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Decay spectroscopy of 129Cd
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Excited states of 129In populated following the β decay of 129Cd were experimentally studied with the
GRIFFIN spectrometer at the ISAC facility of TRIUMF, Canada. A 480-MeV proton beam was impinged
on a uranium carbide target and 129Cd was extracted using the Ion Guide Laser Ion Source (IG-LIS). β and
γ rays following the decay of 129Cd were detected with the GRIFFIN spectrometer comprising the plastic
scintillator SCEPTAR and 16 high-purity germanium (HPGe) clover-type detectors. From the β-γ -γ coincidence
analysis, 32 new transitions and seven new excited states were established, expanding the previously known level
scheme of 129In. The log f t values deduced from the β-feeding intensities suggest that some of the high-lying
states were populated by the ν0g7/2 → π0g9/2 allowed Gamow-Teller (GT) transition, which indicates that the
allowed GT transition is more dominant in the 129Cd decay than previously reported. Observation of fragmented
Gamow-Teller strengths is consistent with theoretical calculations.
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I. INTRODUCTION

The nuclei around doubly magic 132Sn have been the topic
of significant recent interest to study the validity and limits of
the nuclear shell model and realistic nuclear forces [1–6].

Among experimentally accessible nuclei, 132Sn is the heav-
iest unstable nucleus with both proton and neutron closed
shells. Furthermore, the N = 82 neutron shell closure is
responsible for the second abundance peak of the astro-
physical rapid neutron capture process (r process) at A ≈
130 [7]. Recent r-process sensitivity studies have shown that
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experimental information on nuclei near N = 82 has signifi-
cant impact on r-process abundance calculations [8].

Two low-lying β-decaying states in 129
48 Cd81 have previ-

ously been observed, and their spin and parities have been
identified as 11/2− and 3/2+. These spin assignments were
confirmed through laser spectroscopy [9]. References [10,11]
suggested 11/2− as the ground state and an excited 3/2+
β-decaying isomer, and this ordering was confirmed by a mass
measurement with the ISOLTRAP spectrometer at ISOLDE-
CERN, placing the 3/2+ state at 343(8) keV [12].

The half-lives of these two β-decaying states in 129Cd have
been measured in three different experiments. Arndt et al. [13]
reported half-lives of 104(6) ms for the 11/2− state and
242(8) ms for the 3/2+ state, respectively, by measuring β-
delayed neutrons at CERN-ISOLDE. Measurements utilizing
the EURICA setup at the Radioactive Isotope Beam Factory
(RIBF) at RIKEN Nishina Center (Japan) by Taprogge et al.
reported values of 155(3) ms for the 11/2− and 148(8) ms
for the 3/2+ states, respectively, which disagree strongly
with the previous measurement [14]. Finally, using the same
dataset recorded with the GRIFFIN spectrometer as presented
here, Dunlop et al. [15] confirmed the EURICA results with
half-lives of 147(3) ms for the 11/2− state and 157(8) ms
for the 3/2+ state. The two recent measurements reported
in Refs. [14,15] both used the β-γ -gating method and are in
agreement within 2σ for the 11/2− and within 1σ for the 3/2+
state, respectively.

The previous studies also included γ -ray spectroscopy of
the decay of 129Cd. Arndt et al. identified more than 50 γ -ray
transitions following the β decay of 129Cd, confirming the
placement of the 17/2− isomeric state with a half-life of
8.5(5) μs at 1687 keV reported by Genevey et al. [16] and
the β-decaying 1/2− isomer reported in Refs. [17–19]. This
1/2− isomeric state was also confirmed by a recent mass
measurement at the TITAN facility at TRIUMF-ISAC [20],
reporting an excitation energy of 444(15) keV, in agreement
with the previous result [19].

Taprogge et al. recently expanded the level scheme of 129In
with 32 newly observed transitions, resulting in establishing
27 new excited states [14]. In addition, β-feeding intensities
and log f t values were reported for the first time. The experi-
mental results were compared to shell-model calculations for
excited states below 1.5 MeV.

In the current study, we aim to resolve the discrepancies
in the level scheme of 129In reported by the previous stud-
ies [13,14] with the high statistics of the current GRIFFIN data
set. The properties of the β decay of 129Cd are also studied
in detail, and the deduced Gamow-Teller strengths B(GT) are
compared to theoretical calculations.

II. EXPERIMENTAL METHOD

The decay of 129Cd was studied with the GRIFFIN spec-
trometer [21–23] at the TRIUMF-ISAC facility [24]. The
129Cd ions were produced using a 480-MeV proton beam from
the TRIUMF main cyclotron impinged on a UCx target. The
Ion-Guide Laser Ion Source (IG-LIS) [25] was used for the ex-
traction of the isotopes of interest. IG-LIS suppresses surface-
ionized species such as In and Cs with repeller electrodes after

HPGe Clover
Detector

SCEPTAR +
Delrin Absorber

Moving Tape

Radioactive Beam

Lead Wall +
Moving Tape Collector

FIG. 1. The radioactive ion beam delivered to the spectrometer
is implanted at the mutual centers of the detector arrays into the tape
which is then moved and collected behind a lead wall (not shown in
the figure).

the initial production and diffusion of isotopes from the target.
Neutral 129Cd atoms can pass the repeller electrodes and are
then ionized by element-selective multistep laser excitation.
The 129Cd ions were then extracted, accelerated to 28 keV,
and selected by a high-resolution mass separator. The beam
of 129Cd, which consists of both the ground state and the
β-decaying isomeric state, was delivered to the GRIFFIN
spectrometer with an intensity of ≈120 pps for approximately
13 h.

The GRIFFIN array consists of 16 large-volume high-
purity germanium (HPGe) clover detectors [23]. SCEPTAR,
an array of 20 thin plastic scintillators, was placed at the
center of GRIFFIN to detect β particles and thus be able to
tag γ rays following the decay of 129Cd [21]. SCEPTAR is
surrounded by a Delrin absorber with a thickness of 20 mm for
the suppression of bremsstrahlung. The beam was implanted
into a movable aluminized mylar tape, which is a component
of the moving tape collector, located at the mutual center of
GRIFFIN and SCEPTAR (Fig. 1). The maximum β-γ corre-
lation time was set to 800 ns, and by using β-γ coincidences,
background γ rays which are not associated with β decays
within the array can be suppressed.

The data were collected in a cycle mode, which consists
of a background measurement, a beam implantation period,
where the ions in the beam are collected onto the tape, a
decay period with the beam blocked by the electrostatic kicker
upstream of GRIFFIN, and a tape move period, where the tape
with the unwanted decay products are moved to a shielded
position outside of the array.

