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High-spin states in the evelt®Xe and!®Xe isotopes have been studied with f¥#li(54Zn) reaction at 265
MeV using the GAMMASPHERE array. Several new rotational bands have been identified in these nuclei, and
previously observed bands have been extendett®¢e, a strongly coupledX| = 1) rotational band attributed
to the v[hyy{d72.d5)] configuration and a decoupledA(=2) rotational band identified with the
[ hi107,2] configuration have been found. Experimental observations also suggest that another rotational
band may be understood within the framework of smooth band terminatioh'8%e, two well-developed
sidebands have been observed to decay by multiple paths to the yrast band at spinsinead 24&:.
Identification of the higher-lying sideband has resulted in a substantial revision to the previously proposed spin
extent of the yrast band, thereby resolving an earlier disgreement with theoretical calculations.
[S0556-28188)06806-X

PACS numbsgs): 21.10.Re, 25.70.Gh, 23.20.Lv, 27.69.

I. INTRODUCTION Well-deformed intruder rotational bands built upop-2
2h proton excitations have been identified in magysn,
Experimental investigations of nuclei located near the ;Sh, 5,Te, and 53l nuclides in theA~110 mass region.
=50 closed proton shell in thA~110 mass region have Among the even'®®-1185n[1,2,15—-17 isotopes, collective
uncovered exotic collective structures which coexist with therotational behavior has been found to be induced by the pro-
expected single-particle states. For example, well-deformeghotion of two protons from higlf, upslopinggg, orbitals
rotgtional bands built upon particle-hole-f) proton exci- _into low-Q, downslopinggy, orbitals, creating low-lying,
tations across the shell gap have been observed recently infaformed p2h (mg.,,)%® (7ge,) 2 states. The slopes of
number ofZ=50-53 nuclei[1-11] up to exceptionally high  hese orbitals with respect to the quadrupole deformation pa-
rotational frequencies. As additional particle alignment take?ameterﬁz drive the nucleus towards a prolate deformation

place at higher frequencies, many of these so-called “in- ) . _
truder bands” have displayed the characteristic effect Oo?j%ul%;??l%/b?f?iléfg()?lzels\e/ﬁllfg(—)lslﬁg[?ﬁ% Zol'zz'zlnatr:]g
gradually decreasing dynamic moments of inertia to unusu- P ' e

ally low values. This feature has been attributed by theoretQdd TR [101111 Isotopes, Fhe B-2h proton excitation
ical calculationg12,13 to a mode of smooth band termina- 9€Nerates rotational bands built upon deformp@f3 4p2h,
tion. In this interpretation, the nuclear shape traces a gradu&d 52 proton configurations, respectively, with the addi-
(smooth path through the triaxialy plane from collective tional valence protals) occupying deformation-drivingy/,
near-prolate §~0°) to noncollective oblatey= +60°) as  Of 972,ds2 Orbitals. Given these observations, thp-2h
the available valence nucleons outside of e N=50  Pproton excitation in the*Xe and **®Xe isotopes would be
double shell-closure align. These rotational bands terminatéxpected to induce intruder rotational behavior based upon
once all of the spin vectors of the valence particles and holegeformed @2h proton configurations, with the four addi-
in the underlying configurations have been aligned along th&ional valence protons occupying deformation-driving orbit-
rotational axis. The observation of several rotational bands imls.
the Z=52 14Tey, [7] and 1Tegy, [8] isotopes which were The present experiment was designed to investigate the
interpreted within the framework of smooth band terminationmechanisms by which collective angular momenta are gen-
stimulated the present search for related structural features arated in the evert!®Xe and '!8Xe isotopes. In addition to
the Z=54 1%e,, and '8Xeg, isotopes. Indeed, the high- intruder rotational bands, these isotopes are expected to
spin characteristics of the yrast band in the intermediatenanifest a wealth of interesting collective rotational struc-
117X eq isotope are suggestive of smooth band terminatioriures generated by the four valence protons and available
[14]. valence neutrons outside of the=N=50 doubly-closed
shell. As a result of this work, level schemes for bdtfxe
and 8Xe have been established to high spins and excitation
*Present address: Oliver Lodge Laboratory, University of Liver-energies. In''®e, a well-developed rotational band which
pool, P.O. Box 147, Liverpool L69 7ZE, United Kingdom. may be understood within the framework of smooth band
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TABLE I Location ¢ of detector rings in the 0.45<10° unfolded y-y double-coincidence events were
GAMMASPHERE array and the number of detectdisin each  collected. In each experiment, approximately 2(88%) of
ring for this experiment. Angle8 are measured in degrees relative the events corresponded to th@p (4p) channel tol16xe

to the beam direction. (118Xe). Considerable strength also was observed in the 3
channel to!!*Cs (~27%).

4 N Recorded events from both experiments were separately
173 2 unfolded off line into doubles and triples and replayed into
317 5 E,-E, coincidence matrices and,-E,-E, coincidence
37.4 5 cubes, respectively. In addition, events from the thin-target
50.1 5 experiment were sorted into double-gated matrices to select
116xe and, separately*'8Xe preferentially from the popu-
58.3 1 . . .
792 1 lated reaction channels. Analysis was conducted using the
90.0 5 programsescL8randLEVIT8R [29].
99.3 1 Transition multipolarities for''®1%e were determined
100.8 1 from the backed-target data by using the method of direc-
1217 5 tional correlation.of or.iented state(ﬁ)QO) [30]. A matrix
1299 10 was constructed in which dgteqtors situated at and. near 90°
1426 5 with respect to the beam direction were sorted against those
148.3 4 located at extreme forward0§37.4‘f) and _extreme back-
162.7 5 yvard _(0214_12.6") angles. From this matrix, the angular-
) intensity ratio ofy rays
termination has been identified. Decoupledl €2) and RDCO:U(&_QO") (1)
strongly coupled 41=1) rotational bands also have been | (90° — 6p,)

found. In 18Xe, previously observed band23] have been _ _ _
extended, and several new bands have been identified. THES extracted, in which the second angle in parentheses re-
yrast band also has been revised substantjad at spins fers to the_matrlx axis which is sliced by the gating transi-
greater than 2, thereby resolving an earlier disagreementtion, and 90 and 6y, represent those detectors located at and
with theoretical calculations of the energy cost of high anguhear 90° and at extreme forward and backward angles, re-
lar momentd 24]. spectively. In order to maximize the statistics available for
A compilation of previous experimental information on angular-correlation analysis, two other matrices also were
116xe and 18e can be found in Ref§25] and[26], respec-  constructed, in which detectors located at extreme forward
tively. Results of the two most recent high-spirray spec- and backward angles, and detectors situated at and near 90°,
troscopy experiments utilizing th8%r(3'P,pxn)!611&e  were sorted against those located at all angles. From these
and °Mo(%?S,20a)*'®Xe reactions are reported, respec- matrices, the angular-intensity ratio
tively, in Refs.[14] and[23]. Preliminary results from the

present independent study have been reported eg2iie2§. I, (0= Oan)

— 2
1,(90° = Oan) @

Rpco=
Il. EXPERIMENT . .
was extracted, in whicl,, represents detectors at all angles.
The *8Ni(%%zn) reaction at a beam energy of 265 MeV Angular-intensity ratios were calibrated using transitions of
was used to populate states in tht#118e nuclei at the known multipolarity in the low excitation-energy region of
Lawrence Berkeley National Laboratory 88-In. Cyclotron fa-the 18Xe level scheme. Transitions of stretched quadrupole
cility. Two experiments were performed, one with a thin- character were identified by the ratioRpco (Rpeo)

target stack of two 50Qug/cn? self-supporting®®Ni foils,  ~1.0(4.0) when gated by a stretchE@. Similarly, the ra-
and another using a 720g/cnt target of *Ni backed by a  tios Rpco (Rheo)~0.5(2.0) indicated transitions of pure
19.2 mg/cm layer of natural lead. stretched dipole character. Ferray transitions in which

y-ray  transitons were detected with  the both angular-intensity ratios could be extracted with ad-

GAMMASPHERE array which included 56 escape- equate statistics, the ratios were found to imply consistent
suppressed HPGe detectors, each with an efficiency of apnultipolarity assignments.
proximately 75% of the standard 7.6 &n7.6 cm Na(Tl)

for a 1.33 MeVvy ray. The detectors were located in 14 rings IIl. RESULTS
which were distributed nearly uniformly over# solid
angle, as indicated in Table . The level schemes fol'®e and *'8Xe based upon coin-

For the thin-target experiment, events in which at leastidence relationships and relative intensities as extracted
four detectors fired in prompt coincidence were written tofrom the present experiment are shown in Figs. 1 and 2,
tape, and a total of 4:810° unfolded y-y-y triple- respectively. As seen in the figures, a total of 1) se-
coincidence events were collected. For the backed-target exuences consisting of 4 or more levels were observed in
periment, the fold condition was changed to require only*!®Xe (}'8Xe); 6 new sequences have been identified in
three detectors firing in prompt coincidence, and a total of*'®Xe, and 4 new sequences have been found'fxe. To
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FIG. 1. Proposed level scheme ftiXe. Transition energies are given in keV. The width of each arrow is proportional to the intensity
of the indicated transition. For clarity, the decay pattern of the level labeled with the letter X has been shown in two locations. Estimated
spins of the unconnected bands are accurate 2é.

facilitate this discussion, the observed level sequences have A. Level scheme for*%Xe
been numbered; hereinafter, these sequences will be referred 11,4 positive-parity yrast cascade e, labeled 4 in
to as “bands” regardless of the extent of collective behavior.,;ig 1, has been extenddd4] by six trar,15itions tol ™

Linking transitions to known lower-lying levels for bands 1, =(447). A spectrum generated for this band by the sum of

5,and 7 in e and band 5 in'1?Xe were not observed y, gates on the 1475- and 1484-keV band members in a
directly. Characteristics of the-ray transitions identified in double-gated matrix sorted to seletfXe preferentially is
these nuclei are listed in Tables II, Ill, IV, and V. In general, shown in Fig. 3. To construct this matrix, the original coin-
level spin and parity assignments were deduced fromgigence data from the thin-target experiment were sorted un-
angular-correlation analysis and systematic decay propertieger a gating condition of twe rays from a list of energies.
Spins for the unconnected bands have been estimated fromhis list included the energies of all members of the yrast
the spins of the levels into which they decay, plus allowancegand except for those of the 752-, 1475-, and 1484-keV tran-
for the angular momentum of the linking transitions; tenta-sitions, which had contaminants at nearby energies, and also
tive parities have been assigned on the basis of decay cothe 1776-keV transition, which was observed only tenta-
siderations. tively. Although the spectrum shown in Fig. 3 cleanly illus-
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FIG. 2. Proposed level scheme fbi®Xe. Transition energies are given in keV. The width of each arrow is proportional to the intensity
of the indicated transition. For clarity, the feeding pattern of the level labeled with the letter X has been shown in two locations. Estimated
spins of the unconnected band are accurate: 2 .

