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The lifetimes of low-lying excited states below the 8+ seniority isomer were directly measured using fast timing 
detectors in the neutron-deficient isotopes 98,100Cd. This experiment was conducted with the DEcay SPECtroscopy 
(DESPEC) setup at GSI, where the ions of interest were produced via a fragmentation reaction and identfied using 
the FRagment Separator (FRS) before being implanted in the AIDA active stopper system, and the 𝛾 rays emitted 
during the de-excitation of isomeric states were detected by the LaBr3 FATIMA Array. The newly deduced values 
for the reduced transition probabilities were compared with shell-model calculations using different interactions 
and effective charges. The results indicate that, while 98Cd aligns well with a seniority scheme description, in 
100Cd the transition strengths among low-lying states are not fully reproduced, and the nature of these states 
remains an open problem within the present theoretical description. Ultimately, a key element in the description 
of this region, crucial for nuclear physics and astrophysics, appears to be the proton-neutron term of the nuclear 
effective interaction.

1. Introduction

The characteristics of various composite quantum systems that serve 
as fundamental building blocks of matter, such as hadrons, atomic 
nuclei, atoms, and molecules, are largely determined by energy gaps 
emerging between quantum states. These energy gaps originate from 
the interactions between their fermionic constituents. Notably, in the 
context of atomic nuclei, these energy gaps are evident through the 
presence of specific stable isotopes, that exhibit remarkable resilience 
against particle separation and internal excitation.

The nuclear structure of doubly magic nuclei such as 100Sn and its 
neighbors has gained considerable attention from both experimental and 

theoretical sides. This interest arises due to the unique insights which 
provides for testing the nuclear shell model and its relevance to the as

trophysical rapid-proton capture process [1]. However, 100Sn is distant 
from the 𝛽 stability line, leading to limited experimental data on its 
spectroscopic properties. In particular, there is a lack of experimental 
information regarding the excited states of 100Sn, key for understanding 
the N = Z = 50 shell gap and for benchmarking structural models in 
the A ≃ 100 proton-rich nuclei region. The extent of the neutron shell 
gap with N = 50 has hitherto been inferred through the exploration of 
core-excited states within lighter neighboring nuclei [2--4]. Similarly, 
deductions have been drawn for the proton shell closure with Z = 50 
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Fig. 1. Gamma-ray energy spectrum obtained for 𝛾 -ray transitions with PID condition for LaBr3(Ce) (blue) and the HPGe detectors (red) for 98,100Cd, on the left and 
right side, respectively. In the insets, 147-keV (453-keV) gated LaBr3(Ce) spectrum for 98Cd(100Cd) and respective level schemes. Features in the LaBr3(Ce) spectra 
that do not appear in the HPGe spectra are primarily due to excitations of the LaBr3(Ce) detectors.

based on the examination of the Gamow-Teller (GT) decay strength dis

tribution within 100Sn [5,6].

Cd isotopes, two proton holes away from Sn, show a similar trend in 
spectroscopic information and reduced transition probabilities and are 
therefore instrumental for such studies. An extensive set of experimen

tal data has been collected over the years covering low- and high-spin 
states along the whole isotopic chain from N=50 to N=82 [1], typ

ically using fusion-evaporation experiments and isomer-delayed 𝛾 -ray 
spectroscopy. In particular the N=Z nucleus 96Cd is, so far, the most 
neutron-deficient Z = 48 isotope for which information about excited 
states is available [7,8]. However, the information on lifetimes in the 
neutron-deficient light Cd isotopes is more scarce. Lifetimes in the ps 
range have been determined for high-spin states in 102Cd [9] and its first 
2+ state as reported in Refs. [10,11]. The doublet of 4+, 6+, 8+ states 
indicates the competition of g9∕2 proton hole and neutron pair break

ing at similar energies. A 2+ state was proposed at 1930(20) keV in a 
two-neutron removal knock-out reaction by Corsi et al. (Ref. [12]). In 
104Cd, the 2+ and 4+ states have been measured by Boelaert et al. [11], 
whilst Müller et al. [13] determined lifetimes of the high-spin states. 
The results also shed new light on the way collective effects gradually 
build up from the underlying proton and neutron contributions and the 
associated coherence. Using the Recoil Distance Doppler Shift (RDDS) 
technique, lifetimes of 2+ and 4+ states in even-mass 102−108Cd were 
obtained [14]. The results align well with Ref. [15] where multiple 
coexisting shapes are claimed to mix potentially strongly affecting the 
transition probabilities.

