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o, Nuclear shell evolution in the region of 78Ni
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Shape coexistence in the region

Studies have shown shape coexistence in other two nuclei in the region:

- 80Ge intruder O+2 From A. Gottardo et al., Phys. Rev. Lett. 116, 182502 (2016)

(later not confirmed) From F. H. Garcia et al, Phys. Rev. Lett. 125, 172501 (2020)

- 79Zn intruder isomer 1/2*

From X. Yang et al., Phys. Rev. Lett. 116, 182502 (2016)

From L. Nies et al., Phys. Rev. Lett. 131,222503 (2023)
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9Zn: previous studies

79Zn studied with radioactive beams:
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Coulomb excitation

Population of excited levels via purely electromagnetic
interaction in a quasi-elastic scattering (safe energy criterion)

Gamma-ray z
detector

Particle
detector

For details about the method: M. Zielinska,
Lecture Notes in Physics 1005 (2022), chap. 2

Measurement of gamma-ray decay of Coulomb-excited states in
coincidence with beam or target recoils

Gamma-ray decay intensities, as a function of particle scattering
angle, are related to reduced transition probabilities (e.g. B(E2))
and spectroscopic quadrupole moments.

Prolate Q>0 Spherical Q =0 Oblate Q<0

Determination of these observables with a multi-dimensional fit
performed using dedicated analysis codes (e.g. GOSIA)




79Zn Coulomb excitation at HIE-ISOLDE

- 8 Miniball HPGe triple clusters
- Forward DSSSD detector (CD), 6 range [20°,59°]
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Calibration of the CD detector

Stable beam contaminants from EBIS

: - : charge breeder (A/Q=4):
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DC addback spectra: target comparison
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Identified transitions

— Coulomb excitation
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State at 985 keV: lifetime
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GOSIA analysis: safe energy cuts

GOSIA is a standard code used to extract electromagnetic matrix elements via a multi-dimensional fit of
gamma-ray intensities measured in Coulomb excitation experiments
GOSIA2 used for normalization to target excitations (1°6Pt)

Extraction of EM matrix elements and uncertainty estimation
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—E2 exchatlons GOSIA analysis: excitation schemes

= E2 decays
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Conclusions

Up to now:

- Observed population of states built on the 9/2* ground state and the 1/2* intruder isomeric
state in 7°Zn via low-energy Coulomb excitation

- Lifetime extracted for 5/2* intruder state: very hindered transition
- GOSIA analysis ongoing

Perspectives:

- Extraction of EM matrix elements with uncertainties

- Comparison with predicted values from shell model calculations
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Coulomb excitation

Heavy ion inelastic scattering via electromagnetic interaction

Cline’s "safe energy” criterion

Safe energy -> Purely EM interaction

ZoZ Ap+ A 1
Ep (Bcn) < 0.72 - LriT Yooy S MeV]
1.25 (AP/ +AT/‘) +5 Ar sin “G

Time-dependent perturbation theory

) it dog, dogp
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EM potential V(t) expanded in multipoles
Excitation o is proportional to EM multipole matrix elements (mainly E2)

Extraction of transitional matrix elements and quadrupole moments
Prolate Q>0 Spherical Q =0 Oblate Q<0

Setup: Heavy ion particle detector + gamma array
Gamma decays used to quantify the excitations of states
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CD p-n side calibration

A. Ring 13 (P-side) is calibrated with the simulation
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Isomeric ratio estimation
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féﬁ-lﬂﬂ ms R(t) dt

r=N("°2Zn in g.s.)/N(7°Zn total)

Weighted average on uncertainty
and integral of release curve

r = 0.9308 = 0.0039




Beam contaminants

CD energy vs 6 for '*°Pt target
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How to extract lifetime ?

Dividing into theta ranges and extracting the ratio of
stopped and in-flight component (plunger-like)

Method tried before in a coulex of 98Sr, but result
was significantly lower than real value!
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State at 985 keV: lifetime
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E. Clement et al., PRC 94, 054326 (2016)

222Rn Coulomb excitation at Miniball.
Compatible with literature.

Previously measured value:
T1/2 (2+)= 320 + 20 pS
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