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6LPSC, Université Joseph Fourier Grenoble 1, CNRS/IN2P3, Institut National Polytechnique de Grenoble, F-38026 Grenoble Cedex, France

7Department of Physics, Tohoku University, Aoba, Sendai, Miyagi 980-8578, Japan
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The β decay of the semi-magic nucleus 130Cd has been studied at the RIBF facility at the RIKEN Nishina
Center. The high statistics of the present experiment allowed for a revision of the established level scheme of 130In
and the observation of additional β feeding to high-lying core-excited states in 130In. The experimental results are
compared to shell-model calculations employing a model space consisting of the full major N = 50–82 neutron
and Z = 28–50 proton shells and the NA-14 interaction, and good agreement is found.
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I. INTRODUCTION

The β-decay properties of the classical N = 82 waiting-
point nucleus 130Cd play an important role in astrophysical
r-process calculations. Its half-life, which directly influences
the amplitude and shape of the second abundance peak around
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A = 130, was measured several times over the last three
decades. The first measurement, presented by Kratz et al.
in 1986, employed the analysis of β-delayed neutron decay
curves at ISOLDE and yielded a value of T1/2 = 195(35) ms
[1]. In 2011 the same group reported the more precise value
of T1/2 = 162(7) ms [2] obtained using the same technique.
In 2015 a much shorter half-life of T1/2 = 127(2) ms was
reported from an experiment performed at RIKEN in which
the observation of the decay events in coincidence with
γ transitions in the daughter nucleus 130In allowed for an
unequivocal ion identification [3]. Very recently this half-
life was confirmed by a measurement performed with the
GRIFFIN spectrometer at TRIUMF in which a value of
T1/2 = 126(4) ms was deduced [4].

As was shown in Ref. [5] the β decay of 130Cd is
dominated by the νg7/2 → πg9/2 Gamow-Teller transition to
a 1+ state at an excitation energy of 2120 keV, which occurs
in about 70% of all decays. The shell-model calculations
presented in Refs. [5,6] underestimated the energy of this
πg−1

9/2νg−1
7/2 state by 550–750 keV. This discrepancy could only

be solved by introducing empirical monopole modifications to
the employed interaction [7]. The total β-feeding intensity
quoted in Ref. [5] amounts to at most 84%, while the
β-delayed neutron emission probability is Pn = 3.5(1.0)%
[2]. Consequently additional feeding to excited states in 130In
must exist, and indeed a number of high-energy γ rays were
already observed [8] in addition to the transitions reported in
Ref. [5]. The aim of the present work was to search for the
missing β-feeding intensity to highly excited 1+ states and
thus fix the position of core-excited states in the hole-hole
nucleus 130In.

II. EXPERIMENT

Radioactive 130Cd ions were produced via fission of a 238U
beam with a kinetic energy of 345 MeV/u and an average
intensity of 8–10 pnA on a Be target at the Radioactive
Isotope Beam Factory (RIBF) at RIKEN in the framework
of the EURICA project [9,10]. The produced 130Cd ions were
identified in-flight event by event by the BigRIPS separator
[11] on the basis of measured energy loss, �E, time of flight,
TOF, and magnetic rigidity, Bρ. Details about the identification
procedure can be found in Ref. [12]. Two different settings
of BigRIPS were used: one optimized for the maximum
transmission of 136Sn and the other one tuned to predominantly
transmit 128Pd. In total about 1.5 × 106 130Cd ions were
identified, transported through the ZeroDegree spectrometer
(ZDS), and finally implanted into the WAS3ABi (Wide-range
Active Silicon Strip Stopper Array for β and ion detection) Si
array positioned at the focal plane of the ZDS. The WAS3ABi
detector [9,10] consists of eight closely packed double-sided
silicon strip detectors (DSSSDs) with an area of 60 × 40 mm2,
a thickness of 1 mm, and a segmentation of 40 horizontal and
60 vertical strips each. All decay events detected in WAS3ABi
were stored and correlated offline in space and time with the
implanted ions. The γ rays emitted following the β decay of the
radioactive nuclei were detected by the EURICA array, which
comprises 84 germanium crystals (12 large-volume cluster
detectors [13] from the former EUROBALL spectrometer
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FIG. 1. γ -ray spectrum observed in prompt coincidence with the
first β decay detected in WAS3ABi within 381 ms (=3T1/2) after the
implantation of a 130Cd ion and requiring that the implantation and
the decay occurred in the same DSSSD and with a maximum position
difference of 1 mm in the horizontal and vertical directions. The most
intense lines are labeled by their energies. Known transitions in 130Sn,
populated following the 130In daughter decay, are labeled by a “#”,
while the symbol “&” marks the most intense γ ray emitted in the
decay of the strongest reaction channel 132In and falsely correlated to
130Cd. Single-escape peaks are labeled by SE.