The absolute photopeak detection efficiencies of the GRIF-
FIN array for a 1-MeV and 4-MeV γ ray with the 20-mm
Delrin absorber in 11-cm distance were determined to be
9.4(3)% and 3.3(2)%, respectively.

III. EXPERIMENTAL RESULTS

To identify transitions belonging to the β decay of 129Cd
to 129In, γ rays following the decay of the daughter nucleus
129In to 129Sn were subtracted from the γ -ray spectrum. For
the experimental runs a data collection cycle consisting of
0.5 s of background measurement, 0.6 s of beam implantation
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(beam-on), and 1.5 s of decay (beam-off) was used. Because
of the shorter β-decay half-lives for the ground and isomeric
state of 129Cd (≈150 ms) [14,15] compared to the β-decay
half-lives of 129In of 611 ms (9/2+ ground state) and 1.23 s
(1/2− β-decaying isomeric state) [26], the number of the
decays of 129Cd are dominating in the beam-on period, and
then 129In becomes dominant for most of the 1.5-s decay
(beam-off) period. Therefore, by subtracting the γ -ray spec-
trum from the “beam-off” from the overall γ -ray spectrum
with appropriate scaling, a γ -ray spectrum free of transitions
belonging to the granddaughter nucleus 129Sn can be obtained.
The width of the “beam-off” time window is determined so
that the ratio of the number of decays of the 1/2− state and
the 9/2+ state in the time window becomes the same as the
corresponding ratio in the whole spectrum to account for the
time dependence of the activities of the two states in 129In.
The uncertainty arising from the scaling and the subtraction is
propagated to each bin content of the spectrum. The resulting
γ -ray spectrum is shown in Fig. 2.

The maximum β-γ correlation time is chosen to be 800 ns
so that some of the 334.1-keV isomeric transition can be
captured in the β-gated γ -ray spectrum and its contribution to
the intensity of the 359.1-, 994.9-, and 1354.2- keV transitions
can be subtracted. This procedure is necessary to scale the
relative intensities of 334.1, 359.1, 994.9, and 1354.2 keV
transitions to obtain the number of those γ rays in the β-gated
γ -ray spectrum with an internal conversion (IC) correction.

A. Level scheme of 129In

As a result of the analysis of the β-γ coincidence spectra as
well as the β-γ -γ coincidence spectra, 118 γ -ray transitions,
including 32 new ones were identified and placed in the level
scheme of 129In. Five excited states were newly established.
The level scheme is shown in Fig. 3. Starting from the most in-
tense 994.9-keV transition, the level scheme was constructed
based on the γ -γ coincidence information, as shown in Fig. 4.

In general, the level scheme proposed in this work is
in agreement with Taprogge et al. [14]. In the subsequent
sections, we will only discuss the placement of transitions
that differ from the previously reported results, as well as new
transitions and excited states.

1. Excited states feeding the 13/2+ and 17/2− levels
at 1354 and 1688 keV

While the placement of the 17/2− isomer at 1688 keV
in 129In was previously confirmed [13,14,16], the placement
of transitions feeding the 17/2− isomer are in agreement
except for the 873-keV (or 588.9-keV) transition feeding the
isomer [13,14]. Taprogge et al. [14] tentatively established ex-
cited states at 2551 keV and 2561 keV, placing the 863.0-keV
and the 873.1-keV transitions on top of the 17/2− state. These
transitions were proposed to be in prompt coincidence with
the 599.1- and 588.9-keV transitions, respectively. However,
the order of these 599.1 + 863.0-keV and 588.9 + 873.1-keV
cascades could not be determined in previous experiments.

In the current experiment, a 922.9-keV transition is ob-
served in coincidence with the 873.1-keV transition. The
energy sum of the 334.1(5)- and 588.9(5)-keV transitions
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FIG. 2. The β-gated γ -ray spectrum with 129Sn transitions sub-
tracted (see text for details). Single-escape peaks and double-escape
peaks are labeled with “SE” and “DE”, respectively. The “#” symbol
denotes the residue of the subtraction from a strong 2118.2-keV
transition in 129Sn.

matches the 922.9(5)-keV transition within uncertainties. Be-
cause the 334.1-keV isomeric transition is not in prompt
coincidence with the 588.9-keV transition, the 922.9-keV
transition is not a result of the summing of the two transitions.
Therefore, the 922.9-keV transition is placed on top of the
13/2+ state, bypassing the 17/2− isomer, establishing a new
excited state at 2277 keV and confirming the 2551-keV level.
This placement is further supported by the newly observed
274.0-keV transition in coincidence with 588.9- and 599.1-
keV transitions. Because the 274.0-keV transition is not ob-
served to be in coincidence with the 863.0-keV transition, it
is proposed to be in parallel with the transition. Therefore, the
599.1-keV state is placed to feed the 2551-keV level.

024337-3



Y. SAITO et al. PHYSICAL REVIEW C 102, 024337 (2020)

x= 450.5

(3/2−)

(5/2−)

(5/2+)

16
35

.4
24

60
.4

25
26

.3
28

61
.3

29
98

.7
17

43
.8

12
04

.3
10

41
.0

15
24

.3

23
56

.3
18

35
.6

24
15

.4
21

26
.9

22
68

.3
26

68
.3

26
19

.4
19

40
.0

91
4.

8
11

30
.6

12
59

.4
12

87
.3

15
86

.3
75

2.
2

96
7.

1
10

95
.9

11
23

.9
14

23
.0

19
64

.4

58
0.

2
10

51
.4

16
84

.0
32

6.
9

29
8.

1
44

0.
1

84
0.

1
54

1.
9

40
0.

8
53

7.
7

47
1.

9

89
1.

1
12

27
.4

13
63

.3

24
31

.6
22

16
.4

20
87

.7
17

61
.4

20
58

.0

41
17

.9
38

87
.8

37
01

.0
34

86
.9

33
47

.2
32

85
.2

31
84

.0
21

42
.8

76
8.

9
11

03
.7

63
1.

9

4118
4082
3971
3888

3701

3487
3347
3285
3184
(5/2+)

2432

2216

2088
2058

2134

1761
1620
1554

1219

1082
137.2

3966
3913

(3347)

2606
2541
2510

(2222)

14
62

.6
87

3.
1

59
9.

1

92
7.

7
10

65
.1

56
1.

8

54
5.

1

86
3.

0
58

8.
9

92
2.

9

17
96

.5 2085
2015

27
4.

