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γ -ray spectroscopy of the odd-odd N = Z + 2 deformed proton emitter 112Cs
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Gamma-ray transitions have been observed in the proton-emitting N = Z + 2 (Tz = 1) isotope 112Cs. The
transitions have been unambiguously assigned to 112Cs by correlation with the characteristic proton decay, using
the method of recoil-decay tagging with mass selection. The measured proton-decay energy and half-life are
Ep = 810(5) keV and T1/2 = 470(50) μs, respectively, which are consistent with previous measurements. Five
γ -ray transitions have been observed which appear to form a rotational sequence. The energy differences between
excited states in the sequence are consistent with an assignment as the favored signature of the ν(h11/2) ⊗ π (h11/2)
structure. Tentative evidence for fine structure in the 112Cs proton decay is also observed.
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I. INTRODUCTION

One of the important themes in present-day nuclear-
structure physics is the study of nuclei at, and beyond,
the particle drip lines. This interest has been motivated by
calculations which suggest that structural properties may
change significantly with a severe imbalance of neutrons and
protons compared to stable isotopes [1]. In the A = 110 region,
the locus of nuclei having N = Z and the proton drip line lie
in very close proximity to each other. Odd-odd nuclei with
N � Z are particularly interesting to study since the unpaired
neutron and proton will occupy similar orbitals with a large
spatial overlap in their wave functions. The very neutron-
deficient Z = 55 cesium isotopes, near and at the proton
drip line, are well deformed with quadrupole deformation
parameters of β2 � 0.25 [2–4]. The rotational properties of
these nuclei, such as quasiparticle alignment frequencies and
moments of inertia, can be used to characterize intrinsic states
and infer structural information. The cesium isotopes with
A � 120 have both their neutron and proton Fermi levels
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located within the h11/2 subshells. With Z = 55 and β2 � 0.25,
the proton Fermi level lies close to the [550]1/2− orbital, and
as N approaches 55, the neutron Fermi level moves toward the
low-� h11/2 orbitals. As a consequence, the spatial overlap of
the unpaired neutron and proton increases with decreasing N ,
resulting in an increased neutron-proton (np) interaction, with
associated structural consequences [4,5].

Experimental study of the exotic neutron-deficient nuclei
around A = 110 is challenging. The best way to produce
these nuclei in the laboratory is to use heavy-ion fusion-
evaporation reactions with the most neutron-deficient beams
and targets available. However, when the compound nuclei
themselves are very neutron deficient, the evaporation of α

particles and protons is energetically favored over neutron
emission, which often leads to a large number of product
nuclei. Furthermore, the relatively low probability for neutron
evaporation means that the most neutron-deficient reaction
products have some of the smallest cross sections. The residues
of neutron evaporation are, therefore, produced among a
large number (often around 15 to 20) of other, far more
intense, products. In order to study the most neutron-deficient
products, highly selective methods of channel selection and
identification are essential. Recoil-decay tagging (RDT) [6]
has become a well-known method of channel selection and
identification in γ -ray spectroscopy. In essence, the RDT
method involves three steps: (i) detection of γ rays at
the reaction site, (ii) implantation of the recoiling reaction
products into a highly segmented silicon detector at the focal
plane of a recoil separator, and (iii) measurement of the decay
characteristics of the implanted nuclei (energies and times).
Using spatial and temporal correlations of characteristic
decays and implanted reaction products, together with the
coincidence of implanted products and detected γ rays, it is
possible to identify the isotopic origin of the γ -ray transitions
unambiguously.

