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New β-decay spectroscopy of the 137Te nucleus
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Background: Nuclear spectroscopy of neutron-rich isotopes provides important information on their nuclear
structure and has a valuable impact on the modeling of the r-process path. Particularly interesting are nuclei
close to doubly-magic species, e.g., 132Sn, with only several valence particles. Such is the barely explored 137I
nucleus, investigated here in detail.
Purpose: To establish excited states in 137I, β decay of the 137Te ground state is studied. In addition, the unknown
β-delayed neutron-emission channel of 137Te to 136I is inspected. Search for levels and for candidates for Gamow-
Teller and first-forbidden transitions between the mother nucleus and excited states in the daughter nucleus is
conducted within the experimental observations.
Methods: β-delayed γ -ray spectroscopy is employed to study excited states in 137I. The nucleus is populated in
the decay of a mass-separated beam of 137Te, produced in neutron-induced fission of 235U.
Results: The new level scheme of 137I populated in β decay is established. The half-life T1/2 of 137Te is
determined to be 2.46(5) s. The β-delayed neutron-emission probability Pn value of 137Te is deduced as a lower
limit to be 2.63(85)%.
Conclusions: The experimental results are an important input to the theoretical description of nuclei in the
region, being well interpreted within large-scale shell model calculations, and provide essential information on
the first-forbidden transitions beyond N = 82 and Z = 50.

DOI: 10.1103/PhysRevC.106.014302

I. INTRODUCTION AND MOTIVATION

Close to the double-shell closures in the nuclear chart,
with a good example being the 132

50 Sn82 nucleus, the nuclear
shell model remains a major structural framework to under-
stand such magic species and their neighbors. By investigating
the nuclear configuration of states around the 132Sn core,
the extension of the magic core may be traced. Thus, the
polarization effect of valence particles on this core can be
studied in detail [1,2]. Valuable information on the nucleon-
nucleon effective interaction and single-particle excitation
energies is also obtained or inferred from experimental data.
Furthermore, with increasing neutron number, a variety of
new phenomena are predicted for these nuclei, e.g., the ex-
istence of neutron skin, vanishing of standard magic numbers,
or opening of a new subshell gap [3–5]. These phenomena
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challenge recent competitive studies and boost the quest for
new data on more and more neutron-rich species. In our recent
review on 136Te with two valence protons and two valence
neutrons outside the doubly magic 132Sn core, we reported on
observed deviations of transition rates from the ones predicted
by the shell-model calculations [6]. On the other hand, for
the iodine isotopic chain (with proton number Z = 53), we
reviewed the 136Te β decay to excited levels in 136I [7], and
found that the newly established experimental levels compare
very well with the shell-model theory. Therefore, it is of
special interest in this work to continue our investigations
for three-valence-proton systems beyond the magic number
Z = 50 and gain such important information on the nuclear
structure in the region. An isotone of 136Te, the current 137I
nucleus (with neutron number N = 84) is a very interesting
case since also its low-spin excitations are not explored in
detail. Several intermediate-spin states in this nucleus, ad-
dressed in our review on 135–139I nuclei [8], show a similar
tendency to the Te isotopic chain. Namely, three isotones have
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rather similar trend of excitation energies and transition rates
of first excited states with the increase of N , and slowed-down
collectivity.

Although the excess of particles could polarize the 132Sn
core and lead to collective behavior in 137I, detailed knowl-
edge on the shell evolution of nuclei at such extreme
proton-neutron ratios is still missing. The three valence pro-
tons in the iodines [7] are also regarded as a cluster [9] to
explain some features of these nuclei [10]. It is a very in-
teresting exploration field, though only the yrast states could
be studied in both thermal neutron-induced 235U fission [11]
and energetic neutron-induced 238U fission [8]. Many of the
non-yrast states could not be populated by such a reaction.
Based on the knowledge of the only previous β-decay work
[12], the data on A = 137 are relatively scarce as compared to
the A = 135 isotope. Only five excited states with excitation
energy of up to 1169 keV and nine γ -ray transitions in 137I
in the β decay of 137Te are associated with the 137I decay
scheme [13]. Therefore, new results on 137I are highly de-
manded. Interestingly, study of this decay was attempted four
decades ago at LOHENGRIN [14,15], the main difference
compared to today being a less efficient detection system then.
Benefiting from new developments, more efficient systems,
as well as a better experimental technology with radioactive
neutron-rich beams, the majority of neutron-rich nuclei could
be investigated by spectroscopy of the fission products di-
rectly. A product of such fission is 137Te and we report its β

decay in this work.

II. EXPERIMENT

A 235U target is exposed to a neutron flux of 5 ×
1014/cm2 s in an in-pile position of the high flux reactor of
Institut Laue-Langevin (ILL). Fission fragments, produced by
the thermal neutron-induced fission, recoiling from the target
at kinetic energies of several tens of MeV are stripped to
high charge states, Q, ranging typically from about Q = 17
to Q = 26. The LOHENGRIN recoil separator [16] separates
these ions according to their mass to ionic-charge ratio A/Q
and their kinetic-energy to ionic-charge ratio E/Q. Unlike
electromagnetic mass separators, e.g., ISOLDE, that separate
singly-charged ions, an A/Q selection at a recoil separator
provides a not necessarily unique mass A identification. For
example, depending on the selected Q, a cocktail beam con-
taining different A at different Q with a very similar A/Q
ratio could appear. Setting A/Q = 137/23 = 5.96 would lead
to a simultaneous separation of A′/Q′ = 131/22 = 5.96 and
A′′/q′′ = 143/24 = 5.96, all reaching the focal plane within
1–2 mm lateral distance. This would not allow one to phys-
ically separate beams that are about 10 mm wide [17], and
would thus render a unique assignment of observed γ rays to a
specific mass impossible. The A/Q ratios 137/21 and 137/25
are more favorable because other masses have sufficiently
different A′/Q′ ratios that they reach the focal plane at about
15 mm lateral distance, e.g., they are largely suppressed by
the mass-defining diaphragms. As the mass resolving power
of the LOHENGRIN spectrometer depends on the size of the
target and of the mass-defining diaphragms, in the present
experiment an 8 mm wide target was used to favor intensity

5

FIG. 1. The setup of this experiment.

over mass resolution. Therefore, still, the suppression is not
perfect and a small fraction of ions belonging to the tails
of neighboring A′/Q′ can reach the detection setup. Strong
γ rays belonging to the decay of A′ nuclides with high fis-
sion yield will be detected too; e.g., 142Cs is observed in
the A/Q = 137/25 setting, while mass A = 142 isobars are
absent for an A/Q = 137/21 setting. Hence, two separate
runs are performed with two different Q settings, where the
respective neighboring masses A′/Q′ ratios have no disturbing
mass A′ in common. Only γ rays that are observed in both
data sets with identical relative intensity ratios can be uniquely
assigned to the chosen A = 137 of interest.