Cd nuclei have been studied using shell-model calculations for the 
lighter nuclides [9--11,13,16--22] starting from cores of either 88Sr or 
90Zr. Residual effective interactions are often determined phenomeno

logically by fit to the data, or by adjusting the monopole terms to a 
microscopically derived G matrix. Good agreement is found for the level 
structure and for the 𝐵(𝐸2) values of low-lying yrast states for light 
102−108Cd isotopes, yet discrepancies exist, notably due to the presence 
of intruding states, with decreasing energy when approaching mid

shell [15].

Interacting boson model (IBM) [13,23--33] calculations were also 
used to interpret the light Cd systems. It allowed a simultaneous treat

ment of the vibrational, the rotational, and the non-collective single

particle degrees of freedom, providing a description of low and high-spin 
states.

In the present work, we report on an in-beam 𝛾 -ray spectroscopy 
measurements on 98,100Cd populated in fragmentation reactions and 
subsequently implanted in an active catcher, in order to extract lifetime 
information on excited states below the isomers and infer to structure 
properties of the Cd isotopes in the context of the doubly magic 100Sn 
region.

2. Experimental details and results

The experiment was performed at the GSI accelerator facility, pro

ducing nuclei of interest via fragmentation reactions induced by an 
840 A MeV 124Xe beam on a 6.333 g/cm2 thick 9Be target. The FRag

ment Separator (FRS) [34] employing the B𝜌-ΔE-B𝜌 method was used 
for ion selection and transmission. Within a 10-day beamtime, around 
one million 98Cd and 7 million 100Cd ions were identfied by the FRS 
and delivered to the final focal plane of the FRS, in which the DE

SPEC [35] (Decay SPECtroscopy) experimental setup was installed for 
decay spectroscopy measurements. Ions were identfied using the ToF

B𝜌-ΔE method, measuring their mass number over ionic charge (A/Q) 
and atomic number Z, with a relative resolution of 0.3% and 0.14%, 
respectively. The ions of interest were implanted in an active stopper, 
AIDA (Advanced Implantation Detector Array) [36], consisting of two 
layers of highly-pixelated DSSDs (Double-Sided Silicon Strip Detectors), 
covering the full focal plane of 24×8 cm2. Two plastic scintillators 
(𝛽Plastic) were placed upstream and downstream the AIDA stack for 
time reference. The 𝛾 rays deexciting the long-lived isomeric states in 
98,100Cd were measured by a hybrid detector array, comprising 4 EU

ROBALL Cluster germanium detectors [37] and 36 LaBr3(Ce) detectors 
(FATIMA - FAst TIMing Array) [38], surrounding the implantation re

gion. The global synchronization of the various DESPEC subsystems was 
achieved using a White Rabbit timing [39] which is driven by a 125 MHz 
clock, and with a timestamp accuracy of ∼1 ns [35].

Given the ion identfication in FRS, it is possible to search for the 
presence of isomers by measuring their decay as a function of ion-𝛾 or 
𝛾 − 𝛾 time difference. The established isomers in 98,100Cd have served as 
benchmarks to validate the experimental method. In the current work, 
a lifetime of 91(5) ns for 8+ isomer in 100Cd is obtained using ion-𝛾

correlation in the absence of upper feeder, which is consistent with the 
measured average value from Refs. [40--42]. The lifetime of 6+ isomer 
in 98Cd is measured using 𝛾 − 𝛾 time difference to be 21(1) ns, com

patible with the average literature value from Ref. [18,43], i.e., ≤ 29 ns 
and 19(3) ns, respectively. The data quality is illustrated in Fig. 1, show

ing the 𝛾 -ray spectra for LaBr3(Ce) (blue) and the HPGe (red) detectors 
gated on the Particle Identfication (PID) for 98,100Cd, respectively. The 
insets display the 147-keV (453-keV) gated LaBr3(Ce) spectrum for 98Cd 
(100Cd) and the corresponding level schemes.

