (2019)
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E. V. Mardyban et al., PRC 102, 034308 (2020) N. Gavrielov et al., PRC 105, 014305 (2022)

Rotational-like Vibrational-like
J. E. García-Ramos and K. Heyde, 

PRC 100, 044315 (2019)

*Adapted



Experiment
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Study of  and  with -decay @ TRIUMF Laboratories96Zr 96Sr β
• -decay cascade to populate nuclei 

of interest


• High resolution -ray spectroscopy


• High resolution Internal Conversion 
Electrons spectroscopy


• Angular Correlations between 
cascades of -rays


• Lifetime measurements

β

γ

γ
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96Zr96Sr96Rb 96Yβ−β− β−



Experiment

TRIUMF ISAC-I: A Radioactive Ion Beam production facility

• Isotope Separation OnLine Facility


• 500 MeV protons on primary target


• Neutron-rich fission fragments are 
ionised


• Magnetic separation and transport


• Implantation at GRIFFIN 
measurement station
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Experimental Setup
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GRIFFIN Spectrometer and Ancillary Detectors

• Up to 16 Compton suppressed 
HPGe clovers


• -ray intensities


• Branching Ratios


• Angular Correlations

γ

• 5 cooled Si(Li) detectors


• Internal Conversion 
Electron intensities


• Internal Conversion 
coefficients

• 8 LaBr3(Ce) detectors


• Lifetime measurements 
with Fast Electronic Timing 
technique
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Experiment
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Moving Tape Collector (MTC)

• Beam (A=96 isobars, mainly  and , 
both decaying to ) implanted on the MTC at 
the center of GRIFFIN


• Measurements performed in cycles


• Increased sensitivity to decays of interest

96Rb 96Sr
96Y
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96Zr96Sr96Rb 96Yβ−β− β−
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Branching Ratios
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2439

2226

1897
1750

1582
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2

3+
1
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E (keV)

0

3450

Preliminary Results

Gate
•Gating from above, all the transitions concerning 
the de-excitation of the  state were found, 
some for the first time

(2+)

(a) G. Molnàr et al., Nuclear Physics A 500 (1989) 
(b) H. Mach et al., PRC 41, 226 (1990)

PRELIMINARY
New transition
Already observed



Preliminary Results
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 Angular Correlation with GRIFFINγ − γ
• Up to 52 unique angular openings (with 16 active 

clovers)


• Event mixing technique: normalisation of A.C. spectra 
over uncorrelated coincidence events


• No need to know # of pairs for each opening angle or 
detectors efficiency


• GEANT4 simulations to account for finite sizes of the 
detectors


• Spin assignment at 99% Confidence Level



Preliminary Results
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 assignment and mixing ratio measurementJπ

2669

1750

0
0+

1

2+
1

(2+)

• To determine the  of the 2669 keV 
state, the angular correlations of the  
-ray cascade on the right was 

considered


• The  minimisation procedure 
allowed for the determination of the 
angular correlation coefficients and 
mixing ratio of the upper transition

J

γ

χ2
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2669

1750

0
0+

1

2+
1

(2+)

 assignment and mixing ratio measurementJπ

• The minimum of the  function is 
reached for  and 


• All the assignments below the 99% 
confidence limit may be accepted in 
principle


• The unrealistic value of  
for a  transition, combined 
with the observation of transitions to 
the lower energy  states rules out 
the  assignment

χ2

J = 2 δ = 0.61(3)

δ(M3/E2)
4+ → 2+

1

0+

J = 4

Preliminary Results

1.5− 1− 0.5− 0 0.5 1 1.5
)δarctan(
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310

/N
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F
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)δ vs arctan(2χ

J = 0
J = 1
J = 2
J = 3
J = 4

99% confidence limit
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2226

0
0+

1

2+
2

 assignment and mixing ratio measurementJπ

• We can repeat the analysis for the 
 transition


• The minimum of the  function is 
reached for 


2+
3 → 2+

2

χ2

δ = 1.2+1.0
−0.4

Preliminary Results

2669
2+

3
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0
*Large uncertainties due to poorly known lifetime of  state2+

3

Preliminary Results

(τ = 0.35+0.46
−0.14)

Ref. 1) E. V. Mardyban et al., PRC 102, 034308 (2020)

Ref.3) N. Gavrielov et al., PRC 105, 014305 (2022)
Ref. 2) J. E. García-Ramos and K. Heyde, PRC 100, 044315 (2019)

*

PRELIMINARY

PRELIMINARYAbsolute B(E2) values (W.u.)
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• A -decay experiment aimed at measuring crucial observables in  and  was performed 
at TRIUMF laboratories


• The high statistics allowed for two rich datasets to be obtained


• Preliminary values of mixing ratios, branching ratios and transition strength concerning the  
state of  have been measured, of particular interest for better understanding the structure 
based on the  state

β 96Sr 96Zr

2+
3

96Zr
0+

2
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Thank you for your attention!
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GRIFFIN
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PACES
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LaBr3(Ce)
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Experiment Description
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Tape Movement 
1.5 s

Background 
1.5 s

Beam On 
3 s

Beam Off 
20 s

DAQ On 
3 s

DAQ Off 
13 s

DAQ On 
10 s

Tape Cycle and Data Acquisition
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Preliminary Results
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 0.013934± = -0.157662 2a
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