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Abstract

High-spin structures of the neutron-deficient 117:118.120X¢ isotopes have been studied by
in-beam p-ray spectroscopic techniques. The final nuclei have been identified by means of
charged-particle detectors. Collective rotational bands based on the neutron ds;2, g7/2 and
hyy/2 configurations have been identified in !'7Xe. In the even !!8Xe and !20Xe nuclei
several new side bands were observed and the previously known bands were extended. The
present level schemes include two positive-parity bands constructed to high spin in '#Xe,
whereas in 120Xe three such bands were observed. In order to explain these bands, both
proton and neutron (hy; /2)2 alignments, as well as the shape degree of freedom, have to
be invoked. The possible occurrence of a yS-band is addressed and a pronounced structural
change for more heavy Xe-isotopes is discussed. All negative-parity side bands are interpreted
in terms of proton two-quasiparticle excitations. The experimental data are compared with
total routhian surface calculations,

NUCLEAR REACTIONS 2Mo(328,xn2pa)!!7Xe,'8Xe, (3S,4p), E = 145 MeV;
106pg(180,4n), £ = 75 MeV; measured E,, I;, DCO ratios, yp-coin. 117118120,
deduced levels, J,n, y-branching, B(4) ratios, experimental routhians, aligned angu-
lar momenta. Enriched targets, array of Compton-suppressed Ge-detectors, 4z array
of Si charged-particle detectors, neutron detectors. Total routhian surface calculations.
¥S-band.
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1. Introduction

Nuclei in the 4 =~ 120 region are well suited for studying the effects of shape-driving
properties of different quasiparticle configurations. In this region the Fermi surface for
the protons lies close to the low-&2 hy;, orbitals, whereas for the neutrons it is situated
among the medium-& hy,, orbitals. Consequently, band crossings due to the alignment
of hyy;» neutrons as well as protons are expected at low rotational frequencies. However,
the protons and neutrons occupying the hyy; orbits closest to the Fermi surface favour
different nuclear shapes. The shape evolution of the Xe-isotopes predicted by mean-field
calculations [1] is quite in contrast to the smooth parameter dependence obtained by
the IBA-model calculations in this mass region {2,3]. However, a recent investigation of
odd Xe- and Ba-isotopes also yield a sudden change in the IBA-model parameters [4].

Recently, band crossings in several Cs-, Ba- and La-nuclei in the mass 4 ~ 120 region
have been investigated, and proton and neutron crossings were observed to take place
around Aw = 0.35 and 0.45 MeV, respectively [5-9]. In the neutron-deficient Xe-
isotopes the alignment occurring at the lowest frequency is believed to be due to the
hyy/> neutrons [10,11], while the role of the hy;/; protons in low-lying band crossings
has remained unclear. The situation is further complicated by the existence of a low-
lying y-vibrational band, the continuation of which to high spins will be discussed within
RPA-model calculations.

Although the ''7118120X ¢ jsotopes have previously been investigated in heavy-ion in-
duced reactions [10-15], the knowledge of the high-spin properties was quite limited.
In the present study the level schemes of these nuclei were largely extended by using the
NORDBALL Ge-detector array together with particle detectors. We have found that the
neutron-deficient Xe-nuclei show both proton and neutron alignments at about the same
rotational frequency. Some of the results have already been reported elsewhere [16,17].

2. Experimental methods

Excited states in '7118120Xe were populated by bombarding a 98% enriched, self-
supporting 1.2 mg/cm? thick Mo target with a *2S beam of 145 MeV energy. The 32§
beam was provided by the FN tandem plus booster accelerator system at the Niels Bohr
Institute, Denmark. The y-rays were detected in the NORDBALL detector array. In the
present experiment the array consisted of 15 Compton-suppressed Ge-detectors mounted
at three different rings at 79°, 101° and 143° with respect to the beam direction.

In compound-nucleus reactions leading to very neutron-deficient nuclei charged-parti-
cle emission is dominant and many reaction channels are open, For providing unambigu-
ous assignments of y-rays to certain final nuclei and for cleaning the data from undesired
channels, the detection and identification of evaporated particles is crucial. Therefore, for
detecting charged particles the NORDBALL detector system was complemented with a
Si-detector ball [18] consisting of 17 elements placed inside the Ge-detector system. The
average distance from the target to the Si-detectors was 2 cm. Each Si-detector, having
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a 170 um depletion thickness, was covered with a thin Au-foil preventing the scattered
heavy ions from reaching the Si-detectors. The experimental setup included also a neutron
detector system [19] consisting of 11 liquid scintillator detectors. The neutron multiplic-
ity information was not used for the Xe-nuclei, however, this information was crucial for
identification of some other nuclei from this experiment [6,7,20].

The recoiling nuclei were stopped in an Au-stopper 4 cm down stream from the centre
of the detector system. In the geometry used here the Ge-detectors in the ring at 143° had
a full view of the stopper, while the detectors at the other angles could see the stopper
only partly or not at all. This provides a chance to observe isomeric decays within the
coincidence time window of about 100 ns.

An event was written on the magnetic tape whenever at least two y-rays were detected
in coincidence with a charged particle. About 125 million events were collected in the
experiment. In the off-line analysis, coincidence matrices were sorted using different
particle conditions. In some matrices the statistics was relatively poor which, however,
was greatly compensated by the cleanness of the data.

Excited states in 2°Xe were also populated by using the %Pd (1*0,4n)'*°Xe reaction
at a beam energy of 75 MeV. The target was a 97% enriched self-supporting '%Pd foil
with a thickness of 1.1 mg/cm?. In this experiment 20 Compton-suppressed Ge-detectors
were mounted in the NORDBALL frame at four different angles. The total y-ray energy
and multiplicity were measured for each yy-coincidence event by an inner BaF; ball con-
sisting of 53 elements. This provided partial separation between the 4n-channel leading
to '2°Xe and disturbing 3n-, p2n- and p3n-channels populating states in '2!Xe, '?'I and
1201 respectively. In this experiment about 150 million events were collected.

The transition multipolarities were inferred from the measured DCO ratios. For deduc-
ing the DCO ratios the data were sorted into two matrices. The first matrix contained the
coincident y-ray pairs, where one of the y-rays was detected at 143° (x-parameter), and
the second matrix contained events, where one of the y-rays had hit a detector mounted
at 79° or 101° (x-parameter). In both matrices the y-parameter was the other y-ray in
the coincidence event. In this way all the data collected in the experiment could be used
for deducing the DCO ratios. Coincidence spectra were then constructed by setting iden-
tical y-gates in both matrices. In each rotational band several gates were set on clean
transitions. For the weakest transitions gated spectra were also summed to gain better
statistics. The DCO ratio is defined as

I, (E,;143°)

RED = 1~ 50y

(1)

The DCO ratio was normalized to R = 1.0 for stretched E2 transitions at high spin.
Within this normalization a value of R ~ 0.6 is expected for the stretched dipole transi-
tions.
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3. The level schemes

3.1. THE NUCLEUS 1"Xe

The level scheme of !'7Xe shown in Fig. 1 was constructed from the o2p and op gated
py-coincidence matrices. In these matrices transitions belonging to !'3Xe are dominating.
The strongest transitions in !!”Xe have intensities of about 10% of the 2* — 0* transition
in '8 Xe. Examples of background-subtracted spectra are presented in Fig. 2 and the y-rays
assigned to !'"Xe are listed in Table 1.

The ground state of ''”Xe has been assigned to have spin and parity %‘” [21]. The
decay from the —‘21 ~ state of band 1 into the ground state clearly indicates that the ground
state cannot belong to band 1. Since band 1 is the only negative-parity band expected
near the yrast line, the positive-parity assignment for the ground state is favoured. This
is further supported by comparison to neighbouring nuclei. The magnetic moment of
—0.594 un indicates predominantly a ds;» (§+ [4021) character, with some admixture
of the g7)2 (-25-+ [413]) orbital. In the present experiment two low-lying positive-parity
structures (bands 3, 4) were observed. Some of the lowest states in these bands have
previously been observed in S-decay work [13].

The yrast band (band 1) is based on the %’ [532] or %_ [541] configuration emanating
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Fig. 1. The level scheme of }!7Xe. Energies are in keV.



The y-ray energies, intensities and DCO ratios for the transitions as-
signed to 117Xe. The intensities are obtained from the axis spectrum
for the strongest transitions and for the other transitions from the co-
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TABLE |

incidence spectra

E, I, DCO ratio  Assigned L—I; Band
83.8 3.9(3) 34" 1
108.0  1.3(2) 3 -3 1
205.6 97.8(10) . 1-3
221 GH-3" 43
236 1.8(3)  0.34(8) v.I* 4-+3
244 <1 EA 4
2634 29.0(3)  0.52(4) YA 43
269.1 2.7(3)  0.45(6) EA 3
2715 18.4(5)  0.46(7) FAR N 3
2772 2.1{4)  0.32(9) $t-3" 34
271.9 a+_g* 3
286 $ 3% 4
305 BhH-47 3
309 EH-E" 3
386.4 14.5(7)  1.06(11) B3 1
400.7 100 0.84(4) yroiu- 1
4424 87(6)  0.83(7) A 4-3
450 BhH-4" 4-3
4502  18.6(6)  0.86(5) ur,z 4
4700 14.4(14) 0.48(7) 274"
4820 5.0(10)  1.1(3) ($hH-3" 4
507.7  4.5(5) 3737 4-3
5355 24.6(8)  0.92(6) progr g4
541.1 $r-3* 3
546.8 3.9(3)  1.24(14) grozr 3
555 1.8(4) Yroz+ 34
565  4.8(3) EH—-2% 4
576.6 16.0(20)  0.94(14) y.u- 1
582 BH-3" 3
582.3  72.0(12) 0.96(4) B8 1

421



422 8. Tormdénen et al. / Proton and neutron alignments

TABLE 1 —continued

E, I, DCO ratio  Assigned Li—~I; Band
614 2.4(5) BEH-47 3
6156 28.8(6)  0.99(7) L A
627  3.6(6) EFH-E" 4
645 EhH-Eh 3
645.6 7.1(4)  0.25(10) Y- 1
658.1 5.6(4)  1.10(14) 2
664.1 9.6(12)  1.13(14) gr.at g4
668.7 5.4(4)  1.10(15) 2
6819 243(6)  0.92(8) propt g4
695.5 6.7(5) 1.23(20) i -u- 1
7141  518(10) 0.95(4) RTLyT g
7460 3.0(6)  1.00(15) yrogr 4
758 3.1(9) -7 251
759.3  8.1(14)  0.97(10) ym-p- 1
767 5.4(6)  0.9(2) -2 -4
771 2(1) (-3~ 1
803 3.3(7) -2 g
821.7 29.0(7)  1.03(5) e
845 2.7(7) EhH-3* 4
900  5.0(15) EH)-¥ 1
904.0 15.1(14)  1.00(5) y--" 1
911 2.9(6) 37 241
925.9 12.9(7)  0.87(11) 237
936 0.8(4) 2H)-3F 1
967 4.4(5) -¥7 2
1009 1.0(5) EH-EH 1

from the neutron hyy,; state. This band was tentatively observed up to the ¥~ and ¥~
states in the favoured (o = —1) and unfavoured (a = }) signatures, respectively. In
an earlier experiment by Chowdhury et al. [12] this band has been identified up to the
%_ and %_ states in the favoured and unfavoured signature, respectively. The bottom
part of the band has so far remained unclear. The shape of the 205.6 keV line in the