Using the technique described in Ref. [18], the mass-
separated beams were transported to the focal plane behind
a focusing magnet [19] as shown in Fig. 1. An experimental
setup was built using the β-decay station of plastic detec-
tors in 4π geometry from the LOENIE β-delayed neutron
detector, arranged similarly to a box [20]. It consisted of a
stack of thin and thick β-plastic detectors, arranged just in
front of the Ge detectors. Each plastic was read out by two
photomultipliers on each side, used in coincidence to deliver
timing information. The detectors stacks are placed around
a vacuum chamber that supported a movable tape, used to
evacuate implanted long-lived radioactivity (see Fig. 1). The
duty cycle was adapted to the half-life (T1/2) of the isotope of
interest.

The beam chopper was open for 3 s for the grow-in phase,
then closed for 5 s, allowing 3 s for the decay measurement
and 2 s for tape movement before the next measurement
cycle. Emitted γ rays were detected by two clover detectors
(4 × 50 × 80 mm3, not tapered, surrounded by bismuth ger-
manate (BGO) anti-Compton shields, that were only used as
passive shielding) and one standard 60% coaxial high-purity
germanium (HPGe) detector in close geometry (see Fig. 1).
The average energy resolution of the combined Ge detection
array was 2.66(6) keV at 1.4 MeV.

The γ -ray detection efficiency of our detector system was
calibrated with a 2 kBq 182Ta source and complemented with
relative efficiencies derived from transitions in the A = 136
mass chain nuclides [7] (studied in a parallel experiment
[21]) to cover intermediate and high energies up to 4.5 MeV.
The energy range between and beyond known transitions was
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FIG. 2. Time distribution of 137Te β-decay events fitted with the
resulting half-life.

complemented with simulated data. The absolute γ -ray effi-
ciency was 0.69(3)% at 1 MeV. Data were collected by digital
triggerless VME electronics and analyzed offline.

III. DATA ANALYSIS AND RESULTS

A. Half-life of 137Te

The γ -ray energy and the timing information with respect
to the chopper cycle are used to construct the “chopper time-
energy” matrix. This matrix allows monitoring the intensity of
γ rays within the measurement cycle. By gating on known γ

rays in 137I, we obtain the decay curve of 137Te. We summed
up the time distributions of four known γ rays in this decay
(129, 243, 469, and 554 keV, each peak fitted by subtracting
Compton background with gates right and left of the full
energy peak). The half-life is obtained by fitting with a single
exponential plus constant background using a chi-square min-
imization procedure (see Fig. 2). It results in T1/2 = 2.46(5) s,
reported in Table I, together with values from the literature.
The quoted uncertainty combines statistical error and fit error.

We note that the fission yield of lower-Z isobars, e.g.,
137Sb, are much lower (�1% with respect to 137Te [22]). Only
a very weak hint of a γ ray near the first excited and expect-
edly strongest transition in 137Te of 61.8 keV was observed
in the Q = 21 data set (Fig. 3), but not in the Q = 25 data set.
None of the other γ rays belonging to the 137Sb decay to 137Te,
as known from our RIKEN data [23], could be observed.
This confirms that the relative fission yield of 137Sb is indeed
negligible, and indirect (Bateman) contributions from 137Sb
decay to 137Te can be safely ignored in our analysis of the
grow-in and decay behavior.

TABLE I. β-decay half-life measured in this work compared
with literature values.

Nucleus T exp
1/2 (s) T lit

1/2 (s)

137Te 2.46(5) 2.49(5) [12], 2.1(1) [15], 2.08(40) [24]

B. 137Te β decay to excited states in 137I

In the previous β-γ spectroscopic study of 137I, five excited
levels and nine γ transitions were established [13], far below
the Qβ value of 7053(9) keV (see Sec. III D). In the present
work, the β-delayed γ -ray spectrum of 137I is obtained by
applying β-β coincidence conditions to all Ge data. As we
have thin and thick detectors, in order to improve efficiency
we combine β signals from these two types of detectors from
the stack (see Fig. 1) within a time window of 100 ns, called
here β-β coincidence condition. This combination is regarded
as a β trigger (or β gate) for the detection of γ rays after β de-
cay. The β-gated γ -ray spectrum for different A/Q settings on
Q = 21 and Q = 25, as taken in our measurement, is shown in
Fig. 3. One can clearly see, as marked by their energies, that
in both settings the transitions from 137I are well identified.
The main background comes from the 137Xe granddaughter
nuclei, while for Q = 25 also 142Ba (with well known γ

rays) contributes to the background. In order to subtract the
background from long-lived nuclei, the analysis is performed
under the condition that the selected time window corresponds
to the chopper decay part (3 s). The chopper off (last 2 s of the
cycle) was subtracted from this decay (see Fig. 4). The long-
lived activity could also be identified from the T1/2 behavior
of detected γ -rays. This subtraction is only qualitative to
enhance the visibility of weak transitions, while quantitative
data are determined from unsubtracted decay spectra. In this
work we observed transitions known previously from β decay
of 137I [12] and fission [8,11] data.

With the aim to expand and establish a new level scheme
of 137I from this new β decay data, β-γ , γ -γ (mutual)
coincidences, and γ intensity balances are used. The γ -γ
coincidence relations are constructed between the Clover
detectors and the coaxial HPGe detector versus the Clover
detectors.

For all these, we always used a β-gate with the detected
γ -signal to suppress γ -ray background from the environment
and from ions stopped in the mass-defining slit upstream. In
Fig. 5, we show a spectrum gated on the 243.6 keV transition
corresponding to the first excited state in 137I, where 15 cases
of mutual coincidences could be found. Four of them are con-
sistent with the previous knowledge: 129.5, 357.2, 469.7, and
925.9 keV. Six of them are used to construct six new excited
levels: 609.6, 974.4, 1155.4, 1833.7, 2047, and 2170.2 keV. In
Fig. 3, the 974.4 keV γ peak sits on the tail of a background γ

in the Q = 25 (red) spectrum and is thus weak in the Q = 21
(blue) spectrum. As it has a very strong mutual coincidence
with the 243.6 keV γ ray, we propose to place this transition
on top of the known 243.6 keV level. Due to weak statistics,
for the 1833.7, 2047, and 2170.2 keV transitions we present,
in addition, their gated spectra, illustrated in Fig. 5. The
weakly seen 2047 keV γ ray in Fig. 3, is marked as tentative.
The new 227.1 keV transition, found in the 243.6 keV gated
spectrum, shown in Fig. 5, is also in coincidence with the
229.1 keV line (in the 227 keV gated spectrum; see Fig. 6),
and all transitions deexciting the level 373.1 keV such as the
129.5 keV line. As its energy, in addition, fits the energy
difference between the 600.6 and 373.1 keV levels, we place
it as a new transition in the level scheme (see Fig. 8 ). The
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FIG. 3. The β-gated γ -ray singles spectrum obtained following the β decay of 137Te for both Q settings. Peaks belonging to 137I are marked
by their energies. The main background comes from 137Xe granddaughter nuclei and a 142Ba contamination lines for Q = 25 coming from the
decay of 142Cs.
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229.1 keV line is proposed to be on the top of the 600.6 keV
state, establishing a new level with an energy of 830.2 keV.
This new level is connected also with the 554.2 keV state
by the new 276.2 keV transition. It can also be traced in the
coincidence relations depicted in Fig. 5.

