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The region around 78Ni

R. Taniuchi et al., Nature 569 (2019) 53 

Reorganization of orbitals: 
p 0f5/2 & 1p3/2 inverted when the 
n 0g9/2 orbital is filled

Onset of deformation 
Shape co-existence

Role on nucleosynthesis 
processes
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N>50 region north from 78Ni
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Neutron-rich Ge (Z=32) isotopes populated in beta-decay of Ga
Evolution of structure as a function of neutron number
Excitations of the N=50 core may play a role
Calculated co-existence of shapes

Beta decay 
• ß-delated neutron 

branches
• GT vs. ff
• Impact on r-process 
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Aims

ü Profit from enhanced production and purity of Ga beams at ISOLDE 
to investigate Ge structures populated in beta-decay
→ proton configurations for fp shell: SM calculations limited occupation of 

the 1p3/2 orbit
→ main role by neutron contributions, specifically the 1d5/2

Does it change for more neutron rich nuclei? Deformed structures?
ü Beta-decay from Ga is of strong interest

→ GT transitions involves cross-shell transformations that populate states at 
high excitation energies.

→ It favours beta-delayed neutron emission branches
→ Competition with 1st forbidden transition

Take advantage of full IDS spectroscopy capabilities to expand level schemes
Complementary measurements of state lifetimes by fast-timing
Provide robust theoretical interpretation
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Even-even Ge isotopes

R. Yokoyama et al., PRC108 (2023) 064307
Expand level schemes
84Ge: Qβ = 14 MeV Qβn = 10 MeV
86Ge: very little known
Identify 02

+

Neutron/gamma
Lifetime investigation

21
+ states: 15 to 35 ps /  branches 

from 02+ states / high-lying states? 
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Even-even isotopes: test beam 84Ge

P. González-Tarrío et al., Master Thesis, UCM

Pr
eli
mi
nar
y

Singles, direct ß-feeding
Also ß-delayed neutron branches

Access to feeding pattern and 
emission above Sn
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Theoretical interpretations (84Ge)
Estructura con el Modelo de Capas con interacción

Interacción LNPS para el 84Ge:

40Ca

0f7/2

1p3/2
0f5/2

1p1/2

0g9/2
1d5/2
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Dimensión del espacio de Hilbert > 109 ) Truncaciones necesarias.

Core efectivo de 48Ca y limitaciones en los saltos en p.

P. González-Tarŕıo Vicente (MIFN) Estructura nuclear del núcleo exótico 84Ge 15 / 25

Int SM: LNPS HFB, projected to N,Z, J

Estructura con el PGCM

2. Proyección de las f. de o. a N , Z y J simultáneamente.

P. González-Tarŕıo Vicente (MIFN) Estructura nuclear del núcleo exótico 84Ge 19 / 25

Estructura con el PGCM

3. Mezcla de configuraciones con el PGCM.
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Identificación de bandas y caracterización de su deformación.

Sobreestimación de B(E2; J⇡i
i ! J

⇡f

f ) y Qs respecto al resultado ISM.

P. González-Tarŕıo Vicente (MIFN) Estructura nuclear del núcleo exótico 84Ge 20 / 25

T.R. Rodríguez, P. González-Tarrío et al., 
Spectra + transition rates + deformation

Comparación ISM y PGCM

Sobreestimación
general del
PGCM.

Reproducción
satisfactoria de los
estados.

Estiramiento del
espectro.

Interpretación de
los estados en
términos de
deformaciones.

P. González-Tarŕıo Vicente (MIFN) Estructura nuclear del núcleo exótico 84Ge 21 / 25
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Odd-A Ge isotopes

Single-neutron qp, neutron 
configurations, ordering

Direct ß-feeding and ß-delayed 
neutron branches

Access to feeding pattern 
(emission above Sn?)

Expand level schemes
Nature of the low-lying states
Lifetime investigation
1st excited states and other low-lying: core coupling yields long lifetimes
high-lying states should be accessible
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Preliminary data: 83Ga decay

Limited coincidence study
Assessment of contaminants

Note interesting nuclei are populated down the decay chains towards N=50
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IDS setup

New IDS configuration
Increased number of Clovers
Increased beta-efficiency
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Beam time request

· UC2/graphite target
· neutron converter
· RILIS

Online calibrations: 2 shift
83-86,87Ga: 19 + 1 shifts (including RILIS off)

collect data using the laser-o↵ mode to address the impact of surface-ionized isobaric
contamination for each individual case.

The proposed �-decay experiment will make use of the IDS setup consisting of the tape
station equipped with a fast plastic scintillator close to the implantation point having
almost 50% total e�ciency for � detection, and about 25% beta e�ciency for fast timing
measurements. It will be coupled to a combination of a minimum of eight HPGe clover-
type detectors and two LaBr3(Ce) detectors to register �-delayed �-rays. The expected
total photopeak e�ciency of the Clover detectors will be around 8% at 1.0 MeV, and
1% at 0.8 MeV for the LaBr3(Ce) detectors. The available intensity of the Ga beams
will allow us to perform �-� coincidence studies to define the transition sequences and
establish the level schemes. As discussed above, the use of fast LaBr3(Ce) detectors will
give us access to lifetime information down to the tens of picoseconds range for states in
the daughter nuclei, and therefore on the reduced transition probabilities.

Isotope (J⇡)
T1/2

[ms]
Yield

[ions/µC]
Ions/s

Decay
mode

br(%)
�Gated-�Ge

[Counts/shift]
�-�LaBr-�Ge

[Counts/shift]
Shifts

83Ga (5/2�) 308(1) 4500 7700 � 37(3) 6.3·105 525 1.5
�-n 63(3) - -

84Ga (0�) 95(2) 450 770 � 61(2) 6.3·104 155 3.5
�-n 37(2) - 340

85Ga (5/2�) 92(4) 20 34 � 22(3) 2.8·103 65 6
�-n 76(3) - 70

86Ga (?) 43(2) 2 3.4 � 26(3) 2.8·102 - 8
�-n 60(3) - -

87Ga (5/2�?) 29(4) 0.05 0.1 �-n ? - - 1

Table 1: Summary of the expected yields and count rates at the IDS. The �Gated-�Ge

column represents the counts rates per shift in a 1-MeV �-ray beta-gated line assuming
an absolute intensity of 10% in the decay. For the most relevant transitions, the de-
populating �-rays from the 2+1 for the even-even case and the fist low-lying state in the
odd-even cases the estimates are used for �-�LaBr-�Ge coincidences.

The expected yields, the number of counts per shift, and the number of shifts required
for each measurement are shown in Table 1. The count rates have been estimated
assuming a 90% transmission e�ciency to IDS and an average 1.8 µA proton intensity.
For the coincidence estimates the expected feeding to the first-excited state in each of
the 83�86Ge nuclei have been used as reference together with the detector e�ciencies.

In summary, we aim to expand the level schemes of 83�86Ge isotopes populated in
�-decay and �-delayed neutron emission branches from neutron-rich Ga and perform a
systematic investigation of subnanosecond lifetimes of low-lying excited states.

Summary of requested shifts: We request 19 shifts in total for the 83�86Ga isotopes.
In addition, 1 shift will be needed to explore the 87Ga decay and 2 shifts are requested for
fast-timing calibrations using online and o✏ine sources of (138Cs, 140Ba, 88Rb, and 24Na),
for a total of 22 shifts.
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Abstract: Neutron-rich nuclei around the double-magic 78Ni nucleus are expected to
show rapid structure changes from spherical shape to well-deformed nuclei. In
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