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ARTICLE INFO ABSTRACT

Article history:

Excited states have been studied in the deformed proton emitter 1'3Cs. Gamma-ray transitions have been
unambiguously assigned to 113Cs by correlation with its characteristic proton decay, using the method
of recoil-decay tagging. Two previously identified rotational bands have been observed and extended to
tentative spins of 45/2 and 51/2 h, with excitation energies over 8 MeV above the lowest state. These
are the highest angular momenta and excitation energies observed to date in any nucleus beyond the
proton drip-line. Transitions in the bands have been rearranged compared to previous work. A study
of aligned angular momenta, in comparison to the predictions of Woods-Saxon cranking calculations, is
consistent with the most intense band being based on the 7'r,g7/2[422]3/ZJr configuration, which would
contradict the earlier why1/, assignment, and with the second band being based on the J'rc15/2[420]1/2+
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configuration. The data suggest that the band based upon the 7hyy/, configuration is not observed.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

Four decades ago, mass calculations suggested that the very
neutron-deficient Z = 55 isotope ''3Cs would be unstable against
proton emission. A number of experimental searches for this new
type of decay ensued [1-3], leading to the establishment of proton
radioactivity in this nucleus by Faestermann et al. in 1984 [4]. Be-
ing one of the first proton emitters identified, ''3Cs has become a
nucleus of considerable interest in this field of study. Since the first
work, the ground-state proton decay of 13Cs has been the focus of
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several experiments [5-7] with the most recent studies giving de-
cay properties of T12 =16.7(7) ps [7] and E, =959(6) keV [6].
In the past 15 years, such characteristic proton decays have been
exploited in y-ray spectroscopy experiments using the technique
known as recoil-decay tagging (RDT), in which prompt y rays
emitted at a reaction site are tagged using spatial and tempo-
ral correlations of the decay of reaction products that have been
transported to the focal plane of a recoil spectrometer [8-10]. The
RDT technique has recently been demonstrated to work with cross-
sections down to at least tens of nanobarns [11]. The production
cross-section for 13Cs is around three orders of magnitude larger
than this value, rendering it an ideal case for detailed spectroscopy
at the proton drip-line using RDT. A study of rotational excitations
in 113Cs will allow the extraction of properties such as quasipar-
ticle alignment frequencies and moments of inertia, which can be
used to characterize intrinsic states and infer structural informa-
tion.

0370-2693/© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by
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The odd-A neutron-deficient cesium isotopes with A > 121
(N > 66) have been comprehensively studied in y-ray spec-
troscopy experiments [12-17]. Below A = 121, the isotopes
17119¢s have been studied in a high-spin, high-statistics j-ray
spectroscopy experiment, revealing a number of rotational bands
based on mwhy1,2, wg7/2, and ngg/lz orbitals: ten bands were ob-

served in 11°Cs [18] extending to 95/2 h, and three bands were
observed in 17Cs [19] extending to 71/2 h. Moving closer to
the proton drip-line, y-ray spectroscopy becomes increasingly
more challenging. The best way to produce these nuclei is to
use heavy-ion fusion-evaporation, but such reactions often require
neutron evaporation from compound nuclei which are themselves
very neutron deficient. Consequently, charged-particle evaporation
dominates, and production cross-sections for nuclei near and at
the proton drip-line are small, against a high background of more
prolific channels. Although the ground-state decay of the N = 60
isotope 11°Cs has been identified [2], to date, no excited states have
been reported; RDT cannot be used to study this nucleus as it does
not decay by proton or «-particle emission, and its production
cross section is very small, rendering in-beam y-ray spectroscopy
very difficult. The N = 58 isotope 113Cs has, however, been the
subject of two previous y-ray spectroscopy experiments. Both ex-
periments used the RDT technique applied to the >®Ni(°8Ni, 2pn)
reaction, at a beam energy of 230 MeV, for which the cross-section
was reported to be around 5 pb. In the first experiment, Gross et
al. [20] identified four y -ray transitions, which were tentatively as-
signed to be the yrast 7hy1,2 band. In the second experiment, Yu
et al. [21] observed two rotational bands, each consisting of eight
transitions, which were assigned to be based on why1,; and wg7,2
orbitals. In the present work, an experiment has been carried out
at the Accelerator Laboratory of the University of Jyvadskyld, us-
ing the RDT method to further study the excited states of 13Cs.
Transitions in the two previously observed bands have been rear-
ranged and new Yy rays have been observed, allowing extension of
the bands up to tentative spins of 45/2 and 51/2 h.