0

2277

2551

3150
(13/2−)

16931688
17/2−

1354
13/2+

11/2+

9/2+

995

0

11
34

.9
14

58
.0

89
5.

3
50

4.
8

73
0.

6

12
34

.4
39

2.
2

33
4.

1

12
27

.4
10

20
.1

33
9.

0
35

9.
1

99
4.

4
13

54
.2

2447

3184

31
50

.1
26

05
.8

25
41

.3
25

10
.0

39
65

.7
39

13
.1

21
55

.3
29

18
.1

29
70

.7

15
45

.8
15

16
.0

16
10

.3

86
1.

8
23

52
.3

12
21

.4

1/2−

451

2589

FIG. 3. The proposed level scheme of 129In. Newly identified states and transitions are indicated by light gray (orange) color. Dark gray
(blue) horizontal lines for the states at 451 and 1688 keV indicate isomeric states. Previously observed states or transitions are indicated by
black color.

2. Excited states feeding the 11/2+ level at 995 keV
and the 9/2+ ground state

Ground-state transitions with energies of 3965.7 and
3913.1 keV were previously identified [14] and are confirmed
in the current study. In addition, in this experiment, 2970.7-
and 2918.1-keV transitions are newly observed in coincidence
with the 994.9-keV ground-state transition. The energy sum
of these 2970.7(10)- and 2918.1(10)-keV transitions with the
994.9(5)-keV transitions are 3965.7(10) and 3913.1(10) keV,
respectively. Therefore, we place these transitions in parallel
to the 3965.7- and 3913.1-keV transitions, which further
supports the placement of these transitions as ground-state
transitions.

Similarly, we observe new transitions with the energies of
1610.3(5), 1545.8(6), and 1516.0(6) keV in coincidence with
the 994.9(5)-keV transition. The energy sum of these cascades
are 2605.8(6), 2541.3(6), and 2510.0(6) keV, respectively.
Transitions corresponding to these energy sums are also ob-
served at 2605.8(6), 2541.3(6), and 2510.0(6) keV. Therefore,
we propose new excited states at 2606, 2541, and 2510 keV.

The 2605.8-, 2541.3-, and 2510.0-keV transitions are placed
in the level scheme as ground-state transitions. The 1610.3-,
1545.8-, and 1516.0-keV transitions are placed to feed the
11/2+ state at 995 keV, in parallel to those ground-state
transitions.

As shown in Fig. 4, a 1227.4-keV transition is observed in
coincidence with the 994.9-keV transition. This 1227.4-keV
γ ray is also in coincidence with the 927.7-keV transition.
The energy sum of the 994.9, 1227.4, and 927.7 transitions
is 3150 keV, therefore it is highly likely that the 1227.4- and
927.7-keV transitions follow the de-excitation of the (13/2−)
state at 3150 keV. The order of these transitions is tentatively
determined based on their relative transition intensities, which
are 1.0(4)% for the 927.7-keV transition and 3.9(17)% for the
1227.4-keV transition, resulting in tentatively establishing a
level at 2222 keV.

3. The 1/2− β-decaying isomer at 451 keV

The placement of the 631.9- and 768.9-keV transitions on
top of the 1/2− isomer was previously proposed in Ref. [14]
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FIG. 4. Observed γ -ray spectrum in coincidence with β particles
and the 994.9-keV transition.

and is confirmed in the current experiment based on the γ -γ
coincidence information and the relative intensities. In addi-
tion to the 631.9- and 768.9-keV transition, we observe two
other transitions with energies of 1103.7 and 1684.0 keV that
feed this isomer. The placement of the 1103.7-keV transition
is confirmed by its coincidence with the 891.1-keV transition.
This is consistent with the energy difference between the
1554-keV level and the 1/2− isomer at 451 keV. The 1684.0-
keV transition is discussed in the following section.

The (exact) energy of the 1/2− β-decaying isomer can be
determined using the transitions following the de-excitation of
the 1761-keV state, because the 1761.4-keV transition feeds
the 9/2+ ground state and the 768.9-keV transition following
the 541.9-keV transition feeds the 1/2− isomer. The excitation
energy is deduced to be 450.5(8) keV. This value is in perfect
agreement with the previously reported values of 451 (1) keV
based on γ -ray spectroscopy [14] and 444 (15) keV from
the mass measurement by the TITAN collaboration [20].
However, another mass measurement by JYFLTRAP reported
a slightly higher value of 459 (5) keV [19].

4. The 2134-keV level

A new transition with an energy of 1051.4 keV was
observed in coincidence with the 631.9-keV transition. We
do not see this transition in coincidence with the 768.9-keV
transition, which implies that the 1051.4-keV transition feeds
the 1082-keV level. This 1051.4-keV γ ray is observed to be
in coincidence with the 1835.6-keV transition as well. The
spectrum gated on this 1835.6-keV transition shows peaks at
580.2, 631.9, 1051.4, and 1684.0 keV, as shown in Fig. 5.

Because the energy difference between 1684.0(5) and
1051.4(5) keV is 632.6(7) keV, the 1684.0-keV transition

C
ou

nt
s /

 2
 k

eV

Scattered γ-ray400
300
200
100

0

0 400 800 1200 1600 2000
Energy [keV]

58
0.

2
63

1.
9

10
51

.4

16
84

.0

FIG. 5. Observed γ -ray spectrum in coincidence with β particles
and the 1835.6-keV transition, which provides evidence of the newly
established level at 2134 keV. The “scattered γ -ray” peak arises from
the strong 2118.3-keV transition [26] in 129Sn, when part of the
energy is absorbed in one HPGe crystal and the rest is detected by
another HPGe crystal.

directly feeds the 1/2− isomer at 451 keV, which is con-
sistent with our placement of the 1051.4-keV transition.
Furthermore, because the energy sum of the 1684.0(5)- and
1835.6(5)-keV transitions and the excitation energy of the
isomer at 450.5(8) keV is 3970.1(11) keV, the 1835.6-keV
transition is placed depopulating the 3971-keV level. The
580.2-keV γ ray can be placed to feed the 1554-keV level,
which is consistent with its observation in coincidence with
the 471.9-keV transition.

5. The 2352.3-keV transition

The 3347-keV level was proposed to be populated by the
ν0g7/2 → π0g9/2 allowed GT transition from the decay of the
3/2+ state in 129Cd [14]. Our work supports this hypothesis
(see Sec. V). Because a 3347.2-keV transition directly to
the 9/2+ ground state is observed, its spin and parity were
tentatively assigned to be (5/2+).