034329-10556-2813/2012/85(3)/034329(8) ©2012 American Physical Society

http://dx.doi.org/10.1103/PhysRevC.85.034329


P. T. WADY et al. PHYSICAL REVIEW C 85, 034329 (2012)

Proton and α decay of nuclei in the neutron-deficient
A = 110 region was first observed over 25 years ago [7–9].
There is now a well-established island of α-particle- and
proton-emitting nuclei in this region. In the past 10 years,
these characteristic decay properties have been exploited in
RDT experiments to study the structure of nuclei which were
hitherto inaccessible in γ -ray spectroscopy experiments. For
example, excited states have recently been identified and
studied in 106−109

52Te [6,10,11], 109
53I [6,12,13], 110

54Xe [14], and
113
55Cs [15]. To date, no information about the excited states

of 112Cs has been available. The decay properties of 112
55Cs

were studied by Page et al. [16]; in that work, the ground
state was shown to decay by proton emission with energy
807(7) keV, and half-life of 500(100) μs. The 112Cs nuclei were
produced using the 58Ni(58Ni,p3n) reaction, with a reported
cross section of ∼500 nb [16]; this reaction remains the
only viable current method by which to produce 112Cs. As
reported in Ref. [16], the proton-emitting isotopes 109

53I (αp2n

evaporation) and 113
55Cs (p2n) are also produced in this reaction

and with significantly larger cross sections than that for 112Cs.
Furthermore, the proton-decay properties of 109I are very
similar to those of 112Cs: In Ref. [13], and references therein,
the proton-decay energy and half-life of 109I are reported to
be 813(4) keV and 92(1) μs, respectively. Therefore, any
experiment designed to study 112Cs using the RDT method
will be challenged by the simultaneous production of 109I.

The neutron-deficient cesium isotopes with A � 118 can
be produced with relatively large cross sections and have
been studied well in γ -ray spectroscopy experiments. Below
A = 118, the production cross sections, and, consequently,
the quality of experimental data available for each nucleus,
reduce with decreasing neutron number. Thus, in odd-odd
118,120Cs (N = 63, 65), multiple high-spin two-quasiparticle
rotational bands have been identified [3,17–20]. For 116Cs
(N = 61), just one rotational band has been observed, assumed
to be built on the yrast ν(h11/2) ⊗ π (h11/2) configuration [21].
Recently, in 114Cs (N = 59), a sequence of around six γ -ray
transitions has been identified, which is assigned to form the
favored-signature sequence of the yrast ν(h11/2) ⊗ π (h11/2)
configuration [22]. In the present work, an experiment was
performed to identify and study γ -ray transitions from the
decay of excited states in 112Cs, using the RDT method. Five
(tentatively six) γ -ray transitions have been observed and
assigned to this nucleus.

II. EXPERIMENTAL DETAILS

The 58Ni(58Ni,p3n) reaction used by Page et al. [16] was
shown to produce 112Cs; the same reaction was used in
the present work. A 58Ni beam, with energy 260 MeV and
intensity ∼9 pnA, was provided by the ATLAS accelerator
system at Argonne National Laboratory. The beam was
incident on a thin, self-supporting 58Ni target with a thickness
of 565 μg/cm2. Gamma rays emitted at the reaction site
were detected using the Gammasphere spectrometer [23,24].
Gammasphere is an array of Compton-suppressed high-purity
germanium detectors arranged in 17 rings of constant polar
angle θ with respect to the beam axis. In the present work,

101 detectors were used. After the target, recoiling reaction
products were dispersed according to their mass-to-charge-
state ratio (A/q) by the Argonne Fragment Mass Analyzer
(FMA) [25,26], before being detected by a parallel-grid
avalanche counter (PGAC) at the focal plane and subsequently
implanted into a double-sided silicon strip detector (DSSD).
The FMA was set up such that evaporation residues with
mass numbers 108 � A � 116 and charge states 25 � q � 27
were transported to the focal plane. The DSSD had an area
of 32 × 32 mm2 and a thickness of 60 μm. It was divided
into eighty 400-μm-wide strips in each of the horizontal and
vertical directions on the front and back, respectively, resulting
in 6400 effective pixels. Data were recorded when either one
of two trigger conditions was satisfied: (i) when any signal was
recorded in the DSSD or (ii) when 13 or more unsuppressed γ

rays were detected in coincidence by Gammasphere. For the
results presented here, only the data triggered by the DSSD
were used. All of the recorded events included a 47-bit time
stamp from a continuously running 1-MHz clock, enabling
the absolute time of each event to be known to the nearest
microsecond. This microsecond clock was used throughout
this analysis to identify implant-decay time correlations.