The reaction chosen for the present work was the same as that
used in Refs. [20,21]. The beam of >8Ni ions, with energy 230 MeV
and intensity ~1.5 pnA, was provided by the K130 cyclotron at
the University of Jyvdskyld Accelerator Laboratory, and was inci-
dent upon a 500-ug/cm? >8Ni target. Prompt y rays, emitted at the
reaction site, were detected by the Jurogam y-ray spectrometer,
consisting of 42 Eurogam Phase-I-type [22], Compton-suppressed
HPGe detectors with a total detection efficiency of 4.2%. Recoil-
ing reaction products were separated from the primary beam by
the RITU gas-filled recoil separator [23]. On exit from RITU, the re-
action products passed through a multi-wire proportional counter
(MWPC) before being implanted into double-sided silicon strip de-
tectors (DSSDs); the MWPC and DSSDs were part of the GREAT
spectrometer [24]. Data were recorded using the total-data-readout
data-acquisition system [25] in which a 100-MHz clock was used,
providing a timestamp on each detector signal, accurate to the
nearest 10 ns. In total, ~390 GB of data were recorded, consist-
ing of 1.2 x 10° prompt y rays, 1.6 x 10° DSSD implants (in time
correlation with MWPC), and 2.4 x 108 DSSD decays (no MWPC
correlation).

For the prompt y-ray data, a software y-ray coincidence win-
dow of 70 ns was applied, resulting in a mean y-ray fold of 1.4
and a total of 7x 10% Yy events. Examination of a recoil-gated yy
matrix revealed the dominant evaporation residues to be 112Te (4p
evaporation; 50%), 1131 (3p; 40%), 21 (3pn; 3%) and '“Xe (2p;
3%), with other products, including 13Cs, making up just a few
percent of the total prompt y-ray yield. Characteristic decay ener-
gies and half-lives of nuclei implanted in the DSSD allowed further
identification: proton decays of 112113Cs and 1991 were observed,
along with « decays of 198199Te and 101, Transitions in 1131 [26]

600 1 (a) Decays with 0<T<180 ps i
400 1
200 1
[2] - .
<
> 0
o
O 150 [ (b) Decays with 80<T<180 us b
i 969(8) keV |
100 | 3. .
- (32} _
o
50 | | g
O ‘l-“‘l T T T T T T T T T T T T
0 400 800 1200
Energy (keV)

8 T T T T T T T T T T T T
6 \\ T,,(1°Cs): 17.1(2) s 1
[ - N3 -
=}

Q 4r g
S L Wmmm
e ST
L () ~ i
0 1 1 1 1 1 1 I\\ 1 1 1 1 1
0 100 200 300
Time (us)

Fig. 1. Panels (a) and (b) show energy spectra from the DSSD. Panel (a) gives the
spectrum of decays recorded within 180 ps of an implant. The large peak at ~1 MeV
is attributed to ''3Cs proton decays; the high-energy tail on the peak is due to
pile-up of fast decays with the tail of the implant signal. Panel (b) shows decays
recorded between 80 and 180 ps after an implant; the pile-up tail is no longer
present, allowing the position of the proton-decay peak to be determined to be
969(8) keV. Also apparent on panels (a) and (b) is the peak at 813 keV due to
proton decays of 1%°1 (T4, ~ 100 ps) and 112Cs (T4, = 500 ps). Panel (c) gives the
time between implant and decay in the DSSD, gated on the 969-keV peak; the data
give a half-life of 17.1(2) ps.

and '13Xe [27] were also observed due to B-delayed proton emis-
sion.