The FATIMA scintillator detectors were used to measure directly the 
decay curve with respect to a reference transition time. Gamma-gamma 
time difference spectra were generated using double energy conditions 
of ±20 keV for the start and stop transition, respectively. To this aim, 
detectors were energy calibrated and time aligned using the calibration 
sources and an intrinsic time resolution of ∼320 ps was obtained [35, 
38].

The lifetime of the 4+
1 state in 98,100Cd was deduced using the Gen

eralized Centroid Difference (GCD) method [44,45]. Assuming no back
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Fig. 2. Delayed (red, dashed) and antidelayed (blue, continuous) time distribu

tion for 4+ state, 198-and 688-keV in 98Cd (panel a), 296- and 795- transitions 
100Cd (panel b). Lifetime of the 6+ state in 100Cd is fitted with the deconvolution 
method on a time distribution between 296- and 453-keV transitions (panel c). 
An energy window of ±20 keV was used in the gamma-ray coincidence matrix.

ground contribution, the centroid difference ΔC for a coincident 𝛾 -ray 
pair is directly related to the intermediate level 𝜏 , following the relation:

Δ𝐶 = 𝑃𝑅𝐷(Δ𝐸𝛾 ) + 2𝜏 (1)

where, ΔE𝛾 is the energy difference between the feeding and the decay

ing 𝛾 rays of the level and PRD is the Prompt Response Difference for 
delayed and anti-delayed time distributions. The calibration of the PRD 
as a function of the energy is based on the data acquired with an 152Eu 
source and gives a correction for the time walk.

The delayed and anti-delayed time distributions obtained for the 
yrast 4+ state in 98,100Cd are shown in Fig. 2 panel a) and b), from 
which the centroid shifts were obtained.

A correction t𝑐𝑜𝑟𝑟 for the time-correlated Compton background un

derneath the 𝛾 -ray feeder and decay peak was applied to the measured 
centroid 𝐶 of the delayed and anti-delayed distribution [46]:

Table 1
Experimental lifetimes ob

tained for 98Cd (upper part) 
and 100Cd (lower part). Value 
marked with ``*'' is taken from 
Refs. [17,18,43].

Isotope 𝐼𝜋
𝑖

𝜏

98Cd

8+1 222(23)∗ ns

6+1 21(1) ns

4+1 58(27) ps

2+1 −

100Cd

8+1 91(5) ns

6+1 1.2(1) ns

4+1 36(25) ps

2+1 -

𝑡𝑐𝑜𝑟𝑟 =
𝐶 −𝐶𝑏𝑔
𝑃∕𝐵 

(2)

where, C𝑏𝑔 is the time response of the background and 𝑃∕𝐵 is the 
peak-to-background ratio of the considered 𝛾 ray. Due to the energy

dependent time-walk effect, the 𝐶𝑏𝑔 was generated using energy condi

tions in different background regions, surrounding the peak of interest 
in the E𝛾 (feeder)-E𝛾 (decay) matrix. The P/B ratio was derived from the 
E𝛾 spectrum in Fig. 1. Upon background assessment, t𝑐𝑜𝑟𝑟 was estimated 
at (14±11) ps and (0.4±10) ps for delayed and anti-delayed distribu

tions, respectively, yielding a background-corrected Δ𝐶 of -506(50) ps. 
Considering the PRD value of -623(20) ps, the lifetime of the 4+ state 
in 98Cd was determined to be 58(27) ps. The lifetime of the 4+

1 state in 
100Cd was extracted using the same method for the centroid shift and 
background correction, and it is calculated to be 36(25) ps.