trates the extent of the yrast band, the relative intensity of théo the nearest level in band 4. The lowest state in band 3 has
752-keV transition appears incorrect due to the absence of ithree separate decay paths: a 683-keV transition td The
energy from the sorting gate list. Also appearing in the spec=8" state in band 2, a 1247-keV transition to the &ate in
trum displayed in Fig. 3 are two peaks at 1756 and 184&and 4, and a 525-keV transition to the16tate in band 4.
keV. Further analysis using the double-gated matrix deterThough each of these linking transitions is too weak to ex-
mined that these two transitions do not correspond to th&act angular-correlation measurements, the competing decay
favored continuation of the yrast band, but to a short sepaths limit the possible spin and parity assignments to the
quence which decays to the (38state of band 4, as has lowest state in the band. Angular-intensity ratios measured
been indicated in Fig. 1. Reliable angular-correlation meafor the 295-keV link between band 3 and the®18tate in
surements could not be extracted for either these two transband 4 have the valudRpco=0.94+0.16 andRpo=4.04
tions or any of the new transitions in band 4 owing to the=0.23. In order to ensure experimentally reasonable multi-
weak intensities with which they were observed. polarities for the intraband 522-keV transition and the 1247-
The band labeled 2 in Fig. 1 consists of three mutuallykeV link between band 3 and band 4, the multipolarity of the
coincidenty rays and decays via several weak transitions t®295-keV transition has been concluded to have domihant
band 4. Only the 657-keV transition in this band has not—I| M1 character, with small possibE2 admixtures; this
been observed befof5]. In the absence of reliable angular- results in a spin and parity assignment|df=10" to the
correlation measurements, the spins and parity of this banexperimental bandhead. In general, angular-correlation
have been assigned on the basis of the systematic behavianalysis of intraband transitions was hindered by the pres-
observed in heavier even Xe nuc[@3]. A band consisting ence of strong contaminants in band 4 at similar energies.
of four weak transitions and labeled 1 in Fig. 1 appears tdMeasurements extracted for the 234- and 241-keV links be-
feed into band 2 at the"=8" state; a definitive link could tween band 3 and band 4 are consistent withl assign-
not be identified. ments within quoted errors. A short sequence consisting of
The band labeled 3 in Fig. 1, populated at approximatelytwo transitions at 977 and 956 keV has been observed to
5% of the intensity of band 4, includes seven levels and hadecay into the highest state in this band.
been observed for the first time in this work. Except for the  Another new feature of this level scheme, band 5 includes
highest state, every state in band 3 decays both in band amgdght transitions and has been followed up to a rotational
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TABLE II. y-ray energies, intensities, and angular-correlation data for transitions assighé¥do

E, (keV) 2 1, (%)° Rpco © Rbeo© |77 Multipolarity
184.8 1.10.2) 2.320.33 137 —13" M1/E2
227.8 3.70.0) 3.4700.16 11" —11° M1/E2
230.10.7) 5.8(0.2) (157)—15" M1/E2
233.7 2.30.1) 0.830.14 3.000.19 14+ —14* M1/E2
241.4 1.70.2) 2.800.35 16" —16" M1/E2
273.30.3 0.80.1) 18" —18" M1/E2
277.6 2.00.1) 127 —

290.0 4.70.2 0.960.12 3.710.22 9" -9 M1/E2
295.4 2.20.0) 0.940.16 4.040.23 12t —12* M1/E2
301.21.4) <05 (100 —9") (M1/E2)
309.5 4.60.5) 0.670.07 2.440.14 137 —12° M1/E2
315.q1.4) ¢ <0.5¢ (117 —10%) (M1/E2)
315.q1.4) ¢ <0.5¢ (12t —>11%) (M1/E2)
319.20.3 1.40.1) 20" —20" M1/E2
327.4 <05 —10"

332.6 2.20.0) —11"

367.7 2.70.3 0.6600.07 2.1000.19 15" —14" M1/E2
382.6 1.10.2) 0.650.26 2.560.45 127 —11° M1/E2
386.3 3.30.3 0.720.07 2.5000.19 14-—13" M1/E2
393.6 104.61.9 1.00¢ 4.00° 2+ 07 E2
411.2 1.60.2) 16" —15~ M1/E2
465.2 6.40.2) 0.91(0.08 3.820.18 775" E2
472.0 7.30.6) 3.950.23 8 —6 E2
521.6 1.10.2 12+ 10" E2
524.2 100.(8.2) 0.990.01) 3.990.03 4+ 2% E2
525.40.4) <0.5 10" —10* M1/E2
536.9 21.80.7) 0.970.06 4.050.10 97" E2
541.6 1.10.2) 4+ 2% E2
554.3 5.30.3 0.990.07 3.780.12 100 -8~ E2
560.4 2.90.2) 6" —4" E2
583.8 9.80.3 1.02(0.08 3.370.18 117 -9~ E2
584.0 0.60.1) 6" —6" M1/E2
597.20.4) 2.90.1) (16 —157) M 1/E2
605.0 2.70.3 0.960.16 4.160.33 127 —10" E2
615.6 93.82.9) 0.990.01) 4.1000.02 6" 4" E2
622.8 <0.5 2F 2t M1/E2
627.4 1.30.2) 6 —5 M1/E2
634.0 1.50.2) 8 —7" M1/E2
639.8 1.20.1) 4+ 4% M1/E2
645.9 24.00.9) 0.91(0.02) 3.960.05 11" -9~ E2
651.5 2.00.3 100 -9~ M1/E2
656.5 2.70.0) 8" 6" E2
677.2 60.71.9) 0.950.02 4.01(0.03 8" 6" E2
682.5 1.30.2) 10" —8* (M1/E2)
692.2 9.51.0) 0.950.10 3.650.24 137 —11° E2
696.0 5.80.6) 0.8490.10 3.480.20 14~ —12" E2
720.0 4.70.2 14+ 12" E2
721.2 39.01.2) 0.960.02) 3.870.05 10" —8* E2
735.7 20.00.6) 137 —11" E2
751.7 31.21.0 0.930.02 3.80(0.09 12t 10" E2
754.2 8.00.9) 15" —13" E2
766.61.3 1.10.3 (18 —167) (E2)
771.1 14.20.6) 0.520.05 2.180.08 98" E1
779.1 4.30.9 16" —14" E2
782.1 25.80.8) 3.770.12 14+ —~12* E2
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Table II. (Continued.

E, (keV) 2 1, (%) ° Rpco © Rheo © |77 Multipolarity
799.6 15.80.5) 0.91(0.06) 3.640.11) 15 —13" E2
808.7 7.20.2) 3.280.13 (17 )—15" (E2)
826.4 1.30.2 9 7 E2
835.2 21.80.6) 3.590.19 16" — 14" E2
842.7 5.00.3) 4.130.56) 16" 14" E2
853.1 7.30.3 1.000.13 3.820.29 17 —15 E2
868.4 10.70.5) 3.290.19 8 8" E1l
871.40.3 6.0(0.1) (19" —17") (E2)
894.5 16.60.5) (18")— 16" (E2)
904.0 6.60.2) (197)—17" (E2)
911.6 26.70.9 0.540.02 2.140.04 7" 6" E1l
926.9 4.70.1) (18")—16" (E2)
932.710.3 2.20.2) (217 —19) (E2)
952.60.3) 7.60.2) (20" —18") (E2)
955.61.2) 2.000.1) (25—23) (E2)
977.41.2 3.30.2 (23)—22" (dipole)
998.30.4) 4.40.2) (20" —18%) (E2)
1002.70.3) 3.50.1) (22" —20") (E2)
1003.41.2) 1.100.2) (217 —19") (E2)
1015.30.3 1.1(0.2) (237 —21") (E2)
1016.61.4) <05 2r—0" E2
1023.10.3 3.40.2 (22*—20") (E2)
1047.70.3) 2.90.1) (24" —22") (E2)
1061.3 3.00.1) 98" El
1061.9 5.80.4) 0.5600.04) 2.090.06) 5 47 E1l
1070.q1.4) ¢ 1.30.2)¢ (237 —21") (E2)
1070.q1.4) ¢ 1.30.2) ¢ (257 —23") (E2)
1073.4 4.70.3 3.520.29 6" —6" E1l
1095.80.7) 2.50.1) (26" —24") (E2)
1102.G1.4) <0.5 (25 —237) (E2)
1138.41.2) <05 (27 —257) (E2)
1163.80.4) 2.1(0.2) (28" —26") (E2)
1207.41.2) <05 (29 —27") (E2)
1245.10.3 1.40.2) (30" —28%) (E2)
1246.41.2) <05 (31 —-29) (E2)
1246.8 <05 10" —8* E2
1272.41.2) <05 (33 —317) (E2)
1325.10.4) 1.2(0.2) (327 —30%) (E2)
1344.51.4) 2.2(1.0 (97)—8" (M1/E2)
1405.20.8) 1.1(0.2) (34" —32%) (E2)
1475.31.4) 0.600.2 (36" —34%) (E2)
1483.51.7) <0.5 (38" —36") (E2)
1616.61.5) <05 (40" —38%) (E2)
1698.041.7) <0.5 (42" —40%) (E2)
17562) <05 (40" —38") (E2)
17762) <0.5 (44" —42") (E2)
18482) <0.5 (42" —40%) (E2)

% nergies are accurate to within0.2 keV except where noted.

bIntensities are normalized to 100% for the 524.2-keV transition.

CAngular-correlation measurements have been extracted from backed-target experiment only. Measurements
are not available for transitions that are either too weak and/or contaminated.

9Doublet; energy and intensity reported for composite peak because individual peaks could not be resolved
unambiguously.