Doppler corrected spectrum of Fig. 2a indicates the existence of an isomer. Chowdhury
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Fig. 2. Sample coincidence spectra for }!7Xe. The peaks labelled by energy are placed in the !!7Xe
level scheme. The peaks labelled with an asterisk are due to contaminants,

etal. [12] proposed that the state at 205.6 keV would be the % ~ member of the hyy, band.
However, in the -decay work by Marquier et al. [13] the 206 keV state was assigned to
have I" = %_. In our experiment a weak 108.0 keV transition (c.f. also ref. [13]) was
observed in coincidence with the 205.6 and 386.4 keV transitions. We propose that this
108.0 keV line is due to the g_ — %° transition. Consequently, the decay from the %_
state to the %— state proceeds via an unobserved 24 keV E2 transition. The 108.0 keV
transition passes the isomeric state, since in the spectrum gated on this transition, the
205.6 keV line has only the flight component. Thus it is the state at 230 keV which has
the isomeric character. From the intensity of the 205.6 keV transition in different spectra
we estimate that the half-life of the isomeric state is less than 100 ns. Comparing to
'19Xe [22] and assuming a similar reduced transition rate for the 1~ — ]~ transition a
lifetime of about 80 ns is expected for the 4~ state in ''"Xe.

Band 2 shows only two transitions. This band is connected to band 1 by three transi-

tions, whose character could not be determined.

3.2. THE NUCLEUS !18Xe

Information on the nucleus !'®*Xe was obtained from the ap- and a2p-gated coincidence
matrices. The level scheme of !'®Xe is shown in Fig. 4. The y-rays assigned to '"*Xe are
listed in Table 2 together with their DCO ratios. Examples of background-subtracted
spectra are presented in Fig. 3.
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TABLE 2

The y-ray energies, intensities and DCO ratios for the transitions as-

signed to !18Xe. The intensities are obtained from the axis spectrum for

the strongest transitions and for the other transitions from the spectra
gated on the lowest transitions in each band

E, I, DCO ratio  Assigned L, — I Band
150.8 «<1.2 -5~ -2
1573 <1 9-—(8-) 1
190.7 <1 10— 1 —
246.7 3.2(2) 0.67(3) 107 -9~ 1
255.5 1.1(2) 1.0(2) 12+ 12+ 4-Y
268.8 4.1(2) 0.61(3) 11-—=10~ 1
287.0 3.8(3) 0.71(8) 9= —9- 1—2
319.5 3.7(2) 0.70(3) 12==11- 1
337.6 105(2) 0.68(1) 2+ 0+ Y
3447 3.5(2) 0.63(4) 13— =12~ 1
3846 3.0(2) 0.62(4) 14——13~ 1
403.9 2.3(3) 10-—=(87) 1
407.1  2.2(2) 0.83(7) 15-—14— 1
418.5 1.6(5) 8 )— 1—
4239 1.4(2) 1.0(2) 7-—>5- 2
438.5 2.5(3) 0.80(15) 10+ —10+ 4-Y
439 <1 3+ 2+ y
441.7 1.4(3) 0.53(4) 16——15— 1
4573 1.2(3) 1.2(4) 8-)—(6") 3
457.7 1.3(2) 0.96(15) 17-—>16~ 1
473.1 100(2) 0.83(1) 4+ 2+ Y
4879 <1

488 1.2(2) 1.0(2) 18— =17 1

490 1.2(2) 1.0(2) 19-—18~ 1
501.0 11.5(4) 0.83(3) 9-—7- 2
5133 1.9(4) 4+ 2+ v
515.4 4.7(5) 1.11(15) 117-9~ 1
539.2  3.5(5) 1.05(12) (10-)—~(8") 3

547 <1 (6~)—-5" 32
556.5 5.5(10) 6t —4+t y
557.2  2.0(5) 5t-3+ y

558 <1 3t o4+t y—Y
587.0 94.8(8) 0.92(1) 6+ -4+ Y
588 4.5(8) 0.91(2) 12-—10~ 1

591.5 24(4) 2+ 2% y =Y
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TABLE 2 — continued

E, I DCQO ratio  Assigned I,—Fp Band
593.0  7.0(4) 0.85(4) 12+ —10+ 4
600.8 1.9(3) 0.53(7) 6t—6+ y =Y
623.2  20.1(8) 0.84(2) 117 =9~ 2
628.0 5.5(1) gt—gt y
629.5 4.5(1) 10+—8+ 47y
631.7 4.0(1) 4+ 4+ ¥y—Y
637.6 5.8(4) 0.99(6) (12-)¥-{10—y 3
638.2 2.8(3) T+ 5+ ¥
664.6 5.3(8) 0.92¢10) 13- —11— i
6769 67.9(12} 0.96(1) 8t bt Y
682 1.6(5) 9+ -7+ y
692.3 7.2(5) 0.91(4) 14+ 12+ 4

710 <1 (11+)—=(9%) Y
719.2  18,7(9) 0.97(3) 13- -11- 2
727 <1 11~—10+ 2-Y
730 6.4(12) 0.94(6) 14— —12- 1
7369  3.7(5) (147)y—(127) 3
742.8 40.9(8} 0.95(2) 10+ -8+ Y
776.2  27.4(8) 1.01(2) 12+ 10¥F Y
776.2  24.1(8) 1.01(2) 14+12+% Y
780 <1 217 — 2—
788.1 16.7(10) 1.01(2) 16t —14+ Y
791.8  4.1(7) 1.04(15) 15~ =13~ 1
796.7 11.2(5) 1.08(4) 15——13" 2
815.8 6.6(6) 0.94(8) 16+ —14+ 4
826.8 3.9(4) (167)—~(14™) 3

843 2.4(4) {(18=)— (16"} 3
8464 20(2) 0.59(6) 9= 8+ Y
847.2 11{2}) 1.01{5) 18+ 167 Y
849 2.7(8) 0.73(3) 16=—14~ 1
860.6 3.7(3) 0.94(8) 2™ 519~ 2

862 2.6{(4) (2073—-(13—) 3
867.8 7.4(4) 1.03(5) 17— 15— 2
886.7 4.8(3) 0.85(4) 197 =17~ 2
899.3 3.5(8) 0.89(6) 17— —15- 1

909 1.5(3) (227)—-(20") 3
9258 6.9(8) (8 )8+ 3-Y
929 <} 2+ 0t y—=Y

425
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TABLE 2 — continued

E, I DCO ratio  Assigned [—1I¢ Band
929.6 4.2(6) 1.06(5) 18t —16* 4
931.8 6.3(7) 1.02(4) 20+ —18+ Y
946 2.9(9) 0.99(10) 18— —16~ 1
967.2 1.6(3) —17" —2
978 2.0(7) 1.1(2) 197 —17"

989.9 2.5(3) 0.97(7) 23— 21 2
1020 <1 (4)—(227) 3
1022.3  16.0(10) 0.56(5) 7~ —6+ 2-Y
1023.5  7.0(10) 1.01(7) 22+ 520+ Y
1031 <1 3t2+ 7 =Y
1032.7  2.1(3) 0.85(8) 20+ —18%* 4
1094 <l (22+)-20* 4
11049 <1 4+ 2+ y =Y
1113.1  2.0(4) 5t -4+ y =Y
11153  4.3(2) 1.02(6) 24+t -22+ Y
1118 2.4(4) 1.04(15) 2523~ 2
1133.6  3.3(4) 0.48(9) 98+ 1—-Y
1145 <} (6~ )—b% 3-Y
1156 1.8(3) 1.2(2) 27725 2
11854 2.7(5) 0.6(2) 5- 4+ 2—-Y
1188 2.0(5) —8+ =Y
1196 <1.2 (297 )—27— 2
1199.0 3.2(2) 1.01(9) 26+ 24+ Y
1235 2.0(5) —6% -Y
1262.3  2.1(2) 0.86(13) 30+—28+ Y
1272.7  1.9(2) (32+)-30* Y
1281 <1 (317)-(29")y 2
12844 2.7(2) 0.8(2) 28+ 26% Y
1312 <1.1 (34+)—(32%) Y

The yrast band of '*Xe could be extended from the known 16* state [10] up to the
tentative I™ = (34%) state when assuming a continuation of stretched E2 transitions
above I = 30%. At lower spins the E2 character of the yrast band transitions is evident
from the DCO ratios.

The negative-parity band 2 could be extended from the known 5928 keV state by 7
new transitions up to the state at 13416 keV in excitation energy. The observed DCO
ratios for the transitions from the states at 2420 and 2921 keV to the ground-state band
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Fig. 3. The level scheme of !'8Xe. Energies are in keV.

{g.s. band) support the previous spin and parity assignment of ref. [10].

The weakly populated band 3 has most likely negative parity and might be the signature
partner of band 2. Note, that a very similar band is observed in '*Xe (see subsect. 3.3).
The properties of the negative-parity bands are discussed more in details below.

Band 1, which consists of two 47 = 2 cascades connected by AT = 1 transitions, was
previously known from the 3208 keV level up to the 4388 keV level {10]. This band was
extended with seven new high spin states. At the bottom of the band one new state at
3051 keV was added. The spin assignments in this band are based on the DCO ratio of
the 1133.6 and 287.0 keV transitions. A part of the intensity of band 1 is not accounted
for by the observed transitions decaying out of this band. This implies, that there must
be more levels below band 1, which are not identified in our experiment.

In the present work the previous results of ref. [10] for the y-band were confirmed.
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Fig. 4. Sample coincidence spectra for 18Xe, The peaks labelled by energy are placed in the !18Xe
level scheme.

Furthermore, the o = 1 sequence was extended by one transition.

Band 4 was earlier known up 1o the 5357 keV level and it was tentatively assigned to
have even spins and positive parity [10]. In the present study this band was extended by
three transitions. Qur data support the earlier spin and parity assignment, since the DCO
ratio of the 628.04+629.5 keV transitions is close to unity as expected for stretched E2
transitions. The DCO ratios for the 438.5 and 255.5 keV transitions are also consistent
with the adopted spin values, It should be noted that no transition from the 10* state of
band 4 to the 8% state of the yrast band was observed.