In the current experiment, a 2352.3(6)-keV transition with
a relative intensity of 0.7(2)% is observed in coincidence
with the 994.9(5)-keV transition (see Fig. 4). The sum of
the two energies is 3347.2(8) keV and matches well with the
3347.2(10)-keV ground-state transition, therefore one possi-
bility is to place the 2352.3-keV transition between the (5/2+)
state at the 3347-keV state and the 11/2+ state at 995 keV.

However, the lowest multipolarity of this transition would
be M3, which is expected to be highly hindered. Assuming
that this transition is pure M3 and the 3347.2-keV ground-
state transition is pure E2, the ratio of the reduced transi-
tion probability is deduced to be B(M3)/B(E2) = 7.5(15) ×
107 [μN

2/e2], where μN is the nuclear magneton and e is the
elementary charge. This value is extremely large compared
to the value calculated with the Weisskopf single-particle
estimate, which is Bsp(M3)/Bsp(E2) = 27.8 [μN

2/e2]. This
implies that this 2352.3-keV transition is not a M3 transition
and the experimental information points to the existence of a
second state at 3347 keV which is populated by the decay of
the 11/2− state in 129Cd.

B. Relative γ-ray intensities

For most of the γ -ray transitions, the relative intensities
were determined by fitting the peaks in the β-gated γ -ray
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TABLE I. List of γ -ray transitions (in keV) and relative intensities (relative to the 994.9-keV transition). The values for I lit
γ are taken

from Ref. [14]. The uncertainties for the transition energies include the statistical uncertainty and the systematic uncertainty arising from
energy calibration. Above the last energy calibration point (2614.51(1) keV, the natural background γ ray from the decay of 208Tl [26]), the
systematic uncertainty on the energy is evaluated to be up to 1 keV. Listed relative transition intensities are corrected for summing effects [21].
The column for Iγ+ce shows the relative transition intensities corrected for internal conversion using the program BRICC V2.3S [27]. The
corrections are applied for transitions below 1 MeV. When the spins and parities of both initial and final states are known, corrections are
made up to electric/magnetic quadrupole (E2/M2) transitions. Otherwise, the conversion coefficient is assumed to be the average of E1 and
M1 transitions, and a half of their differences are considered to be a systematic error. Observed transitions which are not placed in the level
scheme in Fig. 3 are marked by an asterisk (*).

Eγ (keV) Iγ Iγ+ce I lit
γ Ei (keV) Ef Jπ

i Jπ
f

137.2(5) 5.8(5) 7.9(10) 4.7(6) 1220 1082 (5/2−) (3/2−)
274.0(5) 1.1(2) 1.1(2) 2551 2277
298.1(5) 1.1(2) 1.1(2) 2058 1761
326.9(5) 3.2(3) 3.3(3) 2088 1761
334.1(5) 17.3(8) 18.7(8) 19.9(12) 1688 1354 17/2− 13/2+

339.0(5) 5.1(7) 5.2(7) 6.5(7) 1693 1354 13/2+

359.1(5) 55.0(23) 56.0(23) 57.4(30) 1354 995 13/2+ 11/2+

392.2(5) 1.7(3) 1.7(3) 1.4(7) 2085 1693
400.8(5) 7.8(4) 7.8(4) 6.3(6) 1620 1220 (5/2−)
440.1(5) 4.5(3) 4.6(3) 2.7(3) 2058 1620
471.9(5) 4.5(3) 4.5(3) 1.5(8) 1554 1082 (3/2−)
504.8(5) 2.3(4) 2.3(4) 2.1(2) 2589 2085
537.7(5) 4.6(3) 4.6(3) 2.8(8) 1620 1082 (3/2−)
541.9(5) 16.4(8) 16.4(8) 14.5(10) 1761 1220 (5/2−)
545.1(5) 0.8(1) 0.8(1) 3150 2606 (13/2−)
561.8(5) 9.5(7) 9.6(7) 8.5(8) 3150 2589 (13/2−)
580.2(5) 1.0(5) 1.0(5) 2134 1554
588.9(5) 4.5(5) 4.5(5) 3.2(4) 2277 1688 17/2−

599.1(5) 4.6(5) 4.6(5) 2.8(4) 3150 2551 (13/2−)
631.9(5) 28.4(14) 28.5(14) 21.0(12) 1082 451 (3/2−) 1/2−

730.6(5) 7.1(6) 7.1(6) 6.2(7) 2085 1354 13/2+

752.2(5) 0.5(1) 0.5(1) 1.4(12) 3184 2432 (5/2+)
768.9(5) 38.4(19) 38.5(19) 43.8(40) 1220 451 (5/2−) 1/2−

840.1(5) 5.5(5) 5.5(5) 10.8(9) 2058 1220 1/2−

861.8(5) 0.5(1) 0.5(1) 2216 1354 13/2+

863.0(5) 4.3(5) 4.3(5) 3.8(4) 2551 1688 17/2−

873.1(5) 3.7(4) 3.7(4) 3.6(5) 3150 2277 (13/2−)
891.1(5) 1.0(4) 1.0(4) 1.4(12) 2447 1554
895.3(5) 1.2(3) 1.2(3) 1.4(12) 2589 1693
914.8(5) 0.6(1) 0.6(1) 1.4(12) 3347 2432 (5/2+)
922.9(5) 2.5(5) 2.5(5) 2277 1354 13/2+

927.7(5) 1.0(4) 1.0(4) 3150 (2222) (13/2−)
967.1(5) 5.0(5) 5.0(5) 6.2(7) 3184 2216 (5/2+)
994.9(5) 100.0(33) 100.1(33) 100.0(51) 995 0 11/2+ 9/2+

1020.1(5) 10.3(7) 10.1(8) 2015 995 11/2+

1041.0(5) 1.1(7) 2.3(5) 3184 2143 (5/2+)
1051.4(5) 0.7(1) 2134 1082 (3/2−)
1065.1(5) 7.9(6) 8.5(7) 3150 2085 (13/2−)
1095.9(5) 2.9(6) 6.7(7) 3184 2088 (5/2+)
1103.7(5) 3.6(5) 2.5(13) 1554 451 1/2−

1123.9(5) 2.4(5) 2.5(13) 3184 2058 (5/2+)
1130.6(5) 2.7(7) 3.4(9) 3347 2216 (5/2+)
1134.9(5) 7.2(10) 6.8(7) 3150 2015 (13/2−)
1170.1(5)∗ 1.4(5)
1204.3(5) 0.5(3) 1.4(12) 3347 2143 (5/2+)
1221.4(5) 2.0(3) 6.3(9) 2216 995 11/2+

1226.4(5) 1.0(2) 3.6(27) 2447 1220 (5/2−)
1227.4(5) 3.9(17) (2222) 995 11/2+

1234.4(5) 6.1(6) 7.7(11) 2589 1354 13/2+
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TABLE I. (Continued.)