The 554.2 keV level was previously observed in the fis-
sion reaction studies [8,11], with a single de-excitation by
one transition to the ground state (g.s.). One can see from
Fig. 5 that the 554.2 keV gated spectrum provides five mutual
coincidence lines. The 400.8 keV γ transition is known from
the previous fission works to connect with the higher-lying
(13/2+) state. The 276.2, 299.0, and 897.7 keV lines are ob-
served for the first time here. The 276.2 keV transition fits the
energy difference between the new excited level at 830.2 keV.
The 554.2 keV level proves the existence of new connections
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FIG. 6. Coincidence γ -ray spectra gated on the 247 and 569 keV
transitions. All marked peaks are in mutual coincidence.

with energies of 830.2, 299.1, and 897.7 keV. It provides a
piece of evidence in establishing the new excited levels at
853.2 and 1451.9 keV excitation energy. These two levels can
also be cross-checked by inspecting their connections to the
other levels. The 600 keV transition is marked as tentative,
as it is difficult to be distinguished from the deexcitation of
the 600.6 keV level to g.s. The 1170.1 keV level is known
previously because of its mutual coincidence with the 925.9
and 243.6 keV transitions. Three other transitions deexcite
this level as observed in this work, and they are weaker than
the 925.9 keV line. The 569.5 keV gated spectrum, illustrated
in Fig. 6, shows these coincidence transitions. It suggests that
the 569.5 keV line can be placed on top of the 600.6 keV
level. Its energy fits well the energy difference between these
1170.1 keV and 600.6 keV states. Therefore, it is assigned to
the deexcitation of level 1170.1 keV to level 600.6 keV.

Another previously known transition that we observe here
has the energy of 620.5 keV and is assigned to deexcite the
620.5 keV level directly to the g.s., without any connection
to the other levels. As we could not identify any coincidence
relation with known transitions, we use the time chopper
information to obtain its time behavior. The principle of this
method is to use the time-energy matrix, by projecting the
energy spectrum for every 1 s within the time chopper decay
part. Thus, one can trace the transition timing within the
correct T1/2 of the nucleus of interest. Figure 7(a) shows how
the known 243.6 keV transition behaves as an example. The
1435.9 keV transition is assigned as a new transition using
these criteria. Figures 7(c) and 7(d) show how transitions from
the daughters 137Xe and 137Cs behave. Due to their long T1/2

the statistics within the decay part remain basically the same
for these time projections. This criterion is used to cross-check
all the new transitions observed in singles or in gated spectra,
and helps to reject any wrongly suspected candidates.

014302-5



M. SI et al. PHYSICAL REVIEW C 106, 014302 (2022)

100 200 300 400 500 600
Energy (keV)

20−

10−

0

10

20

30

C
ou

nt
s 

/ k
eV

Gate 227

12
9.

5 24
3.

622
9.

1

56
9.

5

37
3.

0
100 150 200 250 300 350 400 450

Energy (keV)

5−

0

5

10

Gate 569

35
7.

2

22
7.

1

37
3.

0

24
3.

6

BG

BG12
9.

5

FIG. 7. Energy spectra corresponding to the decay of characteristic γ lines in one-second slices. Blue, red and green are for the first,
second, and third seconds after closure of the beam chopper, respectively.

To assign new transitions to the level scheme of 137I we
used the following criteria: (a) the correct T1/2 behavior; (b)
mutual coincidence relations with known or new transitions;
(c) the same relative intensity in Q = 21 and Q = 25 settings
(e.g., if two γ -rays belong to decay the same nucleus, they
should have the same population, thus the same intensity
between themselves in both settings); (d) not identified in
the background. According to these criteria, 17 excited levels
could be established in this work with a total of 32 γ -ray
transitions following the β decay of 137Te to 137I. Among
these, we observe for the first time eight new and one ten-
tative levels with eighteen new and two tentative transitions.
Table II summarizes the information about the excited levels
and γ transitions associated with this β decay to the 137I nu-
cleus. The γ -ray’s intensities are normalized to the strongest
243.6 keV transition, and obtained using the background-
subtracted full-energy peak areas from the β-gated γ -ray
spectrum, selecting the time-chopper decay part. The β in-
tensity of each level is extracted from the apparent feeding
and decaying γ transition balance of this particular state. Its
log f t value is calculated [25] using Q(β−) = 7053(9) keV
from the atomic mass evaluation (AME2020 [26]) and the
literature T1/2 = 2.49(5) s [12], used in the evaluation.

C. 137Te β feeding to the 137I ground state

In order to obtain the β feeding to levels in 137I, both
its further decay to 137Xe and its Pn channel to 136Xe are
considered. As there is no long-lived (e.g., millisecond) iso-
meric state in 137I, these are the two branches representing
the total g.s. feeding of 137I. For the β decay to 137Xe, g.s.
to g.s. transitions, as well as excited states, are taken into
account. This is actually the total number of 137Te β decays
(or, alternatively, the total γ and β feeding intensity to the
ground state of 137I as a result of the 137Te β decay).

We observed 34 excited states and 43 γ transitions in 137Xe
populated by the g.s. β decay of 137I, representing about 80%
of the known γ transition intensities in 137Xe [13]. We used
the well-populated 1302 keV transition with known absolute
intensity [Iabs

γ = 4.42(44)%] to obtain the number of β decays
to 137Xe. For the β-n channel of 137I, the previously known

Pn value is 7.76(14)% [27], compared to the evaluated one
of 7.14(23)% [13], and a recent compilation of 7.63(14)%
[28]. In this work we did not observe known transitions
in 136Xe.

Combining the above information, it is possible to estimate
the decay radiation from the 137I nucleus, by correcting with
the unobserved Pn-related γ ray. As in the recent evaluation
[13] only 100% β decay was considered; the Pn branch is
now also taken into account to represent the relevant part of
the 137I g.s. decay, using the latest value of 7.76(14)% [27].
Applying the same method to the unknown absolute intensity
of an arbitrary transition in 137I, e.g., the 1435.9 keV line,
deexiting the 1435.9 keV level, it is possible to obtain the
overall normalization factor for any state. Here it amounts to
0.308(81) and includes the uncertainties of both Iβ and Iγ in-
tensities. This is applicable to the first excited state at 243 keV,
decaying by the strongest 243 keV transition. The variation of
its β intensity from all its γ feeders is fully consistent with the
propagated uncertainty when considering all other transitions
in the 137I level scheme and results in 13.0(29)% (see Table II).
This allows estimating independently the variation in the g.s.
feeding of 137I by assuming the extreme cases: no direct feed-
ing to the g.s. and the maximum Iβ from the balance of all
observed transitions resulting in a total error of 22% relative
to the mean value of the intensity.