3.3. THE NUCLEUS 2%Xe

The level scheme of '2%Xe, as obtained in the present investigation using the **Mo (32S,4p)
and P4 (1*0,4n) reactions, is displayed in Fig. 5. In the former reaction a very clean
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Fig. 5. The level scheme of 12%Xe obtained in the present work.

coincidence matrix, with rather poor statistics, was obtained for '2°Xe by requiring four
protons in coincidence with y-rays. The latter measurement gave much better statistics.
A number of new transitions could be added to the previous level scheme {11,14,15] of
120Xe. Our level scheme departs in many details from that of Goswamy et al. recently
published as a short note [15]. The p-rays assigned to ?°Xe in the present study are listed
in Table 3 together with their DCO ratios. A sample of coincidence spectra is shown in
Figs. 6 and 7. In Figs. 5 and 3 the related bands have the same labelling. Additional bands
in 2°Xe are labelled as 5 and 6.
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Fig. 5—continued.

supported. We have observed the 1096 and 1190 keV transitions and a new 1283 keV
transition to be in cascade above the I™ = 227 state.

The second positive-parity band (band 4) decays at I = 12 and 7 = 14 to the yrast
band and at spin 10 to the p-band, which is in disagreement with the scheme of Goswamy
et al. [15]. They suggest that a sequence of the 798.1 and 933.0 keV transitions would
feed the yrast 121 state via a 689.5 keV transition, whereas we observed transitions of
about the same energies in coincidence with the even-spin sequence of the y-band, see
Fig. 6. The 242.0 and 1046.1 keV transitions present in the summed spectrum gated on
the 592.6 and 690.3 keV transitions emanate from the latter gate. Note, that the 592.6
and 672.4 keV transitions were previously placed in the y-band [14,15]. The DCO ratios

The yrast band in '2*Xe was extended to I” = (28%). A spectrum gated on the 22* —
20* transition is shown in Fig. 6. Our level scheme for this bandupto 7 = 22% isin
agreement with that of Goswamy et al. [15]. Above I* = 22* they have placed the
1095 and 1190.8 keV transitions in parallel and a 1097 keV transition in cascade with
the latter one. In the present work, the existence of the 10954 1097 keV doublet was not



S. Tormdnen et al. / Proton and neutron alignments 431

TABLE 3

The y-ray energies, intensities and DCO ratios for the transitions assigned

to 120Xe from the '%Pd(180,4n) reaction. The intensities are obtained

from the axis spectrum for the strongest transitions and for the other
transitions from the coincidence spectra

E, I DCO ratio  Assigned f;— /¢ Band
59.5 0.3(1) 6= —5 1—-6
73.5  1.3(3) 9-—(8") 1-6
99.5 0.4(1) 1.0(2) 7--7- 6—1

102.5  0.6(2) 0.48(8) 10-—>(9") 1-6

109.0 1.8(1) 1.21(12) (87)—8~ 6—1

131.2  0.8(2) 1.2(2) (97)-9- 6—1

136.6 1.8(1) 0.52(4) 8~ —7- 1

149.2  0.7(2) 1.22(8) 14+ —14+  4-5Y

1824 6.1(2) 0.93(6) 9~ —8~ 1

183.8 0.3(1) 0.82(11) 6——6~ -3

191.8 0.7(1) 1.00(9) (107)—10" 6—1

2040 0.7(1) 0.94(12) (117)->11- 6—1

219 0.2(1) 9= -7 1-6

2341 9.0(3) 0.76(3) 10— -9~ 1

239.4  3.5(5) 0.85(5) 8§ —6~ 1

242.0 1.0(2) 1.05(19) 12+ >12+ 4-Y

245.2  0.4(1) 87)-7- 6—1

256.2  0.5(1) 0.76(10) (127)—12- 6—1

265.0 6.9(3) 0.74(3) 11m—>10~ 1

265 0.7(2) (137)—13~ 6—1

274 <0.5 —14- 6—1

3079 6.1(3) 0.66(3) 12=—11- 1

318.9 6.8(3) 0.83(2) 9= 7" 1

322.4  105.0(10) 0.73(1) 2t 0%+ Y

336.3 3.7(4) 0.68(3) 13- —12~ 1

371.8  3.0(2) 0.70(4) 14— —13~ 1

387 (14+)—>14+ 5-Y

394.7  2.5(2) 0.60(7) 15-—14- 1

396 1.0(2) 0.59(4) 3+o2t 4

416.6 17.1(3) 0.75(4) 10— —8~ 1

417 <05 5+ 4+ y

420.8 1.7(2) 0.67(9) 16— —15- 1

440.1 1.1(2) 0.74(8) 1716~ 1

458.9 0.6(1) 0.94(10) 8§~ —6~ 3

462.5 0.7(2) 0.70(10) 18~ =17~ 1
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TABLE 3 — continued

E, I DCO ratio  Assigned Ij—1I¢ Band
472.7 <1.0 8——>7- 1-2
473.5 100.0 0.83(2) 4+ 2+ Y
476 3.3(4) 0.81(8) 9= =7 2

476 <0.5 3+t 4+ y—Y
480.1 0.7(2) 19-—18~ 1
481.1 1.4(2) 0.87(6) (12+)—12%+ 5—-Y
499.3 7.6(3) 0.82(3) 11—-—9~ 1

500 <1 0.6(2) (207)—19- 1
507.5 0.8(2) 0.54(7) 8- -7+ 1—y
507.7 0.5(1) 0.37(5) 8- —7- 32
525.2  3.2(3) 0.70(5) 4+ 2+ y
5322 2.5(1) 0.87(7) 10— -8~ 3
545.5 4.2(2) 0.80(3) 5+—3+ y
553.6 3.7(3) 0.60(10) 2+ 52+ y =Y
564.4 1.0(2) 0.30(3) 10 -9~ 3-2
573.5 6.3(2) 0.90(4) 12-—-10" 1

576 0.2(1) 127 —-11~ 32
585.1 5.5(4) 0.75(5) 6t —4+ y

589 <1 6t -6+ y =Y
592.6 2.5(3) 0.97(9) 12+—>10* 4
601.5 86.7(10) 0.90(2) 6t —4+ Y
605.2 4.0(5) 4+ -4+ y =Y
621.0 10.5(4) 0.95(3) 11— —-9- 2
632.1 3.7(1) 0.90(10) 12=—10- 3

637 0.5(1) (127)—=(10") 6
643.8 3.5(4) 1.03(5) T+—-5+ y
6443 4.0(4) 0.83(6) 137 =11~ 1
656.2 1.2(3) 0.53(11) 6~ —5 I—
657.5 0.7(1) 0.90(13) 13— —11~ 2-1
668.2 4.9(4) 0.85(10) 8+ -6t y
672.4 2.6(3) 0.83(11) 10+ -8+ 4y
690 (14+)—>(12+) 5
690.0 4.0(3) 1.12(10) 14+ 12+ 4

702 <1 13— —=11- 1-2
702.3 54.2(8) 0.97(2) 8§+ -6+ Y
705 <0.4 (137)—=(117) 6
707.7 5.1(4) 1.00(5) 14— =12~ 1
713.6  2.2(4) 1.05(6) 9+t 7+ y
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TABLE 3 —continued

E, I, DCO ratio  Assigned [;—1I; Band
7149 11.8(5) 1.08(5) 137 =11- 2
719.5 2.4(4) 0.65(6) 11-—10t 2-Y
721.0 2.8(3) 1.00(6) 14— —12- 3
726 (14=7)—(127) 6
732.4 0.3(1) 7-—8+ 1-Y
742.6 0.4(1) 0.85(9) 6——6t -y
759.8 2(1) 1.02(9) 11+ -9+ y
762 (13+t)—11+ y
766.5 3.4(2) 0.95(6) 15— —>13~ 1
773.6 43.0(8) 1.00(2) 10+ -8+ Y
773.6 16t —14+ Y
779.4 8.1(4) 1.05(4) 15-—13- 2
782.7 14.5(10) 1.03(3) 14+ 12+ Y
789.8 1.2(3) 1.10(10) (161)—(14*+) 5
792.7  0.3(1) 0.81(16) 15 =13~ 2—1
797.5 3.0(3) 0.98(5) 16+ —14+ 4
803.3 2.4(3) 0.98(7) 16=—14~ 3
804.1 24.5(4) 1.00(2) 12t —-10+ Y
815.1 2.6(2) 1.20(10) 16— —14~ 1
818.7 7.2(3) 0.99(3) 18+ 16+ Y
820 1.1(2) (18t)—(16%) 5
844.2 5.7(3) 1.00(8) 17-—15— 2
860.9 2.9(3) 0.97(6) 17-—15— 1
864 <1 (20+)—>(18+) 5
872.3 10.7(3) 0.55(2) 9-—8+ 2-Y
876.0 1.2(2) 2+ -0+ y =Y
882.7 1.7(2) 1.00(10) 18— =16~ 3
902.8 0.8(2) 1.04(7) 18— —16~ 1
904.4 3.2(3) 1.00(4) 20t —18+ Y
904.5 1.0(1) 0.89(6) 8§——8+ 3-Y
904.6 3.5(2) 0.89(6) 197 17— 2
911.9 0.5(2) 0.52(12) 6——5+ 11—y
932 <1 14+ 512+ 4-Y
933 1.5(5) 0.92(11) 18+ —16+

937.3 1.1(1) 0.90(15) 20— —18~ 3
942.6 1.4(3) 1.11(12) 19=—>17—

949.6 2.5(3) 3+ 2+ y =Y

955 0.7(1) 0.96(10) 22~ —20- 3
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TABLE 3— continued