It was expected that around 15 to 20 different evaporation
residues would be produced in the reaction, most of which
would have cross sections considerably larger than that
of 112Cs. Furthermore, several of these residues decay by
α-particle or proton emission, which complicate the RDT
analysis. In order to prevent unwanted evaporation residues
from being implanted into the DSSD, “mass slits” were
introduced into the path of the residues immediately before
the PGAC at the focal plane of the FMA. These slits were
positioned to stop all residues with A �= 112, thereby reducing
the overall implant rate in the DSSD and lowering the rate of
successive implants in any one pixel. The slits were set up to
allow residues with A/q values of either 112/27 or 112/26 to
reach the focal plane, resulting in an A/q spectrum consisting
of two separated peaks on flat (zero) background. However,
despite the use of the slits, overlapping A/q values and the tails
of neighboring A/q peaks remained issues to be addressed.

III. DATA ANALYSIS AND RESULTS

A. Gamma-ray coincidence data and reaction products

The beam irradiated the target for around 110 h, during
which time approximately 90 GB of data were written to
disk. In total, 1.2 × 109 events were recorded; 5.5 × 108 of
the events (46%) were triggered by the DSSD. Overall, the
γ -ray coincidence data had a mean suppressed γ -ray fold of 9,
while the data triggered by the DSSD had a mean fold of 6. The
off-line analysis was carried out with one-, two-, and three-fold
γ -ray events (single, double, and triple events). As a starting
point in the analysis, two-dimensional histograms (matrices)
and three-dimensional histograms (cubes) were created from
the unfolded double and triple events; unfolding resulted in
a total of 1.7 × 1010 double and 3.7 × 1010 triple events.
The spectra were analyzed using the codes GF3, ESCL8R and
LEVIT8R [27], and DATA-VIEW [28]. Analysis of the ungated (no
recoil condition) γ -ray spectra revealed that excited states were
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populated in at least 20 evaporation residues, with the most
intense being 112Te (4p evaporation), 111Te (4pn), 110Te (α2p),
109Sb (α3p), 109Te (α2pn),113I (3p), 112I (3pn), and 111Sb
(5p). In the spectra that were incremented in coincidence with
a signal in the PGAC, γ rays from 112Te and 112I dominated,
with peaks due to A �= 112 residues reduced significantly,
clearly illustrating the effectiveness of the mass slits. A
comparison of γ -ray intensities in spectra incremented by
events with γ -ray fold �13 (suppressed), with and without the
requirement of a recoil detected by the PGAC, indicated that
the FMA transmission efficiency was between 5% and 10%.

B. Recoil-decay tagging

The first step in the RDT analysis was to identify and
select the signals recorded by the DSSD that correspond to
112Cs proton decays. The best method to achieve this goal was
to study the relationship between the horizontal position of
residues in the PGAC (proportional to A/q) and the decay
energy. A two-dimensional spectrum of these parameters is
given in Fig. 1. The spectrum is incremented when decays
occur within 1500 μs of the implant into the DSSD. With a
half-life of 500(100) μs [16], this time condition will include
∼90% of the 112Cs decay events in the spectrum, while
eliminating any longer-lived decays. The spectrum in Fig. 1
clearly exhibits two distinct groups of counts, a lower group
and an upper group, corresponding to the A/q values of 112/27
and 112/26, respectively. In the lower (112/27) group, all of
the counts appear to fall into one main region, whereas in the
upper (112/26) group, the counts fall into three clusters. In
order to identify the origin of these clusters, the A/q values
were calibrated using the known positions of the 112/27 and