Eγ (keV) Iγ Iγ+ce I lit
γ Ei (keV) Ef Jπ

i Jπ
f

1259.4(5) 1.0(3) 1.4(5) 3347 2088 (5/2+)
1287.3(5) 6.9(6) 7.0(7) 3347 2058 (5/2+)
1354.2(5) 15.8(10) 20.5(12) 1354 0 13/2+ 9/2+

1363.3(5) 1.3(4) 1.0(5) 2447 1082 (3/2−)
1387.0(5)∗ 0.7(3)
1396.7(6)∗ 3.2(10) 3.0(15)
1423.0(5) 17.7(11) 16.9(10) 3184 1761 (5/2+)
1458.0(5) 1.4(6) 1.4(12) 3150 1693 (13/2−)
1462.6(5) 8.6(7) 12.2(12) 3150 1688 (13/2−) 17/2−

1500.3(5)∗ 3.6(5) 4.4(5)
1516.0(6) 1.0(2) 2510 995 11/2+

1524.3(5) 2.8(5) 2.3(4) 3971 2447
1537.9(5)∗ 0.9(4)
1545.8(6) 0.5(3) 2541 995 11/2+

1555.3(5)∗ 3.0(5) 1.3(4)
1560.9(5)∗ 5.5(6) 2.7(11)
1586.3(5) 7.3(6) 8.3(8) 3347 1761 (5/2+)
1610.3(5) 0.9(4) 2606 995 11/2+

1635.4(5) 1.7(8) 4082 2447
1659.8(6)∗ 0.8(5)
1684.0(5) 2.1(5) 2134 451 1/2−

1690.0(5)∗ 4.7(5) 4.5(5)
1743.8(6) 0.4(1) 1.2(6) 3888 2143
1761.4(5) 16.7(10) 16.4(12) 1761 0 9/2+

1796.5(5) 29.2(17) 26.4(15) 3150 1354 (13/2−) 13/2+

1835.6(5) 1.6(4) 3971 2134
1889.8(5)∗ 3.4(5) 5.0(6)
1940.0(5) 1.5(4) 0.6(4) 3701 1761
1964.4(6) 1.6(5) 3184 1220 (5/2+) (5/2−)
2000.8(5)∗ 3.3(4) 5.3(12)
2058.0(6) 0.6(2) 2058 0 9/2+

2087.7(5) 5.4(5) 8.1(9) 2088 0 9/2+

2126.9(5) 1.6(3) 1.4(7) 3888 1761
2142.8(6) 1.7(3) 1.4(7) 2143 0 9/2+

2155.3(5) 6.8(6) 6.4(8) 3150 995 (13/2−) 11/2+

2216.4(5) 7.4(6) 7.5(9) 2216 0 9/2+

2268.3(6) 0.7(2) 3888 1620
2295.4(5)∗ 1.9(3) 1.3(4)
2352.3(6) 0.7(2) (3347) 995 11/2+

2356.3(5) 1.1(3) 1.5(7) 4118 1761
2387.6(6)∗ 0.8(2)
2415.4(5) 1.2(2) 3971 1554
2431.6(5) 1.2(3) 5.3(6) 2432 0 9/2+

2460.4(5) 4.0(4) 3.8(8) 4082 1620
2497.8(5)∗ 0.7(2)
2510.0(6) 0.3(1) 2510 0 9/2+

2526.3(5) 1.0(3) 4082 1554
2541.3(6) 1.4(2) 2541 0 9/2+

2605.8(6) 0.7(3) 2606 0 9/2+

2619.4(10) 1.5(3) 3701 1082 (3/2−)
2668.8(10) 1.4(4) 3888 1220 (5/2−)
2861.3(10) 1.8(3) 4082 1220 (5/2−)
2880.3(10)∗ 2.5(4) 4.3(10)
2918.1(10) 0.9(4) 3913 995 11/2+

2970.7(10) 0.3(1) 3966 995 11/2+

2998.7(10) 0.5(3) 4082 1082 (3/2−)
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TABLE I. (Continued.)

Eγ (keV) Iγ Iγ+ce I lit
γ Ei (keV) Ef Jπ

i Jπ
f

3023.5(12)∗ 0.3(1)
3150.1(15) 0.7(3) 3150 0 (13/2−) 9/2+

3184.0(10) 3.9(5) 4.0(7) 3184 0 (5/2+) 9/2+

3285.2(11) 0.9(3) 1.3(4) 3285 0 9/2+

3347.2(10) 1.5(3) 3.0(10) 3347 0 (5/2+) 9/2+

3384.5(11)∗ 0.6(5)
3486.9(10) 2.2(4) 1.4(6) 3487 0 9/2+

3701.0(10) 6.2(6) 4.7(17) 3701 0 9/2+

3887.8(10) 1.1(3) 1.1(7) 3888 0 9/2+

3913.1(10) 3.3(4) 2.7(5) 3913 0 9/2+

3965.7(10) 4.4(5) 5.0(12) 3966 0 9/2+

3976.5(10)∗ 0.7(2)
4117.9(10) 2.0(3) 1.7(5) 4118 0 9/2+

spectrum with appropriate background subtraction (Fig. 2).
The intensities of the weaker transitions were obtained from
the β-gated γ -γ coincidence spectra. The relative intensities
of the 334.1-, 359.1-, 994.9-, and 1354.2-keV transitions are
determined from the γ -single spectrum, which do not require
any correlation with β particles nor other γ rays. The list of
transitions and their relative intensities are shown in Table I.

C. Half-life of the 17/2− isomer at 1688 keV

The presence of the 17/2− isomer was first reported by
Genevey et al. and its half-life was measured to be 8.5(5)
μ s [16], which was adopted in ENSDF [26]. The half-life
was measured in several other studies to be 11(1) μs [28,29],
2.2(3) μs [30], and 11.2(2) μs [31]. Although Refs. [28,29,31]
reported consistent values, it is worthwhile to cross-check
these values with our data.