€Defined by systematics.
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TABLE lIl. y-ray energies, intensities, and angular-correlation data for transitions assighédeo

E, (keV) 2 1, (%) ° Rpco © Rbeo |77 Multipolarity
157.5 0.70.1) 9" -8~ M1/E2
172.01.0 <05 14" — 14* M1/E2
192.0 1.80.1) 2.430.11) 100— 9~ M1/E2
211.20.6) <05 7= 7" M1/E2
246.6 5.5%0.6) 0.830.03 3.230.07 100— 9~ M1/E2
255.8 1.50.3 1.120.13 3.860.22 12+ 12% M1/E2
268.9 4.%0.5) 0.670.05 2.80(0.09 11~ — 10~ M1/E2
286.8 4.%0.4) 0.930.09 4.170.22 9 — 9~ M1/E2
297.5 1.30.2) (117)— 11 (M1/E2)
319.6 3.80.9) 0.770.05 2.660.10 12— 11° M1/E2
3375 100.04.0 1.00¢ 4.00¢ 2t 0t E2
341.8 <05 (9)— 9~ (M1/E2)
344.9 3.70.9 137 — 12° M1/E2
384.5 1.60.2) (147)— 13~ (M1/E2)
403.9 1.70.2) 0.850.09 3.380.12 10— 8~ E2
405.40.4) 1.7(0.2) (15" — 147) (M1/E2)
4185 1.00.2) 0.720.12 3.31(0.30 8 = 7 M1/E2
423.6 1.80.2) 3.770.49 7" — 5 E2
438.0 0.90.1) 3t 2 M1/E2
438.1 3.20.2 1.0000.12 3.840.21) 10" — 10* M1/E2
440.80.4) 1.0(0.2) (16— 157) (M1/E2)
456.80.4) 0.7(0.2) (17— 167) (M1/E2)
457.3 2.4(0.3 2.690.27 8- () E2
472.8 92.04.0 0.97(0.02) 3.890.02 4% 27 E2
488.10.4) 0.50.1) (18— 177) (M1/E2)
488.10.4) 0.6(0.1) (197 — 187) (M1/E2)
500.4 10.00.3 0.990.05 4.070.09 9 - 7° E2
504.10.4) <0.5 (16— 16%) (M1/E2)
512.4 5.80.6) 0.960.07 3.100.13 4+ 2t E2
515.4 4.00.4) 3.850.29 117 — 9~ E2
528.20.4) 1.5(0.2 (14%)— 14* (M1/E2)
538.3 4.00.4) 1.080.14 4.31(0.35 107)— 8(=) E2
544.00.6) 0.80.1) 6(7)— 5~ (M1/E2)
555.8 7.70.9 1.050.06 © 3.690.11) © 6% — 4" E2
555.9 1.10.2) 1.050.06 © 3.690.11 © 5+ 3F E2
577.6 0.90.1) (117)— 9~ (E2)
578.20.6) <0.5 87— 7 (M1/E2)
582.40.6) <05 9 — 8+ E1l
586.4 80.03.4) 0.980.02) 4.01(0.03 67— 4" E2
588.5 2.80.3 12-— 10~ E2
590.6 6.40.6) 2t 2 M1/E2
592.8 5.80.6) 1.030.10 3.980.22 12+ 10* E2
599.8 2.40.3 6% — 6" M1/E2
616.30.6) <0.5 10)— 9~ (M1/E2)
622.1 18.60.6) 0.960.03 4.0600.08 11" — 9~ E2
627.2 4.%0.5) 1.100.12 4.150.32 8t — 6" E2
629.8 4.40.4) 1.150.35 4.640.93 10— 8+ E2
630.3 6.80.7) 0.990.16 3.090.39 4% 4+ M1/E2
632.60.6) <0.5 12005 11~ (M1/E2)
634.8 1.10.2) 7" — 5 E2
637.3 8.00.6) 1.140.07) 4.240.16 12— 100 E2
637.9 4.10.3 (79)— 5* (E2)
664.2 4.20.4) 3.850.349 13— 11~ E2
676.4 60.01.7) 0.970.02 4.060.03 8"— 6" E2

680.9 2.80.3 (9= 7%) (E2)
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TABLE lll. (Continued.

E, (keV) 2 1, (%)° Rpco© Rbeo© I7—I7 Multipolarity
692.0 4.10.9 1.070.10 3.670.25 147 —12* E2
708.000.4) 3.50.2 (137 —117) (E2)
710.1 2.20.2) (11t=9%) (E2)
715.1 0.80.2 (15" —13%) (E2)
718.4 16.90.6) 0.990.07 3.750.14 13711~ E2
721.7 2.00.3 (13*—11%) (E2)
726.20.4) 3.51.0) 11" —10* El
729.0 2.50.3 (147)—12" (E2)
735.60.4) 6.800.7) 4.190.29 147)5120) E2
742.2 33.01.0) 0.940.03 3.8000.05 10" —8" E2
746.01.0) 0.6(0.2) (17*—15%) (E2)
762.50.4) 1.4(0.1) (16" —14%) (E2)
774.4 18.00.6) 0.930.09 14*—12* E2
775.9 24.00.8) 1.050.05 4.030.15 12 —10* E2
787.3 14.00.4) (161)—14" (E2)
790.50.4) 2.60.3 (157)—13" (E2)
795.9 9.80.3 1.050.17) 3.730.13 15" —13" E2
807.60.4) 0.80.1) (17"—15") (E2)
814.90.3 3.000.4 3.7700.40 167 —14*% E2
818.60.4) 2.80.2) (18t —16%) (E2)
825.20.4) 6.0(0.6) 3.240.52 16(7) - 140) E2
830.01.0 <0.5 (19" —=17%) (E2)
841.40.6) <0.5 9 7 E2
842.80.4) 2.60.2) (200—18") (E2)
845.9 16.60.6) 0.500.04) 1.960.07) 9-—8"* E1l
846.40.4) 1.60.2 (167 —=147) (E2)
846.50.3 6.90.3 (18*—16%) (E2)
859.20.4) 1.600.2) (217)—19" (E2)
862.00.4) 3.40.4) (187)—16(7) (E2)
867.1 6.50.7) 3.880.34 17" —15" E2
883.60.4) 1.1(0.1) (15" —13") (E2)
886.1 3.00.3 3.250.31) 19" —>17" E2
897.70.4) 2.1(0.2) (17"—157) (E2)
898.50.4) 2.30.2) (20" —18%) (E2)
905.000.4) 0.6(0.1) (197 =177) (E2)
909.80.4) 2.00.1) (227—207) (E2)
924.5 4.00.4) 0.970.12 4.050.29 8(-) 8+ (E1)
928.1 1.70.4) 2t ot E2
928.30.4) 2.50.3 (18")— 16" (E2)
931.60.3 4.80.2 (20" — 18%) (E2)
945.40.4) 1.30.2) (187— 167) (E2)
966.40.4) 1.60.2 =17

975.80.4) 1.7(0.2) (197 — 177) (E2)
986.60.4) 1.30.1) (22 —20%) (E2)
987.40.4) 0.80.1) (237 —21") (E2)
999.700.4) 1.40.2 (24~ —227) (E2)
1021.8 12.70.5) 0.500.03 2.020.05 7 —6" E1l
1023.50.3 3.00.3 (22t —=20%) (E2)
1028.8 1.80.2) 3t 2t M1/E2
1032.40.5 1.8(0.4) (20t —18") (E2)
1046.00.4) <0.5 (24" —22%) (E2)
1094.q1.0 0.80.1) (22*—20%) (E2)
1111.40.6) 1.50.3 (26 —24") (E2)
1112.1 1.80.2) 0.890.19 2.950.44) 5t 47 M1/E2
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TABLE lll. (Continued.

E, (kev)? 1, (%)° Roco® Rpco© Im—17 Multipolarity
1113.50.4) 2.50.1) (24" —22%) (E2)
1116.00.6) 0.600.1) (25" —23") (E2)
1132.9 3.50.3) 0.480.11) 2.000.15 98"+ E1l
1143.6 1.70.2 3.260.33 66" (E1)
1153.90.6) <05 (27 —257) (E2)
1163.9 1.00.1) (71)—6" (M1/E2)
1167.60.7) <0.5 (30" —28") (E2)
1168.5 0.80.1) (9)—8* (M1/E2)
1180.40.6) <0.5 10" —8* E2
1184.8 2.00.2) 0.460.18 2.170.14 5-—4% E1l
1187.60.4) <0.5 9 —8"* El
1191.60.6) 1.000.2) (287 —267) (E2)
1194.40.6) <0.5 (29 —277) (E2)
1197.90.4) 2.40.1) (26" —24") (E2)
1233.3 1.00.2 2.670.49 7" 6" E1l
1236.40.9) 0.70.1) (307 —287) (E2)
1260.30.5) 1.30.2) (28" —26") (E2)
1269.60.5 0.90.1) (34" —32%) (E2)
1280.50.5 1.20.2) (30t —28") (E2)
1281.60.6) <0.5 (317 —297) (E2)
1286.60.5) 1.200.1) (32+—30") (E2)
1291.40.6) 0.8(0.1) (16%)—14" (E2)
1303.20.6) 1.200.1) (141)—12* (E2)
1308.60.6) <0.5 (30" —28") (E2)
1310.G0.5) <0.5 —36"

1313.90.5) <0.5 (36" —34") (E2)
1322.40.6) <0.5 (18" —16") (E2)
1331.61.0 <0.5 (33 —317) (E2)
1373.40.5) <0.5 (28" —26") (E2)
1380.10.5) <0.5 (32" —-30%) (E2)
1421.60.5) <0.5 (30" —28%) (E2)
1426.31.0 <0.5 (35 —337) (E2)
1436.00.5) <0.5 (34" —32") (E2)
1476.70.5 <0.5 —347

1521.60.6) <0.5 (32" —30") (E2)
1614.70.7) <0.5

1672.90.6) <0.5 (34" —32%) (E2)
1971.90.7) <05

8 nergies are accurate to within0.2 keV except where noted.

®|ntensities are normalized to 100% for the 337.5-keV transition.

‘Angular-correlation measurements have been extracted from backed-target experiment only. Measurements
are not available for transitions that are either too weak and/or contaminated.

9Defined by systematics.

€Angular-correlation measurement reported for composite peak because individual peaks could not be re-
solved unambiguously.

frequency in excess of 0.90 MeX/ A spectrum generated in angular-correlation measurements for any band member,
the thin-target cube from the sum of all combinations ofthe regular level spacings of the band, the relatively high
double-coincidence gates among the members of this band énergies of the intraband transitions, and the absence of
shown in Fig. 4. This spectrum illustrates that the energyany crossover transitions suggest that band 5 is a rotational
separation of adjacent-ray transitions in the band increases cascade of stretchefll =2 electric quadrupoles. Kinematic
with increasing transition energy. Band 5 appears to decay tg'M~ (21 +1)#%/E, and dynamic J®=~4#2/AE,

the yrastl"=16" state, but could not be connected conclu-moments of inertia extracted for the band are plotted in
sively. Transitions which may be involved in the decay pathFig. 5.

are labeled with a question mark in Fig. 4. While the inten- Populated at approximately 22% intensity, the band la-
sity observed in the band was not sufficient to extract reliabldeled 8 in Fig. 1 has been extend@®] to | "= (337). Band
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TABLE IV. vy-ray energies and intensiti€g parenthesgsfor TABLE V. y-ray energies and intensiti€gn parenthesegsfor
transitions assigned to unconnected band$'e. Intensities are  transitions assigned to band 5%tXe. Intensities are normalized to
normalized to 100% for the 524.2-keV transition. 100% for the 337.5-keV transition.