FIG. 1. Horizontal position in the PGAC, proportional to A/q,
plotted against decay energy recorded in the DSSD. The data are
collected into two main groups on the vertical axis: The lower
group includes A/q = 112/27 and the upper group includes A/q =
112/26. The positions of nearby A/q values are marked by horizontal
dashed lines. The clusters of data points corresponding to 109I
(A/q = 109/25) and 113Cs (A/q = 113/26) are labeled.
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FIG. 2. Panels (a) and (b) give the energies recorded in the DSSD
within 1500 μs of an implanted evaporation residue. Panel (a) is the
spectrum recorded from all of the data; although the mass slits are
in place, decays of 109I and 113Cs are also present due to overlapping
A/q values. Panel (b) is the same spectrum but with a tighter
restriction on A/q (horizontal PGAC position) in order to select only
A/q = 112/q residues. Panel (c) presents the time between implant
in the DSSD and the decay event; the data are presented in 100-μs
bins and are shifted by 70 μs to the left to account for the dead time
of the data-acquisition system. The data in panel (c) are consistent
with a half-life of 470(50) μs.

112/26 peaks. The upper two clusters of the 112/26 group lie
close to A/q values of 113/26 and 109/25, and they have been
assigned to 109I (Ep = 813(4) keV and T1/2 = 92(1) μs [13])
and 113Cs (Ep = 959(6) keV [16] and T1/2 = 18 μs [15]).
Further analysis of time differences between implants and
decays supported these assignments.

Decay-energy spectra recorded by the DSSD are presented
in Figs. 2(a) and 2(b). The spectra were incremented when a
decay occurred within 1500 μs of an implant. For the spectrum
in Fig. 2(a), no conditions were applied to the A/q values; the
113Cs peak at 960 keV is clearly visible, and the large peak
at ∼810 keV consists of counts due to both 112Cs and 109I
decays. For the spectrum in Fig. 2(b), it was required that
the A/q value of the decaying residue fell within either of
the 112Cs regions marked on Fig. 1. With this condition, the
113Cs peak is eliminated completely. As the 113Cs cluster lies
at a slightly lower A/q value than the 109I cluster (Fig. 1),
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this suggests that the 109I contribution to the large peak is also
eliminated. Measurement of the energy of the 112Cs decay peak
in Fig. 2(b) gives a value of 810(5) keV, consistent with 807(7)
keV measured in Ref. [16]. In order to measure the half-life of
the 112Cs proton decay, the times between implants and decays
were studied. With tight selection of the A = 112 regions of
A/q (Fig. 1) and on the 112Cs decay energy [Fig. 2(b)], the
times between implants and decays were grouped into bins of
width 100 μs, and decay times up to 4 ms were considered.
A logarithmic plot of these data is provided in Fig. 2(c). A
straight-line fit to the data up to 1.6 ms gives a half-life value
of 470(50) μs, which is consistent with that of 500(100) μs in
Ref. [16]. The cross section for the production of 112Cs in the
present data has been estimated from the number of observed
proton decays and accounting for detection efficiencies. The
deduced cross section of 40(20) nb is considerably lower than
the reported 500 nb value of Ref. [16]; the reason for this
discrepancy is not clear.

C. Tentative fine structure in 112Cs proton decay

An additional peak is observed in the decay-energy spectra
which also appears to be associated with 112Cs. This peak
can be seen in Figs. 2(a) and 2(b), immediately to the left of
the main 112Cs decay. On Fig. 1, small clusters of counts are
also visible on the left of the 112/27 and 112/26 clusters.
These counts correspond to the decay of a residue with an
A/q value consistent with assignment to 112Cs. In the data
analysis, various conditions have been set to test the validity
and significance of this observation. In doing so, it has not
been possible to eliminate the peak, and it must, therefore, be
concluded that it has a real physical origin and is not an artifact
of the analysis or of the low counting statistics. The energy of
the peak is 710(20) keV, and it has around 10% of the intensity
of the main 112Cs decay peak. The half-life of the decay
has been estimated, using the maximum-likelihood method
[29,30], to be 170+50