To determine the half-life of the 17/2− isomer, the time
distribution of the number of β-gated γ rays is used. The
γ rays of interest are 334.1, 359.1, 994.9, and 1354.2 keV
following the decay of the 17/2− isomer. The half-life of
this isomer is expected to be around 10 μs, therefore the
time window of the event construction was set to be 50 μs.
Figure 6 shows the time distributions of the four respective γ

rays following the β decays. They are constructed by gating
on each energy of the γ rays with time-random background
subtraction on a two-dimensional histogram that shows the
β-γ time difference.

By taking the weighted average of the half-lives obtained
from the four γ rays, the half-life of the 17/2− isomeric state
is deduced to be 10.8(1) μs. A fit performed on the summed
time distributions also yields a half-life of 10.8(1) μs. This
value is consistent with the half-life reported in Refs. [28,29],
but not with those reported in Refs. [16,30] and slightly below
the value reported in Ref. [31].

IV. PROPERTIES OF THE β DECAY OF 129Cd

The β decays of the two states of 129Cd with Jπ =
11/2− and 3/2+ are studied in the present work. While the
relative intensities of the γ -ray transitions are discussed in
the previous section, the β-feeding intensities from each β-

decaying state in 129Cd are necessary to determine the charac-
teristics of the β decays.

A. Number of 129Cd decays and absolute γ-ray intensities

The first ingredient for determining the β-feeding intensity
is the number of detected β decays of 129Cd. By performing a
fit on the summed time distribution of detected β particles in
the beam cycle (Fig. 7; see Sec. III for the description of the
beam cycle), we can deduce the number of detected β particles
from the decays of 129Cd and which fraction of the decays
populate the 9/2+ ground state and the 1/2− β-decaying
isomer in 129In, respectively.

Five different fixed half-lives have been used: the half-lives
of the 1/2− β-decaying isomer and the 9/2+ ground state in
129In, the two β-feeding-weighted half-lives of 129Sn, and an
averaged half-life of the two states in 129Cd (discussed below).
The known half-lives of the two β-decaying states in 129In are
611(5) ms for the 9/2+ ground state and 1.23(3) s for the 1/2−

χ2/ndf = 284.1/245
T1/2 = 10.8(2) μs

χ2/ndf = 273.1/245
T1/2 = 10.7(2) μs

χ2/ndf = 124.6/96
T1/2 = 10.5(4) μs

χ2/ndf = 237.1/245
T1/2 = 11.1(2) μs
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FIG. 6. The half-life of the 17/2− isomer measured by fitting
the time difference of the timestamps of β particles and γ rays
gated on 334.1-, 359.1-, 994.9-, and 1354.2-keV transitions. Both
summed time distribution and the weighted average of these four
time distribution yields a half-life of 10.8(1) μs.
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FIG. 7. (Top) Time distribution of detected β particles in a beam
cycle, simultaneously fitted with the half-lives of 129Cd, 129In, and
129Sn (see text for details). In the figure, the half-life of 129Cd is set
to be 153.6 ms and this half-life results in the best fit. (Bottom) Fit
residual distribution.

β-decaying isomeric state [26]. The two β-decaying states of
the granddaughter nucleus 129Sn, which can be populated by
the β decay of 129In, are the 3/2+ ground state and the 11/2−
isomeric state. They have the half-lives of 2.23(4) min and
6.9(1) min, respectively [26]. In this fit, the half-lives of 129Sn
are weighted according to the population of each state result-
ing from the β decay of the two states in 129In [18] because
both of the β-decaying states in 129In can populate the two
β-decaying states in 129Sn. In this way additional complexity
of the fit can be avoided. Nevertheless, the contributions from
the decays of states in 129Sn are very limited because of their
significantly longer half-lives compared to 129Cd or 129In.

For 129Cd, the two β-decaying states have similar
half-lives of T1/2(11/2−) = 147(3) ms and T1/2(3/2+) =
157(8) ms [15], therefore decays from both states are fitted
with one (averaged) half-life. Because we know which states
in 129In are populated by either of the two β-decaying states
in 129Cd (see following Sec. IV B), the fraction of decays
originating from each of the two states in 129Cd can be
determined from the absolute transition intensities and the
β-feeding intensities to the 9/2+ ground state and the 1/2−
isomeric state in 129In. Depending on the composition of these
two states in the beam, the averaged half-life can be anywhere
between these two half-lives. However, the branching ratios
obtained from the fit to the two β-decaying states in 129In
have to be consistent with the observed number of γ rays
populating them. As a consequence, the lower limit of this
averaged 129Cd half-life for this fit is obtained to be 153.3
ms, constrained by the number of γ rays feeding the 1/2−
β-decaying state in 129In. The upper limit of the fitted half-
life may also be determined in a similar manner, which is

deduced to be 164.3 ms. The best fit is obtained when the half-
life is fixed to T1/2(129Cd) = 153.6 ms, as shown in Fig. 7.
The systematic uncertainty on the number of β decays of
129Cd arising from the uncertainty on the averaged half-life
is evaluated by varying its half-life in the fit.

As a result of this fit, the branching ratios of the 129Cd
decays to the 9/2+ ground state and the 1/2− isomer in
129In are determined to be 68(12)% and 32(12)%, respectively.
The total number of β decays of 129Cd is determined to be
1.22(2) × 106. From this value and the efficiency-corrected
number of 994.9-keV γ rays observed, the absolute transition
intensity of the strongest transition 994.9 keV, corrected for
internal conversion, is determined to be 30(1) per 100 β

decays. Because the γ rays are observed in coincidence with
the β particles, this absolute intensity can be determined
independently of the β efficiency of the experimental setup.
All the other absolute intensities of γ -ray transitions may also
be determined accordingly, using the relative γ -ray intensities
shown in Table I.

B. β-feeding intensities and log f t values

By comparing the sum of absolute intensities of transitions
which populate a given excited state to the ones that de-
populate this state, the β-feeding intensities can be calculated.
For this calculation, the absolute intensities are corrected for
internal conversion (IC). However, to determine the log f t
values, it is still necessary to know the fraction of β decays
originating from the 11/2− and 3/2+ states in 129Cd, respec-
tively.

Taprogge et al. suggested that nearly all 11/2− decays in
129Cd proceed via the 994.9-keV and 1354.2-keV transitions
or directly populate the 9/2+ ground state, based on the
information obtained by gating on the transitions from the
(21/2+) isomer to the 11/2− state in 129Cd [14]. This resulted
in the assumption that only the 3150-keV state and the levels
fed by its de-excitation are populated by the decay of the
11/2− state in 129Cd. However, our observation suggests that
the decay of the states at 3913 keV and 3966 keV populates
the 11/2+ state at 994.9 keV in 129In and it is likely that these
two states are also fed from the β decay of the 11/2− state. In
addition to this, we assume that states at 3971 keV and 4082
keV are populated by the β decay of the 3/2+ state, because
the decay of these two states populates the 1/2− isomer at 451
keV through cascades of transitions.