Band 1 Band 5 Band 7 615(2.7)
907 (1.9
742(1.9 762 (4.5 679 (1.4 965 El 8;
752 (1.6) 864 (4.5 748 (4.0 089 (1'3)
762 (1.0 891(4.2 807 (3.5 1085(0' 8
839 (0.9 899 (4.2 832(5.0) 2 i
1193(<0.5
1091(3.0 867 (2.5
1286(1.7) 960 (1.0
1463(0.7) 1115(0.7) . . . .
1853(<0.5) 826-keV link to the 7 state in band 8, the multipolarity of

the 290-keV transition has been concluded to have dominant
@Doublet; energy and intensity reported for composite peak becaude—1 M 1 character, with small possibE2 admixtures; this
individual peaks could not be resolved unambiguously. results in a spin and parity assignment of & the lowest
state in the odd-spin sequence. This sequence is connected to
8 decays to band 4 by strong transitions at 771 and 912 keits even-spin analog by five low-energy transitions. Angular-
and also by a weaker transition at 1062 keV. The rdfigsy  intensity ratios could be extracted for all of these connecting
and Rpco extracted for these three linking transitiofeee  transitions except the 411-keV crossover; these ratios are
Table 1) are consistent with stretched dipole assignmentssuggestive ofAl=1 mixed M1/E2 multipolarity assign-
indicating odd spins for the band. Negative parity has beefnents. Spin and parity assignments for the even-spin se-
assigned to this band on the basis of the systematic behavi@ience have been determined on this basis. In addition to the
observed in nearby even Xe isotopgg3]. Angular- strong 290-keV link, band 6 decays to band 8 via several
correlation analysis supports stretched quadrupole assigether relatively weaker links; the ratid®c, extracted for
ments for transitions observed in the band at energies up tine 228- and 185-keV links are consistent with-1 M1
853 keV. Two sequences, each consisting of three levelsnultipolarity assignmentgwith small possibleE2 admix-
decay to the 15 and (19) states in band 8 by weak tran- tureg within statistical errors. Band 6 also decays by three
sitions at 230 and 933 keV, respectively. Tentative spins angeparate transitions to band 4; the raijg.o measured for
parities for these two structures have been assigned on thike the strongest of these at 868 and 1073 keV are consistent
basis of yrast arguments and decay considerations as reliablgth | — | E1 multipolarity assignments. Angular-correlation
angular-correlation measurements could not be extracted femalysis of the intraband transitions, where possible, supports
any of the linking transitions. stretchede2 assignments. Notably, the 13tate in band 6
Band 6, which has been observed for the first time in thishas several competitive decay paths through an intermediate
work, consists of two cascades dfl =2 transitions con- level labeled X for clarity in Fig. 1; this level decays to the
nected by a series akl=1 transitions. As in band 3, the 10~ state in band 6 by a 327-keV transition.
possible spin and parity assignments for the lowest state in Eight weakly observed transitions are included in band 7.
the odd-spin sequence are limited by the several observedithough the specific transitions involved in the decay of this
decay paths. Angular-intensity ratios measured for the 290aew band could not be determined, two decay paths have
keV link to the 9 state in band 8 have the valuBco been established. Approximately two-thirds of the band’s in-
=0.96+0.12 andRpo=3.71+0.22. In order to ensure an tensity feeds out from the next-to-lowest state in the band to
experimentally reasonable multipolarity for the competitivethe |"=11" state in band 8, and the remaining one-third
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FIG. 3. Coincidence spectrum for band 4 in
116¢e obtained from the sum of two gates on the
800 | 1475- and 1484-keV band members in a double-
gated matrix sorted to selett®e preferentially;
see text for discussion. Band members are indi-
cated by their energies, and contaminants are la-
beled with the letter C. Inset: spectrum at transi-
tion energies greater than 1550 keV.
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FIG. 4. Coincidence spectrum for band 5 in
116¢e obtained from the sum of all intraband
double gates in the thin-target cube. Band mem-
bers are indicated by an asterisk, and transitions
identified in band 4the yrast bandare indicated
by the letter Y. Possible linking transitions be-
tween bands 4 and 5 are indicated with a question
mark.
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feeds out from the lowest state in the band to the 4tate in  the (36") state. As seen here in the inset of Fig. 6, each of
band 6, as noted in Fig. 1. Experimental observations likehese transitions appears clearly in the 1198-keV gate in the
those noted above in band 5 suggest that band 7 is alsodouble-gated matrix. While all of the labeled high-energy

rotational cascade of stretchéd =2 electric quadrupoles. transitions have been attributed d%Xe, the extra gating

Band 9 consists of three weak low-energy transitionscondition available in the double-gated matrix permitted a
which decay via a 1345-keV transition to the yrasti@vel.  conclusive determination of their placement in the level
Tentative spin and parity assignments have been determinetheme. Four coincidence spectra gated on the 1373-, 1422-,
for this new band on the basis of yrast arguments and decahb22-, and 1673-keV transitions in the double-gated matrix
considerations. are displayed in Figs. (@—7(d), respectively. The appear-

In addition to the structures shown in Fig. 1, another seance in these spectra of the 1260-, 1280-, and 1287-keV
guence of mutually coincideny rays was observed at ap- transitions in band 6 and the 1309-, 1380-, and 1436-keV
proximately 5% of the intensity of band 4. This sequencefransitions in band 8 documents the level ordering adopted in
which could not be placed definitively in the level scheme,Fig. 2.
includes transitions at 737, 913, and 1150 keV. As noted above, band 8 decays by several high-energy

transitions to band 6. Angular-correlation analysis of these

B. Level scheme for'8e

The positive-parity yrast cascade #8Xe, labeled 6 in S00¢ 1
Fig. 2, has been established to fife=(36") level. A spec-
trum generated for this band by a gate on the 1198-keV banc
member in a double-gated matrix sorted to sefégXe pref-
erentially is shown in Fig. 6. This matrix was constructed in
a manner similar to that discussed above for the double-gate
matrix in 1%Xe; in this case, the sorting gate list included the ~
. . >
energies of all members of the yrast band up to spin' §28 2
except for those of the 774- and 776-keV transitions, which 3<
had close-lying contaminants. The relative intensities of & & 00
these two transitions appear incorrect in the spectrum dis§
played in Fig. 6 due to the absence of their energies from thegf’
sorting gate list. Spin and parity assignments in this band are ==
supported up to the 14state by angular-correlation analysis. 60
Evidence was presented in the most recent publication or
118xe [14] to support the continuation of the yrast cascade to
| ™=(46"). Further analysis of this evidence in the present
work using the double-gated matrix just described conclu- 20t
sively establishes that the-ray transitions proposed as this
continuation actually form a parallel band which decays to
various levels of band 6. Displayed in Figh2 of Ref. [14]
is a spectrum of the yrast band generated by directly unfold-
ing the original EUROGAM Il data under a gating condition  F|G. 5. Kinematic7¥ and dynamic7®® moments of inertia
of any four of the strongest yrast transitions. Transitions obextracted for band 5 in'®Xe. A dashed line indicates the rigid-
served in this spectrum at energies greater than 1350 kebody moment of inertia calculated for a quadrupole deformation
were suggested as the continuation of the yrast band beyomg}=0.2.

140+

040 050 060 070 080 0%
Rotational Frequency (MeV /%)
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decay links was precluded by their weak observed intensitoo weak to extract reliable angular-correlation measure-
ties; however, identification of an 1168-keV transition con-ments, the observed decay pattern of this band limits the
necting thel = (30") state in band 6 to band 8 does fix the possible spin and parity assignments to the experimental
relative spin and parity assignments of these two bands. Adandhead. On the basis of systematics, this bandhead has
justment of either the relative spins or parities would requirebeen assigned to be (1% this represents the maximum spin
the observation of transitions described by experimentallyallowed within the restriction imposed by the decay pattern.
unreasonable multipolarities. Intraband transitions also were too weak for angular-
The band labeled 7 in Fig. 2, populated at approximatelcorrelation analysis; they have been assumed to be stretched
2.5% of the intensity of band 6, includes six levels and haslectric quadrupoles.
been observed for the first time in this work. Two separate Band 5, also new, includes six transitions and appears to
decay paths to the yrast cascade are observed for the lowes#cay to the yrast™=14" state. The specifig-ray transi-
two states in this band: the experimental bandhead decays Iipns involved in the decay path of this band could not be
528- and 1303-keV transitions to the yradt=14" and 12 identified conclusively. Although the intraband transitions
states, respectively, and the next higher state decays by 504«ere observed too weakly to measure angular-intensity ra-
and 1291-keV transitions to the yrast (76and 14 states, tios, experimental observations like those noted earlier in
respectively. Though each of these linking transitions wadands 5 and 7 irt'®Xe suggest that this band is also a rota-

FIG. 7. Coincidence spectra
generated in the'!®Xe double-
gated matrix by gating on the
1373- (a), 1422- (b), 1522- (c),
and 1673-keMd) transitions link-
ing band 8 to band 6. Note the
staggered appearance of the yrast
1260-, 1280-, and 1287-keV tran-

ST | . . | | . | sitions. Broken vertical lines have
80 :'(2219 ‘2‘0+)(Id) ' ' ' ' ‘ n]«-1lz47 ' ‘ ' been drawn to guide the eye.
s0f

1000 100 1200 1300 1400

Energy (keV)
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' ' ' ' ' ' ' have been added to band 11, and a single new transition has
been added to band 9.