The simplified way of deducing the intensities, ignoring of
the mother-daughter relations of the great granddaughters, is
in a very good agreement with the detailed analysis. For these
we estimated the initial activity in the three A = 137 isotopes
Te, I, Xe produced in the reaction and their subsequent decay,
ignoring Sb that contributes below 1% to the total activity.
This is obtained by fitting the β distribution, without consid-
ering any γ gate, with the full Bateman equations for three
subsequent decays [29–31], as well as the periodical activity
of the tape as a background. The proportion of the activities
for Te and I nuclei is comparable with activity of 53(2)%
and 44(2)%, respectively. The Xe activity contributing to the
decay is only 4(1)%, at the considered 3 s from the beginning
of the cycle. The integrated activity over the 6 s of measuring
time is in good agreement with the detected number of Xe
decays, derived from its absolute γ -ray detection.
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TABLE II. Excited levels and γ transitions in the β decay of 137Te to 137I. The initial level and its related information are given in the first
four columns. The γ ray and its relative intensity with respect to the 243.6 keV line are provided in the fifth and sixth columns. Efficiency and
conversion corrections are made for the intensities (see text). The last two columns reveal the final level and its spin-parity. The superscript n
stands for a new transition, while u marks also an assumption for uniqueness [25].

Ei (keV) Jπ
i Iβ (%) log f t Eγ (keV) Iγ + e− Ef (keV) Jπ

f

0.0 7/2+ 42(9) 5.8(1)
243.6(8) 5/2+ 13.0(29) 6.2(1) 243.6(8) 100.0(6) 0 7/2+

373.1(7) (3/2+, 5/2+) 4.6(10) 6.6(2) 129.5(7) 17.4(3) 243.6 5/2+

373.0(9) 14.5(3) 0 7/2+

554.2(10) 9/2+ 7.1(16) 6.4(1) 554.2(10) 33.4(5) 0 7/2+

600.6(6) (3/2+, 5/2+) 2.5(6) 6.8(1) 227.1(7)n 1.2(1) 373.1 (3/2+, 5/2+)
357.2(10) 5.8(2) 243.6 5/2+

600.9(10) 3.8(2) 0 7/2+

620.5(10) 9/2+, 11/2+ 2.6(6) 6.8(1) 620.5(10) 8.3(2) 0 7/2+

713.5(7) (7/2+) 15.0(33) 6.0(1) 340.9(11) 12.7(2) 373.1 (3/2+, 5/2+)
469.7(9) 24.6(4) 243.6 5/2+

713.2(12) 12.8(3) 0 7/2+

830.2(6)n (5/2+, 9/2+) 1.5(3) 7.0(1) 229.1(7)n 1.2(1) 600.6 (3/2+, 5/2+)
276.2(5)n 0.3(1) 554.2 9/2+

830.6(11)n 3.4(2) 0 7/2+

853.2(7)n (5/2+, 9/2+) 1.6(4) 7.0(1) 139.7(6)n 1.2(1) 713.5 (7/2+)
299.0(11)n 2.1(1) 554.2 9/2+

609.6(10)n 1.9(1) 243.6 5/2+

955.0(12) 11/2+, 13/2+ 0.3(1) 7.6–9.6u 400.8(7) 1.1(1) 554.2 9/2+

1170.1(6) (7/2+) 2.9(7) 6.6(1) 569.5(9)n 1.5(1) 600.6 (3/2+, 5/2+)
797.6(10)n 2.0(1) 373.1 (3/2+, 5/2+)
925.9(12) 5.2(2) 243.6 5/2+

1170.0(7)n 0.7(1) 0 7/2+

1218.0(11)n (3/2+, 9/2+) 0.3(1) 7.5(1) 974.4(8)n 1.1(1) 243.6 5/2+

1399.0(11)n (3/2+, 11/2+) 0.2(1) 7.7–9.6u 1155.4(8)n 0.6(1) 243.6 5/2+

1435.9(9)n (5/2+, 9/2+) 0.8(2) 7.1(1) 1435.9(9)n 2.6(2) 0 7/2+

1451.9(7)n (7/2+) 2.5(6) 6.6(1) 600t 853.2 (5/2+, 9/2+)
897.7(9)n 4.7(2) 554.2 9/2+

1078.6(8)n 1.0(1) 373.1 (3/2+, 5/2+)
1452.0(11)n 2.5(2) 0 7/2+

2077.3(14)n (3/2+, 11/2+) 0.1(1) 7.7–9.5u 1833.7(11)n 0.3(1) 243.6 5/2+

2290.6(14)t 2047t 243.6 5/2+

2413.8(12)n (3/2+, 9/2+) 0.2(1) 7.3(1) 2170.2(9)n 0.6(1) 243.6 5/2+

Taking into account the above analysis, the final number
Iβ of g.s. feeding and its variation are reported in Table II.
This is reflected also in the experimental log f t uncertainties
of particular levels as a systematic error, while the statisti-
cal errors contribute to below or around the percent level in
this measurement. It may be noted also that we corrected
all γ transitions in A = 137 for conversion [32]. While in
some of these transitions, such as the one at 243.6 keV,
the multipolarity comes from previous measurements [11,33],
for the others possible M1 and E2 assumptions are made.
Most of these transitions are weak in intensity and their
proportion is found to be minor. However, for two rele-
vant γ rays of 129.5 and 139.7 keV, the conversion factors
assuming the four different combinations change the rela-
tive Iβ of the level. For example, for the 243.6 keV level,
the Iβ uncertainty may increase from 13.0(29) to 13.0(37).
This is relevant also for the 373.1, 713.5, and 853.2 keV
levels.

Note that such strong feeding to the g.s. as observed in
this measurement is fully consistent with the g.s. assignment
of this level and other states in the level scheme, discussed
in Sec. III D. It is the strongest β-decay channel from the
7/2− g.s. of the mother 137Te, feeding to the 7/2+ g.s. 137I
of the daughter (type ν f7/2 → πg7/2). This was suggested
from systematics [13], previous measurements [11,12], and
shell-model calculations (see Sec. IV).

D. Level scheme and spin-parity assignments

For 7/2− g.s. spin-parity of the parent nucleus suggested
previously [11,12,33], only the low-spin states are expected
to be observed in its β decay, taking into account the predom-
inant forbidden nature of these transitions. The g.s. spin-parity
of the 137I daughter as 7/2+ was established earlier and is
completely consistent with our work here (see Sec. IV A for
details). For the 620.5 keV state, the spin-parity of 11/2+
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was set because of the deduced E2 transition multipolarity of
the 620.5 keV γ ray in the spontaneous fission data [11]. In
that study, the angular correlations of this line were regarded
with respect to the 333.9 keV line, connecting the suggested
13/2+ level at 955.0 with the proposed 11/2+ level, and it was
assumed to be of an M1 + E2 type.

The 620.5 keV state observed in this work represents a
single transition to the ground state. However, we could not
detect any coincident transitions to represent feeders from
above. Thus, its intensity should be mostly coming in direct
β feeding. Such a scenario would not be entirely consistent
with an earlier proposed spin-parity of 11/2+ and log f t value
of 6.8(1) evaluated in this work, therefore according to our
data �J < 2 possibility is not be excluded. For example, if
the presumed 11/2+ level would be a 9/2+ candidate, the
620.5 keV transition may have some mixing and this would
not conflict with several deviations from the theoretical angu-
lar correlation coefficients from the previous observation in
Ref. [11]. Such a scenario would include the margin in the
β intensity, observed in this experiment, and this may be also
suggested for the 620.5 keV level. We note that, as the data are
not free from the Pandemonium effect, the assignment based
on log f t values is only indicative.