−30 μs. This observation would represent
fine structure in the proton decay of 112Cs. If this is indeed
a second proton decay in 112Cs, then the energy difference
between this decay and the known 112Cs proton decay is
100 keV. This is interesting since the daughter nucleus 111

54Xe
is known to decay by two α-decay branches with an energy
difference close to 100 keV [7,8]. The two proton decays
in 112Cs may populate the ground and first-excited states in
111Xe, which then decay by α-particle emission to the same
state in 107

52Te. The α-decay chains 111Xe → 107Te → 103Sn
and 109Xe → 105Te → 101Sn have recently been the subject of
significant interest, since the observation of α decay of 105Te
to 101Sn [31] and its fine structure [32] have given information
about the first excited state in 101Sn. However, with the low
numbers of counts and large uncertainties in the present work,
it is not possible to draw any definite conclusion about the
states in 111Xe.

D. Proton-correlated γ -ray transitions

In order to identify γ -ray transitions associated with the
decay of excited states in 112Cs, spectra were incremented
with γ rays which were correlated with the characteristic
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FIG. 3. Gamma-ray spectra recorded in this work. Panel (a)
presents the projection of all γ rays which are detected in coincidence
with a residue at the focal plane of the FMA; the largest peaks in the
spectrum belong to nuclei with A = 112 (112I and 112Te, as labeled).
Panel (b) shows γ rays correlated with proton decays of 810 keV
within 1500 μs of an implant. The spectrum exhibits unknown
transitions, which are assigned to the decay of excited states in 112Cs,
together with some known transitions in 109I. Panel (c) is the same
spectrum as panel (b), but with a tight condition on A/q = 112/q;
the 109I transitions are eliminated. Panels (d) and (e) are the same
as panels (b) and (c), respectively, but with the additional condition
that the decay occurs more than 300 μs after the implant, in order
to eliminate decays of 109I, which has a half-life of 100 μs. The
additional condition for panel (d) clearly eliminates the 109I transitions
in panel (b).

112Cs proton decays. Some γ -ray spectra resulting from this
analysis are presented in Fig. 3. For comparison with the
proton-correlated spectra, Fig. 3(a) gives the total projection
of the γ -ray data collected in the experiment. All of the labeled
peaks in the spectrum correspond to transitions in 112

52Te and
112
53I. The spectra in Figs. 3(b), 3(c), 3(d), and 3(e) are all

correlated with 810-keV protons but have different correlation
times and different A/q conditions. The spectrum in Fig. 3(b)
is incremented when any decays occur within 1500 μs of the
implant, but with no conditions on A/q. Four of the peaks
observed in the spectrum, at 538, 548, 594, and 644 keV, can
be assigned to transitions in 109I which, with a half-life of
92(1) μs [13], will decay within the 1500-μs correlation time.
The other peaks in the spectrum at 155, 272, 436, 792, and
818 keV do not belong to 109I and are, therefore, assigned to the
decay of excited states in 112Cs. In order to eliminate the 109I
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TABLE I. Properties of γ -ray transitions assigned to 112Cs. The
column labeled Eγ gives the γ -ray energies in keV. The values Imeas

γ

and I corr
γ give the measured and corrected intensities. The right-hand

column gives the assumed multipolarities of the transitions. For the
155- and 272-keV transitions, data are corrected for both M1 and E2
assignments.

Eγ (keV) Imeas
γ I corr

γ Mult.

154.6(0.6) 5(2) 6(3) M1
272.1(1.2) 9(3) 12(4) M1
435.6(0.6) 7(3) 12(4) E2
643.7(1.0) 5(2) 10(5) E2
792(1) 4(2) 9(5) E2
818(1) 3(2) 7(4) E2
154.6(0.6) 5(2) 7(3) E2
272.1(1.2) 9(3) 12(4) E2