The band labeled 1 in Fig. 2 consists of two cascades of
Al =2 transitions connected by a seriesAdf=1 transitions.
Though this band could not be extended in the present work,
additional decay paths have been identified which firmly es-
tablish the spins and parities of the low-lyin§=7" and 8
states. The level populated by the 419-keV transition in this
band decays by a 1233-keV transition to the yraststate
and also by a very weak 635-keV transition to thedate in
band 3. Angular-correlation analysis suggests that the former
link has anE1 multipolarity. Given this information and the
observed decay pattern, the spin and parity of this level have
been assigned to be 7 Establishing the spin and parity of
the 8 state follows from a complete consideration of all
available information. To begin, an 1133-keV transition con-
nects the state populated by the 515-keV transition to the
yrast 8" level; angular-intensity ratios measured for this link

0.30 ' 040 ' 050 ' 0.60 are consistent with a pure, stretched-dipole character, thus
Rotational Frequency (MeV /) yielding an1”=9"~ assignment, in agreement with earlier
findings. Angular-correlation analysis also indicates that the

FIG. 8. Kinematic7‘) and dynamic7(® moments of inertia  247-keV transition interlinking the twa| =2 cascades has
extracted for band 5 in'®Xe. A dashed line indicates the rigid- A|=1 mixedM 1/E2 multipolarity. This determines the spin
body moment of inertia calculated for a quadrupole deformation, parity assignment to the 1Gstate. Finally, the ratios
p2=0.2. Rpco extracted for the 404- and 419-keV transitions within

band 1 support assigning the former transition as a stretched
tional cascade of stretchell =2 electric quadrupoles. Ki- electric quadrupole and the latter adb=1 mixed M 1/E2

nematic.7") and dynamic7® moments of inertia extracted dipole, thus generating the spin and parity assignment to the
for band 5 are plotted in Fig. 8. 8~ state.

Apart from band 2, all of the remaining features'6fxe As indicated in Fig. 2, thé "=10" state in band 1 has
shown in Fig. 2 have been investigated byrfienenet al.in  several alternate decay paths through an intermediate level
Ref.[23]. While many new transitions and decay paths havaabeled X for clarity. The 10 state decays to this level by a
been found in the present work, our level scheme is consist92-keV transition whose measured angular-intensity ratio
tent with that proposed earlier. As a result, we focus belowR . supports aAl =1 mixed M 1/E2 multipolarity assign-
on additions to the remaining features in the level schemenent. Taken together, this ratio and the decay pattern of the

deduced from the present study. ~_ intermediate level suggest a spin and parity assignment of
Both of the negative-parity bands labeled 3 and 4 in Figg—

2 have been followed to higher spins. Populated at approxi- The new band labeled 2 in Fig. 2 consists of five levels;
mately 18% intensity, band 3 has been extended by thregis pand feeds the state labeled X by a 578-keV transition.
transitions to a level spin of”=(35"). Though consider- Although this band also decays to band 3 by a 298-keV
ably less intense than band 3, band 4 has been extended R¥nsition, neither linking transition was sufficiently intense

four transitions to (30). Several new weak decay paths to permit angular-correlation analysis. Tentative spin and

which connect band 4 to band 3 have been identified at 544y3yity assignments have been determined for this band on the
578, 616, and 633 keV. Band 4 also has two separate decasis of yrast arguments and decay considerations.

paths to band 6: a 924-keV transition to the yrast fate,

and an 1144—key tran;ition_to the yrast Statg. These links, IV. DISCUSSION

whose angular-intensity ratios are reported in Table Ill, have

been assigned to be—| transitions in order to ensure ex-  As suggested above, the level schemes extracted for

perimentally reasonable multipolarities for the transitions*'®Xe and *'8e are quite complex. While these nuclei do

connecting bands 3 and 4. Even spins are established fondeed manifest a number of different structures, they also

band 4 as a result of these assignments, and systematic &hare several related features since, as isotopes, they have

havior suggests that the band most likely has negative paritysimilar proton Fermi surfaces. Interpretations of several of
Both bands 9 and 11 decay to band 10 at low spins. Néhese features if'®e were given in Ref[23]. Accordingly,

new links between band 10 and the yrast positive-parity cashis discussion will focus of'®Xe and those bands identified

cade have been found, but several new decay paths whidbr the first time in 18Xe. The discussion itself has been

separately connect bands 9 and 11 to yrast states in bandoBganized into two parts which separately address positive-

have been observed. Spin and parity assignments to band &bd negative-parity bands. Within each part, related bands in

are based upon angular-intensity ratios extracted for thboth isotopes are discussed together so as to exploit system-

1112-keV link to the yrast "™=4" state; these ratios are atic behaviors. A brief listing of the configuration assign-

suggestive of &1 =1 mixedM 1/E2 multipolarity, implying  ments proposed in this discussion for the bands observed in

odd spins and even parity for the band. Five new transitions'%Xe and 1*®e can be found in Table VI.
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TABLE VI. Configuration assignments proposed for bands observetife and '®Xe. Bands are
referred to by their numbered labels shown in Figs. 1 and 2, respectively. See Sec. IV for discussion.

Bands in Bands in Configuration
116xe 18y e assignment
2 10 even-spin quasirotational band
11 odd-spin quasirotationagl band
112 odd-spin quasirotationay band® aligned
(vh119)? configuration
7 even-spin quasirotational band® aligned
(vh11,9)? configuration
4 6 ground-state band
42 6@ ground-state band aligned (rhyyy)?
configuration
3 9 ground-state bang aligned (vh;y,,)?
configuration
4" aligned (rh,,)? band® aligned @hyq/,)?
configuration
8 3 favored signaturer[hq1,,97]
7° 4 unfavored signature[hy1,.97/2]
7°¢ favored signaturer[ hyq,ds/2]
6 v[h1A 972,519 "]
1 7[(dor2) "*hi1s2
5 7[h11A 972,452 *1© v[ (h11,) *(9712,d51) °]

&Crossing occurs at frequenciess ;.
bCrossing occurs at frequenciess ).
‘Two alternate interpretations are proposed.

A. Positive-parity bands alignments. Given this understanding, an interpretation in-
11 11 volving nearly simultaneou,;,, proton andh;, neutron
1. e, band 4, and***Xe, bands 6 and 8 alignments was proposed in R¢R23] for the upbends ob-

Experimental alignmentsi, extracted for the yrast served in the!'®'?Xe isotopes. In the interpretation pro-
positive-parity bands int*%e and ''®e are displayed in posed in Ref[14], however, the upbend i#8Xe was attrib-
Fig. 9 as a function of rotational frequency. As can be seenigited solely to h;;;, protons on the basis of blocking
the figure, the yrast band it*®Xe shows two gradual gains
in alignment atw, =0.39 MeV/ andw,=0.51 MeV/#, and
also a small increase ai,~0.74 MeV#. In contrast, the s
yrast band in*'e shows only two sharp gains in alignment,
the first occurring at the same frequency as that'fxe and 16
the second ab;~0.64 MeV#. A discussion of these align-
ments is presented below within the context of systematic
behaviors identified in heavier even xenon isotopes.

The yrast positive-parity bands in the heavier even:
120-126xe jsotopes all show an alignment ai;~0.39
MeV/#, proceeding from an upbend #f%e to a backbend
in 1%%Xe (see, for example, Ref23]). In the A=122 Xe
isotopes, these alignments have been attributed to pairs ¢= |
h;1/» Nneutrons. However, as pointed out in REZ3], addi-
tional aligned angular momentum is gained in the cases ol 4f
18 e and *?%Xe, which suggests different aligning particles
for the lighter and heavier Xe isotopes.

Two different interpretations have been proposed in Refs.
[14] and[23] for the alignment observed at; in *¥e. In
Ref.[23], the alignment behaviors dfee and ?%Xe were : : : : : :

. 12 12 0.10 0.30 050 0.70
compared to those of th=56 isotones %Ba and ?Bq, Rotational Frequency (MeV /f)
respectively. As shown in Fig. 18) of that reference, similar
upbends were observed to occur in the alignment patterns of F|G. 9. Experimental alignments for the yrast positive-parity
these four nuclides at frequencies near. In the 2%1?8a  pands in 1*%e and *3e calculated relative to a frequency-
isotopes, these upbends were attributgdl, 32 to the near dependent moment of inertia reference described by the Harris pa-
superposition of closely spacégl,;, proton anch,;, neutron  rameters used in Ref23], J,=15%2/MeV and J; =25 %4/ MeV-.

)

i

Alignment
[o¢]

0.90
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18:' T T T T T T T T planation is consistent with Rdf14] and the blocking argu-
L . ments presented therein.
Mr ] Further comparison of the alignment behaviors observed
10 1 in “%e and '?®Ba proves helpful to understanding the na-
6r 1  ture of the second alignment ih*®Xe even though these
2r ] nuclides are not isotones. As shown in Fig(d0the yrast
€ 18:’ 1 bands in*°e and **Ba both experience upbends ap
NI, S ~0.52 MeV/:. In addition, the total amounts of aligned an-
2 ol 1 gular momenta generated just after these upbends are virtu-
o -l i ally identical. Such close agreement suggests that the second
g 6r 1 alignments in*'%e and '2%Ba have similar origins. Accord-
Z 2L 1 ingly, the alignment observed at, in 1®Xe is assigned here
18;' ] to be due toh;q» Neutrons; equivalently stated, the aligned
al 1 (whyy)? band in*'%e is understood to be crossedagt by
of : the aligned two-quasiparticlebi;;,,)? configuration, thereby
of 1 generating an yrast-allg_nedrhll_,z)zez)(vh11,2)2 band. This
i ] explanation is also consistent with REE4] and the blocking
2l o gmo—e=" 1 arguments in'’Xe and '*’| discussed therein.
005 015 025 035 045 055 065 075 Just as for the upbend at;, two different explanations
Rotational Frequency (MeV /) have been proposed for the sharp alignment gain observed at

w5 in 18Xe. This feature was understood initially in Ref.
[23] to be evidence for the interruption of the band by an
aligned single-particle state, and interpreted later in Ref
to be the result of a normal pair alignment. As discussed in
Sec. Il above, the yrast band fdrt®Xe presented in Ref.
[14] has been revised substantially in the present work. Be-
. i cause of this revision, we find better agreement with the
arguments with thevhy;;, and 7hy), yrast bands in the jpterpretation proposed in ReR3]. The sharp alignment at
nearby odd-neutrort*’Xe and odd-protori*'I nuclides, re-  ,, arises directly from the bunching together of fopray
spectively. transitions in the yrast band at energies~ 1270 keV. Re-