[14]) arranged in a close geometry around the Si detectors.
This geometry assures a high γ -ray detection efficiency of
8.5(4)% (2.9(3)%) for a γ -ray energy of 1 MeV (4 MeV)
after applying appropriate add-back algorithms (summing the
energies of neighboring crystals).

III. DATA ANALYSIS AND RESULTS

Figure 1 shows the γ -ray spectrum observed in prompt
coincidence with the first decay event after the implantation
of a 130Cd ion in WAS3ABi. The time window between
the implantation and the decay was limited to 381 ms,
corresponding to three times the half-life of 130Cd, T1/2 =
127(2) ms [3]. Only those events were considered in which
the decay occurred in the same Si detector in which the ion
was implanted, and the distance between implantation and
decay in the two directions perpendicular to the beam axis
was smaller than or equal to 1 mm. The two most intense
lines in the spectrum are the ones with energies of 451 and
1669 keV which were assigned in Ref. [5] to form a cascade
from an excited 1+ state at an energy of 2120 keV via an
intermediate level at 1669 keV (with a tentatively assigned spin
of 1−) to the 1− ground state. These two lines are truncated
in Fig. 1 to allow for a better visibility of the many weaker
transitions in the spectrum. γ rays emitted following the 130In
daughter decay can easily be identified by comparing spectra
sorted for different time intervals after the implantation.
Furthermore, the 130In → 130Sn decay has already been
studied in detail in the past [15] so that the energies of the
strongest transitions are known. Contaminations due to chance
correlations between γ rays, which are emitted in the decay
of the nuclei which are implanted in highest quantities in the
present experiment, and 130Cd nuclei on the other hand can
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TABLE I. Energies and relative intensities, normalized to the most intense transition, of γ rays observed following the β decay of 130Cd in
the present work and in Refs. [5,8]. Ei and Ef are the initial and final state energies corresponding to the placement of the transitions in the
level scheme of 130In (in parentheses in cases of tentative assignments). The errors quoted for the γ -ray energies reflect the uncertainties from
the fit. The systematic uncertainties from the calibration can be estimated to 0.2, 0.6, and 1.0 keV for energies <1, in the range 1.0−3.5, and
>3.5 MeV, respectively.

Present work From Refs. [5,8]

Eγ (keV) I rel
γ Ei (keV) Ef (keV) Eγ (keV) I rel

γ Ei (keV) Ef (keV)

229.1(2) 16(3) (4197) (3967)
388.4(2) 76(5) 388 0 388.7(5) 40(26) 388 0
450.9(2) 1000(51) 451 0 451.0(2) 886(36) 2120 1669
498.9(2) 14(2) 950 0
950.0(2) 225(13) 950 0 949.9(5) 221(33) 2120 1170
1015.9(2) 69(8) 1016 0 1015.5(2)a 55(10)
1104.1(2) 20(3) 2120 1016