γ rays from the spectrum, and to verify the assignment to
112Cs, a condition was placed on A/q to select only the 112/q

residues; the resulting spectrum is presented in Fig. 3(c).
Three of the 109I transitions in Fig. 3(b) are not present in
Fig. 3(c), but the 644-keV peak is present with lower intensity.
An alternative method to reduce the contribution from 109I is
to place a lower limit on the correlation time. The spectrum of
Fig. 3(d) is incremented when residues decay between 300 and
1500 μs from the time of implant and with no A/q condition
applied. With a half-life close to 100 μs, ∼90% of the 109I
residues will decay before 300 μs have elapsed. In Fig. 3(d),
three of the 109I transitions are eliminated, but the 644-keV
transition again remains, albeit with a reduced intensity.
Figure 3(e) gives the spectrum with both the A/q condition and
with the 300-μs lower time limit; the transitions assigned to
112Cs, with the exception of the 818-keV transition, still remain
above the background in the spectrum. As a result of this
analysis, the transitions assigned to the decay of excited states
in 112Cs have energies 155, 272, 436, 644, and 792 keV. The
properties of these γ -ray transitions are summarized in Table I.
The table gives the measured γ -ray energies together with
relative intensities, both measured and corrected for detector
efficiency and internal conversion, and possible multipolarity
assignments.

IV. DISCUSSION

A. Level scheme

On the basis of the relative intensities of the γ -ray
transitions, and a comparision with the level schemes of
the neighboring heavier odd-odd cesium isotopes, a possible
arrangement of the relative positions of excited states in 112Cs
is presented in Fig. 4. The presented level scheme assumes
that the 436-, 644-, and 792-keV transitions have stretched E2
multipolarity, whereas the 272-keV transition is of M1/E2
character. The M1/E2 assignment to the 272-keV transition
is primarily due to its lower energy but is also made on
the basis of systematic comparison with 114Cs. The relative
intensities for the 272- and 155-keV transitions in Table I
have been corrected under the assumption of both E2 and

FIG. 4. The proposed level scheme of 112Cs, deduced in this work.
Transition energies are given in keV, with uncertainties of around
0.5 keV. The transitions have been ordered on the basis of intensity
and by comparison to neighboring odd-odd cesium isotopes. Two
transitions with energies 155 keV and, tentatively, 818 keV have
been assigned to 112Cs but are not placed in this level scheme.

M1 multipolarities. The intensity of the 272-keV transition
does not appreciably differ whether correcting the intensity
for either possibility. Although the 155-keV transition has
been assigned to 112Cs, it has not been placed in the level
scheme. The 818-keV transition is not apparent in spectra
with the 300-μs lower limit on the decay time, and it has,
therefore, only been tentatively assigned to 112Cs. The spin
and parity assignments on Fig. 4 are made on the basis of
systematic comparison with excitation energies of neighboring
heavier cesium istopes, as discussed below, and are, therefore,
tentative. In Ref. [33], the ground state of 112Cs was proposed
to have Iπ = 0+ or 3+, through comparison of the measured
proton-decay half-life with calculations. In the neighboring
heavier odd-odd cesium isotopes 114,116,118Cs, decay from the
lowest observed state in the most intense rotational band to
the ground state is not observed. This is presumably due to the
low detection efficiency for low-energy transitions with the
apparatus used [20–22]. In 120Cs, decay of the 10+ yrast band-
head proceeds to the ground state by multiple low-energy,
low-intensity transitions which were observed through the use
of low-energy photon (LEPS) detectors [18]. It is possible that
a similar arrangement of low-energy, low-intensity transitions
will connect the states shown in Fig. 4 to the 112Cs ground
state. These transitions would be difficult to observe in the
present work. Thus, the spin assignments proposed here are
not inconsistent with the ground state Jπ values proposed in
Ref. [33].