E, I DCO ratio  Assigned ;-1 Band

965.0 2.3(3) 1.02(9) 217 =19~ 2

980 1.4(5) (20m)—18~ 1

981 0.6(2) 20+ )—18* 5—-4

999.7 1.8(2) 1.01(7) 22+ 20 Y
10117  L3(3) (23—)-21~ 2
1014 1.9(5) (217 )y—19— 1
1016 <0.5 (24—)-22- 3
1022 2.6(4) 5+t 4+ 7 =Y
1046.1  2.7(3) 0.80(15) 12+ 10t 4—-Y
1064.0 1.0(3) T+6t y =Y
1065 0.5(1) (257)—-(237) 2
1075 <0.5 9+ 8+ y —-Y
1079 0.20(7) 4+ 2+ y -Y
1088 (20+)—18%* 4
1096 0.7(2) 1.01(13) 24+ 22+ Y
1098.7  8.1(3) 0.62(1) 7-—6t 2-Y
1127 <0.5 (27-)—(25") 2
1147 <0.5 (29-)—(27") 2
1147.8  0.6(1) 0.85(5) 6~ —6* 3-Y
1160 0.2(1) (26—)—(247) 3
1170.8 1.4(2) 1.2(2) {14+)—12% 5-Y
1178.0 1.2(2) 1.0(2) (16+t)— 14+ 5-Y
1190 <1 (26+)—24% Y
1225 0.7(3) (18+)—16% 5-Y
1268.6 0.8(3) 0.66(8) 54+ 6— y
1276.9  2.2(2) 0.49(5) 5—4%t -Y
1283 <0.5 (28+t)—(26%) Y
1285.2 (12+)—10+ 5-Y
14348 10.0(5) 0.534) 76t =Y
1516 0.7(2) —6+ —Y
1533.7  3.2(3) 0.63(6) 7-—6F —-Y

obtained for the 672.4 keV transition connecting band 4 to the y-band, as well as for
the four lowest transitions in band 4, are consistent with a 41 = 2 quadrupole character
resulting in the spin and parity assignments shown in Fig. 5. Our spin assignments are
also supported by the DCO ratios measured for the 149.2 and 242.0 keV transitions
connecting band 5 to the yrast band. Note, that in subsect. 3.2 we reported a very similar
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Fig. 6. Sample coincidence spectra from the 196Pd (180,4n)!20Xe reaction. The peaks labelled by
energy are placed in the !20Xe level scheme. Peaks labelled with an asterisk are due to contaminants.

band in '¥Xe.

A weakly populated cascade of y-rays, band 5, was also observed. The states of this
band feed the I™ = 10% — 167 yrast states. The DCO ratios for the connecting 481.1,
1170.8 and 1178.0 keV transitions suggest positive parity and even spins for band 5.

Rouabah et al. [11] have reported a band built on a 10* state at 2631 keV. Inref. [15]
this band was extended by two new transitions, and the band head was changed to 8*. Our
data show that this band was incorrectly placed in the level scheme, see Fig 7. We observed
a cascade of y-rays (band 3), including the transitions observed in refs. [11,15], forming
a band built on a 6 state at 2545 keV. This band is connected to another negative-parity
band (band 2) by three transitions. The very small DCO ratios (& 0.3) deduced for these
transitions, are consistent only with 47 = 1 transitions having negative E2/M1 mixing
ratios. Band 2 was previously known to the 29 state {11,15]. In the present work the
transitions previously assigned to this band could be confirmed.

Band 1, consisting of intense 47 = 1 transitions and stretched quadrupole transitions
was extended to I* = (217). At the bottom of this band several new transitions were
placed, and the decay to the ground band was found to be complicated (Fig. 5). The
indicated 38 and 56 keV transitions from the 8~ state at 2969 keV could not be directly
observed in the y-ray spectra; their existence is, however, clear from the coincidence
relations between other y-rays. The 6~ and 7~ assignments for the states at 2729 and
2832 keV, respectively, result from the observation of several transitions with a stretched
dipole character between these states and other known states.
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Fig. 7. Sample coincidence spectra for 12%Xe, The peaks labelled by energy are placed in the 120Xe
level scheme, Peaks labelled with an asterisk are due to contaminants,

In the coincidence spectra, gated on the lowest transitions in band 1, additional tran-
sitions (see Fig. 7) are present which neither belong to band 1 nor to the decay out of
band 1. These y-rays indicate the existence of a new band, band 6. However, only a few
intraband transitions are observed. Band 6 and band 1 seem to interact strongly, because
intense interband transitions are observed.

The odd-spin members of band 1 lie very close in energy to the states with the same spin
values in band 2. Bands 1 and 2 apparently cross each other first at I* == 13~ and again
above I™ = 177. As a signal of the crossing and the interaction, interband transitions are
observed. The measured intraband/interband branching ratios are used in subsect. 4.2.6
to extract the interaction strength between bands 1 and 2.

4, Discussion

One aim of nuclear structure studies is to understand the interplay between the col-
lective and single-particle degrees of freedom. In recent years a great deal of interest has
been focused on transitional nuclei. The Xe-nuclei have been described within the context
of IBA in large detail [2]. In the present paper we will mainly compare our experimen-
tal results with mean-field calculations. Since rotation is one of the most powerful tools
to reveal the single-particle structure of different excitation modes, we also address the
question, to what extent different models are capable of tracing sudden changes in the
internal structure.
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Fig. 8. Alignments for various bands in !17Xe, !18Xe and !20Xe. A reference configuration with
parameters Jy = 15%2MeV—! and J = 25h*MeV—3 has been subtracted.

In order to compare the theoretical prediction with the experimental data in '1%!!8120X e
aligned angular momenta and routhians were extracted according to ref. [23]. These
quantities are plotted in Figs. 8 and 9 as a function of the rotational frequency.

The alignment in the yrast sequence of the even Xe-isotopes is shown in Fig. 10.
Obviously, there is a major change when going from '2*Xe to '**Xe. Similar sudden
changes are observed in the excited bands and will be addressed more in detail in the
following.

4.1. TOTAL ROUTHIAN SURFACE CALCULATIONS

Total routhian surface (TRS) calculations for this mass region have been performed
by Wyss et al. [24] using a Woods-Saxon potential and a monopole pairing residual



438 S. Térmdnen et al. / Proton and neutron alignments

3 T ¥ LA § T T 3 T T T T T T
2 b 4 2F
1k 4 1tk
°r A\‘w\ I 6\9\%
-1 1w 4 -1k g
Xe "7
2| eeBand 3 1t Xe J
+- Band 4 +—o Band 1
-3 L P t L L 4-3F ' L il L : b
4 2 3 4 5 & 7 1 2 3 4 5 & 7
3 T T T T T 3 T T T T T T
T2 .
Q
E 1t 1

ROUTHIAN e
|
T

2 r
-3 C -
7
3
2 r .
1F .
0 F R
120.
ot Xe 4 i
—o— yrast
—e— Band 4
-2 | —e—-Band 5 1-2 &
t - y—band
I S i i H i i 1-3 £ i i i H L "
R 2 3 4 5 6 7 1 2 3 4 5 B 7

ROTATIONAL FREQUENCY %o (MeV)
Fig. 9. Routhians for various bands in !'7Xe, 18Xe and 120Xe.

TF T ¥ T T N LI | T T L T T M T T H T T M T ¥ T T
a) yrast bands b) yrast bands |
15 - oy T BT e ™xe
s “Xe 1 L = 1
- ] o—e
o 10 ° 410 b ©a| -
L ’— 3-8 g y—y
8 18 1
w5 b 4% 5 | .
0 - [ o -
e 1 1 i 1 1 a1 " 1 1
0 1 2 3 A 5 6 7 .0 A . . . 7
he (MeV) Ao (MeV)
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Fig. 11. A sample TR surfaces for !!¥Xe. (a), (b) and (c) show the vacuum configuration, while
(d) shows the proton ef configuration,

interaction. In the following text we have adopted a commonly used notation for la-
belling the TR surfaces {9]. The lowest positive-parity (negative-parity) neutron and
proton configurations are denoted by A, B,... (E, F,...) and a, b,... (e, {,...), respec-
tively. The association of the calculated surfaces with the quasiparticles is straightforward
for the negative-parity configurations, since the hy; > orbital has a unique parity in this
mass region. The aligned (hy2 )2 configuration is then labelled by EF (ef) for neutrons
(protons). For the positive-parity 1qp configurations the surfaces are composed of the
3% 4111, 37 [413], 17 [411] and ¥ [402] Nilsson states for the neutrons, and of the
%‘L [420], %+ [422] and %*” [404] states for the protons. For reason of simplicity, we will
also use the spherical labels g7/2, ds/» etc., from which the Nilsson states originate.
Some examples of TR surfaces for the yrast (x = +,a = 0) configuration in ''®Xe are
shown in Figs. 11a—c. At a rotational frequency of 0.305 MeV the surface represents the
g.s. band, and the calculation indicates a shape with #, = 0.24 and a slightly negative
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y-deformation. The surface is stiffer than in the heavier Xe-isotopes. At the frequency
0.427 MeV the position of the energy minimum is shifted to 2 = 0.22and y = -13.7°,
while at a frequency of 0.487 the minimum is at S, = 0.26 and y = —6.6°. The fre-
quencies for these two surfaces are just above the neutron EF and proton ef alignments,
respectively. The shifts in the deformation parameters reflect the different shape-driving
tendencies of the neutron and proton (hy;,, )2 configurations. The two-quasiparticle pro-
ton (hy, /2)2 configuration solely, as shown in Fig. 11d, drives the nucleus to 8, =~ 0.26
and y > 0°. From the calculations, we can thus conclude that aligned protons and neu-
trons prefer different shapes and that the angular momentum alignment will strongly be
connected to the evolution of the shape.

The results from the TRS calculations for '7~1°Xe are collected in Table 4, where
the predicted shapes (B2, B4 7) and the first neutron and proton (hy, ;2)2 alignment
frequencies are listed. The predictions for the nucleus !!°Xe are included for completeness.
The predicted quadrupole deformations vary between 0.22 and 0.28 depending on the
configuration. The shapes for the related configurations in !'”Xe and !'?Xe, as well as
in "®Xe and '*°Xe, are quite similar. The frequency of the proton (h;;/;)? alignment
depends very sensitively on both $; and y [1]. The Fermi surface for protons lies below
the Q@ = %, hyy/» orbital. Therefore, an increasing quadrupole deformation and more
positive values of y lower the frequency of this alignment. The gain in the aligned angular
momentum according to the TRS calculations is about 7% each for the neutron and proton
(hyip2 ) alignments, respectively, The deformation systematics of the even Xe-isotopes
has been discussed in ref. [1]. They show that softness of the potential-energy surface
increases with N, leading to a transition from preferably prolate to oblate and strongly
triaxial shapes. This shape transition occurs in the g.s. band when going from %*Xe to
128X e and in the neutron S-band when going from 2°Xe to ??Xe [1]. We believe that
these shape changes are the key to the understanding of the very different excitation
pattern in the Xe-isotopes with increasing neutron number.

4.2. PROPERTIES OF ROTATIONAL BANDS IN !!8X¢ AND 120Xe

4.2.1. Positive-parity yrast bands. The alignment plots (Fig. 8 and 10b) for ¥Xe and
120X e look in many respects similar. The first band crossing in the g.s. band occurs at
hw = 0.39 MeV, and the increase in the alignment is about 10A. The next jump in the
alignment plot for the yrast band in **Xe takes place at hw = 0.62 MeV. In an earlier
paper [16] we interpreted this alignment gain as a sign of a transition to a terminating
band structure.