1138.4(4)a 17(3)
1170.1(2) 204(21) 2120 950 1170.3(3) 200(2) 1170 0
1314.3(2)a 29(4) 1314.4(2)a 25(2)
1669.2(2) 998(101) 2120 451 1669.2(1) 1000 1669 0
1731.8(2) 53(6) 2120 388 1731.8(1) 44(4) 2120 1170
2120.3(2) 114(12) 2120 0 2120.1(5) 111(6) 2120 0
2582(1) 4(1) 3532 950 2585.5(9) 13(3) 2586 0
2739.0(3) 8(2) 3755 1016 2738.3(6) 13(3) 4407 1669
2804.5(2) 13(3) 3755 950 2804.9(3) 11(2) 5391 2586
3081.4(5) 5(2) 3532 451
3094.1(4) 9(2) 4044 950
3143.7(3) 11(3) 3532 388
3265.5(7) 3(2) 3717 451
3304.0(4) 5(2) 3755 451
3328.4(5) 3(2) 3717 388
3366.1(9) 5(2) 3755 388
3593.1(2) 14(3) 4044 451
3655.2(2) 42(6) 4044 388
3831(1) 3(2) 4281 451
3967.1(3) 12(2) (3967) (0)
4065.9(4) 9(2) (4066) (0)
4197.3(10) 8(3) (4197) (0)
4281.0(4) 4(1) 4281 0

4407.0(10) 5(1) 4407 0
4631.0(10) 6(1) 4631 0
5098.0(10) 11(3) 5098 0
5196.0(10) 7(2) 5196 0

5228.8(6) 7(2) 5229 0
5285.4(5) 11(2) 5285 0
5393.3(5) 8(2) 5393 0 5391.0(10) 4(2) 5391 0
5583(1) 2(1) 5583 0

aNot placed in the level scheme.

be identified by investigating the intensity ratios of the lines
in spectra sorted with different requirements with respect to
the spatial correlation. The more strict these conditions are,
the smaller the probability of random correlations will be.
Applying these criteria, 33 γ rays were assigned to follow the
decay of 130Cd and their energies and relative intensities are
listed in the first two columns of Table I. In Ref. [5], besides
the 451–1669 keV cascade, two γ -ray sequences with energies
of 950–1171 keV and 1732–389 keV, defining intermediate
states at excitation energies of 1171 and 389 keV, respectively,
as well as a ground state transition have been assigned to

depopulate the 1+ state at 2120 keV. Note that the 389 keV γ
ray has also been observed in in-flight fission studies [16,17]
and assigned as an M2 transition from a 389 keV state with
spin 3+ to the 1− ground state. The half-life of the 3+ state
was determined as T1/2 = 3.1(3) μs [17] and T1/2 = 1–10 μs
[16], respectively. All the transitions mentioned above are also
observed in the present work. From a fit to the time distribution
of the 388 keV γ ray relative to the 130Cd β decay, a half-life
of T1/2 = 4.4(2) μs is obtained. In addition a 499 keV γ ray
is visible in Fig. 1 which is found to be emitted in prompt
coincidence with both the 451 and 1170 keV transitions, as
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FIG. 2. Spectrum of γ rays observed in prompt coincidence with
(a) the 499 keV, (b) the 2805 keV, and (c) the 2739 keV transition
emitted following the first or second decay detected in WAS3ABi
within 381 ms after the implantation of a 130Cd ion.

shown in Fig. 2(a). This observation suggests its placement
parallel to the 950 keV transition. The 2805 keV γ ray,
which in Ref. [8] has been assigned to decay from a state
at 5391 keV to a 2586 keV level which in turn decays directly
to the ground state [5], was observed in the present work
in coincidence with the 950 keV transition [see Fig. 2(b)].
However, a placement of the 2805 keV on top of the 950 keV
transition, i.e., feeding the 2120 keV level, would necessarily
imply a clear coincidence relation with the 451 keV γ ray
which is a much stronger decay branch of this state. The
nonobservation of a coincidence between the 451 and the
2805 keV γ ray therefore strongly suggests an inversion
of the order within the 950–1170 keV cascade in the decay
of the 2120 keV state thus establishing a new level at 950 keV
(and annulling the one established at an excitation energy
of 1170 keV in Refs. [5,8]). This modification necessarily
requires also the inversion of the 451–1669 keV cascade since
the 451 and 499 keV transitions, placed parallel to the one with
950 keV, are observed in coincidence with the 1170 keV γ ray.
As a consequence the excited state proposed at an excitation
energy of 1669 keV in Refs. [5,8] is now replaced by one at
an excitation energy of 451 keV. In Ref. [8] the observation
of a 1016 keV γ ray was reported which, however, could
not be placed in the level scheme. This transition is observed
also in the present work and furthermore in coincidence with a
1104 keV γ ray. The fact that the sum of the two energies equals
2120 keV suggests that these two transitions form an additional
cascade decaying from the 2120 keV level to the ground state.
The much higher intensity of the 1016 keV γ ray suggests
its placement as ground state transition. This assignment is
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FIG. 3. Spectrum of γ rays observed in coincidence with (a) the
388 keV and (b) the 451 keV transition emitted after the first or second
decay detected in WAS3ABi within 381 ms after the implantation of
a 130Cd ion. In case (a) no prompt time gate was applied to account
for the isomeric character of the 388 keV state.