B. Excitation-energy systematics and deformations

The neutron-deficient cesium isotopes are known to have
well-deformed ground states. Figure 5(a) presents the calcu-
lated quadrupole deformation parameters β2 for the odd-odd
cesium isotopes with 55 � N � 71 (110 � A � 126), taken
from the macroscopic-microscopic approach of Möller, Nix,
Myers, and Swiatecki [2], from the total-Routhian-surface
(TRS) method [34,35], and from a Hartree-Fock-Bogolyubov
(HFB) self-consistent mean-field approach [36]. All of these
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calculations reveal that the cesium isotopes with 112 � A �
126 are expected to have sizable ground-state quadrupole
deformations. At N = 57, 112Cs is predicted to have ground-
state deformation of β2 � 0.21–0.24. Consideration of how
the positions of single-particle orbitals vary with deformation
suggests that, like the immediately heavier odd-odd cesium
isotopes, the proton Fermi level for 112Cs will lie close to
the h11/2[550]1/2− orbital. For neutrons, the Fermi level will
lie close to the h11/2[541]3/2− orbital and to the g7/2/d5/2

[411]3/2+ and [413]5/2+ orbitals. In the neighboring heavier
odd-odd cesium isotopes, the yrast sequence is formed by the
rotational band built on the ν(h11/2) ⊗ π (h11/2) configuration.
It is possible that this is the dominant yrast configuration
in 112Cs; a systematic comparison of yrast bands in the
neighboring odd-odd cesium isotopes has, therefore, been
carried out. Figures 5(b) and 5(c) illustrate the excitation
energies in 112Cs in comparison to the lowest members
of the even-spin [signature α = 0; Fig. 5(b)] and odd-spin
[α = 1; Fig. 5(c)] sequences in the ν(h11/2) ⊗ π (h11/2) bands
of 114−126Cs. For 114Cs, just one sequence of E2 transitions
was observed [22]; the same data are, therefore, given on both
Figs. 5(b) and 5(c). In that case, analysis of excitation-energy
systematics suggested that the observed sequence has odd
spins (α = 1). It can clearly be seen in Figs. 5(b) and 5(c) that
the excitation energies vary smoothly with neutron number.
If the 112Cs data form a band based on the same underlying
configuration, then those data are likely to continue the trend.
The 112Cs data, as presented in Fig. 4, appear to be in
reasonable agreement with both the even- and odd-spin data,
and it is, therefore, not possible to make any spin assignments
based on this comparison. It is worth pointing out that, for
both the even- and odd-spin cases, the positions of the 112Cs
states would represent a slight decrease in the energy spacings,
corresponding to a larger moment of inertia and higher
deformation. If confirmed, this would be in contradiction to the
calculations [Fig. 5(a)] which all suggest that the deformation
decreases with decreasing neutron number below N � 63.

C. Aligned angular momenta

To investigate further the rotational properties of the band
assigned to 112Cs, its aligned angular momentum [43] has been
compared to theoretical predictions and to analogous bands in
neighboring nuclei. TRS calculations [34,35] were performed
for all likely configurations of the valence neutron and proton.
The deformations for all of the configurations were found to lie
within a small range with 0.186 � β2 � 0.211, 0.033 � β4 �
0.044, and −2◦ � γ � 12◦. Woods-Saxon cranked shell-
model (CSM) calculations [44,45] were carried out for de-
formations within this range. It was found that the frequencies
of alignment of the lowest pairs of quasiparticles do not vary
significantly over this range, so the data can be considered
using an average deformation. For β2 = 0.2, β4 = 0.04, and
γ = 0◦, the CSM calculations predict the alignments of pairs
of h11/2 neutrons at rotational frequencies of 0.35 (EF in
the usual nomenclature), 0.52 (FG), and 0.53 (EH) MeV/h̄.
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FIG. 5. Calculated quadrupole-deformation parameters β2 and
excitation-energy systematics of excited states for odd-odd cesium
isotopes with 110 � A � 126 (55 � N � 71). Panel (a) presents val-
ues of β2 from the macroscopic-microscopic calculations of Möller,
Nix, Myers, and Swiatecki (MNMS) [2], from TRS calculations
[34,35], and from HFB self-consistent mean-field calculations [36].
Panels (b) and (c) show energies of excited states in 112Cs in
comparison to the α = 0 [even spins, panel (b)] and α = 1 [odd
spins, panel (c)] sequences of ν(h11/2) ⊗ π (h11/2) bands in 114−126Cs.
The energies are shown relative to the 10+ [panel (b)] or 11+