An energy spectrum of decay products recorded in the DSSD
within 180 ps of an implant is shown in Fig. 1(a). The peak in
the spectrum at ~1 MeV is attributed to 1'3Cs proton decays. This
peak has a high-energy tail extending to ~1.2 MeV, which is due
to fast decays (within several ps) piling-up with the tail of the
most recent implant. Fig. 1(b) shows the same spectrum but with
the condition that the decay must occur between 80 and 180 ps
after an implant; the tail on the peak is no longer present and a
measurement of the decay energy can then be made. The energy
calibration of the DSSD was carried out using the 1%° proton-decay
peak at 813(4) keV [28] along with a-decay peaks for 198199Te and
110 [29], with energies between 3.0 and 3.5 MeV. The ''3Cs pro-
ton decay energy was then found to be 969(8) keV, which is close
to previous measurements, such as that in Ref. [6]. Decay times,
gated on the 969-keV peak, are shown in Fig. 1(c). A fit to the first
80 ps with a flat baseline subtraction applied gives the half-life
to be 17.1(2) ps, which is in good agreement with value of 17(2)
ps reported in Ref. [6] and that of 16.7(7) ps from Ref. [7], but
lower than the value of 33(7) ps from Ref. [5]. In total, approxi-
mately 18000 ''3Cs proton decays were observed. A consideration
of beam intensity, target thickness, and detection efficiencies sug-
gests that the production cross-section of ''3Cs is 20(10) ub, cf.
5 b reported in Refs. [20,21].

The total projection of a ¥y matrix incremented without selec-
tive gates is shown in Fig. 2(a). The majority of the peaks in the
spectrum correspond to transitions in 12Te and 1121131, Following
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Fig. 2. Gamma-ray spectra recorded in this work. Panel (a) gives the projection of a y matrix, incremented by all y rays that are detected in coincidence with an evaporation
residue at the focal plane of RITU; the largest peaks in the spectrum correspond to transitions in ''2Te (4p evaporation), 131 (3p), and I (3pn). Panels (b) to (g) show
y rays that are tagged with a 969-keV proton being emitted within 100 us of an implant (RDT gated), in which all of the labelled peaks represent transitions that have
been assigned to '3Cs. Panels (b) and (c) show the y (singles) and yy (doubles) projections, respectively. Panels (d) and (e) show y rays in coincidence with the 384- and
658-keV y rays, respectively, revealing different subsets of the ''3Cs y rays. Panel (f) shows y rays in coincidence with the transitions at 384, 508, 596, 616, or 737 keV;
the resulting transitions are assigned to Band 1. Panel (g) shows y rays in coincidence with the transitions at 511, 658, 719, 811, or 735 keV; the resulting transitions are
assigned to Band 2. The presence of the (92)-keV transition in panel (g) is discussed in the text.

identification of the '13Cs residues, the RDT technique was ap-
plied. The spectra shown in Figs. 2(b) to (g) show y rays that are
tagged with a 969-keV proton emitted within 100 ps of an im-
plant. With these conditions, Fig. 2(b) shows the associated y rays
(singles) recorded, and Fig. 2(c) shows the total projection of yy
data. Figs. 2(d) and (e) show y rays in coincidence with 384- and
658-keV transitions, revealing coincidence relationships with dif-
ferent subsets of the transitions from panels (b) and (c). Figs. 2(f)
and (g) show sums of spectra in coincidence with the subsets of
transitions apparent in the gated spectra in panels (d) and (e).
From the spectra shown in Fig. 2, around 20 y-ray transitions
were definitively assigned to '3Cs, along with several tentative
transitions. The energies and relative intensities of the transitions
are given in Table 1. The uncertainties on energy and intensity
are related to the strength of the transition although, for dou-
blet peaks, uncertainties in Gaussian fitting are significant. In or-
der to help determine multipolarities of the transitions, angular-

intensity measurements were carried out, at different values of the
polar angle 6, where 6 = 0° is the direction of the beam. Inten-
sities at 72° <6 < 107° (6 ~ 90°) were compared to intensities
at 133° < 6§ < 157° (0 ~ 145°), and the ratio R of these values
[1(~145°)/1(~90°)] was taken. The R values were calibrated us-
ing known transitions in '3 and '?Te, giving values of ~0.75
for pure stretched-dipole transitions and ~1.20 for stretched-
quadrupole transitions. Values of R are given in Table 1. Although
the degree of alignment for the lower-spin states is apparent, most
of the transitions assigned to 113Cs have R values consistent with
stretched-quadrupole character.