further supported by the observation of a 2739 keV γ ray in
coincidence with the 1016 keV but not the 1104 keV transition
[see Fig. 2(c)]. In Ref. [8] a 2738 keV transition was placed
to feed the 1669 keV state; however, no coincidence with
the 1669 keV transition could be established in the present
work.

To summarize the discussion up to this point, below the 1+
state at 2120 keV we propose the existence of four excited
states at energies of 388, 451, 950, and 1016 keV. This is in
clear contrast to the excitation scheme presented in Refs. [5,8]
in which, besides the known isomeric 388 keV state, levels at
1171 and 1669 keV have been established.

A closer inspection of Fig. 1 shows that, besides the γ
rays discussed so far, a large number of additional lines are
observed at energies above 3 MeV. Note that the energies
of these lines do not agree with those of the high-energy
transitions proposed in Ref. [8] (compare Table I). Only in
the case of the 5393.3(5) keV γ ray observed in the present
work, a correspondence to the 5391.0(10) keV line reported
in that reference cannot be excluded. A closer look at the
energies shows that there are several pairs of transitions whose
energies differ by 63 keV, which corresponds to the energy
difference between the 388 and 451 keV states. For several
of these high-energy transitions coincidence relations with the
388 and 451 keV γ rays are observed, as illustrated in Fig. 3.
Based on this information four new excited states at energies
of 3532, 3717, 3755, and 4044 keV are unambiguously
established. In some cases additional decay branches to the
950 and 1016 keV states are observed. The γ rays with
3967, 4066, and 4197 keV are not observed in coincidence
with either the 388 or the 451 keV transition, although their
intensities are comparable to the ones of the other high-energy
transitions. These γ rays therefore have been tentatively
assigned as populating the ground state (thin lines in Fig. 4).
The 3967 keV γ ray is observed in coincidence with a 229 keV
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FIG. 4. Proposed level scheme of 130In established based on the coincidence relations between the γ rays emitted following the β decay of
130Cd. Tentatively placed γ rays are shown as thin lines.

transition which has tentatively been placed decaying from
the 4197 keV state. Finally, the four γ rays with energies
of 5229, 5285, 5393, and 5583 keV observed in Fig. 1 are
assigned as ground state transitions, thus defining four new
excited states positioned above the neutron separation energy
of Sn = 5120(40) keV [18]. The reason for this assignment
is that no coincidence relations could be established for
these transitions, and furthermore the probability of observing
γ -decaying excited states above the neutron separation energy
is expected to decrease rapidly with increasing energy. Last,
we would like to note that we observe a γ ray with an energy
of 1314 keV (already reported in Ref. [8]), which seems to be
emitted following the decay of 130Cd but cannot unequivocally
be placed in the level scheme shown in Fig. 4 since no unique
coincidence information is obtained. One possibility is that
this transition directly populates the ground state.

The absolute intensity of the 451 keV transitions was
determined to be 53.4(28) per 100 decays. With this value

TABLE II. Excited states in 130In populated in the β decay of
130Cd, the observed β-feeding intensities, and the resulting log f t

values for each decay.