[panel (c)] state in each nucleus. The data for 112,114Cs are the
same in both panels; for these nuclei, only one E2 sequence has
been observed, which has been assumed [22] to have odd spins. The
data for 114−126Cs are taken from Refs. [3,17,21,22,37–41] with spin
assignments from Ref. [42].
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FIG. 6. Aligned angular momenta of the ν(h11/2) ⊗ π (h11/2) odd-
spin (α = 1) bands in 112,114,116,118,120Cs. The data for 114,116,118,120Cs
are taken from Refs. [3,17,21,22]. For all data points, a reference
configuration with the Harris parameters [46] J0 = 17.0 MeV−1 h̄2

and J1 = 25.8 MeV−3 h̄4 [47] has been subtracted. A value of K = 3
has been assumed for all of the bands. The initial value of the aligned
angular momentum (∼8 h̄) and the CSM-predicted ν(h11/2)2 (EF) and
π (h11/2)2 (ef) alignment frequencies for 112Cs are marked.

The alignments of h11/2 protons are predicted to occur at 0.41
(ef), 0.62 (fg), and 0.64 (eh) MeV/h̄. The alignments of pairs of
positive-parity neutrons (AB) and protons (ab) (from the g7/2

and d5/2 subshells) are predicted to occur above 0.65 MeV/h̄.
The aligned angular momentum of the 112Cs band is presented
in Fig. 6 in comparison with odd-spin sequences of the
ν(h11/2) ⊗ π (h11/2) bands in 114,116,118,120Cs [3,17,21,22]. The
CSM-predicted positions of the first h11/2 neutron (EF) and
proton (ef) alignments at 0.35 and 0.41 MeV/h̄, respectively,
are marked on the figure. For 112Cs, the alignment predicted
at 0.35 MeV/h̄ is not observed and, although the data do not
extend beyond a rotational frequency of ∼0.37 MeV/h̄, there
is no evidence for the onset of an upbend or backbend at 0.41
MeV/h̄. The non-observation of these alignments is consistent
with the assignment of a ν(h11/2) ⊗ π (h11/2) configuration
underlying the 112Cs states, for which both of the first h11/2

alignments would be blocked. The upbend observed at around
0.47 MeV/h̄ in 114,116Cs is assigned to the second h11/2 neutron
(FG) alignment; this alignment is predicted to occur at 0.52
MeV/h̄ in 112Cs. It would be very interesting to extend the
data to higher spins to look for evidence of this alignment.

V. SUMMARY

In summary, excited states have been observed for the first
time in the very neutron-deficient N = Z + 2 112Cs isotope.
Five γ -ray transitions have been assigned to 112Cs by their
correlation with characteristic 112Cs proton decays, using the
method of recoil-decay tagging. The observed γ rays have
been arranged into a level scheme on the basis of intensity
measurements and the systematics of excitation energies of
the neighboring odd-odd cesium isotopes. Given the proposed
level scheme, the data show no evidence for the ν(h11/2)2

or π (h11/2)2 alignments, which are predicted to occur, or
begin, within the observable range of rotational frequen-
cies. This non-observation is consistent with an underlying
ν(h11/2) ⊗ π (h11/2) assignment. Furthermore, the spacing of
levels appears to decrease in 112Cs, compared to the heavier
odd-odd cesium isotopes, implying a larger moment of inertia
and larger deformation. This is in contradiction to various
predictions which all suggest the deformation should decrease
with decreasing N in this region. Some evidence has been
obtained for a second proton-decay branch in 112Cs with
proton energy 710(20) keV and half-life 170+50

−30 μs. Due to low
counts and large uncertainties, it is not possible to draw any
definite conclusion based on this tentative second 112Cs decay.
However, further investigation of this decay could provide
valuable information about the single-particle states in the
daughter nucleus 111Xe.
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