By adding the absolute intensities of the transitions from
the states which are populated by the decays of the 11/2− state
in 129Cd to the ground state, and the β-feeding intensities to
the ground state and the level at 2216 keV, then subtracting the
absolute intensities of the 1221.4-keV and 861.8-keV transi-
tions, we conclude that 53(12)% of all β decays of 129Cd occur
from the 11/2− state. Consequently, 47(12)% of all β decays
come from the 3/2+ state. These β-feeding intensities to the
9/2+ ground state and the 1/2− isomer in 129In, which are
16(12)% and 10(12)%, respectively (Table II), can be obtained
from the IC-corrected number of γ rays which populate each
state, the branching ratios of the 129Cd decays to the 9/2+
ground state and the 1/2− isomer obtained from the fit shown
in Fig. 7, which are 68(12)% to the 9/2+ state and 32(12)%

024337-9



Y. SAITO et al. PHYSICAL REVIEW C 102, 024337 (2020)

TABLE II. β-decay feeding intensities to each excited state and their log f t values. “lit” denotes the values from Ref. [14] for comparison
with the current analysis. Iβ− (11/2−) and Iβ− (3/2+) show the β-feeding intensities for the decay of the 11/2− ground state and the 3/2+ state
at 343(8) keV in 129Cd, respectively. The log f t values are calculated based on the β-feeding intensities for each β-decaying state in 129Cd. All
limits are quoted as 2σ (95% confidence) limits.

Ex(keV) Jπ I lit
β− (%) Iβ− (%) I lit

β− (11/2−)(%) Iβ− (11/2−)(%) I lit
β− (3/2+)(%) Iβ− (3/2+)(%) log f t lit log f t

0 9/2+ <14 16(12) <28 30(23) >5.3 >4.9
451 1/2− <9 10(12) <18 22(26) >5.4 >4.9
995 11/2+ 6.5(20) 5.0(17) 13(4) 9.4(38) 5.4(1) 5.59(20)
1082 (3/2−) 3.6(6) 2.2(7) 7(1) 4.7(19) 5.7(1) 5.96(18)
1220 (5/2−) 3.0(17) 3.3(9) 6(4) 7.0(26) 5.7(6) 5.76(19)
1354 13/2+ 3.2(12) <3.3 8(3) <6.3 5.5(2) >5.7
1554 <1.0 1.2(4) <2 2.5(10) >6.1 6.13(18)
1620 1.2(4) 0.9(3) 2(1) 2.0(8) 6.1(2) 6.21(18)
1688 17/2− <0.4 <1.3 <1 <2.5 >6.3 >6.0
1693 0.7(6) <0.9 1(1) <1.7 6.3(5) >6.2
1761 0.5(10) <1.2 2(2) <2.6 6.0(5) >6.1
2015 1.1(3) 0.9(4) 2(1) 1.7(8) 5.9(2) 6.08(21)
2058 1.3(6) 0.7(3) 3(1) 1.5(8) 5.8(2) 6.23(24)
2085 <0.1 <0.2 <1 <0.5 >6.2 >6.6
2088 <0.4 1.4(3) <1 3.0(10) >6.2 5.92(15)
2134 0.6(2) 1.4(6) 6.24(19)
2143 <0.4 <0.8 >6.5
2216 1.4(6) 0.7(3) 3(1) 1.3(7) 5.7(2) 6.14(24)
(2222) 0.9(5) 1.6(10) 6.0(3)
2277 0.6(3) <1 1.2(6) 6.16(22)
2432 <1.1 <0.2 <2 <0.5 >5.9 >6.7
2447 1.3(11) <0.3 3(2) <0.7 5.7(3) >6.5
2510 0.4(1) 0.7(2) 6.31(13)
2541 0.6(1) 1.1(3) 6.13(12)
2551 <0.5 <0.7 <1 <1.3 >6.1 >6.1
2589 <1.2 <0.7 <2 <1.2 >5.8 >6.1
2606 0.2(2) 0.4(4) 6.5(5)
3150 (13/2)− 25.3(8) 24.1(9) 52(5) 45(10) 4.2(1) 4.34(10)
3184 (5/2)+ 13.3(8) 10.4(5) 26(3) 22(6) 4.5(1) 4.77(12)
3285 0.4(1) 0.3(1) 1(1) 0.6(3) 5.9(5) 6.31(22)
3347 (5/2)+ 8.6(9) 6.1(4) 17(2) 13(3) 4.7(1) 4.95(11)
(3347) 0.2(1) 0.4(2) 6.33(17)
3487 0.7(2) 0.6(1) 1(1) 1.4(4) 5.8(5) 5.88(13)
3701 1.6(6) 2.7(2) 3(1) 5.8(16) 5.3(2) 5.20(13)
3888 1.2(4) 1.5(2) 2(1) 3.2(9) 5.4(2) 5.40(13)
3913 0.9(2) 1.3(2) 3.1(9) 2.4(6) 5.4(2) 5.38(11)
3966 1.9(4) 1.4(2) 3.9(10) 2.6(7) 5.1(1) 5.33(12)
3971 0.7(1) 1.6(2) 3.5(10) 5.34(13)
4082 2.3(13) 2.7(3) 5.7(16) 5.09(13)
4118 1.0(3) 0.9(1) 2(1) 2.0(6) 5.3(2) 5.53(14)

to the 1/2− state, and the number of observed 129Cd decays.
With this information, we calculate the β-feeding intensities
from each β-decaying state in 129Cd. For the calculation of
log f t values, we use the half-lives of T1/2 = 147(3) ms for
the 11/2− state and T1/2 = 157(8) ms for the 3/2+ state [15],
which were obtained from the time distributions of gated γ

rays using the same data set as used in this work. The Q value
of the β decay, Qβ = 9780(17) keV, is taken from the latest
Atomic Mass Evaluation (AME2016 [32]).

According to the mass measurement reported in Ref. [12],
the excitation energy of the 3/2+ state in 129Cd is
343(8) keV, which makes the 11/2− state the ground

state. This is in agreement with the present shell model
approach.

The results of the calculation using the program LOGFT [33]
are listed in Table II.