Ex (keV) Iβ (%) log f t Ex (keV) Iβ (%) log f t

0 3967(2) −0.2(2)
388(1) 4044(2) 3.5(4) 4.6(1)
451(1) −2(5) >5.8 4066(2) 0.5(1) 5.4(1)
950(1) 0.5(14) >5.9 4197(2) 1.3(2) 4.9(1)
1016(1) 2.2(5) 5.8(1) 4281(2) 0.4(1) 5.4(1)
2120(1) 74.2(67) 3.9(1) 5229(2) 0.4(1) 4.9(2)
3532(2) 1.1(2) 5.3(1) 5285(2) 0.6(1) 4.7(1)
3717(2) 0.3(2) 5.8(3) 5393(2) 0.4(1) 4.8(2)
3755(2) 1.7(3) 5.0(1) 5583(2) 0.1(1) 5.3(5)

and using the relative γ -ray intensities quoted in Table I, the
β feeding to the individual excited states of 130In in the decay
of the 130Cd 0+ ground state can be calculated based on the
decay scheme presented in Fig. 4. The resulting β feeding
as well as the corresponding log f t values, calculated taking
into account a half-life of T1/2 = 127(2) ms [3] and a β-decay
energy of Qβ = 8350(160) keV [18], are listed in Table II.
When calculating the direct feeding to the excited states, a
significant imbalance was found for the 388 keV state. The
sum of the intensities of the five transitions populating this state
(1732, 3144, 3328, 3366, and 3655 keV) amounts to 150(15)%
of the intensity of the 388 keV γ ray (see Table I). The reason
for this is most probably an unobserved γ transition from the
388 keV, 3+ to the β decaying (5+) state which is known to
exist at an excitation energy 0–50 keV below the 388 keV level
[19,20]. Note that in Ref. [20] an energy of 400(60) keV was
reported for the (5+) state which we changed to 389(−50) keV
since in order to decay via β decay this level must lie below
the 3+ state.

IV. DISCUSSION

In the preceding section a revised level scheme of 130In
was established. In comparison to the scheme presented in
Ref. [5] only the 1+ state at 2120 keV was confirmed in the
present work, while the levels at 1171, 1669, and 2586 keV
were replaced by new excited states with energies of 451, 950,
and 1016 keV. In the following this new excitation scheme
will be compared to shell-model calculations which employ
a two-body effective interaction derived from the CD-Bonn
nucleon-nucleon potential renormalized by way of the Vlow-k

approach [21]. The interaction is constructed by assuming
132Sn as closed core and considering the full N = 50–82
major shell for neutrons (i.e., the 0g7/2, 1d5/2, 1d3/2, 2s1/2, and
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FIG. 5. Comparison of the low-energy part of the experimental
level scheme of 130In with shell-model calculations (see text for
details). The grey areas indicate the experimental uncertainties of
the positions of the (10−) and (5+) states.

0h11/2 orbitals) and the Z = 28–50 shell for protons (i.e., the
0f5/2, 1p3/2, 1p1/2, and 0g9/2 orbits). The ππ pairing has been
reduced to 88% and the νν and πν multipoles increased by
factors of 1.6 and 1.5 in the dominant configurations νh2

11/2 and
νh11/2πg9/2. The neutron single-particle energies were taken
from Ref. [22], while for the protons energies of 0.365 (1p1/2)
and 1.353 MeV (1p3/2) relative to the 0g9/2 orbital as reported
from very recent mass measurements and decay spectroscopy,
respectively, were employed [23,24]. For the experimentally
still unknown energy of the 0f5/2 proton orbital a value of
2.6 MeV relative to 0g9/2 was adopted to be consistent with the
shell-model calculations presented in Refs. [24–27]. Effective
charges eπ = 1.5e and eν = 0.7e for E1 and E2, and effective
spin g factors gs = 0.7gfree

s for M1 transitions were used.
Calculations were performed with the code OXBASH [28].