A conclusive distinction can be made between these altersults of calculations based on the total Routhian surface
nate interpretations by referring to recent experimental dateTRS) formalism [35—37] reported in Ref[23] for 1¥e
for 12Ba, in which the yrast positive-parity band has beenpredict that a state based on th¢(h;1/)2(97/2,05) 2] 16+
extended to 36 [33]. The experimental alignment extracted ® v[(h11,)%(97/2,d5) 0+  single-particle configuration
for this band is shown here in Fig. (). As seen in this will interrupt the collective rotational states &f=36".
figure, two distinct upbends are now observed'#Ba, the  (This is not a predicted smooth-termination state; see bglow.
first at w;~0.36 MeV# and the second at,~0.52  Although a 36 state was not observed in RdR3], the
MeV/#. These upbends have been interpreted by comparingresent spectrum of the yrast band does support the assign-
the alignment behavior in?®Ba to that extracted for the ment of the yrast (36) state to this single-particle configu-
vg7, and vhy,, bands in the odd-mas$®Ba isotope; these ration. Near this state, the yrast band fragments into several
latter two bands have been extended also in recent experi~ray transitions, resulting in a sharp decline in intraband
mental datg33]. On the basis of this comparison, the first intensity. Both of these features are associated with the in-
(secondl alignment in 12%Ba has been attributed solely to terruption of a collective rotational band by an aligned
h11/2 protons 11, neutrons [33]. The alignments fot'®Xe  single-particle state. This interpretation suggests that a sec-
and 1'8Xe are compared td?®Ba in Figs. 10b) and 1Gc),  ond alignment arising from a pair df,;, neutrons has not
respectively; in these figures, £.§1.04) has been added to been observed in the yrast band i#Xe. Considering the
the alignment values fot'8Xe (*'8Xe) for purposes of com- understanding of the second alignments in the yrast bands of
parison.(While the level scheme fof'®Ba, theZz=56 iso-  both 16Xe and '?°Ba, this is an unexpected result, and may
tone of 1*%Xe, has been established recertd], the yrast be caused by the apparent interruption of the band occurring
band has not been followed through the first alignment, thuat the (36') state.
precluding a meaningful comparison witf®e.) Similar to As alluded to above, the aligned single-particle state
Fig. 10 in Ref.[23], Figs. 1@b) and 1@c) demonstrate which appears to be interrupting the yrast bandifXe is
that the alignment behaviors of the yrast bands'ifxe, not a predicted smooth-termination state. Assuming the
118¢e, and 12°Ba are all quite similar in the vicinity of the alignment of all valence nucleons consistent with
upbends aty;. Given the current interpretation 3fBa, the the  Pauli  principle, the 7 (h;1)%(g7/2.05)?]
alignments ato, in 1*%Xe and'8Xe are assigned here to be ® v[(h11,9)%(972,ds5,)°] configuration has a maximum spin
due solely toh,4,, protons; equivalently stated, the ground- of 424. If the yrast band were built on this configuration, the
state bands in these isotopes are understood to be crossedand would be expected to terminate at spin 42, in disagree-
w, by aligned two-quasiparticle#h;;,)? configurations, ment with experimental observations. Theoretical calcula-
thereby generating yrast-alignedrlf;;,;)? bands. This ex- tions as discussed below for band 5'¥Xe suggest that the

FIG. 10. Experimental alignment, extracted for the yrast
positive-parity band in?®Ba (a) compared to the alignment for the
yrast positive-parity band in*'%e (+1.51) (b) and ¥Xe
(+1.0%) (c). Alignments have been calculated using the Harris
parameters indicated in the caption to Fig. 9.
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yrast band in*®e, as well as the yrast band ®Xe, can
be attributed to a configuration of the for02,4] in the
notation of Sec. IV A 4. In*'8Xe, this configuration includes 12| (@) e—>band 3

ten valence neutrons which are distributed over the positive- o—o yrast band
parity g2, dss0, dsp, @nds,, orbitals. Calculations indicate L e
that the most energetically favored configuration of this form

(b) =—aband 9 :
o—o yrast band
T8Xe i

includes eight neutrons in the,,ds), orbitals and two neu- & sl | |
trons in theds,, sy, orbitals. Since such f02,4] configura- "
tion has a maximum spin of 48 the yrast band int'®e =
does not appear to have been observed to the predicte § ] ]
smooth-termination stat€Theoretical calculations shown in g
Fig. 13 suggest that the yrast band itfXe has been ob- .<_E(” 4t 1 1

served to within two transitions of the smooth-termination
state predicted at 46for the correspondin§02,4] configu-
ration)

Band 8 in 1'®e has been observed to decay into band 6
near thel "= (26") state. As described earlier, many of the or
y-ray transitions identified in this band had been assignec
most recently to band 6, thereby generating a maximum ob- s : :
served spin in the yrast band of (46[14]. Prior to the )
present work, Ragnarsson and Afanasjev reported the resuli_ Rotational Frequency (MeV/f)
of calculations for'8e which were performed in order to
examine configurations which terminate in the available va
lence spacé24]. These calculations were not able to repro-;. e caption to Fig. 9. Alignments of the yrast bandsfxe (a)

duce the very IOW, cost in energy of spin units abdve .18y (b) at low frequencies are shown for comparison.

~40h in the experimental spectrum of the yrast band re-

ported in Ref.[14]. This disagreement has been resolvedground-state bands also will be crossed at frequencies near
now by the experimental observation of the parallel band 8w; by aligned two-quasiparticle vi15,)? configurations,
which implies a yrast band much less extended in spin thaligned (-h;;,)? bands are expected to coexist with the ob-
previously thoughf38]. At present, the interpretation of this Served frhy;)* bands at low excitation energies.

sideband remains unclear. H®Xe, a two-level sequence In Ref. [23], band 9 in ***Xe was assigned to be an
with a similar decay pattern has been identified at muctpligned two-quasiparticleihy,) band on the basis of the
higher spins. Judging by the crossing frequency with thé)pserved allgnmgn_t pattern and extrgcted crossing freque.n—
yrast band, this sequence may be related to the nearby alig@'ies- The close §|mllar|t|es between this band 9 and band 3 in
ment gain observed a#,. [Note that*?Ba also appears to 6>,(e’ as described above, suggest that band 3 also may be
experience a third alignment gain at high frequency; see FigS® identified. Like band 9, the initial amount of aligned an-

10(a).] Currently, these unusual features’itfxe and 118xe gular momenta in band 3 resembles that in the aligned
are the subject of theoretical investigatidBs]. (vhi19)? bands in the heavieA=122 Xe isotopes. More-
over, the extrapolated crossing frequency with the yrast

1 L band, slightly greater tham,;=0.39 MeV#, is consistent
2. 1%e, bands 2 and 3, and*’Xe, bands 9 and 10 with the systematics presented in Rgf1] for the crossing

Considered as pairs, band® in ®Xe and band 1@9)  frequencies of aligned two-quasiparticlehi,,)? configura-
in 118e share many features. Bands 2 and 10 originate dions. Given these considerations, band 3'#Xe can be
low excitation energies, have similar decay patterns, andéssigned reasonably as an alignegh ) band. The
have been interpreted in both Xe isotopes as even-spin qualigned (h,;,)? configuration has a preferred negatiye
sirotational y bands[39,40. These bands are crossed by deformation. As mentioned in ReéR3] for bands 9 and 10 in
bands 3 and 9 at frequencies near 0.31 Me\Bands 3 and 118xe, such a deformation might lead to a large overlap with
9 themselves also have similar decay patterns, and cross thiee quasirotationaly band, and could account for the low
extrapolated yrast bands at frequencies near 0.41 KleV/ crossing frequency of bands 3 and 2%txe.
Experimental alignments, extracted for bands 3 and 9 are 118y
shown in Figs. 1@a) and 11b), respectively, where the 3. *"Xe, bands 7 and 11
alignments of the yrast bands at low frequencies are pre- Band 11 in*'¥e includes nine levels and has been fol-
sented for comparison. These figures demonstrate that thewed up to a level spin af"=(19"). At low spin, this band
amounts of aligned angular momenta in bands 3 and 9 areas been interpreted to be the odd-spin analog of band 10 in
near 7 initially, and then gradually increase with increasing '8e [40]. A similarly understood odd-spin band was re-
rotational frequency. ported in 1*®Xe in Ref.[39], but could not be confirmed in

As discussed in the previous section, the ground-statéhe present work.
bands in '%e and !'¥Xe have been understood to be The experimental alignmernt extracted for band 11 in
crossed aiw; by aligned two-quasiparticlerth;;,)? con-  8Xe is shown in Fig. 12, where the alignment of the yrast
figurations, thereby generating yrast-alignedrh(,,,)? band at low frequencies is presented for comparison. As
bands. Since systematic behaviptl] suggests that the demonstrated in the figure, both the yrast band and band 11

020 030 040 050 020 030 040 050

_ FIG. 11. Experimental alignmentg for band 3 in***e (a) and
band 9 in''®e (b) calculated using the Harris parameters indicated



57 COLLECTIVITY IN EVEN £;°Ke AND #i%e ISOTOPES 3007

' ' ' ' ' ' ' ' ' neither upbends nor follows the pattern of the yrast Haee
- . Fig. 11(b)].
nl | The differences just described between bands 7 and 9
strongly suggest that these bands do not both result from
crossings of the ground-state band by aligned two-
] quasiparticle configurations. A band with a behavior similar
- to that of band 7 has been observed tfXe, however,
where extracted ratios of reduced transition probabilities
B(E2;|—1—2; interband/B(E2; 1 —1—2; intrabang ~0.1
were understood as evidence for a quasirotationddand
1 coupled to an aligned two-quasiparticle configurati@sl.
Given the description above, band 7 appears to be consistent
with this explanation, though thB(E2; out/B(EZ2; in) ra-
tios extracted for decays from th&=(16") and (18)
] states are smallefabout 0.04 and 0.02, respectivelyThe
- close correspondence between the alignments of bands 7 and
11 suggests that these bands are related. As discussed earlier,
band 11 can be understood at high frequencies to be an odd-
-, . , . . , . , L] spin quasirotationay band coupled to the alignedf;;,,)?
015 0.25 0.35 0.45 0.55 configuration. Since the initial alignment ofi8in band 7
Rotational Frequency (MeV/) suggests that the crossing of the two-quasiparticle configura-
tion likely has already occurred, band 7 can be assigned rea-
onably as the even-spin anal@g., “signature partner) to

F o—-oband 7

Sr z—-=ahband 1

Alignment, i (f)

o——eyrast band

FIG. 12. Experimental alignmenigfor bands 7 and 11 id'8Xe
calculated using the Harris parameters indicated in the caption t

Fig. 9. The alignment of the yrast band i#Xe at low frequencies and 11.
has been shown for comparison. 4. 1% pand 5, and''®e, band 5
in 118Xe experience similar alignment gains at~0.39 As noted earlier, neither band 5 H%e nor band 5 in