Coincidence relationships and relative intensities, have been
used to deduce the level scheme for 1'3Cs shown in Fig. 3. The
level scheme consists of two rotational sequences, labelled Band 1
and Band 2, each of which consists of around ten E2 transitions.
Both of the bands are in coincidence with low-energy transitions;
Band 1 is in coincidence with transitions at 74 and 91 keV, and
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Table 1

Properties of y rays assigned to ''3Cs. The columns labelled E, and I, give
gamma-ray energies and intensities, respectively. R gives the angular-intensity ra-
tios, as defined in the text. The last four rows give transitions in !'?Te and 131
which were used to calibrate the values of R.

Ey (keV) I, R Al T Iff Multipolarity
741(3) 50(20)  0.5(6)

91.0(2) 88(8) 1.1(5)

166.3(2) 10(2) 0.9(6)

383.9(2) 100(4) 097(7) 2 11/2%) — (7/21) E2
508.0(5) 60(6) 1.0(4) 2 (27/2%) - (23/2%)  E2
510.7(3) 60(7) 1.0(1) 2 9/21) > (5/2%) E2
596.2(2) 100(5)  1.03(9) 2 (15/2%) — (11/2%)  E2
610.0(4) 63(6) 1.5(3) 2 (13/2%) - (9/2%) E2
616.0(4) 51(11)  15(4) 2 (31/2%) —> (27/2t)  E2
617.9(6) 44(11)  14(3) 2 (29/2%) — (25/2t)  E2
658.4(4) 58(5) 1.4(1) 2 (25/27) — (21/2t)  E2
718.7(4) 80(6) 1.0(2) 2 17/2%) = (13/2t)  E2
735.1(6) 42(7) 11(4) 2 (33/2%) > (29/27)  E2
7371(4) 87(7) 14(2) 2 (19/2%) — (15/2t)  E2
744.8(5)  48(5) 0.9(3) 2 (35/2%) - (31/2t)  E2
793.3(7) 35(8) 1.8(6) 2 (37/2%) - (33/27)  E2
811.2(4) 65(13)  12(3) 2 21/2%) — (17/2%)  E2
813.7(5) 65(14)  12(2) 2 (23/27) — (19/2t)  E2
819.2(9) 37(10)  0.4(8) 2 (39/2%) — (35/27)  E2
852.3(8) 30(5) 3(2) 2 41/2%) — (37/2%)  E2
897.9(8) 28(4) 1.2(5) 2 43/27) - (39/2t)  E2
951(2) 17(6) 2 45/27) —> (41/27)  E2
958(1) 22(6) 2(1) 2 47/2%) —> (43/27)  E2
1050(2) 15(5) 2 (51/27) — (47/27)  E2
264 0.73(5) 1 13g E1
269 0.82(5) 1 N2Te E1
766 120(4) 2 13 E2
864 120(4) 2 N2Te E2

Band 2 is in coincidence with transitions at 74 and 166 keV. The
74-keV transition has therefore been placed as the lowest transi-
tion in the level scheme, in coincidence with both bands. The level
scheme presented here represents a modification of that presented
in Ref. [21]; the ordering of the transitions within each sequence
has been revised, and the bands have been extended by ~6 i by
the observation of several new transitions. In Fig. 3, the lowest
states in Bands 1 and 2 have been given spin assignments of X
and Y. On the basis of the configuration assignments discussed be-
low, it is proposed that X is 7/2 and Y is 5/2, and that both bands
have positive parity. The transitions at 74, 91, and 166 keV have
large uncertainties on the R values. A consideration of the ener-
gies and total intensities of these transitions suggests that they
are likely to predominantly be of M1 character. It is therefore pro-
posed that the 91-keV transition decays from the 7/2% bandhead
of Band 1, to a 5/27 state, which subsequently decays to the 3/2+
ground state. The 166-keV transition is proposed to decay from the
5/2F bandhead of Band 2 directly to the 3/2% ground state. There
is some evidence for a transition with energy close to 91 keV be-
ing in coincidence with Band 2, as shown in Fig. 2(g), which could
represent the transition from the 5/2% bandhead of Band 2 to the
5/2% state at 74 keV. The 3/2% assignment of the ground state
would be consistent with the systematic study of Delion, Liotta,
and Wyss in Ref. [30].