The results of the calculations for the excited states below
2.5 MeV are compared to experiment in Fig. 5. In contrast to
the calculations presented in Ref. [7] the excitation energies
of both β-decaying states, the (5+) level at 388(−50) keV and
the (10−) state at 50(50) keV, as well as the (3+) microsecond
isomer, are well reproduced in the current approach. Also
the calculated energy of 2059 keV for the πg−1

9/2νg−1
7/2, 1+

state is very close to the experimental value of 2120 keV.
Due to the inversion of the order within the 1669–451 keV
cascade, the (1−) state at 1669 keV reported previously was
replaced in the current work by a level at an excitation energy
of 451 keV. Based on the shell-model calculation we propose a
spin of (2−) for this state which is consistent with the observed
feeding from the 1+ state and the decay to the 1− ground state.
Spins and parities of (0−) and (1−,2−) are tentatively assigned
to the newly established states at excitation energies of 950
and 1016 keV, respectively. Note that the 1−, 10−, and 2−
states calculated at 0, 46, and 467 keV are members of the

πg−1
9/2νh−1

11/2 multiplet while the 5+ and 3+ levels both placed
at 494 keV by the shell-model calculation are based on the
πg−1

9/2νd−1
3/2 configuration.

Taking the B(E2; 1+ → 3+) value obtained in the NA-14
shell-model approach as a reference, estimates of the strengths
of the E1 transitions observed in the decay of the 1+ state
may be obtained based on the experimental branching ratios
summarized in Table III. While for the 2120, 1104, and
1170 keV transitions B(E1) values in the range typical for
E1 strength in the 132Sn region are deduced, the strength of
the 1699 keV γ ray is slightly larger but still compatible
with the typical distribution. Note that these estimates of
course depend on the reliability of the prediction for the E2
transition used as reference. As can be read from Table III the
branching ratios for the decay of the negative-parity states at
950 and 1016 keV are quite well reproduced by the present
calculations, keeping in mind that retarded M1 transitions are
subject to uncertainties caused by small admixtures in the
wave functions and effective operators used. Turning now to
the decay of the (3+) state at 388 keV we recall from the last
section that the summed intensity of the γ rays populating this
state is larger by about 50% as compared to the intensity of
the depopulating 388 keV transition. This observation points
to the existence of an unobserved E2 γ -decay branch to the
β-decaying (5+) level positioned 0–50 keV below the (3+)
state. The shell-model calculation clearly fails to reproduce
the B(E2) value interval deduced from the lifetime of the (3+)
state and the experimental branching ratio assuming γ -ray
energies in the range 20–50 keV (see Table III). Note, however,
that the decay properties of this state are very sensitive to the
unknown position of the 0f5/2 proton orbital. Placing this
orbital deep in the shell (6 MeV relative to 0g9/2), agreement
within a factor of 2 to 3 is found.

All states established at excitation energies above 3.5 MeV
(see Fig. 4) most likely contain core-excited configurations
based on the excitation of either a neutron from an orbital
below N = 82 to one above or a proton across Z = 50. Such
core-excited states have been established in doubly-magic
132Sn as well as in all of its direct neighbors except for the
two most exotic, namely 133Sn and 132In. In 132Sn excited
states with the neutron configurations ν(f7/2h

−1
11/2), ν(f7/2d

−1
3/2),

and ν(f7/2g
−1
7/2) were identified at excitation energies around

4.7, 4.8, and 7.2 MeV, respectively, while the lowest core-
excited proton configuration π (g7/2g

−1
9/2) was identified around

5.5 MeV [29,30]. The ν(f7/2h
−1
11/2) and ν(f7/2g

−1
7/2) states

coupled to a g9/2 proton hole have recently also been observed
in 131In at slightly shifted excitation energies of 4.0 and
5.8 MeV [27]. In 131Sn and 132Sb the ν(f7/2h

−1
11/2) and

ν(f7/2d
−1
3/2) neutron excitations coupled to a h11/2 neutron

hole respectively, a h11/2 neutron hole and a g7/2 proton
were identified in overlapping energy ranges between 4 and
5 MeV [31,32]. In the present case of 130In, the existence of
negative-parity four-quasiparticle (4qp) states with configura-
tion πg−1

9/2ν(f7/2h
−2
11/2) as well as positive-parity 4qp states with

πg−1
9/2ν(f7/2h

−1
11/2d

−1
3/2) and πg−1

9/2ν(f7/2h
−1
11/2g

−1
7/2) configuration

can therefore be anticipated. The states belonging to the
first two configurations are expected to be rather close in
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TABLE III. Transition strengths and branching ratios for the γ rays observed in the decay of the 1+ state at an excitation energy of 2120 keV
in 130In. All transition strengths are obtained using the theoretical B(E2; 1+ → 3+) value as reference.