In this mass region the first band crossing has usually been attributed to the hy ;2
neutrons [10,11]. However, the aligned angular momentum above the band crossing in
the yrast band is somewhat larger than what could be expected from the initial alignments
in the hy,/; band in ''"Xe, see subsect. 4.3 below. Furthermore, the observed band crossing
at hw = 0.45 MeV in this band gives due to a less favourable shape an upper limit for the
proton (hiy; )? alignment frequency in the g.s. bands of neighbouring even Xe-nuclei.
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TABLE 4

Results from the TRS calculations. The deformation parameters are given at
hw = 0.305 MeV

Deformation First alignment
nucleus  configuration B Ba ¥y conf. how(MeV)
17xe A 0.245 0.038 -1.7 EF 0.34

B 0.248 0.039 -3.7 EF 0.34
E 0.221 0.024 -10.8 ef 0.45
F 0.235 0.029 -3.4 ef 0.42
U8xe  pgs.band? 0.224 0021 -02
g.s. band 0.240 0.029 -7.2 EF 0.34
EF 0.222 0.013 ~8.3 ef 0.46
ef 0.260 0.035 2.4
ea 0.228 0.039 10.3 EF 0.34
eb 0.225 0.038 13.0 EF 0.34
ec 0.240 0.030 5.4 EF 0.35
ed 0.259 0.034 2.6 EF 0.39
EA 0.229 0.022 -12.0 ef 0.46
EB 0.230 0.017 -6.1 ef 0.46
M9%e A 0.253 0025 -84 EF 0.34
B 0.247 0.021 -2.1 EF 0.34
E 0.225 0.014 120 FG and ef 0.45
F 0.235 0.014 —4.6 ef and EH 0.45
120Xe¢  gs.band ? 0.224 0012 -0.1
g.s. band 0.241 0.014 -5.5 EF 0.34
EF 0.217 0.003 -8.3 ef 0.46
ef 0.265 0.020 3.8
ea 0.232 0.027 10.1 EF 0.35
¢b 0.227 0.026 12.9 EF 0.35
ec 0.241 0.018 6.2 EF 0.35
ed 0.260 0.020 4.7 EF 0.39
EA 0.22 0.019 -~16.4 FG ~0.45
EB 0.22 0.004 -6.2 FG ~0.45

2 At hw = 0.00 MeV.

The proton 1™ [550] bands in "*Cs and !?!Cs experience smooth neutron alignments
at hw = 0.45 MeV [5]. In the 17 [550] band in """ the alignment is increasing even
more smoothly from the bottom of the band up to the last observed £~ — £ tran-
sition without any apparent sign of the neutron hyi; alignment {25]. The lack of an
apparent band crossing around Aw = 0.4 MeV might be explained with a very large
interaction between the particle-like proton 3~ [550] configuration and the aligning hy;,»
neutrons [26]. However, in ref. [27] an indication of upbend at iw ~ 0.5 MeV is
observed, which also might be connected to non-collective states.

In Fig. 10 the experimental aligned angular momentum curves for the yrast bands of
118X e and '*Xe are compared to those of the neighbouring Ba-nuclei and the heavier Xe-
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nuclei. As can be seen from Fig. 10a, the aligned angular momenta above the first band
crossing are almost identical for the Xe- and Ba-nuclei shown. In the '*°Ba- and '*’Ba-
nuclei the band crossing in the g.s. band is explained as the alignments of the h,,,; protons
(athw = 0.35MeV) and subsequently of the h;,/; neutrons (at iw = 0.45 MeV) [6,28],
where the yrast—yrare interaction for the v (A, /2)2 configuration is very large (see the
previous discussion for the Cs- and I-isotopes). In the even Xe-nuclei with 4 > 122 [29-
32] the aligned angular momenta above the first band crossing reach a value of about
7h, see fig 10b. In these nuclei the first band crossing in the yrast band is attributed to
the hy;2 neutrons only. When going from 2>Xe to '?Xe and !'*Xe we observe a sudden
increase of about 3-4#% in the aligned angular momentum. Such an increase in the aligned
angular momentum is unexpected if one deals with the neutron (h;; /2)2 configuration
only.

The data shown in Fig. 10 strongly suggest that the observed band crossing in the
yrast bands of !"¥Xe and '®Xe at 7iw = 0.39 MeV involves not only the neutron hy),,
alignment but also the proton h,;,; alignment, similar to the situation in '?°Ba and '**Ba.
Differing from the Ba-nuclei, the neutron and proton h;;; alignments seem to occur at
about the same rotational frequency.

According to the TRS calculations for !'®Xe, the neutron EF and proton ef bands cross
the g.s. band at 2w = 0.34 and 0.42 MeV, respectively. The EF band experiences the
proton (hy;;2)? alignment at iw = 0.46 MeV. For '*Xe the TRS calculations give sim-
ilar results. Note however, that due to the approximative treatment of pairing in the
TRS calculations, extracted crossing frequencies are somewhat uncertain. In the case of
the Xe-nuclei, additional difficulties arise through the strong dependence of the crossing
frequency on deformation. As discussed previously and more in detail in ref. [1], an
increased B, deformation lowers (delays) the proton (neutron) crossing. The TRS cal-
culations indicate a stretching in the g.s. band from 8, = 0.224 at I = 0 to 8, = 0.246
at I =~ 8. This stretching of the nucleus in the course of rotation leads to a change in the
single-particle structure, in particularly of the protons, where the occupation probabil-
ities for the $*[404] and %+ [420] states decreases while it increases for the 1~ [550]
state. Since the band-crossing frequency and deformation are intimately linked, small
differences will easily reverse the order of the calculated proton and neutron crossing
frequency. Besides the uncertainties connected with pairing and deformation, the neu-
tron crossing frequency in the CSM calculations is undoubtedly too low when compared
to experiment. Similar observations in the rare-carth region have been attributed to the
presence of quadrupole pairing correlations [33].

4.2.2. The y-vibrational bands. The y-vibrational bands in Xe-isotopes are charac-
terized by low excitation energy. In the TRS calculations, this is reflected by a y-soft
potential-energy surface. In our RPA calculation a typical zero-point amplitude of the
y degree of freedom is 20°. The structure of the p-band at high spin has been a long
standing problem. The possible occurrence of a yS-band, i.e. a vibrational band coupled
to an aligned pair of quasiparticles, has been addressed for the first time in microscopical
calculations for the Er-isotopes [34]. Later on, the observed continuation of the y-bands
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in '¥20s and '?°Ba, both of which carry aligned angular momenta, have been interpreted
in terms of a wobbling motion [35,36]. On the other hand, the lack of strong interband
transitions implies that there is no firm experimental evidence for a wobbling motion.
We expect that the y-softness of the Xe-isotopes may offer an opportunity for identifying
a yS-band, for which there are several candidates in !'¥*Xe and *Xe. In both nuclei,
the o = O signature of the y-band is crossed at I = 10 by an aligned configuration.
The crossing frequency is remarkably low, Aw = 0.30 MeV. The crossing band, band 4,
feeds both the yrast band and the y-band. The a = 1 sequence of the y-band experiences
a band crossing at a higher frequency of Aw =~ 0.38 MeV. In addition, another aligned
{+,0) band is observed in '°Xe, band 5. In the heavier Xe-isotopes, instead of thea = 0
sequence, it is the a = 1 sequence of the y-band which continues {o high spin.

First, we study the character of band 4. The low excitation energy of only 150 (255) keV
of band 4 in '**Xe (1'¥Xe) relative to the yrast band suggests that this structure is more
of pure 2qp character, and less of collective nature, i.e. not a yS-band. The systematics
of the yrast band crossing properties further supports this interpretation: Band 4 crosses
the extrapolated g.s. band at iw = 0.41 MeV in '®Xe and at iw = 0.43 MeV in '2Xe.
These crossings take place only at a slightly higher frequency than the first crossings in
the yrast band (c.f. Figs. 8 and 9). The aligned angular momentum for band 4 in "*Xe
and '%°Xe is 7-8%. This is similar to that found for the neutron S-bands in heavier even
Xe-nuclei, where the crossing frequency is compatible with the systematics (see Fig. 6 in
ref. [1]). The character of the 4] = 0 transitions between band 4 and the yrast band is
Mi-like in '*°Xe, while in '"*Xe the data are not conclusive. Note that the B(IM1;I — I)
rates from the y-band to yrast band should be retarded, and the observation of dominant
M1-transitions (DCO = 1.1) in '*°Xe is another sign of band 4 being a 2qp configuration.

The preferred negative y-value and rather low f,-deformation of the h;,;; neutron
2qp configuration might lead to large overlap with the y-band and could account for
the low-lying crossing frequency. We thus assign, in agreement with ref. [1], band 4
as a shape-coexisting neutron S-band, and not as the yS-band. This situation is in fact
analogous to the crossing in the f-band in '*Dy [37]. There, the aligned S-band has a
larger quadrupole deformation than the vacuum, due to the occupation of the previously
non-occupied ij3; neutrons, and it has larger overlap with the f#-band than with the
g.s. band. Low-lying band crossings in the vibrational bands may thus many times be
associated with coexisting shapes, which couple to the vibrational motion.

There are some differences between bands 4 in ''*Xe and '2°Xe. The decay pattern
from the neutron S-band to the mixed h;;,» proton-neutron 4gp yrast band yields strong
I — I interband transitions in both nuclei, however, in ''*Xe they involve the 10*
and 12* states, whereas they connect the 12+ and 14* states in *Xe. In '**Xe one
observes in addition 7 — I — 2 interband transitions, which however are rather weak (in
B (E2)’s), see Fig. 12. The decay properties may be understood in terms of the occupation
of the h,y,; orbital: With increasing mixing of the (hyy2 }? aligned protons into the yrast
sequence, the difference between band 4 and the yrast sequence will increase, yielding
reduced interband transitions. Therefore, the differences in the decay pattern between
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Fig. 12, Interband/intraband B(E2) branching ratios of E2 transitions in 129Xe. The filled symbols

show the branching ratios of the stretched E2 transitions for band 4 (e), band 5 (&) and the y-band

(). The open symbols show the B(E2) ratios for the y-band, when the interband transition is of

the A7 = 0 (o) or the 47 = 1 (O) type. The 41 = 0,1 transitions to the g.s. band are assumed
to be of the E2 character.

18%e and 'Xe might be related to a somewhat earlier onset of the alignment and a
larger interaction strength in !'¥Xe as compared to Xe.