The lifetime 𝜏 of the 6+
1 state in 100Cd was measured for the fist time 

in the current experiment. The value of 1.2(1) ns was obtained with a 
fit of the delay response (exponential function) deconvoluted from the 
prompt (Gaussian) one. Fig. 2 panel c) shows the spectrum with the de

convolution fitting. The corresponding value for the reduced transition 
probabilities 𝐵(𝐸2) is calculated to be 290(30) 𝑒2𝑓𝑚4, accounting for 
the expected internal conversion coefficient of 0.0339(5) [47]. All the 
newly observed lifetimes in 98,100Cd are summarized in Table 1.

3. Discussion

In the current work, the lifetimes for the 4+
1 state in 98Cd and 4+

1 , 6+
1

states in 100Cd have been measured for the first time, and the respective 
𝐵(𝐸2) values have been obtained. Such measurements give access to 
nuclear wave functions in the most neutron-deficient systems in the Cd 
isotopic chain, being only two neutrons away from the expected proton 
drip line. The B(E2;4+

1 → 2+1 ) in 98Cd well aligns with the existing trend 
in N=50 isobaric chain, and, therefore, fits well in a seniority scheme in

terpretation, see Fig.3 in Ref. [48]. The B(E2;4+
1 → 2+1 ) values in 98,100Cd 

are the smallest among the neighboring 102−114Cd isotopes, and, despite 
the large experimental uncertainties, the data seem to indicate a de

crease approaching N=50, see also panel b) in Fig. 8 of Ref. [14].

The shell model represents the most effective theoretical approach 
for a precise description of the nuclear phenomena in this mass re

gion. Rfined calculations at the forefront of theory have therefore been 
conducted to interpret the nature of the measured states and their con

sequential impact on understanding the Cd systems.

3.1. Calculations for 98Cd

In the case of 98Cd a valence space spanned by the 0𝑓5∕2, 1𝑝3∕2, 
1𝑝1∕2, 0𝑔9∕2 orbitals outside 56Ni was considered. The proton single

particle energies (SPEs) are taken from the experimental spectrum of 
57Cu, except for the 0𝑔9∕2 orbital that is not yet observed, and was esti

mated to be 3.2 MeV with respect to the gs state of 57Cu. In the adopted 
space, only protons are active, while neutrons, which completely fill the 
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Fig. 3. Experimentally measured level scheme compared to excitation energies obtained from shell-model calculations. SM calculations uses an effective interaction 
derived from the CD-Bonn NN potential and a model space spanning 0𝑓5∕2 , 1𝑝3∕2, 1𝑝1∕2, 0𝑔9∕2 outside a 56Ni core, for both protons and neutrons. Starting from the 
same bare potential, SM1 includes an identical proton valence space than SM but 0𝑔7∕2, 1𝑑5∕2, 1𝑑3∕2, 2𝑠1∕2, 0ℎ11∕2 orbitals for neutrons, SM2 valence space extends 
over 𝜋(1𝑝1∕20𝑔1𝑑5∕2) and 𝜈(0𝑔7∕21𝑑2𝑠0ℎ11∕2) orbitals and SM3 uses the 𝜋𝜈(0𝑔1𝑑2𝑠) valence space outside 80Zr. All level energies are well reproduced by theory in 
the 98Cd case, while diverse cores and valence spaces were considered for 100Cd, reaching the best agreement with the SM3 model (see text for further details).

Table 2
Experimental and calculated 𝐵(𝐸2) strengths (𝑒2 fm4) in 
98Cd (top) and 100Cd (bottom). Values marked with ``*'' is 
taken from Refs. [40,43].

