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Quadrupole and octupole collectivity in °Cd
explored via "unsafe" Coulomb excitation
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Experiment 664 at CANIL

» Main goal: to obtain lifetimes in neutron-deficient Sn and Cd isotopes.
» Population mechanism: multi-nucleon transfer reactions.
» Technique: Recoil Distance Doppler Shift (RDDS).

8 AGATA
triple clusters

VAMOS++ spectrometer

B s
i || W osr i

E = EO (1+ Bcos(a)) Mg degrader 2Mo target at 770 MeV




Experiment 664 at GANIL
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Measurements in °°Cd

» Population mechanism: “unsafe” Coulomb excitation.
» RDDS results: 21 populated states, 9 lifetimes and 4 limits.
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Experimental observables

v

Study the y-ray yields as a function of the scattering angle.

\4

Observables: y-ray intensities obtained in coincidence with '°Cd
ions scattered in a certain AB range.
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» Observables: y-ray intensities obtained in comudence W|t‘n‘1;:;
ions scattered in a certain AB range. . 5%
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Experimental
y-ray yields

Spectroscopic data
from literature

Information on the
- experimental setup

» Level scheme: energies and J™.
» Branching and mixing ratios.

» Lifetimes of some states (24%).

» Multi-dimensional
X minimization.
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Analysis strategy (unsafe CoquEx)_f',,f.':

Simulated y-ray
intensities for pure
‘Coulomb excitation

ot
3]
a

Normalized intensity y e | > Dlagol
4,"— 2¢* c : TJ Gray

o
S

&

8

=

W

[4)]
T

> Tran‘sitio‘h'c,l_:flnal\'/-!._:
M. Siciliano et aIP

Y(4:* = 2,9 1Y(2,* - 0,%)
o o
N oW
o o
1 1

1.4(2) ps

-

()

o
T

1.23(7) ps

20 22 24 26 28 30 T. Schmidt, PthhES
O [deg] _ PN S G




Analysis strategy (unsafe CoulEx)

GOSIA »

Simulated y-ray
intensities for pure
‘Coulomb excitation
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Results beyond the limitations

» Probing lifetimes outside of the RDDS sensitivity range (e.g. t(2,%) < 0.3 ps).
» Literature lifetime: Doppler Shift Attenuation Method - A. Linnemann, PhD thesis, 2005.
» Literature matrix elements: Safe CoulEx in I.). Gray et al, PLB 834 137446 (2022).
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Negative-parity state

» Significant effects from Coulomb-nuclear interference: for the states populated
via higher-order multipolarity transitions (e.g. E3).
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Negative-parity state

» Significant effects from Coulomb-nuclear interference: for the states populated
via higher-order multipolarity transitions (e.g. E3).
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Negative-parity state

» Significant effects from Coulomb-nuclear interference: for the states populated
via higher-order multipolarity transitions (e.g. E3).
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Coupling schemes

» Different coupling schemes must be tested
involving multi-step excitation (E3, E2) in

3 addition to the primary excitation path (E3).
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Coupling schemes

E3
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» Different coupling schemes must be tested
involving multi-step excitation (E3, E2) in
addition to the primary excitation path (E3).
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Coupling schemes

» Different coupling schemes must be tested
involving multi-step excitation (E3, E2) in

3 addition to the primary excitation path (E3).
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Coupling schemes

» Different coupling schemes must be tested
involving multi-step excitation (E3, E2) in

3 addition to the primary excitation path (E3).
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Coupling schemes

» Different coupling schemes must be tested
involving multi-step excitation (E3, E2) in
3 addition to the primary excitation path (E3).
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Coupling schemes

» Different coupling schemes must be tested
involving multi-step excitation (E3, E2) in

3 addition to the primary excitation path (E3).
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Coupling schemes

» Different coupling schemes must be tested
involving multi-step excitation (E3, E2) in
3 addition to the primary excitation path (E3).
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» Beta-decay study of '%In to °°Cd at TRIUMF.
2,"

» Pls: M. Zielinska, D. Kalaydjieva, P. E. Garrett.

» Experiment successfully performed in August 2025;
under analysis by L. L. Luperi (PhD at CEA Saclay).




Quadrupole-octupole coupling

» Coupling of one-phonon quadrupole and one-phonon octupole surface vibrations would
result in the appearance of quintuplet of negative-parity states.
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Quadrupole-octupole coupling

» Coupling of one-phonon quadrupole and one-phonon octupole surface vibrations would
result in the appearance of quintuplet of negative-parity states.
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Quadrupole-octupole coupling

» Coupling of one-phonon quadrupole and one-phonon octupole surface vibrations would
result in the appearance of quintuplet of negative-parity states.

=
N

E3

19

Eegx [MeV]

(©)

(

1y
. e, ans

3 ——
5, —e—
5, —o—

_______

106

108 110 112 114
Mass Number A

10



Quadrupole-octupole coupling

» Coupling of one-phonon quadrupole and one-phonon octupole surface vibrations would
result in the appearance of quintuplet of negative-parity states.

» The 1, and 5, states are good candidates for members of the QOC quintiplet.
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Quadrupole-octupole coupling

» Coupling of one-phonon quadrupole and one-phonon octupole surface vibrations would
result in the appearance of quintuplet of negative-parity states.

» The 1, and 5, states are good candidates for members of the QOC quintiplet.

» The (2%,3) state at 2718 keV is a possible spin-3

candidate, but no firm spin assignment is available.
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The long-standing Cd debate

» The vibration character of the 2, state has been put to doubt in "'%'12Cd.

» Reorganization on the level structure based on comparison with Beyond
Mean Field calculations within the Symmetry-conserving configuration mixing

(SCCM) framework.
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The long-standing Cd debate

The vibration character of the 2,* state has been put to doubt in "%"2(Cd.

Reorganization on the level structure based on comparison with Beyond
Mean Field calculations within the Symmetry-conserving configuration mixing
(SCCM) framework.

Extended to '°°Cd following safe Coulomb excitation studies via the extraction
of rotational invariants, confirmed by the present study.
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T.J. Gray et al., PLB 834 137446 (2022).
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The long-standing Cd debate

The vibration character of the 2,* state has been put to doubt in "%"2(Cd.

Reorganization on the level structure based on comparison with Beyond
Mean Field calculations within the Symmetry-conserving configuration mixing

(SCCM) framework.

Extended to '°°Cd following safe Coulomb excitation studies via the extraction
of rotational invariants, confirmed by the present study.
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The long-standing Cd debate

The vibration character of the 2,* state has been put to doubt in "%"2(Cd.

Reorganization on the level structure based on comparison with Beyond
Mean Field calculations within the Symmetry-conserving configuration mixing

(SCCM) framework.

Extended to '°°Cd following safe Coulomb excitation studies via the extraction
of rotational invariants, confirmed by the present study.
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Conclusions

» Slightly “unsafe” Coulomb-excitation data on '°°Cd from experiment E664 at GANIL was
analysed with a complementary to the RDDS technique.

» Majority of the literature lifetimes were confirmed studying the evolution of y-ray yields as
a function of the scattering angle.

» Results beyond the limitations of the RDDS technique were obtained, including first
evaluation of E3 matrix elements for several negative-parity states in '°°Cd interpreted
within a QOC scenario.

» A successful experiment at TRIUMF, Canada was inspired by this work (under analysis at
CEA Saclay in collaboration with UoGuelph).

» Results are described well by SCCM calculations supporing a possible shape-coexistence
scenario in '%°Cd, yet further spectroscopic data is needed to fully disentangle the “Cd
debate”.
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