The 554.2 keV [13] state was set to 9/2+ based on the
suggested mixed M1 + E2 multipolarity of the 554.2 keV
transition, observed in Ref. [11], with respect to the 400.8 keV
transition. Both were placed in the level scheme in coinci-
dence, which we indeed also observe in Fig. 5. Similarly, if
the 400.8 keV transition orignates from an 11/2+ instead of
the 13/2+, suggested for the 955.0 keV level, possible mixing
due to some deviations in angular distribution, polarization
data, or alternation of spins may need to be assumed. In this
experimental data, due to visible Iβ intensity and relatively
well fitting log f t values, the previously assigned 11/2+ and
13/2+ states are now given possible alternative assignments
in the level scheme, shown in Fig. 8 and Table II.

As we detect the 554.2 keV transition as the second
strongest, relative to that of the first excited state (also pre-
viously identified with spin-parity of 5/2+ [12]), this gives
quite some certitude for the spin of the originating state. It
does well fit the spin-parity of 7/2+ for the g.s. and is in
a very good agreement with our shell-model (SM) expecta-
tions (see Sec. IV), placing the first 9/2+ state at 554.2 keV
excitation energy. Furthermore, looking at the Iβ and log f t
values for the 554.2 keV level, the 5/2+ possibility cannot
be completely excluded. This tendency actually comes from
the fact that the 554.2 keV transition is mostly of an M1
type, mixed with an E2 multipolarity. Therefore, the required
�J = 1 branch would connect similarly strongly a 5/2+ state
to the 7/2+ ground state. Note, that this would somewhat
deviate from the predicted second 5/2+ state, which may be
theoretically expected to appear much below the excitation
energy of the first 9/2+ state. As observed, such a state is
populated directly and relatively strongly in the 7/2− g.s. β

decay.

The next candidate for a second (7/2+) state is the pre-
viously observed 713.5 keV state, deexciting by three γ

transitions, that we also observe, with the strongest one con-

necting to the 243.6 keV level with a spin-parity of 5/2+

[11,12]. Its experimental Iβ and log f t also indicate a (7/2+)
assignment. However, such identification would be somewhat
in variance with the SM prediction that expects the second
7/2+ level at 571 keV excitation energy, while the third 7/2+

state is calculated at 774 keV (see Sec. IV). Although they
all are predicted with the same configuration, there is no clear
reason why they would be compressed, except for the possibil-
ity of unaccounted mixing in the configuration of these states.
The third candidate for this spin-parity, according to our data,
is at an excitation energy of 1170.1 keV. This is very probable
and matches the findings of Ref. [12] to our data. We detect
three additional transitions deexiting this level (see Fig. 8).
It must have been among the strongest ones observed in that
first β-decay study of 137Te. The proposed spin-parities as
5/2+ and 7/2+ would be the favored ones from the 7/2− g.s.
of the mother nucleus, and this is fully consistent with our
conclusions.

The two levels at 830.2 and 853.2 keV have similar Iβ
and log f t values. These β feeding intensities are lower than
what would be expected for a spin-parity of 7/2+ for any
of these levels. Besides, their interconnecting transitions to
the lower-lying 5/2+ and 9/2+ states make such possible
7/2+ assignment less adequate. Therefore, we propose the
(5/2+, 9/2+) alternatives for the spin-parities of the two
states. This would agree with the SM results for 9/2+ and
be underestimated for a 5/2+ state, while the third 7/2+ and
3/2+ states, expected in the vicinity of 774 and 900 keV,
require a different experimental branching.

The next level, which experimentally has a strong Iβ feed-
ing and can be a (7/2+) state, is located at 1170.1 keV. It
was observed previously also as a strong decay branch and, in
addition, corresponds well to the fourth 7/2+ state, predicted
at 1085 keV. The state at 1451.9 keV, which has similar char-
acteristics, may have the same origin, thus is also proposed
as a (7/2+) level. Although the (5/2+) possibility cannot be
completely excluded, it would require more data to search
for feeding branches that we could not observe. Interestingly,
the five states we suggest with a spin-parity of 5/2+ or 7/2+
(Ex < 1.2 MeV), being the strongest fed, were listed in the
level scheme, through left unassigned in Ref. [12].

In the data presented here, it can be seen that four similar
new excited states at 830.2, 853.2, 1435.9, and 1451.9 keV
are established. According to their possible de-excitation tran-
sition multipolarities, the spin-parities are consistent with the
earlier proposed (9/2+) spin-parity. Although indicative, due
to the relatively low log f t value, a (5/2+) possibility may be
added or even (7/2+) for the latter one.

Some spin-parity assignments suggested previously [11],
were based on the possible proton-neutron SM configuration
(see Sec. IV). A possible β decay of 137Te to 137I is expected
to primarily originate from the conversion of a neutron from
the f7/2 orbital into a proton in the g7/2 (or d5/2) orbital by a
first-forbidden transition, in agreement with the spin-parity of
137Te g.s. of 7/2−. The feeding to the g.s. of the daughter 137I
with log f t = 5.8(1) and maximal Iβ value of 42(9)% indi-
cates that it proceeds by a first-forbidden nonunique transition
with �J = 0 and �π = −1 [34]. This suggests spin-parity
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FIG. 8. The proposed level scheme of 137I obtained from β decay of 137Te. The new levels and transitions are in red, tentative transitions
are shown with dotted lines. The Q(β−) of 137Te is taken from Ref. [26]. For the levels marked with (*), some assumption for uniqueness may
be possible (see text, Table II).

of 7/2+, in agreement with the spin-parity suggested from
systematics [12,13]. Three more levels with suggested spin-
parity of (7/2+) could be identified in the level scheme with
log f t values between 6.0 and 6.6.

Other levels candidates, e.g., with a log f t of 6.8(1) and a
smaller Iβ of 2.4–2.9, possibly correspond to �J = 1, 2; for
these, spin-parity of (3/2+, 5/2+) would be more appropriate.
For about six levels with log f t ranging from 6.2 to 7.1, we
propose the spin-parity of (5/2+) to be the most suitable
candidate. In addition, based on the Iβ branching, possible
spins, and multipolarities it may be assumed that some levels

are candidates for �J = 2, which suggests some uniqueness
when appropriate, as marked in Table II.

The proposed level scheme from this work is illus-
trated in Fig. 8. Nine new levels (with one tentative among
them) with eighteen new transitions (with two tentative) are
added to the revised previous knowledge. The tentative γ

rays with 600 and 2047 keV energy which are hardly dis-
tinguishable in the β-delayed γ -ray spectrum of 137I are
placed as they appear in the gated spectrum and, more-
over, fit the energy differences between already established
levels.
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FIG. 9. Experimental levels in 137I compared to the theoretical shell-model (SM) calculations. The color code indicates the main theoretical
configurations and some of the possible experimental correspondences.