Isotope 𝐼𝜋
𝑖
→ 𝐼𝜋

𝑓
B(E2)𝐸𝑥𝑝 B(E2)𝑆𝑀

98Cd

8+ → 6+ 39(4)∗ 51

6+ → 4+ 110(5) 126

4+ → 2+ 98(50) 179

2+ → 0+ - 153

SM1 SM2 SM3

100Cd

8+ → 6+2 60(30)∗ 0.004 94 58

8+ → 6+1 0.42(5)∗ 57 2 0.06

6+1 → 4+ 290(30) 170 107 283

4+ → 2+ 71(40) 267 575 574

2+ → 0+ - 201 476 391

28−50 shell, simply affect the proton effective SPEs. The Two-Body Ma

trix Elements (TBMEs) of the residual effective interaction are obtained 
within the many-body perturbation theory starting from the CD-Bonn 
𝑁𝑁 potential as described in Ref. [49], with the Coulomb interaction 
coherently taken into account. The 𝐸2 transition strengths are calcu

lated using microscopic effective charges derived consistently with the 
effective Hamiltonian [50]. Then, the obtained proton effective charges 
depend on the involved orbitals, ranging from 1.2 to 1.6 e.

The calculated excitation energies and 𝐵(𝐸2) values are reported in 
Fig. 3 and Table 2, respectively, and compared with the present experi

mental values and data already available in the literature [51]. All level 
energies are well reproduced by theory, with the largest discrepancy 
found for the 8+ state which is predicted to lie about 100 keV below the 
observed one.

As regards the 𝐵(𝐸2) values, the agreement between theory and ex

periment is very good for the 8+ → 6+ and 6+ → 4+ transitions, and 
the 𝐵(𝐸2,4+ → 2+) locates within the measured error bars, close to the 
upper limit.

It is worth mentioning that the same shell-model results for 98Cd 
were already presented in Ref. [48], aiming at studying the seniority 
conservation in the 𝑁 = 50 isotones. The conclusion of this paper was 
that seniority is largely conserved along the 𝑁 = 50 yrast states from 
90Zr to 98Cd, corresponding to the filling of the proton 0𝑔9∕2 orbital. 
Slight deviations between theory and experiment were only observed 
for the 4+ → 2+ transitions in 94Ru and 96Pd, which were attributed to 

some inaccuracies in the description of the 4+ state in these two nuclei, 
probably originating from limitations of the adopted model space.

3.2. Calculations for 100Cd and comparison among different models

On these grounds, the calculations were extended to 100Cd by taking 
as valence space for the two additional neutrons the 0𝑔7∕2, 1𝑑5∕2, 1𝑑3∕2, 
2𝑠1∕2, 0ℎ11∕2 orbitals of the 50 − 82 shell. The adopted effective shell

model Hamiltonian, referred to the 78Ni core, is described in Ref. [52]. In 
this case the SPEs are also microscopically derived since no experimental 
data are available for systems with one-valence nucleon outside 78Ni. As 
in the calculations of the 𝐵(𝐸2)s for 98Cd, microscopic effective charges 
have been employed, whose values are reported in Ref. [52].

Excitation energies and 𝐵(𝐸2) values, referred to as SM1, are re

ported in Fig. 3 and Table 2, respectively, together with the available 
experimental data. The agreement between theory and experiment is 
significantly worse than that obtained for 98Cd. All level energies are 
underestimated by calculations, discrepancies being particularly rele

vant, in the order of 0.5 MeV, for the 8+ state. Dficiencies of our 
calculations are also testfied by their failure to reproduce the experi

mental 𝐵(𝐸2) strengths, which questions the reliability of the predicted 
wavefunctions. Theory overestimates the 4+ → 2+ and 8+ → 6+1 transi

tions, while the other two known experimental 𝐵(𝐸2) values, namely 
𝐵(𝐸2,6+1 → 4+) and 𝐵(𝐸2,8+ → 6+2 ), are underestimated.