MeV/#. Despite this close resemblence, the upbend occurt'®e could be linked conclusively to known low-lying
ring nearw, in band 11 does not appear to be duehtg,  states. Tentative spin and parity assignments have been de-
protons, as in the yrast band, buthg,,, neutrons. As dis- termined for these bands on the basis of yrast arguments and
cussed above, aligned two-quasiparticlerh(;)®> and decay considerations. The discussion below proceeds assum-
(vhy19)? configurations both cross the ground-state band ining this tentative character.
118xe at similar frequencies. If band 11 were like the Band 5 in *'%%e includes nine levels and has been fol-
ground-state band, these configurations could be expected kowed up to a rotational frequency in excess of 0.90 MeV/
cross band 11 at similar frequencies also. Band 11, howeveAs shown in the spectrum of Fig. 4, this band manifests an
iS a quasirotationaly band at low spin, and, unlike the increase in the energy spacings between adjageny tran-
ground-state band, has varyingdeformations; such defor- sitions with increasing transition energy. This observation
mations would enhance the likelihood of the rotational align-suggests that band 5 may be described within the framework
ment of a pair oh,,,, heutrons oveh,,, protons. Given this of smooth band terminatiofi2,13.
consideration, the upbend observedsgtin band 11 is at- Smooth band termination is a form of collective rotational
tributed here td,,, neutrons. This interpretation appears to behavior in which the nuclear shape gradually evolves over
be consistent with the crossing frequency and alignment gaimany +y-ray transitions from collective near-prolatey (
shown in Fig. 12. ~0°) to noncollective oblatey= +60°) as the Coriolis in-
Band 7 in 1*®e consists of six levels and has been fol- teraction aligns the valence particles and holes with the
lowed up to a level spin of "=(24"). Relevant features nuclear rotational axis. After the available valence particles
concerning the origin of this band can be deduced by comand holes have aligned, the rotational band terminates at an
paring the behavior of band 7 to that of band 9. As men-angular momentum that exhausts the sum of the aligned
tioned earlier, band 9 decays to the yrast band primarily byingle-particle spins.
low-energy transitions having dominaint-1 M1 character. Rotational bands in the Sb regidi-4,7,8,10 which
The only pure stretched-quadrupole transition observed ihave been understood within the framework of smooth band
the decay path to the yrast band originates from thé 10 termination share several experimental features. One charac-
bandhead and does not compete with the much more intenseristic feature is a decreasing dynamic moment of inertia
|—1 M1 transition. In contrast, the decay path of band 7.7® with increasing rotational frequency, to values that are a
includes several pure stretched quadrupoles which are confraction of the rigid-body estimates close to termination. This
petitive with the | —1 M1 transitions. The experimental decrease appears to be associated with the increasing cost in
alignment extracted for band 7 is shown in Fig. 12, where theenergy to build higher units of angular momentum as the
alignments of the yrast band and band 11 also are presentetlicleus approaches the noncollective oblate shaBe An-
As displayed in the figure, the alignment in band 7 followsother related feature is a substantial difference between the
the patterns in these two bands closely, beginningiaa8d  dynamic.7(?) and kinematic7(*) moments of inertia at fre-
upbending at a frequency near 0.40 M&V/This behavior quencies near termination, such tha®)< 7}, As shown
differs markedly with that of the alignment in band 9, which in Fig. 5, band 5 in''®Xe also shares these two features;
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' ' ' ' ' ' ' ' ' ing an alignment of all particles consistent with the Pauli
BN principle, the m[hyyAg7/2,ds52)°1® Y[ ("11/) (972,512 °]
NN | configuration has a maximum spin of/88hinting that band
AN 5 may have been observed to the penultimate state#(
\ experimental uncertaintybefore predicted smooth termina-
AN tion. Given the available experimental evidence, the assign-
\\ \ ment of band 5 in*!®Xe to the[01,3] configuration repre-

y [224]_ sents a probable interpretation.

‘ Band 5 in *'8Xe includes seven levels and has been fol-
lowed up to a rotational frequency near 0.60 M&VUnlike
band 5 in 1'Xe, this band has not been observed signifi-
cantly beyond the frequency regime where pairing correla-
tions are known to be importanti £20%); consequently,
theoretical calculations as discussed above will not be con-
clusive here. A comparison of the dynamic moments of in-
ertia 7(® extracted for these two bands does nonetheless
provide information relevant to understanding the structure
of band 5 in'*¥e. These moments of inertia, shown in Figs.
5 and 8, manifest pronounced peaks at frequencies near 0.48
MeV/#, suggesting related quasiparticle alignments. In the

FIG. 13. Rigid-rotor plot of band 5 iA'éXe and calculated yrast Proposed explanation for band 5 ift%e, this alignment
configurations having parity and signature,0). Experimental val- ~ Would be consistent with the second crossing of a pair of
ues are indicated by solid symbols and theoretical results by labeleld;1/> heutrons, since the first crossing would be blocked by
curves. A dotted line represents the calculated yrast line for th@ccupation of thevh,,,, orbital. If this alignment does arise
stated parity and signature combination, and an open diamond dérom the secondvh,;,, crossing, then the configuration re-
notes the predicted smooth termination state of[fe3] configu-  sponsible for band 5 it8e has an odd ¥ 1) number of
ration. h,1,> neutrons. With this consideration, two conclusions con-

cerning the proton contribution to the responsible configura-
these experimental observations are interpreted as evidentign are evident. If band 5 has positive parity, as suggested
for smooth band termination. experimentally, then the proton contribution would include

Theoretical calculations also have been undertdlag)  an odd number ofiy;/, orbitals; if band 5 has negative parity,
within the configuration-dependent shell-correction approaci§ontrary to experimental expectations, then the proton con-
[42] to exp|ore the termination properties of band 5tifixe tribution would have positive parity. A further understanding
and identify its microscopic configuration. The energy inOf the configuration responsible for band 5 is not possible
these calculations is minimized with respect to the deformaWwithout rigorous spin and parity assignments.
tion parametersdz, €4, 7) by using a cranked Nilsson po- As indicated in Sec. | above, the present work has been
tential to describe the rotating mean field and performingnotivated by our observation of well-developed intruder ro-
shell corrections according to the Strutinsky prescriptiontational bands in thé'“Te[7] and **Te[8] isotopes, which
Pairing correlations have been neglected, and specific tecfre the corresponding=52 isotones of'**Xe and *®Xe.

niques explained in Ref13] for orbital tracing have been The yrast intruder bands in these two Te isotopes were inter-
employed. Individual configurations can be followed in cal-preted within the framework of smooth band termination. On

culations over a large spin range, up to the maximum spin#he basis of theoretical calculations like those described here,
for band termination. In this section, configurations relativethese bands were attributed to deformgm# proton con-
to the doubly magic'®%Sn core will be labeled using the figurations involving 2-2h proton excitations across the
shorthand notatiofip,p,,n], in whichp;, p,, andn are the =50 shell gap. Intruder bands similarly attributed to de-
numbers of proton holes in they, orbital, of protons in the formed $2h proton configurations have been observed in
h,4, orbital, and of neutrons in thie;;, orbital, respectively  both the'!3 [10] and 1™ [11] isotopes, the latter of which is
[13]. the Z="53 isotone of'1®Xe. These observations suggest that
These calculations have identified the configuration reintruder rotational bands built upon related deformgx2le
sponsible for band 5 int*®Xe to be[01,3], which can be proton configurations can be expectediffXe and *!xe.
written asa[hy1{97/2,ds2)31® [ (h112)3(972,d52) %] rela-  Contrary to expectations, however, band 51fXe, the only
tive to theZ=N=50 doubly closed shell. A comparison be- candidate for smooth band termination in these two Xe iso-
tween the energies of band 5 and {td,3] configuration topes, appears to be built upon th@l,3] configuration,
calculated relative to a rigid-rotor reference is presented as which does not involve anp-h proton excitations.
function of spin in Fig. 13. For purposes of comparison, the This unexpected result may be explained by the theoreti-
experimental curve in this figure has been offset by an arbieal calculations shown in Fig. 13. As indicated in this figure,
trary amount from the calculated curves since the absoluteonfigurations in'*®Xe which are built upon deformep-h
energy of band 5 is unknown. Figure 13 shows that calculaproton excitations, such as tf&2,4] and[22,4] configura-
tions for the[01,3] configuration reproduce the general shapetions, are not predicted to approach the yrast line until very
and minimum of the experimental curve rather well. Assum-high spinsl ~45; these spins are beyond the limit of ex-
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FIG. 14. Experimental alignments for bands 3 and 4 if'8e FIG. 15. Experimental alignments for bands 7 and 8 irt'Xe
calculated using the Harris parameters indicated in the caption tgalculated using the Harris parameters indicated in the caption to
Fig. 9. Fig. 9.

low lying. In Ref.[23], bands 3 and 4 it*®e were noted to

perimental sensitivity in the present work. Such a Situatior}esemble the : . . : .

. . . . yrast negative-parity bands in neighboring Ba
coptrast's mar_kedly with the light Te |sotope§, where ComclguTsotopes[31,32,43 at low spin. Given that these Ba bands
rations involving deformegb-h proton excitations approach

U . . ! were interpreted as having proton character, bands 3 and 4 in
the yrast line in theoretical calculations at relatively low P gp

; . ; 118xe were understood in Rdf23] as having proton charac-
spins| ~30h (see Figs. 7 and 11 in Ref8]). These calcu- ter also, and were assigned to be signature partners based on