Another candidate for a yS-band is band 5 in '2°Xe. An interesting property of this band
are the strong 41 = 2 branchings to the yrast band; B(E2: 5 — yrast)/B(E2:5 — 5)
are about 0.1. This indicates a band built on a collective excitation mode. Looking at the
alignment curve (Fig. 8) closely, the 16 — 14* — 127 sequence is almost parallel to that
in band 4, and in addition, band 5 begins to upbend at the same frequency as the yrast
band. Although the 10™ state is missing, these properties seem to indicate that band 5
is the & = 0 signature of the yS-band. The y-band would thus experience the first band
crossing (neutron h;,;;) at 0.34 MeV and the second one (proton h);,;) at 0.4 MeV.
The difference in the first crossing frequency to the yrast band may be attributed to the
property that the y-band is effectively more triaxial than the yrast band. The crossing
frequency in the a = 1 sequence is situated intermediate between the a = 0 sequence
of the y-band and the yrast band. Indeed, our RPA calculations show that there are y-
vibrational excitations built not only on the neutron 2gp but also on the neutron—proton
4qp configuration. This implies that for the first time one might observe a yS-band, built
upon a 4qp aligned configuration.

It is interesting to note that in '2Xe the yrast band is built upon the h,;; neutrons alone
and the corresponding continuation of the y-band is not observed. With increasing N, the
odd-spin members of the y-bands come lower in energy and in particular, in '**Xe, it is this
branch in which a band crossing has been observed. A possible explanation for the change
of the y-band might be the shape change towards increased triaxiality: Not only the yrast
configuration changes its shape gradually, but also the neutron 2qp configuration changes
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shape between A = 120 and 122 (see Fig. 3 in ref. [1]). Indeed, the observed odd-spin
sequence of the yS-band in '?*Xe is reproduced very well within the RPA calculations
adopting § = 0.20 and y = —45°. This RPA solution has well developed wobbling
character: (a) its routhian is an increasing function of the frequency, (b) it shows the
asymmetric-rotor-model-like moments of inertia, and (c) its wave function is strongly
K-mixed. These properties vary very smoothly with y and/or N. Therefore, we can expect
that this wobbling-like excitation exists also in neighbouring nuclei, as for example, in
122y

The rotational pattern of the light Xe-isotopes thus suggest large structural changes.
The Xe-isotopes have also been described in the framework of IBA in terms of O(6)
character [38]. For the y-band, this implies essentially similar magnitude of the transition
rates of the I — I interband and I — I — 2 intraband transitions. While this might hold
for the very low-spin part of the y-band in the Xe-isotopes, it is definitively not true at
higher spins, since no transitions to the g.s. band were detected above spin 6, see Fig. 12.
This further implies that the structural content of the g.s. band and the y-band develop
differently with spin. As discussed previously, the proton structure is changing gradually
in the g.s. band. Taking into account the spread in y and the smaller 8, values of the
y-band, the proton “two-particle-two-hole” excitation is present to a much smaller extent
in the structure of the y-band, hence yielding, with increasing spin, reduced interband
transitions. Such changes of the internal structure seem to be outside the scope of the
IBA-model.

4.2.3. Strongly coupled negative-parity bands. A set of negative-parity side bands are
observed in the Xe-isotopes. These can be divided into two groups — one being strongly
coupled, i.e. having very small signature splitting and decoupled sequences. The strongly
coupled sequence has been observed in many Xe-isotopes but it is only governed by
strong intraband B (M) transition rates in 1'®~122Xe. There are only two configurations,
with such strong B(M1) rate, namely the proton gg‘/lzhl 172 and neutron ds;zh,; /2 configu-
rations. For reasons of simplicity we use the label gy, for the %+ [404] and ds, for the
§+ [402] Nilsson state. The positive sign of the mixing ratio d clearly speaks in favour
of the proton configuration, similar to the Ba-isotopes [28,36,39]. The properties of the
strongly coupled band in '*Xe [29] deviate from those of the g5/2h11/2 bands in ''*Xe
and 'Xe and might be associated with the neutron 2qp configuration. Furthermore,
another strongly coupled sequence has been observed in '**Xe [30]. This sequence lacks
M1 transitions and therefore it could originate from the neutron gyhyy/2 configuration.

The change of the character of the side bands thus seems to indicate a change in the
position of the hyy;; proton configuration with respect to the h;y;» neutrons. This can
partly be understood by the deformation systematics of the Xe-nuclei as discussed in
ref. [1]. With increasing N, the shape of the Xe-isotopes is calculated to become less
deformed and more y-soft, moving the hy;;; proton subshell to higher energies. The 2qp
excitation into the g;/‘zhn /2 proton configuration is thus expected to become less favoured
with N.
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Fig. 13. Aligned angular momenta for the proton g;/‘zh“ /2 bands in ''8Xe and !20Xe and for the
proton hj;;; bands in the iodine isotones.

The strongly coupled band 1 shows a very smooth alignment both in ''*Xe and in
120xe. In agreement with the g;/'zhu /2 configuration assignment, this band has a very
large initial alignment (Fig. 8) reflecting the rotational properties of the proton hy,,
17[550] orbital. This band is extended to w =~ 0.50 MeV both in "*Xe and in '*Xe,
but still we do not observe any clear sign of a band crossing. The slope of the alignment
curve increases slightly around 2w = 0.4 MeV, which may be indicative of an alignment
process. The increase of the B(M1)/B(E2) ratios (c.f. Fig. 15) at the last data points also
supports this picture. Band 6 in '?°Xe is associated with only a slightly smaller aligned
angular momentum than band 1. Since this band is so strongly connected to band 1, it
is also most likely based on the same quasiparticle configuration, but with a different
K-value. Since the §+ [404] ® 3 [550] configuration can couple to either K = 4 or
K = 5, one expects two bands to be present close in energy. Note that the Coriolis force
will mix the two bands strongly, yielding enhanced interband transitions, as seen in our
data.

In Fig. 13 the aligned angular momenta of the g;/'zh“ ;2 bands in '8Xe and '2Xe are
compared to those of the proton hy;/; bands in "I [25] and '*°I [40]. The curves are
nearly parallel, with the alignment being ~ 0.5k larger in the two-quasiproton bands
than in the h;;;; bands. Moreover, both of these bands increase their angular momenta
smoothly up to Aw =~ 0.40 MeV, where the neutron (h;; /2)2 alignment is expected to
occur. Evidently, the alignment properties of the ggh;1/2 bands in 118%¢ and 2Xe
are defined by the particle-like orbital, and the strongly coupled partner behaves as a
spectator. The latter partner expresses itself in the intense intraband M1 transitions and
the small signature splitting.

The very smooth alignment pattern in the light Cs-isotopes has been attributed to a
residual np interaction [5]. For a quadrupole-quadrupole force, the residual np interac-
tion affects the crossing frequency and the interaction between the crossing bands. The
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lower the Fermi surface with respect to the high-j orbital, the larger is the calculated
effect [41,42]. One therefore expects this interaction to increase slightly with decreasing
proton number, e.g. when going to the light I-isotopes. The effect will be analogous for
a 2qp configuration, i.e. proportional to the residual quadrupole moment of that con-
figuration. The gy;> hole state has a positive quadrupole moment, i.e. will add to the
positive quadrupole moment of the hy;; state, whereas the 1 ¥ [420] or }* [431] state
will decrease the residual quadrupole moment (as compared to the h;;;; orbital alone).
The residual np interaction will therefore more strongly smooth out the alignment in the
gg/*zhn ;2 configuration.

Due to the mixing of different configurations in one TR surface, one cannot always
assign specific configurations to the extracted minima [9]. In the case of the ed configura-
tion, one can assign the minimum above Aw > 0.24 MeV to the g,;/‘zhu 2 configuration.
The ed configuration is highest in the calculation of the proton configurations. Three
more proton configurations, all involving the h,;/» proton, are expected to be lower in
energy than the g;/‘zhu /2 configuration. The g;/12h11 2 configuration is predicted to have
a quadrupole deformation of #; = 0.26 before the neutron (hj; /2)2 alignment. This
deformation is about 10% larger than those for the lower negative-parity proton configu-
rations. The band interaction and crossing frequency also depend on deformation. Since
the surface is rather soft and it is difficult to trace the g;/;_hl 1,2 configuration over a larger
frequency range, one cannot say which effects are dominant in the alignment behaviour
of the different negative-parity side bands. The band interaction observed in the zhy 2
and 7mgy2hyy/2 bands is, however, larger than those obtained from the CSM. The identi-
cal bands of !'"'°I and **!**Xe imply similar angular momentum increase, i.e. similar
interaction with the aligned (hy;; )2 neutrons. However, since the predicted equilibrium
deformation is rather different for the 2qp and 1gp configurations, respectively, it is not
possible to understand this behaviour within the present mean-field approach.

4.2.4. Decoupled negative-parity bands. The negative-parity bands 2 and 3 in "#Xe
are very similar, c.f. Figs. 8 and 9. The aligned angular momentum increases gradually
up to hw = 0.41 MeV. Above that frequency these bands show band crossings; band 2 at
hew = 0.44 MeV and band 3 at Aw ~ 0.43 MeV. The alignment gains are about 4%. Band 2
experiences another crossing around /* = 27 at a rotational frequency of 0.58 MeV.
Due to the similarities in the alignment curves for these bands, it is tempting to interpret
them as signature partners. The energy splitting between bands 2 and 3 is about 320 keV
at hw = 0.30 MeV, whereas at Aiew = 0.50 MeV it has decreased to 200 keV.

The low-spin part of bands 2 and 3 in '2*Xe resembles very much the corresponding
bands in !'¥Xe, indicating similar internal structure. In the crossing region, however, the
corresponding bands of the two nuclei behave differently. While relatively sharp crossings
are observed in !'®Xe, only very gradual gains in the aligned angular momenta take place
in 2Xe. The slope of the alignment curve is largest at about iw = 0.49 MeV in both
bands in !?%Xe, indicating similar crossing frequencies. The observation of the 4] = 1
transitions from band 3 to band 2 in '°Xe also suggests that these bands are signature
partners.
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It is very difficult to distinguish between the proton and neutron excitations in the
Xe-region, since in both cases one expects the hy,;; alignment at similar frequencies and
thus one cannot use blocking arguments. The very soft energy surface puts additional
difficulties to the interpretation of the negative-parity structures. In the following, an
attempt is made to explain the nature of the lowest excitations and to obtain a consistent
picture.