Such dficiencies might originate from the need to employ a larger 
valence space including proton excitation across the 𝑍 = 50. It is well 
established that for light tin isotopes - with few neutrons above the 
𝑁 = 50 shell closure - the role of 𝑍 = 50 cross-shell excitations is crucial 
to explain the measured quadrupole collectivity of the 𝐵(𝐸2) values, 
as discussed in, e.g., Refs. [53--55]. In order to improve the descrip

tion of 100Cd, we have employed an effective Hamiltonian derived from 
the CD-Bonn 𝑁𝑁 potential, a valence space above 88Sr spanned by the 
𝜋(1𝑝1∕20𝑔1𝑑5∕2) and 𝜈(0𝑔7∕21𝑑2𝑠0ℎ11∕2) orbitals and microscopic effec

tive charges, as in Ref. [54]. The excitation energies and 𝐵(𝐸2) strengths 
are shown in Fig. 3 and Table 2, labeled as SM2. With respect to SM1 
results, a more satisfactory agreement between theory and experiment 
is obtained for the energy spectrum, and the SM2 calculations also lead 
to significant changes in the 𝐵(𝐸2) values. However, an improvement 
in the description of the 𝐵(𝐸2) values is obtained only for the 8+ → 6+1
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Table 3
Proton, neutron, and interference components 
of the 𝐵(𝐸2) in 100Cd (in 𝑒2 fm4). See text for 
details.

𝐼𝜋
𝑖
→ 𝐼𝜋

𝑓
A2
𝑝

A2
𝑛

2×A𝑝A𝑛

SM1 8+ → 6+2 0.00 0.04 0.02

8+ → 6+1 694 23.0 253

6+1 → 4+1 1431 88.9 713

4+2 → 2+1 11 133 -77

4+1 → 2+1 1470 119 837

SM2 8+ → 6+2 962 82.4 563

8+ → 6+1 24.9 0.42 6.25

6+1 → 4+1 542 195 651

4+2 → 2+1 5 152 -56

4+1 → 2+1 2681 406 2086

and 8+ → 6+2 transitions, large discrepancies still persisting for the other 
two available experimental 𝐵(𝐸2) values.

To shed light on these results, we have compared the SM1 and SM2 
wave functions in terms of the proton and neutron basis states, namely 
98Cd(𝐽𝜋

𝑝
)⊗102Sn(𝐽𝜋

𝑛
). Each state can then be identfied with a leading 

component, even if the decomposition indicates a significant fragmenta

tion of the wave functions for both calculations. In SM1, the ground state 
is essentially governed by the 98Cd(0+1 ) ⊗

102Sn(0+1 ) component, while 
the yrast 𝐽𝜋 = 2+,4+, 6+, 8+ states are of proton nature, namely they 
are dominated by the excited valence proton cofiguration (𝐽𝑝 = 𝐽𝜋 , 
𝐽𝑛 = 0+), the 6+2 state being characterized by the cofiguration (𝐽𝑝 = 0+, 
𝐽𝑛 = 6+) instead. The inclusion of proton cross-shell excitations in SM2 
provides an inversion in the structure of the two 6+ states, and the state 
characterized by the (𝐽𝑝 = 0+, 𝐽𝑛 = 6+) component becomes the yrast 
one. This change increases the proton component of the 8+ → 6+2 tran

sition making it the favorite one compared to the 8+ → 6+1 transition, as 
experimentally observed. This is shown in Table 3, where the proton, 
neutron and proton-neutron components of the 𝐵(𝐸2) are reported, as 
expressed by:

𝐵(𝐸2;𝐽𝑖→ 𝐽𝑓 ) =
1 

(2𝐽𝑖 + 1)
(𝐴2
𝑝
+𝐴2

𝑛
+ 2𝐴𝑝𝐴𝑛) (3)

In Eq. (3), A𝑝 (A𝑛) is the reduced matrix element for the proton (neutron) 
contribution to the transition.