It should be noted that the bands observed here extend to spins
over 20 hi and energies in excess of 8 MeV above the lowest state
observed. These are the highest excitation energies and angular
momenta observed to date in any nucleus beyond the proton drip-
line. Prompt proton decay of the excited states would result in a
12x%e recoil which would be excluded from the RDT selection per-
formed here. An attempt has been made to search for 113Cs/112Xe
y-ray coincidences in the recoil-gated prompt y-ray data, but it
is unfortunately not possible to select the ''3Cs y rays by y-ray
gating only, due to the low production cross-section.

(X+22)__
113CS
1050
_ (Y+20)
(X+20)__ ¥
951
958
Y (Y+18)
(X+18) \ A
852
898
4 (Y+16)
(X+16)
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735
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719
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384 il
(X) (Y)
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Band 1 Band 2

Fig. 3. The level scheme of '13Cs deduced in the present work. The widths of the
arrows are proportional to the relative y-ray intensities. The values in parentheses
are spins relative to the lowest state in each band which have been assigned here
as X and Y for Bands 1 and 2, respectively. The spin and parity assignments are
discussed in the text.

The cesium isotopes with A < 125 are known to be reason-
ably well deformed (8, ~ 0.20-0.25) [31] and it is therefore ex-
pected that the energies of their excited states will vary smoothly
as a function of neutron number. The data for the lower states
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Table 2
Orbitals close to the Fermi surface in ''3Cs, together with the associated nomencla-
ture (Label).

Subshell Nilsson configuration Label
[NnzA]27™ a=-1/2 a=+1/2

Protons g7)2 [422]3/2% b a

ds;2 [420]1/2F d c

"l]]/z [550]1/2~ e f

h]]/z [541]3/2~ g h
Neutrons ds2 [411]3/2F B A

872 [42213/2% D C

h]]/z [550]1/2~ E F

h]]/z [541]3/2~ G H

Table 3

Deformations of configurations based on proton orbitals in ''3Cs. The left-hand col-
umn gives the orbital of the proton in the standard nomenclature. The other three
columns give the B, y, and B4 deformation parameters as calculated by total-
Routhian surface calculations at a rotational frequency of w =0.192 MeV/h.

v(, ) B2 y () Ba

a(+, +1/2) 0.205 ~1.1 0.041
b(+, —1/2) 0.199 0.0 0.036
c(+,+1/2) 0.201 +0.8 0.037
d(+,—1/2) 0.204 ~1.0 0.040
e(—,—1/2) 0.214 +6.6 0.044
f(—, +1/2) 0.217 —54 0.044
g(—,—1/2) 0.200 —-120.0 0.044
h(—,+1/2) 0.219 —-2.3 0.045

of the "3Cs bands are in reasonable agreement with the exci-
tation energy systematics of bands in 117119121123¢g 13 18,19];
in particular, the data for Band 2 in '13Cs appear to follow the
trends of the m(g7,2ds,2) bands rather well. Comparison of ex-
perimental aligned angular momenta with theoretical predictions,
together with the application of blocking arguments, can provide
information about the configurations underlying rotational bands.
In the present work, a procedure has been adopted whereby Total-
Routhian Surface (TRS) calculations [32,33] have been carried out
to determine the deformations of likely configurations of the odd
proton, following which these deformations were used in Woods-
Saxon cranked-shell-model (CSM) calculations [34] to predict prop-
erties of the quasiparticle alignments. With 8, = 0.207 [31], the
orbitals which lie closest to the Fermi surface are listed in Ta-
ble 2. The lowest-lying negative-parity proton orbitals are from
the h11/2[550]1/27 subshell (denoted as e and f in the standard
nomenclature) and the lowest positive-parity orbitals are from the
£7,2[422]3/2% (a and b) and ds/,[420]1/2" (c and d) subshells. It
should be noted that the a, b, ¢, and d orbitals are calculated to
be closer to the Fermi surface than e and f. TRS-calculated defor-
mations for the likely proton configurations are given in Table 3; it
can be seen from this table that the deformations are reasonably
constant with 8, ~0.2, 4 >~ 0.04, and y ~ 0°. The only exception
is the third negative-parity (g) configuration which has y = —120°,
but which is not expected to play an important role at low excita-
tion energies.