Low-lying bands built on orbitals emanating from g7,2h11;2 and ds/zhy )2 are expected
in the 4 ~ 120 Xe-nuclei for both neutrons and protons. Furthermore, a band built on
the neutron d3ph;/2 configuration might be found at low excitation energy in the even
Xe-nuclei with 4 > 120. The fact that the « = 1 band (band 2) is lower in energy than
the o = 0 band (band 3) suggests the g7;2hy1/2 (or d3/2hiiy2) configuration. Since in I
and "1 one observes the ds;2 and gv/2 quasiproton states at lower energy than the gg/»
state [43], we would expect the analogous band heads of the proton g7/2hy> and dsjzhyy /2
bands to be found at lower energies than the band head of the proton g;'/;h“ ;2 band. At
low spin the lowest negative-parity bands in the neighbouring Ba-nuclei [6,28,39] have
properties very similar to those of bands 2 and 3. Based on blocking arguments these
bands have been interpreted to have a proton character. It is most likely that also in
1183%e and '2°Xe the observed decoupled negative-parity bands are built on the proton
8121172 configuration. This is supported by the routhians, by the branching ratios and
by the configuration mixing analysis of bands 1 and 2 in '*®Xe, as discussed later.

The TRS calculations predict that the lowest negative-parity proton 2qp configuration
lies about 300 keV lower in energy than the corresponding neutron configuration. In
the TR surfaces the o = 1 signature is clearly favoured for the protons, whereas for the
neutrons the ordering of the EA and EB configurations sensitively depends on the neutron
number and the deformations., For the low-K proton %+ [422] configuration the CSM
calculation give (at hw = 0.30 MeV) a signature splitting of about 300 keV in agreement
with the experimental splitting between bands 2 and 3 (see Fig. 9). For the lowest 2qp
neutron configurations the standard CSM calculations indicate signature splittings up to
about 200 keV (at iw = 0.30 MeV). The signature splitting of bands 2 and 3 thus favour
the proton scenario. The calculations predict that the optimum quadrupole deformation
is 0.22~0.23 for both the lowest proton and neutron 2gp negative-parity configurations.
These configurations favour quite different triaxial shapes; clearly positive y for the
protons and negative y for the neutrons, ¢.f, Table 4. On the neutron side the assignment is
very complicated, since in the theoretical routhians calculated at appropriate deformation
the $*[402], $* [413] and 1 [411] orbitals lie within 100 keV. In the case of the proton
assignment, the close lying § *[420] and %+ [431] states are pseudo-spin partner orbitals,
which will mix accordingly. This is the case especially for the o = 0 branch, which will
be a mixture of the favoured sequence of the %’L (420] and the unfavoured sequence of
the " [431] configurations.

The discussed proton and neutron gi;hi2 (dss2hyyy2) bands are predicted to have
larger aligned angular momentum than the proton g;/‘zhu /2 band. Below hw ~ 0.40 MeV
bands 2 and 3 in "¥Xe and ®Xe are, however, associated with a smaller aligned angu-
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lar momentum than the proton g;/12h11 2 band. One should note that the %+ [420] and

17 [550] configurations can become mixed by the coupling to the octupole vibrational
band. The rather low excitation energy as well as the initial alignment being around 34,
suggest that the low-spin states of bands 2 and 3 may be described in terms of an octupole
vibrational character, which in the course of rotation changes into two-quasiparticle-like
proton excitation. This scenario is very analogous to the one described by Neergard and
Vogel [44,45], see also similar bands in '**Yb [46] and in the Os-W region [47]. The
role of the octupole correlations in the neighbouring even Ba-nuclei has been discussed
in refs. [48,49].

The presence of the octupole correlations is indicated by enhanced El transitions be-
tween the negative-parity bands 2 and 3, and the ground-state band. Using a quadrupole
moment of @, = 3.7 e-b and the experimental branching ratios, reduced transition prob-
abilities of B(E1) a 2-3 x 10~ %¢*fm? are obtained for bands 2 and 3 in !'*Xe and '°Xe.
Structures suggestive of octupole deformation have been observed in '*/Ba [50]. The
B(E1) transition rates deduced for '¥Xe and 2°Xe are about 10% of those in **Ba,
but still very large. Calculations for the heavier even Xe-nuclei and the neighbouring
Ba-nuclei give similar results. These finding suggest that octupole correlations play a role
in the decoupled sequences in the Xe-Ba region. However, this needs to be confirmed
by lifetime measurements.

The very smooth alignment process observed in '°Xe, which is very similar to the
one observed in the hy;,; proton bands in '?'Cs [5], further supports the proton g7/2hy1/2
assignment. Whether the difference in the band-crossing region between '2°Xe and ''¥Xe
originate from a different interaction strength with the aligned neutron configuration or
with the octupole vibrational band, is beyond the scope of the present investigation.

The calculated neutron (hy; )? alignment in the proton g172h11,2 bands takes place at
hw =~ 0.35 MeV both in ¥ Xe and '2Xe, which is rather far from the experimental values.
This shows the problem of the neutron-crossing frequencies, which are too low in the CSM
calculations. In conclusions, the TRS calculations are able to follow general trends, created
by the change in shape and associated changes in the single-particle content., However,
they fail to reproduce fine details of the experimental data, especially the neutron crossing
frequency.

4.2.5. Terminating states. The yrast sequence in ''®Xe shows a sharp upbend around
spins I = 26-32, which was interpreted in terms of a band termination. Similar states
were also observed in '**Xe {30] and '*'I [51]. TRS calculations indeed predict low
lying 32* and 36+ states associated with the 7 (hi1/2)?(g72) 36+ ® v (h112)* (87/2) 6+ 20+
configurations. Since the neutron states involve many 2p2h excitations, one does not
expect the terminating states to be as favoured as in '?*Xe, where the neutrons occupy
only four hyy), states outside the N = 64 core. In "#Xe, the terminating states will
cross the collective states first at spin 36 according to the TRS calculations. However,
a structure with reduced collectivity and positive y-values (y = 10°-16°) crosses the
yrast structure around spin I = 28. The reduced collectivity results in a larger effective
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angular momentum alignment and the observed crossing might thus be associated with
a change in shape towards positive y and smaller 8. At a triaxial (or oblate) shape the
go/2 orbital is below the Fermi surface and stays essentially occupied, implying that only
four protons are excited outside the Z = 50 core, hence yielding a smaller quadrupole
deformation. Whether this structure will connect to the favoured non-collective 36* state
is beyond the present experimental investigation. Note that the g2 hole states strongly
favour prolate shapes, in contrast to the terminating or triaxial structures, where the
g9/2 subshell essentially is occupied and where the favoured signature of the proton hyy,,
orbital drives the nucleus towards positive y and oblate shapes.

Similarly, in the negative-parity states, one observes rather sharp crossings in the ¢ = 1
structure at Aw = 0.58 MeV. Again, from the TRS calculations, one finds favoured
terminating states at [ = 25, 27 and 29 involving the 7 (g7,2h;1/2)9- state coupled to the
I = 16, 18 and 20 neutron states of the (hy1;2)%(g72)? (ds/2)* origin. These states are
connected through a very soft surface to the collective rotational bands, and it is possible
that at 7w = 0.58 MeV we are actually entering the non-collective regime. An alternative
explanation for this upbend in band 2 would involve the first non-blocked h;,;; proton
crossing.

4.2.6. Configuration mixing between bands 1 and 2in'**Xe. Odd-spin states of band 1
in '29Xe lie very close in excitation energy to the states in band 2 with the same spin values.
Near the bottom of the bands and above I = 17 the states in band 2 are lower, whereas
for the 137, 15~ and 17" states the ordering is reversed. In this region the observed
interband transitions indicate configuration mixing. The energy difference for the 13~
states is 13 keV, which gives an upper limit of 6.5 keV for the interaction strength. The
11~ states are 57 keV apart and assumed to be unmixed. At spin 17 the two states are
only 10 keV apart. However, no interband transitions are observed, probably because of
intensity limitations in the present experiment. We performed a two-level model mixing
analysis, following the prescription of ref. [52], where the interaction strength between
the proton A/, and hyy/; configurations in '*Tm was determined to be about 7 keV. Our
analysis for 2°Xe yields an interaction of ~ 4 keV, which agrees with the values obtained
from the CSM for the proton configuration. In the CSM calculations the difference in
shape of the different configurations is neglected, and therefore a comparison of calculated
values with experiment is associated with uncertainties. On the other hand, if the negative-
parity side bands are all of neutron origin, the interaction strength is expected to be larger,
since the relevant neutron orbitals differ less in their K-values. If, however, band 2 is of
neutron origin, and the strongly coupled band of proton origin, the interaction cannot be
determined from the CSM, since it now relates to the neutron-proton interaction, which
is beyond our present model.

4.3. NUCLEUS 7Xe

The ground state of 1!"Xe has been assigned to have spin and parity 3 *. Following
the discussion in subsect. 3.1 we associate the ground state and in consequence band 3
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with the §+ [402] Nilsson label. At the calculated equilibrium deformation of £, ~ 0.24,
the pseudo-spin partner orbitals %+ [411], §+ [413] are very close to the Fermi surface,
while the $¥[402] and " [411] orbitals are slightly further away. The 3* [413] and
1¥[411] configuration favour the o = —} sequence, but only the latter configuration is
associated with sizable signature splitting. Since the signature splitting in band 4 is very
small, we associate this structure with the §+ [413] configuration.

According to the TRS calculations the two lowest signatures of the positive-parity
orbitals posses similar shapes and is calculated to stretch in a similar way as the yrast
sequence in !'®Xe. However, the surface is very soft in the fa-direction. The neutron hy; 7
alignment is calculated to be lowest in frequency, and will drive the nucleus to negative
y-values and smaller §,.

In band 4, the alignment gain of about 3% at 0.33 MeV is too small for either the proton
or the neutron hy,,; alignment. However, the total alignment gain between s = 0.1 MeV
and hw = 0.4 MeV might very well reflect such a band crossing. The smooth increase
in angular momenta below A = 0.3 MeV might then correspond to a stretching and
possible smooth onset of the h;;;» neutron alignment, which then drives the nucleus
towards negative y-values. Note that such a shape change also induces a signature splitting
which thus might explain why the unfavoured signature is not observed to higher spins.

The two % * statesare only 8.1 keV apart. A similar analysis as in the previous subsection
gives an interaction strength of 3.7 keV for these states. This indicates that bands 4 and 3
have more differences than just their single-particle content. An inspection of a relevant
Nilsson diagram vields that the §+ [402] state is close to the Fermi surface at rather small
B2 = 0.15, and in consequence one can expect different shapes for the two positive-parity
band structures.