E. Pn branch

Since the Sn of the 137I daughter is 4882(16) keV, within the
Qβ window of Qβ = 7053(9) keV [26,35], β-delayed neutron
emission is possible for the decay of the 137Te nucleus.

To obtain the β-delayed neutron emission probability, Pn,
of 137Te, we consider known γ transitions in the βn daugh-
ter 136I [7], selected with the same criteria as for transitions
in 137Te. Only one state at 87.3(7) keV with a single tran-
sition to the g.s. is observed in this work. The resulting
Pn amounts to 2.63(85)%, but since additional weaker tran-
sitions that remained unobserved cannot be excluded, this
number represents actually a lower limit. Nonetheless, com-
paring to the latest literature value of Pn = 2.6(3)% and the
evaluated database value of Pn = 2.91(16)% in Ref. [28], it
appears that the 87.3 keV transition captures most of the βn
intensity.

IV. SHELL-MODEL CALCULATIONS AND DISCUSSION

The experimental results are compared to theoretical calcu-
lations from large-scale shell-model (SM) calculations. The
r4h–r5i model space with the 132Sn nucleus as a core is
used. The model-space thus consists of the entire major
shell 1 f7/2, 0h9/2, 1 f5/2, 2p3/2, 2p1/2, 0i13/2 orbitals for neu-
trons and 0g7/2, 1d5/2, 1d3/2, 2s1/2, 0h11/2 orbitals for protons.
Single-particle energies for neutrons and protons are taken
from experimentally known data on 133Sn and 133Sb nuclei
[36]. The 0i13/2 neutron and 2s1/2 proton orbital energies
are inferred from Refs. [37,38], respectively. The N3LOP
effective interaction [39] is used in this work. Several articles
alreadry successfully described the spectroscopic properties
and collectivity of nuclei in the region beyond 132Sn, e.g.,

Refs. [7,8,39–41]. The diagonalization of the considered sys-
tem is achieved using the NATHAN shell-model code [42].
In this work, up to several excited states for the spin-parity
and energy range of interest are calculated and compared to
the proposed spin-parity assignments from the experiment in
Fig. 9; the important main configurations for the positive (+)
parity states are listed in Table III.

For the states of interest, illustrated in Fig. 9, also the main
SM configurations are noted. The probable correspondence,
whenever possible, may also be seen (with the color code).

It is interesting to remark immediately that for these states
the configuration is dominated by the proton configurations,
especially the presence of the d5/2 proton in the very close
vicinity of the g7/2 proton, inferred from the main occupation
of these orbitals. Almost no neutron excitations are found to
take place in the detailed analysis of the wave functions for
the examined states, even for the highest excitation energy.
Note that reviewing higher-lying states would not be relevant
to the observed experimental data. The details of the main
configurations for 137I may be traced for the computed states
in Table III. This is certainly very different from the observed
sequences in the 136I neighbor, where various neutron ex-
citations could be seen [7], including some moderate νi13/2

occupation (see, e.g., Fig. 13 in that paper). Such behavior
may be attributed to the proximity of the N = 82 closed shell,
in the former case, to the transition with the extra neutrons
from an odd-odd to an odd-even system, and finally to its
structure.

As it can be seen from Table III, the purity of the two main
configurations in the low-energy states of 137I is not small
and, therefore, the other contributions appear with relatively
minor weight in the wave functions. We present these results
in accordance with the excited states that are candidates for
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TABLE III. Main wave-function compositions for the positive
(+) parity states of interest as predicted by the SM calculations
for 137I.