From previous studies of neighboring nuclei, it is expected
that the lowest quasiparticle alignments in ''3Cs will be due to
pairs of neutrons and protons in hii/ subshells. This expecta-
tion is consistent with CSM calculations performed here, where
pairs of both hq1,2 neutrons and protons are predicted to align
between ~0.3 and ~0.6 MeV/h. Quasiparticle Routhians from the
CSM calculations are shown in Fig. 4. The alignments of pairs of
positive-parity neutrons and protons are not predicted to occur be-
low ~0.6 MeV/h, which is beyond the limit of the observations
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Fig. 4. Quasiparticle Routhians from Woods-Saxon cranked-shell model calculations
for (a) neutrons and (b) protons. The calculations are performed for a deforma-
tion of B =0.20, B4 = 0.04, and y = 0°. The different line styles represent values
of parity and signature, (7, «), as follows: dashed lines (1,—1/2); dot-dashed
lines (—, +1/2); solid lines (+, +1/2); and dotted lines (+, —1/2). The two lowest
negative- and positive-parity quasiparticles, are labelled using the standard nomen-
clature. The positions of the lowest alignments for neutrons [EF; panel (a)] and
protons [ef; panel (b)] are marked by faint vertical dotted lines.

in the present work. Over the range of deformations of the con-
figurations in Table 3, CSM calculations show that there is very
little variation in the alignment frequencies of the first and sec-
ond pairs of hy1/2 neutrons (labelled as EF and FG) and protons
(ef and fg). Thus, the rotational frequencies at which these align-
ments occur should be very nearly the same in bands based on all
of the possible configurations. The CSM calculations predict that
the lowest quasiparticle alignment is the EF alignment at a rota-
tional frequency of ~0.34 MeV/h. This is shortly followed by the
ef alignment at a frequency of ~0.4 MeV/h. Subsequently, the FG
and fg alignments are predicted to occur at rotational frequencies
of ~0.5 and ~0.6 MeV/h, respectively.

Experimental values of the aligned angular momenta (ix) of
the 1'3Cs bands and some neighboring isotopes have been ex-
tracted according to the prescription given in Ref. [35] and are
shown in Fig. 5. For all data points, a reference angular mo-
mentum with Harris parameters [36] of Jp = 17.0 MeV~'fi%> and
Ji =25.8 MeV—3h* has been subtracted. Fig. 5(a) shows the iy
data for both 13Cs bands. The behavior of iy is very similar in
both bands, with a sharp backbend at ~0.35 MeV/h, followed by a
gradual increase, centered around ~0.45 MeV/h, up to the highest
frequencies observed (~0.55 MeV/h). The rotational frequencies at
which these features occur are very close to the predictions for EF
and ef alignments from the CSM. The similarity in the behavior
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iy suggests that the two !13Cs bands may be signature partners;
however, there is no evidence for any interband transitions, even
at the lowest spins. If the bands are not signature partners, then
each band consists of a single sequence of E2 transitions, suggest-
ing large signature splitting, characteristic of rotational bands built
on a low-£2 orbitals.

Fig. 5(b) shows the iy values for the 1'3Cs bands in compari-
son to the neighboring even-even nuclei '2Xe [37] (the even-even
core of 113Cs) and 1"#Xe [38]. It is clear that the general trend of
the iy data in the even—even nuclei is similar to the bands in '3Cs.
In 1Xe a backbend is been observed at 0.4 MeV/h followed by a
gradual rise in iy up to the highest observed rotational frequen-
cies. The similarity of iy behavior in '3Cs and 14Xe suggests that
the same pairs of quasiparticles may be aligning in both nuclei.
For 1'%Xe, in Ref. [38], the backbend at 0.4 MeV/h is assigned to
the ef alignment, whereas the gradual upbend that follows is at-
tributed to the EF alignment. The order of the EF and ef alignments
in 11%Xe is reversed compared to the CSM predictions, but this re-
versal has also been observed in other nuclei in the region [19,39].
In Ref. [21], it is proposed that Band 1 of ''3Cs has an underlying
mhyy/ configuration; in this case, the ef alignment in the band
would be blocked. It therefore follows that either the alignments
observed in 113Cs and 1'#Xe do not have the same origins, or that
neither band in 1'3Cs is based on a mhyq/2 configuration. At low
rotational frequencies, the difference in iy between the 113Cs bands
and the 112114Xe bands is, at most, 7/2 i for Band 1 and lower
than this for Band 2. These values of the initial alignment are con-
sistent with the 1'3Cs bands having 7 g7/, or 7ds)> configurations,
but are rather too low for a low-£2 7h11/2 configuration. For exam-
ple, even with an £2 =7/2 mhyy, orbital, which is expected to be
well above the Fermi level in 113Cs, the initial alignment would be
over 4 h. The iy data for 1'3Cs can also be compared to the neigh-
boring heavier cesium isotopes 1171191215 which were discussed
in Ref. [19]. With decreasing neutron number the first alignment