The negative-parity band 1 is associated with either the § ~ [532] or 27 [541] configura-
tion. This band has a large initial alignment (c.f. Fig. 8) as expected for the h;;/, neutrons.
The favoured o = —% band is crossed by a 3qp band at iw = 0.45 MeV. The alignment
gain is about 5-67. In the unfavoured o = 4 branch the band-crossing frequency cannot
be extracted. The slight increase in the alignment at the last observed transition suggests
that the band crossing might occur at a lower frequency than in the favoured band. The
alignment of the lowest h;;,» neutron pair (EF) is blocked in band 1. Thus the observed
band crossing is caused by the alignment of the hyy, protons (ef) or by the alignment of
the first non-blocked h,/2 neutron pair (FG). The observed crossing frequency in band 1
is larger than those found for the h;;;; bands in '*' Ba, where the favoured and unfavoured
signatures have backbends at iw = 0.38 MeV and Aw = 0.35 MeV, respectively. These
band crossings have been attributed to the hyy,; protons [7].

The energy splitting between the favoured and unfavoured signatures of the hy,;; band
in '""Xe is predicted by the TRS calculations to be 320 keV at Aw = 0.30 MeV, which
is close to the experimental signature splitting of 380 keV. The unfavoured signature has
a slightly larger B, and a less negative y-value than the favoured signature partner. The
shape for the unfavoured signature partner is, in fact, similar to that of the g.s. bands in
18X e and '%%Xe. The effect of such a shape difference for the band-crossing behaviour
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Fig. 14. Experimental and calculated I versus fsiw for both signatures of the %”[532] band.
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is demonstrated in Fig. 14a, showing Jx for the favoured and unfavoured signatures
of the hy;2 band as a function of rotational frequency. The experimental quantity Iy
is calculated as Iy = (/I(I + 1) — K?. The theoretical Ix curves show upbends at the
rotational frequencies of 0.40-0.50 MeV. The protons, as well as the neutrons contribute
to these alignment gains, The proton ef alignment is relatively sharp and gives about
7h units of aligned angular momentum. It takes place at hw = 0.45 MeV in the E-
configuration, whereas it occurs somewhat earlier in the F-configuration, 0.42 MeV.
The neutron FG alignment (Aw ~ 0.5 MeV) in the favoured signature, as well as the
EH alignment (hw =~ 0.5 MeV) in the unfavoured signature, is gradual and gives little
angular momentum. Therefore, we associate the observed strong band crossing mainly
with the alignment of the (h;1/2)? protons.

For comparison the experimental and theoretical spin % for the neutron h;;;; band in
19% e [53] are shown in Fig. 14b. Instead of the strong band crossing observed in ''"Xe
in the favoured @ = —1} signature, the experimental I, curve for '"*Xe shows only a
slight increase around A ~ 0.50 MeV. This change in the band-crossing behaviour is at
least partly explained by the TRS calculations. The calculations predict that the optimum
y-deformation becomes more negative with increasing N. Therefore the FG alignment
comes somewhat earlier and the proton ef alignment later in ''*Xe than in !'"Xe.

4.4, ANALYSIS OF BRANCHING RATIOS

The 41 = 2/4I = 1 branching ratios within rotational bands can yield valuable in-
formation about the quasiparticle configuration of the band. Experimental values for the
ratio of reduced magnetic dipole and stretched electric quadrupole transition probabilities
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TABLE 5

Summary of parameters used in calculating
the B(M1)/B(E2) ratios

Configuration g-factor K  ix{(h)

Vds/z -0.33 2.5 0.5
vgr 0.21 2.5 1.0
vds); 044 05 1.0
vhyy 021 25 40
ngr/2 0.72 1.5 1.0
7892 1.27 45 0.0
nhy 117 035 5.0

can be extracted by using the expression
BMLI—I-1) _ o o0 (BT —1-2))
BELI -I1-2) (B, (I —-1-1))34
where A is the intensity ratio for the stretched quadrupole and dipole transitions. The mul-
tipolarity mixing ratio é of the 47 = 1 transitions has been neglected in this expression.
The effect of § is usually insignificant for the B(M1)/B(E2) ratios.

Theoretical estimates for the B{M1)/B(E2) ratios are obtained from the semiclassical
formula [54,55]:

BMLIoT~1) 12 Kk 17
B(E2;1 —1-2) = 5Q%cos?(y + 30)I2 (I-4)2

(2)

x{(1'2 - KH? {K;(gl - gr) (1 £ 4¢' /ho)
+K2(g: - g0) + Ks (s - gn)

2
~K[(81 - gR)i + (&2 = gw)ia + (gs—gk)is]} RNE)

The subscript 1 refers to the quasiparticle configuration which is responsible for the
signature splitting. Subscripts 2 and 3 refer to the additional quasiparticles or to the pair
of aligned quasiparticles. The K-value is taken as K = K; + K, + Kj. The parameters
used in the calculations are listed in Table 5. For the rotational gyromagnetic factor g
a value of 0.45 (=~ Z/A4) was used, and the orbital gyromagnetic factors were taken from
the compilation of Lonnroth et al. [56]. The value of the quadrupole moment (3.7 e-b)
was derived from the deformations predicted by the TRS calculations (subsect. 4.1).
Experimental B(M1)/B(E2) ratios for !'”Xe together with their theoretical estimates
are displayed in Fig. 15a. In """Xe the branching ratios could only be obtained for the
neutron hy;» band (band 1 in Fig. 1). The theoretical estimate reproduces the experi-
mental data points better for K = 2 than for K = %, but since the oy — a; transitions
are lacking, it is difficult to determine the K-value. The CSM calculations at appropriate
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and 120Xe,

deformations and e = 0.0 MeV predict that the %’ [532] orbital should be slightly
closer to the Fermi surface than the %_ [541] orbital. With increasing rotation the wave
functions are expected to become more and more mixed, which results in a lowering of
the effective K-value for the lowest h;;/, band. For the positive-parity %+ [402] band
the theoretical estimate of the B(M1)/B (E2) ratio is much larger than for the §+ [413]
band, supporting the configuration assignments made earlier.

We have extracted the B(M1)/B(E2) ratios for band 1 in "®Xe and '**Xe and for
bands 2/3 in '°Xe. The theoretical estimates were calculated (with appropriate signa-
ture splittings) for the proton and neutron 2gp configurations involving the hy,;; orbital
coupled to one of the low-lying positive-parity orbitals. The positive-parity configuration
was assumed to contribute to both signatures of the two-quasiparticle band.

The large B(M1)/B(E2) ratios measured for band 1 in ¥Xe and '%°Xe are reproduced
equally well by the proton g;/‘zhu ;2 and neutron ds;hyi2 configurations, c.f. figs. 15¢
and 15d. The neutron g7/2h11/> configuration, which is also associated with a small signa-
ture splitting, gives clearly too small B(M1)/B(E2) ratios compared to the experimental
values. At the highest spin values the experimental values start to exceed the theoretical
predictions, which could be indicative of an alignment. For bands 2/3 in '°Xe the ex-
perimental B(M1)/B(E2) ratios are approximately reproduced by the proton g7,2h4,2
and the neutron ds;hiy2 configurations.
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The sign of the multipolarity mixing ratio for the 47 = 1 intraband transitions depends
on the term inside the curly brackets in Eq. (2). In the 1qp bands this sign is given by
the well-known relation, sign(d)=sign{{g; — gr)/Qq), which gives a negative sign for
neutrons and a positive sign for protons, assuming a prolate shape. For the 2gp bands
this holds only if the term inside the curly brackets is dominated by the DAL-term. In the
case of band 1 in !'¥Xe and *%Xe, this is true both for the proton g;/;h; 12 and ds)zhy 2
configurations. The DCO ratios measured for the 4 = 1 transitions indicate positive sign
of &, which is thus consistent with the proton configuration. In the case of bands 2/3 in
120X e and the proton gy2h11/2 configuration, the RAL-term is dominating and therefore
we obtain § < 0. In the neutron ds;;hyy > configuration the positive-parity orbital does not
contribute to the sign of multipolarity mixing ratio (g — gr ~ 0) and J <0 is obtained.
Thus both of these configurations yield negative sign of the multipolarity mixing ratio,
in agreement with the DCO ratios of the 507.7 and 564.4 keV transitions indicating
é =~ —0.4.

The B(E2; 1 — I —1)/B(E2;I — I — 2) ratios within a band are very sensitive to the
K-value. For bands 2/3 the measured B(E2;J — I — 1)/B(E2;I — I — 2) ratios are
consistent with K = 1-2, which also favours the proton g7,2hy/, configuration.

5. Conclusions

Rotational bands of ''"Xe, '"®Xe and '**Xe have been studied with the NORDBALL
detector array. Together, about 15 bands were established and in many of them band
crossings were observed. By comparing the band properties with known bands in the
neighbouring nuclei, conclusions of the band configurations have been made. The analysis
ofthe A7 = 1/41 = 2 branching ratios within bands has contributed to the configuration
assignments.

The yrast bands of '®Xe and '2°Xe experience band crossings with very large gain in
the alignment at e = 0.39 MeV. These crossings are interpreted as being caused by
the simultaneous proton and neutron (hyi2 )2 alignments. An involvement of the proton
alignment in the band crossing of the yrast bands, is also supported by the fact that a band
crossing at a comparable frequency is observed in the neutron hy;/; band in !'”Xe. The
second positive-parity band (band 4), extended to high spins, has similar properties as
the neutron S-bands observed in heavier even Xe-nuclei. The third positive-parity band
in 'Xe is a candidate for the yS-band.

Strongly coupled negative-parity bands have been observed in ''*Xe and 2*Xe. These
structures could be associated with the proton g;/‘zhn ;2 configuration. The TRS calcula-
tions predict that the quadrupole deformation in this configuration is > = 0.26, being
10% larger than in the other negative-parity bands. The behaviour of the decoupled
negative-parity bands turned out to be difficult to interpret. We suggest that these bands
have an octupole character at low spins which in the course of rotation gives way for
the proton 2qp character. While the routhians, B(M1;/ — I — 1)/B(E2;I — I —2)
ratios and B(E2;7 — I — 1)/B(E2;I — I — 2) ratios are consistent with the proton
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assignment, the observed band-crossing frequency is calculated to come too early in the
TRS approach. This is analogous to the i;3;; neutron crossing in the rare-earth region.

When comparing the !'*Xe and !°Xe nuclei to the heavier Xe-isotopes, we observe
sudden changes in the alignment patterns of the yrast bands, as well as in the character
of the strongly coupled bands. These changes are related to the energy position of the
particle-hole 7z(g9/2)‘2 — 7 (hyy /2)2 excitation, yielding well-deformed rotational struc-
tures. With increasing N the neutrons tend to polarize the nucleus towards a more oblate
shape, and the excitations of the protons into the hy;;; orbital become unfavourable. We
observe identical bands in the strongly coupled two-quasiparticle proton configuration
and the h;;/; band in the odd-f isotones. This feature can certainly not be explained by
our mean-field calculations.

This work was partially supported by the Academy of Finland, The Danish and Swedish
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