V. DISCUSSION

A. log f t values

The (13/2−), (5/2+), and other (5/2+) levels at 3150,
3184, and 3347 keV, were previously reported to be populated
by ν0g7/2 → π0g9/2 allowed Gamow-Teller (GT) transitions
with the corresponding log f t values of 4.2(1), 4.5(1), and
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FIG. 8. Distributions of log f t values for allowed transitions and
first-forbidden (ff) transitions in odd-A 121-131In and 121-125Cd, based
on the data from ENSDF [26].

4.7(1), respectively [14]. The log f t values obtained for these
states in the current measurement are 4.34(10), 4.77(12), and
4.95(11), respectively. For the (13/2−) state at 3150 keV, the
log f t value is in agreement with the previous measurement,
and for the other two states the obtained values are slightly
higher than the previous measurement. Nonetheless, as dis-
cussed in Ref. [14], it is evident that the decays to these
three states show the characteristics of allowed GT transitions.
However, the nature of the decays with log f t values larger
than 5.0 remained unclear except for the possibility that
first-forbidden (ff) transitions may compete with allowed GT
decays.

Figure 8 shows the distributions of log f t values for al-
lowed and ff decays in neutron-rich odd-A In and Cd isotopes,
based on the data available in ENSDF [26]. It can be observed
that in this region transitions with log f t values �5.5 are much
more likely to be allowed than ff. Therefore, in this discussion
we focus on levels with log f t � 5.5 as candidates of allowed
GT feeding.

Observing the de-excitation patterns of the states above 3.7
MeV, the state at 3701 keV [log f t = 5.20(13)] has a decay
branch to the (3/2−) state at 1082 keV, the state at 3888 keV
[log f t = 5.40(13)] populates the (5/2−) state at 1220 keV,
and the state at 4082 keV [log f t = 5.09(13)] decays to both
(3/2−) and (5/2−) states. We can thus assume that these states
are populated by the decay of the 3/2+ state in 129Cd and
that the states at 3701, 3888, and 4082 keV are populated by
allowed GT decay. Although the states at 3971 and 4118 keV
do not have a decay branch to the levels at 1082 or 1220 keV,
based on the somewhat strong β feeding and similar log f t
values to these three states, it is likely that they also belong to
the states populated by allowed GT decay.

The states at 3913 and 3966 keV with log f t values of
5.38(11) and 5.33(12), respectively, are likely to be pop-
ulated by the decay of the 11/2− state in 129Cd because
their observed decay branches are only to the 11/2+ state
at 995 keV and the 9/2+ ground state. If these two states
are populated by the allowed GT decay of the 11/2− state
in 129Cd, the observed de-excitation pattern is consistent with
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FIG. 9. Observed Gamow-Teller (GT) strength B(GT) in com-
parison with the calculated distribution for the 11/2− (top) and 3/2+

(bottom) states in 129Cd. The red circles show the results obtained in
Ref. [14]. The calculation is identical to the work shown in there.

the possible range of Jπ assignment to the states, which are
(9/2−), (11/2−), and (13/2−).

B. Gamow-Teller strength distribution

Figure 9 shows the comparison of the distribution of ob-
served and calculated Gamow-Teller strengths, B(GT). The
original calculation was carried out in Ref. [14] using the
“NA-14” interaction derived from the CD-Bonn nucleon-
nucleon potential renormalized through the Vlow-k approach.
The π ( f5/2, p, g9/2)ν(g7/2, d, s, h11/2) model space allows
one to calculate ν(g7/2) → π (g9/2) GT transitions only. Core
excited states populated by ν j → π j GT conversion, j =
(g7/2, d, s, h11/2), are excluded in this space. These states
are expected to be close to the neutron separation energy of
Sn ≈ 6.76 MeV as the shell gap is ≈5.45 MeV and the ph
interaction is repulsive. The corresponding ph configurations,
however, may mix into the wave functions of the adopted
model space and shift down excitation energies and GT
strength. This interaction is shown to be able to reproduce well
the low-lying levels in the odd-A 125-129Cd and 125-129In [34].

In the current work, the levels at 3913 and 3966 keV
are proposed to be populated by the decay of the 11/2−
state in 129Cd through allowed GT transitions. The deduced
B(GT) values for these states show a similar distribution as the
calculated B(GT) values [Fig. 9(a)]. The calculation predicts
a stronger fragmentation of the GT strength for the decay of
the 3/2+ state in 129Cd which is consistent with the current
observation [Fig. 9(b)].
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The levels at 3701, 3888, 3971, 4082, and 4118 keV are
proposed to be populated through the allowed GT transition
and their B(GT) values agree well with the calculated GT
strengths.

Inspection of the wave functions show that the Iπ =
(9/2 – 13/2)− daughter states of the Jπ = 11/2− parent
are somewhat purely populated via their π (g9/2)ν(g7/2h11/2)
three-hole configuration in the 132Sn core. The Jπ =
(1/2 – 5/2)+ daughters of the Jπ = 3/2+ decay are strongly
mixed and populated by their π (g9/2)ν(g7/2d3/2) hole content.
The latter are specifically sensitive to mixing of small core-
excited components comprising the low-lying π (g7/2, d5/2)
orbits, which lie beyond the present model space and may ac-
count for the observed upward shift of theoretical strength in
Fig. 9(b). Another consequence of the model space restriction
is the overestimate of the GT strengths in spite of the applied
quenching factor of 0.75 for the GT matrix element [14].

In total, seven states are newly proposed to be populated
by the ν0g7/2 → π0g9/2 allowed GT transition, based on their
log f t values, de-excitation patterns, and comparison with the
calculated GT transition strengths. However, because of the
large β−-decay Q value of 9780(17) keV, it is possible that
some high-energy γ rays are not detected with the current
experimental setup, which is known as the “Pandemonium
effect” [35]. Thus the actual β-feeding intensities can be
smaller than the currently measured values. One has to keep
in mind that these possible Jπ assignments are deduced only
from transitions with intensities that are above the detection
limit.

VI. CONCLUSIONS

The β decay of 129Cd was studied utilizing the high
efficiency of the GRIFFIN spectrometer. The obtained level

scheme of 129In generally confirms and expands the previ-
ously reported results in Ref. [14] with 32 newly observed
transitions and seven newly established levels. The deduced
β-feeding intensities as well as the log f t values are found to
be generally consistent with previously reported values. Based
on the distributions of the log f t values, it is proposed that
the seven observed excited states above 3.7 MeV are fed by
the ν0g7/2 → π0g9/2 allowed GT transitions. This suggests
that the allowed GT transition is more dominant than it was
previously reported [14], and the fragmentation of the GT
strengths is consistent with theoretical calculations.
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