changes from a gradual upbend in '?!Cs to a clear backbend in
13¢s, As discussed in Ref. [19], this is likely to be indicative of a
reduction in the interaction strength.

Although it is possible to explain the observed alignment
properties using traditional CSM calculations, it should be noted
here that the effects of neutron-proton (np) correlations have
been shown to influence alignment properties close to N = Z.
In Ref. [40], the traditional CSM mean-field approach was ex-
tended to include isovector np pairing in nuclei near N = Z, and
such calculations were able to properly describe the alignments in
N~ Z, A>~70 nuclei. In Ref. [41], shell-model calculations were
performed for high-j intruder orbitals, which suggested that, for
prolate deformations, the alignment of one type of particles in a
high-j shell is delayed when the other type of particles is present
in the same high-j shell. This delay is expected to be maximized
for N = Z. Thus, for 113Cs, with N = Z 4+ 3 and with the Fermi
level for neutrons in the low-£2 hq1/, orbitals, it can be expected
that mwhy1/, alignment, in the presence of hij,; neutrons, will
be affected by np correlations. Although it is explicitly stated in
Ref. [41] that the results of the calculations should not be com-
pared with experimental data quantitatively, until they have been
performed with a more realistic shell-model configuration space, it
is likely that np correlations will play a role in '3Cs, and it would
be very interesting to explore this aspect further.

Considering the evidence discussed above, it is proposed here
that both of the observed bands have positive parity, with Band
1 being based on the [422]3/2" g7,2 orbital and Band 2 based
on the [420]1/2% ds/> orbital. The ordering of the observed align-
ments is not clear from the present data. Calculations suggest that
the first backbend at ~0.35 MeV/h is due to EF alignment, and the
upbend at ~0.45 MeV/h is due to the ef alignment. However, in
positive-parity bands in the heavier neighboring 117119121¢s [19],
and other neighboring nuclei such as ''“Xe, the order of these
alignments is reversed. The similarity in the i, behavior of the
two 113Cs bands would seem to make it unlikely that one of the
bands is based on a negative-parity (7h1/2) proton orbital, with
the other based on a positive-parity (7ds;2/g7,2) proton orbital. It
cannot be ruled out, however, that both bands are based on whi1,
orbitals, with the alignment frequencies shifted from the values
calculated by traditional CSM calculations. Presently, however this
seems to be less likely than the positive-parity assignments that
are proposed.

In summary, high-spin spectroscopy of the proton-emitting
nucleus 3Cs has been performed using the recoil-decay tag-
ging method. Over 20 y-ray transitions have been assigned to
13¢g by correlation with characteristic ''3Cs proton decays. The
13¢s proton-decay energy and half-life have been measured to be
969(8) keV and 17.1(2) ps, in agreement with previous work. Two
previously identified rotational bands have been observed. Transi-
tions in the bands have been rearranged in comparison to previous
work, and both bands have been extended to higher spins (tenta-
tively, Band 1 to 51/2% and Band 2 to 45/2%). A study of aligned
angular momenta is consistent with the lowest vhi1/; and why1,2
alignments occurring in both bands. If this is the case, then neither
band can be based on a why1/; configuration. It is then proposed
that Band 1 is based on the 7g7,,[422]3/2% configuration and
Band 2 is based on the mds,; [420]1/2" configuration. The effects
of np pairing correlations on the properties of rotational align-
ments in the high-j hy1/; subshell are expected to be significant,
and this aspect needs theoretical attention. In order to confirm the
interpretation proposed here, a search for the 7hy,2 band in 13Cs
would be of significant interest. It should also be noted here that
a study of excited states in 113Cs, for which there are presently no
experimental data, would help trace the evolution of structure in
the cesium isotopes across the proton drip line.
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