Jπ
i Configuration I % Configuration II %

3/2+
1 π (g3

7/2)ν( f 2
7/2) 15 π (g7/2d2

5/2 )ν( f 2
7/2) 11

3/2+
2 π (g3

7/2)ν( f 2
7/2) 13 π (g2

7/2d5/2 )ν( f 2
7/2) 11

3/2+
3 π (g3

7/2)ν( f 2
7/2) 26 π (g2

7/2d3/2 )ν( f 2
7/2) 11

3/2+
4 π (g2

7/2d5/2)ν( f 2
7/2) 17 π (d3

5/2)ν( f 2
7/2) 12

3/2+
5 π (g3

7/2)ν( f 2
7/2) 42 π (g2

7/2d5/2 )ν( f 2
7/2) 7

3/2+
6 π (g3

7/2)ν( f 2
7/2) 34 π (g2

7/2d5/2 )ν( f 2
7/2) 12

3/2+
7 π (g3

7/2)ν( f 2
7/2) 39 π (g7/2d2

5/2 )ν( f 2
7/2) 13

3/2+
8 π (g3

7/2)ν( f 2
7/2) 17 π (g2

7/2d5/2 )ν( f 2
7/2) 17

3/2+
9 π (g3

7/2)ν( f 2
7/2) 31 π (g2

7/2d5/2 )ν( f 2
7/2) 9

3/2+
10 π (g2

7/2d5/2)ν( f 2
7/2) 27 π (g3

7/2)ν( f 2
7/2) 12

5/2+
1 π (g2

7/2d5/2)ν( f 2
7/2) 41 π (g2

7/2d5/2 )ν( f7/2 p3/2) 8

5/2+
2 π (g3

7/2)ν( f 2
7/2) 33 π (g2

7/2d5/2 )ν( f 2
7/2) 9

5/2+
3 π (g3

7/2)ν( f 2
7/2) 26 π (g7/2d2

5/2 )ν( f 2
7/2) 12

5/2+
4 π (g3

7/2)ν( f 2
7/2) 32 π (g7/2d2

5/2 )ν( f 2
7/2) 17

5/2+
5 π (g2

7/2d5/2)ν( f 2
7/2) 23 π (g3

7/2)ν( f 2
7/2) 16

5/2+
6 π (g3

7/2)ν( f 2
7/2) 30 π (g2

7/2d5/2 )ν( f 2
7/2) 22

7/2+
1 π (g3

7/2)ν( f 2
7/2) 31 π (g7/2d2

5/2 )ν( f 2
7/2) 19

7/2+
2 π (g3

7/2)ν( f 2
7/2) 18 π (g7/2d2

5/2 )ν( f 2
7/2) 17

7/2+
3 π (g3

7/2)ν( f 2
7/2) 23 π (g2

7/2d5/2 )ν( f 2
7/2) 22

7/2+
4 π (g2

7/2d5/2)ν( f 2
7/2) 29 π (g3

7/2)ν( f 2
7/2) 22

7/2+
5 π (g3

7/2)ν( f 2
7/2) 40 π (g2

7/2d5/2 )ν( f 2
7/2) 11

7/2+
6 π (g3

7/2)ν( f 2
7/2) 35 π (g2

7/2d5/2 )ν( f 2
7/2) 16

9/2+
1 π (g2

7/2d5/2)ν( f 2
7/2) 17 π (g3

7/2)ν( f 2
7/2) 12

9/2+
2 π (g2

7/2d5/2)ν( f 2
7/2) 26 π (g2

7/2d5/2 )ν( f7/2 p3/2) 13

9/2+
3 π (g3

7/2)ν( f 2
7/2) 44 π (g7/2d2

5/2 )ν( f 2
7/2) 10

9/2+
4 π (g3

7/2)ν( f 2
7/2) 46 π (g7/2d2

5/2 )ν( f 2
7/2) 10

9/2+
5 π (g3

7/2)ν( f 2
7/2) 33 π (g7/2d2

5/2 )ν( f 2
7/2) 11

9/2+
6 π (g2

7/2d5/2)ν( f 2
7/2) 28 π (g7/2d2

5/2 )ν( f 2
7/2) 12

11/2+
1 π (g3

7/2)ν( f 2
7/2) 23 π (g7/2d2

5/2 )ν( f 2
7/2) 15

11/2+
2 π (g3

7/2)ν( f 2
7/2) 20 π (g7/2d2

5/2 )ν( f 2
7/2) 15

11/2+
3 π (g3

7/2)ν( f 2
7/2) 31 π (g2

7/2d5/2 )ν( f 2
7/2) 16

11/2+
4 π (g3

7/2)ν( f 2
7/2) 51 π (g7/2d2

5/2 )ν( f 2
7/2) 10

11/2+
5 π (g3

7/2)ν( f 2
7/2) 30 π (g2

7/2d5/2 )ν( f 2
7/2) 22

11/2+
6 π (g3

7/2)ν( f 2
7/2) 24 π (g2

7/2d5/2 )ν( f 2
7/2) 23

13/2+
1 π (g2

7/2d5/2)ν( f 2
7/2) 20 π (g3

7/2)ν( f 2
7/2) 13

13/2+
2 π (g2

7/2d5/2)ν( f 2
7/2) 31 π (g3

7/2)ν( f 2
7/2) 14

the experimentally populated spin-parity. In the table, we give
up to ten excited states for the 3/2+ candidates for populated
states at intermediate energy, and up to six excited states,
as relevant, for the spin-parities 5/2+, 7/2+, 9/2+, 11/2+,
and 13/2+ (see Fig. 9). Note that the neutron excitation to
the νp3/2 orbital is applicable only in a very few cases. The
proton excitations containing the πd5/2 orbital show clearly a
competition with the πg7/2 orbital for excited states and are
also the second important contribution (with about 20%) in
the 7/2+ g.s. of 137I.

Another important point is the very small contribution of
the νh9/2 orbital in the wave function of the 7/2− g.s. of the
mother 137Te nucleus. The presence of this νh9/2 component
and its decay to a state with πh11/2 component in the daughter
is the main responsible transition for a Gamow-Teller (GT)
strength at the beginning of this major shell. In the neigh-
boring 136I case, several 1+ states originating from this main
configuration are populated, with one very strong branch,
as predicted by the SM, at about 2 MeV excitation energy
[7]. A similar range was recently suggested also for 138I in
Ref. [23]. Here, for A = 137, the νh9/2 component is really
minor with a theoretically calculated proportion of only 2.5%.
Note that, while present in A = 136 with about 10%, it is
completely blocked, e.g., for 135I. It is worth highlighting that,
for A = 140 of the same isotopic chain (140I), this probability
is again enhanced with respect to A = 137. This is based on
the more mixed g.s. configuration on one side, and due to the
lowered excitation energy of the GT states themselves, on the
other, as can be seen from the results in Ref. [43].

While reporting on the first excited states in the 137Te
mother nucleus, in Ref. [33], some νh9/2( f 2

7/2) contributions
account for, e.g., the yrast 9/2− states, including the g.s.
together with the three-valence ν f 3

7/2 configuration. These, as
well as core vibrations coupled to them, were suggested to
originate the 3/2− and 5/2− states; however, they were not
observed in the same study, while the position of these states is
relevant in the situation of 137Te nucleus. These states could be
seen only in the more recent β decay of 137Sb → 137Te [23],
where the first negative parity states expected with such con-
figurations are found at relatively high energy. Such states are
not among those identified in our β-decay scheme. It could,
therefore, be concluded that at A = 137 no allowed branch
νh9/2 → πh11/2 could be experimentally observed. As such
contribution to the expected configurations is minor also in the
examined 137Te → 137I study here, and none of the excited
states seem to present such a strong transition branching, we
give similar conclusions for this odd-A β decay.

A. The 7/2− g.s. of 137Te

The g.s. spin-parity of the β-decaying 137Te nucleus can
rather firmly be set to 7/2− based on the experimental findings
of this work, log f t values in the A = 137 I daughter, and the
very strong branch to its 7/2+ g.s, together with all findings
of the previous works on this nucleus. The direct g.s. to g.s.
feeding is also relatively strong in this β decay with about
42%. It behaves completely analogously to the A = 135 case
with similar experimental strength [12], from which similar
spin-parities can be concluded.

The g.s. of 137Te was suggested with quite some certitude
in Ref. [11], based on the observation of a large part of its yrast
scheme [up to spin-parity of (33/2+)]. Also multipolarity of
several transitions connecting with the g.s. and SM calcula-
tions based on the Kuo-Herling (KH5082) [44] interaction
reasonably well describe 137I, like the one-proton coupling
to the 136Te nucleus. The perfect match of this assignment
for the 137I (Z = 53, N = 84) isotope to the systematics of
heavier-Z Cs, La isotone nuclei is found in a followup fission
work [45]. There, the entire excitation scheme could be built
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in complete analogy to the 139Cs (Z = 55, Z = 84) isotone
and in agreement with the data on other N = 85 isotones
[46]. These excitations are found also to be well described
by the two-body CD-Bonn SM interaction using experimental
single-particle energies from 133Sb and 133Sn nuclei [1].

Both mother and daughter A = 137 g.s. spin-parity assign-
ments are in good agreement also with our SM calculations
using the N3LOP effective interaction. They predict the 7/2−
state to be the 137Te g.s.. It was already reported that this
prediction for the lowest state with the largest probability
(>50%) as a single-neutron state is fully consistent with the
Napoli SM interaction [23].

It is worth noting that similar predictions were given also in
earlier works [33], where the 7/2− assignment was compared
to the systematics of the heavier isotones (up to Z = 64) and
it was concluded that it is the best choice for this Z = 52
nucleus. Also, it is quoted in Ref. [33] that this would suit
the nonobservation (in their data) of candidates for the 3/2−
and 5/2− states for this nucleus. These candidates could only
be tentatively suggested from β decay to 137Te. The (5/2−)
state is set at an excitation energy of 61.8 keV [23]. At least
1136.6 keV is suggested for a possible (3/2−) state, despite
this resulting in some variance with the SM theory. For ex-
ample, both N3LOP and Napoli SM interactions predict these
two states as first excited states in 137Te around the g.s. and
around 200 keV, respectively.