Iπ
i I π

f Eγ σL Experimental Shell model

(keV) b B(σL) b B(σL)
(%) (W.u.) (%) (W.u.)

1+ 3+ 1732 E2 4(1) ref. 0.9381
1−

1 2120 E1 8(1) 6.4 × 10−5

2−
1 1669 E1 72(9) 1.1 × 10−3

0−
1 1104 E1 1(1) 7.8 × 10−5

2−
2 1170a E1 15(2) 6.9 × 10−4

1−
2 1170a E1 15(2)

0− 2−
1 565 E2 <12 <0.001 0.006

1−
1 1016 M1 100(12) 100 0.101

2−
2 2−

1 499a M1 6(1) 32.3 0.037
E2 0.110

1−
1 950a M1 94(1) 67.7 0.106

E2 0.004
1−

2 2−
1 499a M1 6(1) 13.4 0.012

E2 0.641
1−

1 950a M1 94(1) 86.6 0.111
E2 0.092

3+ 5+ 50b E2 33(7) 0.18(4) 1.618c

1.304d

20b E2 0.42(8)
1−

1 388 M2 67(7) 0.020(2) 0.196c

0.041d

aAlternative assignments.
bAlternative Eγ , including conversion.
cEx(0f5/2) = 2.57 MeV.
dEx(0f5/2) = 5.87 MeV.

energy while the latter should have slightly higher excitation
energy in agreement with the findings in 132Sn, 131Sn, and
131In. We therefore tentatively assign a spin of 1+ and the
configuration πg−1

9/2ν(f7/2h
−1
11/2g

−1
7/2) to the newly established

states above 5 MeV. Their neutron decay to the 129In ground
state is hindered as it requires 	 = 4. The states in the energy
range 3.5–4.3 MeV may be of either πg−1

9/2ν(f7/2h
−2
11/2) or

πg−1
9/2ν(f7/2h

−1
11/2d

−1
3/2) configuration; no clear assignment can

be made on the basis of the log f t values presented in Table II.
However, the states at 3532, 3717, 3755, and 4044 keV more
likely have spin 1+ and the πg−1

9/2ν(f7/2h
−1
11/2d

−1
3/2) configuration

because they decay to both the 388 keV, (3+) and 451 keV,
(2−) levels which belong to the πg−1

9/2νd−1
3/2 and πg−1

9/2νh−1
11/2

multiplets, respectively. On the other hand the 3967, 4066,
4197, and 4281 keV levels, for which no decay branches
to the (3+) state could be established, may be based on
the negative-parity πg−1

9/2ν(f7/2h
−2
11/2) configuration. Clearly

additional information is required in order to fix the structure
of all states with excitation energies above 3.5 MeV.

V. CONCLUSIONS

The β decay of the N = 82 nucleus 130Cd was studied at
the RIBF facility at the RIKEN Nishina Center. The clean ion
identification and the high γ -ray detection efficiency of the
present experiment enabled a thorough examination, based

on γ -γ coincidence information, of the excitation scheme of
130In published prior to this work [5]. While the energy of the
first excited 1+ state at 2120 keV was confirmed, the excited
states proposed in Ref. [5] at 1171, 1669, and 2586 keV were
replaced in the present work by new levels at 451, 950, and
1016 keV. Furthermore, the decays of twelve excited states in
the energy intervals 3.5–4.3 and 5.2–5.6 MeV were observed,
four of them positioned above the neutron separation energy.
The low-energy part of the excitation scheme was compared
to shell-model calculations and a good agreement was found.
Core-excited configurations are tentatively proposed for the
states above 3.5 MeV. However, further investigations are
needed in order to fix the structure of these states.
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