As for the other states, a larger admixture between proton and neu

tron excitations is predicted by SM2, but their nature does not change 
substantially with respect to the SM1 predictions. In particular, the 2+
and 4+ states are still dominated by the valence proton 𝐽𝑝 = 2+, 𝐽𝑛 = 0+
and 𝐽𝑝 = 4+, 𝐽𝑛 = 0+ component, respectively. The analysis of the 
𝐵(𝐸2; 4+ → 2+) and 𝐵(𝐸2; 6+1 → 4+) in terms of the proton and neutron 
contributions is given in Table 3. The proton cross-shell excitations do 
not improve the agreement with experiment - on the contrary they make 
it worse - which may indicate the need to include also 𝑁 = 50 neutron 
cross-shell excitations. In this line, we have extended the calculations 
with the effective interaction of Ref. [8], dfined in the 𝜋𝜈(0𝑔1𝑑2𝑠) va

lence space outside 80Zr. Results are reported in Fig. 3 and Table 2 as 
SM3. Overall, discrepancies are further reduced with respect to SM2 for 
both excitation energies and 𝐵(𝐸2) strengths, but we are still unable to 
explain the transitions involving the 4+ state.

It appears evident that none of the theoretical calculations presented 
here are able to consistently describe the experimental values in 100Cd 
and there remains a discrepancy between the transitions from the 4+1
to the 2+1 state. Hence, possible factors behind the discrepancies be

tween theoretical and experimental results have been explored. Given 
the accurate description of 98Cd [48] and 104Sn [56,57], terms of proton

proton and neutron-neutron interactions have been excluded, narrowing 
down to the proton-neutron interaction along with the proton and neu

tron shell gap. The proton shell gap was alternatively increased and 
decreased by 1 MeV, resulting in still inadequate description of experi

mental data. Considering the limited impact of the shell gap on exper

imental results, the primary element appears to be the proton-neutron 

interaction term. This hypothesis is supported by the presence of a 4+2
state with an excitation energy quite close to that of the yrast one and 
a quite small predicted transition strength to the 2+1 state (11 𝑒2𝑓𝑚4

for SM2). This small value is due also to the negative sign of the dou

ble product term of the 𝐵(𝐸2) (see Table 3) evidencing the destructive 
interference of the proton-neutron interaction. An appropriate proton

neutron interaction could provide more mixing between these two 4+
states or even lead to their inversion. It is worth noting that results of 
our calculations for the second 4+ state are consistent with a mixed sym

metry nature [58]. In fact, in addition to the weak E2 transition to the 
2+1 state, we find an intense M1 (1 𝜇2

𝑁
for SM2) and a weak E2 (3 𝑒2𝑓𝑚4

for SM2) transition to the 4+1 state, with a possible fully-symmetric char

acter. Some of these states, 1+
ms and 2+

ms, have already been proposed 
in the Cd isotopic chain [10]. In Ref. [59], the properties of the 4+

ms
state in 94Mo have been explained within the sdg-IBM-2 introducing 
the g-boson, wholly compatible with the present interpretation.

Identifying the effect of proton-neutron term in the interaction ap

pears essential to the understanding of the region, key for both nu

clear structure and astrophysics. Future experimental works capable of 
measuring half-lives and extracting spectroscopic factors in the light 
neutron-deficient indium isotopes, i.e. 100In, where the contribution is 
expected to be limpid, are therefore imperative.

4. Conclusions

In the current work, the lifetimes of the 4+
1 state in 98Cd and 4+

1 , 
6+
1 states in 100Cd have been directly measured for the first time. The 

experiment was performed at GSI using the FRS + DESPEC setup, where 
the ions of interest were populated via fragmentation reactions and im

planted in the AIDA active stopper. The lifetimes of excited states below 
the long-lived isomer were measured using the FATIMA LaBr3(Ce) ar

ray. The newly deduced 𝐵(𝐸2) values have been compared with shell 
model calculations using different interactions and valence spaces.

The results emphasize the importance of core-breaking contributions 
as well as the relevance of the proton-neutron term in the interaction 
in the low-lying states and, especially, in the 4+ state, that provides 
crucial indications for understanding the nuclear structure in the region. 
These effects might not have a large impact on the excitation energies, 
whereas they appear to significantly ifluence the transition strengths, 
a key element for the coherent description of these nuclei and the region 
as a whole.
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