B. Origin of new new positive-parity states in 137I

The appearance of the possible (3/2+) states is uniquely
identified in this work (see Fig. 8). These states appear in the
neighboring 135I, where the g.s. spin-parity is the same as in
the other odd-A I isotopes, including A = 137. These states
cover several possibilities in A = 135 with log f t around 7.4–
7.5 and, together with the 11/2+ possibilities, up to 8.1 [12].
The candidates in A = 137, again similarly probable, are cov-
ered, except possibly �J = 2 (of the g.s.) and also �J = 1.
Together with the spin-parity of 11/2+ they cover log f t val-
ues from 6.8 to 7.7. For three of the observed states with
�J = 2 as the most probable scenario, also uniqueness can
be assumed. For these first-forbidden transitions, this reflects
the upper log f t value as given in Table II.

The position of the 3/2+ states well matches the predicted
excitation energy by the SM calculations. This can be seen
in Fig. 9, where the direct correspondence and the predicted
configuration as part of the ν f 2

7/2πg3
7/2 multiplet may be

traced. The competing πd5/2 configuration is relevant only
for states above 1.1 MeV and some of the higher-lying in
energy experimental candidates. Nevertheless, they may cor-
respond to a theoretical state with such origin (see color code).
Some of the other propositions for these states such as 5/2+,
9/2+ (or 11/2+) also predicted nearby, would finally not be
excluded.

Of the 11/2+ states, only those with the lowest ν f 2
7/2πg3

7/2
configuration (see Table III) may be seen. Indeed, the lowest
of these states among the experimental possibilities (Ex =
620 keV) has a remarkable theoretical (Ex = 588 keV) cor-
respondence. The experimental possibilities for the second
and third 11/2+ states, listed together with the first 13/2+

or fifth 3/2+ possibilities, respectively, have also perfect SM
counterparts.

Concerning the 5/2+ states, we could classify with certi-
tude the first excited states of them, based, as expected, on
the predominant πd5/2 configuration (see Table III with more
than 40% probability). As it stays only at Ex = 243 keV, the
orbital positioning may be inferred, and compared with other
recent data with similar conclusions [4,7,23]. Moreover, this
state is reported also in the heavier 139I at Ex = 208 keV.
Compared to the same SM prediction (Ex = 175 keV) it has
a rather good agreement [5,8]. Therefore, it can be concluded
that no drastic change is present in these I isotopes for the
πd5/2 orbital. This behavior is different compared to the Sb
isotopes [4,23]. Interestingly, in the A = 135 iodine neighbor,
the second 5/2+ state is also observed in the vicinity of the
first (e.g., at about 270 keV excitation energy difference) [12].
This is predicted also by the SM for 137I (see Fig. 9). We
have observed another candidate within the excitation energy,
e.g., the 373.1 keV state; however, it may also be assigned
differently. The clear difference is based on the experimentally
observed Iβ and respective log f t values, which for the 5/2+
state in our work amount to 13.0 and 6.2, respectively. It is in a
very good agreement with the data on both 5/2+ states in 135I,
with respective values of 24.2/16.4 and 6.3/6.4. In 137I, two
5/2+ states with d5/2 proton are predicted among the first six
in about 1 MeV energy spacing. Thus, their distance appears
larger than in the lighter neighbor. Indeed, two candidates
can be traced among the excited states around 850 keV and
1.4 MeV (see Fig. 8).

The situation is similar with the 9/2+ states, two of which
are based on the same proton excitation as the 5/2+ states,
while the rest belong to the ν f 2

7/2πg3
7/2 multiplet. It has to

be underlined, however, that their wave functions are much
more mixed than those of the 5/2+ states, with relative con-
tributions of the order of 17%. Experimentally, only the first
9/2+ state is firmly assigned, while the other five candidates
(�J = 1 of the g.s.) are in competition with the possible 5/2+
assignment for three of the states. Alternatively, due to β

branching, also other possible (3/2+ and 11/2+) assignments
can be considered for their most probable transition multipo-
larities. Based on the enhanced branch to the first 7/2+ state
and the predicted second SM state, one may suggest that 9/2+
would be more likely for the 830 keV state than a spin-parity
of 5/2+. For the higher-lying states, such a scenario may be
relatively uncertain.

The most strongly fed 7/2+ states from the direct feed-
ing of the 7/2− g.s. state are naturally in good agreement
with the J = 7/2 assignments. Any other different spin-parity
would not present these strong branches, very visible in the
level scheme (Fig. 8). This certainly excludes the J = 5/2
for the g.s. as, e.g., the feeding to the 243.6 and 713.5 keV
states is clearly different. The log f t values of the newly
identified (7/2+) states are also of the order of 6. The first
such state after the g.s. seems very likely positioned at
713.5 keV excitation energy, based on its experimental Iβ
feeding, despite a slight underestimation in its theoretical
energy (Fig. 9). Interestingly, in the earlier β decay work,
mostly the assigned as 7/2+ states are observed. The next
such candidate, previously set but unassigned at 1169.0 keV
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[12], is confirmed here at 1170.0 keV. In this work, we
propose one additional candidate for 7/2+ at 1.4 MeV exci-
tation energy (Fig. 9). These states are purely based on the
proton g3

7/2 configuration with the exception of the slightly
competing πg2

7/2d5/2 contribution for the 7/2+
2 state. Their

theoretical correspondence is relatively good, as can be seen in
Fig. 9.

As stated earlier, the nonobservation of states containing
GT strength confirms that this channel is still blocked for 137I
nucleus. The decay of 137Te is completely overtaken by the
first-forbidden transitions from the dominating ν f 3

7/2πg2
7/2 g.s.

This is in full agreement with the SM calculations that
also do not expect such branching at low energy. The first
possible transition 7/2− (137Te) → 5/2− (137I) is expected
at Ex(5/2−) = 3.8 MeV with B(GT) of about 0.007, which
is not found experimentally. It would be further interesting
to investigate whether this strength can again be unblocked,
e.g., due to the expectations of more mixing and an evolving
collectivity also in the heavier neighbors.

V. SUMMARY

In this work, we performed new β-decay spectroscopy of
the 137Te nucleus to the daughter 137I. We observed several
new transitions corresponding to first-forbidden branches to
excited states in 137I. Due to the relatively weak Pn ratio and
insufficient statistics, the transitions after β-delayed neutron
emission were strongly hindered and only a few indications of

states in 137I could be seen. Therefore, such an investigation
would require more experimental data.

From the investigations performed in this work, it is in-
teresting to highlight the nonobservation of GT strength for
this A = 137 isotope, while a possible even-odd effect with
the decrease of the GT strength at the expense of favored
first-forbidden decay seems to be present. Furthermore, the
strong effect of both πg7/2 and πd5/2 proton orbitals seems to
completely dominate the structure of the 137I isotope observed
in our data up to 2.4 MeV excitation energy.

The nucleus, being in a region of strong first-forbidden
decays, has an interesting relation to studies of electron and
antineutrino reactor spectral behavior [47,48]. The connection
to the role of first-forbidden transitions, especially as forbid-
den decays cannot be neglected and need to be accounted for
properly, is an active research domain with new experiments
and methods [49,50]. Being an essential ingredient in under-
standing nuclear astrophysics mechanisms as well as reactor
anti-neutrino spectra [49,51], these types of studies certainly
merit deeper investigation.
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