; . . ) ; tthe two-quasiprotonr| hqq,497/2] configuration. This expla-
T e e e e AN a5 Wi e resent dta. The kowale o e
menta ngar the yrastgline 9 7 h11/972] configuration is consistent with the large signa-
' ture splitting observed between bands 3 and 4 and also the
fairly weak Al=1 M1/E2 crossovers, and the=+1 fa-
B. Negative-parity bands vored signature of the configuration is consistent with the
odd-spin band 3 occurring at lower excitation energies than
1. e, bands 7 and 8 and"Xe, bands 3 and 4 the even-spin band 4. As in R4R3], the sharp alignment
Bands 3 and 4 int'®e have been extendd@3] in this  gains identified at 0.44 MeVWy/ in these bands are attributed
work by three and four transitions to level spins 0f  here to rotational alignments of pairs lof;,, neutrons. Two
=(35") and (30), respectively. The alignment patterns ex- alternate explanations were proposed in Ref] for the
tracted for these low-lying, decoupled\(=2), negative- second sharp alignment gain in band 3, specifically, interrup-
parity bands are shown in Fig. 14. As noted in R3], tion of the band by an aligned single-particle state and the
these bands have very similar alignment behaviors. Botlfiirst nonblocked rotational alignment of a pair lof,,, pro-
bands experience gradual increases in alignment up to freéens. A second sharp alignment now also appears to occur in
guencies near 0.40 Me¥/and then sharp alignment gains of band 4(see Fig. 14 The present development of bands 3
4% at approximately 0.44 MeWy. Additional sharp align- and 4 suggests that the gains in aligned angular momenta
ment gains also appear to occur in both bands at frequencig¢aking place near 0.60 Me¥/are the results of normal ro-
between 0.55 and 0.60 MeX/ While bands 3 and 4 each tational alignments in a prolate nucleus; these upbends are
decay to band 6, the yrast positive-parity band, by electriattributed here to pairs df,,,, protons.
dipole transitions, band 4 also connects to band 3 by several Band 8 in!!%e includes 15 levels and has been followed
mixed Al =1 M1/E2 transitions. These weak linking transi- up to a level spin ol "=(337). The alignment pattern ex-
tions and the similar alignment behaviors shown in Fig. 14tracted for this low-lying, decoupledA(=2), negative-
suggest that bands 3 and 4 are signature partners. parity band is displayed in Fig. 15. As shown in this figure,
For deformed prolate shapes in th&Xe and 1'8e iso-  the aligment behavior of band 8 resembles that observed in
topes, the proton Fermi surface lies just below the Bw- band 3 in!!8e; band 8 shows a gradual increase in align-
hi4» orbitals, and the neutron Fermi surface lies in thement up to 0.40 MeVi. While band 8 does not experience a
middle of thehyy;, subshell. As a consequence, negative-sharp alignment gain near 0.44 Mé)//the band does gain
parity bands built on two-quasiproton and two-quasineutrorapproximately 4 in aligned angular momenta over the fre-
h,1,.097» and hy1,ds5/, configurations can be expected to be quency range 0.45-0.55 Mek// Moreover, band 8 appears
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FIG. 16. Excitation energies and decay patterns of the first few states in barld®8énand the lowest odd-spin states in thjgh,1,,97/,]
bands in the even-mag$® 2%Xe isotopes.

to undergo a second alignment gain near 0.60 MeWhese  hi107,, andhy,,ds;, configurations. Two alternate explana-
similarities suggest that band 8 #°%e and band 3 in'8Xe  tions appear likely for band 7 given this consideration. As
are built on related configurations. one possibility, band 7 could be the signature partner of band
As already discussed, band 3itXe has been attributed 8 in *'®Xe. Admittedly, the alignment patterns of these two
to the two-quasiprotont[h,,,.97,,] configuration. In addi- bands are unusual for signature partnese Fig. 15 but
tion to 1'8Xe, low-lying negative-parity bands generated bybands 7 and 8 do experience similar alignment gains at
this same configuration have been observed4iXe [23]  nearby frequencies. Since the h;;,597,] configuration has
and *?%e [44]. A comparison between the decay patternsa low K value, this explanation would be consistent with the
and excitation energies of the lowest odd-spin states in thedailure to observe anjl =1 M1/E2 crossovers between the
bands and the first few states in band 8'1Xe is presented bands. As an alternative, band 7 could be the favored signa-
in Fig. 16. As shown in this figuréand also Fig. 1, band 8 ture of thew[hy4,.ds/,] configuration. This configuration also
decays to the yrast positive-parity banditPXe by several has a lowK value and, as such, would be consistent with the
intense electric dipole transitions. Figure 16 demonstrategbsence of an observed signature partner for band 7.
that this decay pattern closely resembles that of the odd-spin In both of the above explanations, the upbend identified at
[ hi1972] bands in the heavier even-mass Xe isotopes0.42 MeV/#: in the alignment curve for band 7 would arise
This figure also demonstrates that the excitation energies dfom the rotational alignment of a pair of;,, neutrons. The
the lowest negative-parity states in the evefi ?*Xe nu-  discussion of the yrast positive-parity band #Xe (see
clides follow a smooth systematic behavior. Given this trendgarliep indicates that pairs df, protons are also expected
the similar decay patterns, and the alignment features dde align at such low frequencies. Although both of the low-
scribed above, the assignment of band 8'iXe as the lying two-quasineutron[h,4,97,,] andv[hyqds,] configu-
favored signature of the two-quasiproterihq;,,07,] con-  rations could generate this proton alignment, neither of these
figuration appears to be a plausible explanation. As in band 8onfigurations appears to be consistent with the present data
in 1%e, the first and second alignments in band 8 can bdor band 7. Unlike the two-quasiproton configurations, these
associated with pairs df;;,, neutrons andh,,,, protons, re- two-quasineutron configurations have fairly highvalues,
spectively. and would thus be expected to produce strongly coupled
Band 7 in 1%%Xe includes nine levels and has been fol- bands with small signature splitting, in contrast with experi-
lowed up to a rotational frequency near 0.55 M&ViVhile ~ mental observations. Accordingly, band 7 appears to be
this band could not be linked definitively to known states inbased on either them[h;;,097,] or @[hyyds;,] two-
the 1%Xe level scheme, approximately 2/@/3) of the quasiproton configuration.
band'’s intensity does appear to feed low-lying states in band As noted above, band 8 if®Xe and bands 3 and 4 in
8 (6). An experimental alignmerit, has been extracted for '®Xe decay to the corresponding yrast positive-parity bands
band 7 assuming the tentative spin and parity assignmenty electric dipole transitions. Reduced transition probabili-
indicated in Fig. 1; this alignment is compared to that ofties of B(E1)~2—-4x10 % e? fm? have been calculated
band 8 in Fig. 15. As seen in this figure, band 7 undergoes afor these transitions usin@(E1)/B(E2) ratios extracted
alignment gain of approximately75at the frequency 0.42 from the experimental data and quadrupole moménpies-
MeV/f. timated with techniques described in the next section. Spe-
While an exact understanding of band 7 cannot be deterific B(E1) values for individual linking transitions are
mined without rigorous spin and parity assignments, fouristed in Table VII. These transition rates are comparable to
two-quasiparticle configurations are expected to generatthose which have been extracted itfTe [45], 11Xe [46],
low-lying negative-parity excitations if*®Xe. As alluded to  and 1*®8a[34] and understood as evidence for octupole cor-
above, these are the two-quasiproton and two-quasineutraelations related to theh,,,, and vds,, orbitals havingAj
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TABLE VII. Reduced transition probabilitieB(E1) calculated =2 transitions extending to level spins ¢f=16" and
for transitions in the decay paths of bands 6 and &Xe and (197). Five Al=1 mixed M1/E2 transitions having stag-
bands 3 and 4 irt**e. gered energies connect these cascades; this staggering sug-
gests a small amount of signature splitting. The experimental
Nucleus Band Qo (eb) I7—I7  B(E1) (10°“e’fm?)  Roythians extracted for the two opposite signatures of band 6

116y 6 3.50 g .8+ 1.07+0.10 are shovyn i.n_Eig. 1(b). As seen in fthis figure, the si_gnature
8 3.48 7 6" 4.66+0.21 s_phttmg is initially about 75 ke\( in favor _of thex=+1
~ o+ signature, and then decreases with increasing frequency. No-
9" -8 2.42+0.13 . .
11 + tably, thea=0 signature in band 6 has been observed from
xe 3 385 76 3:5010.14 ignificantly lower excitation energies than the=+1 si
9-_g" 3.4240 16 rs1§tureca y lower excitation energies tha sig-
11~ —10" 1.79+0.51 11 11 . .
4 g 169+ 0.97 In 1*%Xe and '*®e, there are only three negative-parity

two-quasiparticle configurations which are capable of gener-
ating bands with the small signature splitting observed in
Figs. 17a) and 17b). These are the two-quasineutron
v[hy1972] andv[ hyq,055] configurations referred to earlier
and the two-quasiprotom{ (go;) “*hyy,5] configuration. So

at_ fairly low excitation energies and hgve initial amounts of ¢ ;o help identify which of these configurations are respon-
aligned angular momenta neat 3see Figs. 14, 15, and 16 gip\a for hand 6 in''®Xe and band 1 in8e, experimental
These observations and the enhanced transition rates SUg9Bstos of reduced transition probabilitie8(M 11 — I

that octupole correlations also may be involved at low Sp'n—l)/B(E2;|—>| —2) have been extracted for these bands

in the decoupled negative-parity bands fffxe and **%e ;. compared to theoretical predictions generated with the
[23]. semiclassical model of Dmu and Frauendoff47]. A de-
scription of the methods involved in this comparison has
2. M°Xe, band 6 and''*Xe, band 1 been provided in paragraphbelow; a brief discussion of the
Band 1 in 8e, a strongly coupled4l=1) negative- interp_retations which are supported by this comparison fol-
parity band, has been followed to th&=(19") state. No lowsin Sec. VB2b.
new transitions have been obsery&d] in this band. Experi- a. Analysis of experimental(811;1—1—1)/B(E2;| —1
mental Routhian®’ extracted for the two opposite signa- —2) ratios. Experimental values for the ratios of reduced
tures of band 1 are displayed in Fig.(&7 As shown in this magnetic dipole and stretched electric quadrupole transition
figure, the Routhians of thee=0 and +1 signatures are Probabilites B(M1;1—1-1)/B(E2;l—1-2) have been

nearly degenerate over the entire range of observed frequefixtracted  from  the  measured branching  ratios
cies. l,(M1)/1 (E2) using the standard expression. The multi-

Band 6 in '%e, also a strongly coupledA(=1) Pole mixing ratioss of the Al=1 transitions have been as-
negative-parity band, has been observed for the first time igumed to be small, i.e§*<1.

the present work. This band consists of two cascadeslof ~ Theoretical predictions for thB(M1)/B(E2) ratios have
been obtained from the semiclassical model oh&w and

. . . . . . . Frauendorf47] using the equation

=Al=3. Like the negative-parity bands in these particular
nuclides, band 8 in*®Xe and bands 3 and 4 itt®e appear

16

ol B(M1;l—1-1) 12 [1_ K2 ]7?
08l B(E2;1—1-2) 5Q2 cod(y+30)17 " (1-1/2)?
04l x{(12=K*)Y{K,(g:—gRr)

H —K[(91—gR)i1+ (92— 0R)I2I}2. (3

o 9
o
T

bl
»
T

ORE In this equationK;, g;, andi; denote theK value, orbital
gyromagnetic factor, and initial aligned angular momentum
of the quasiparticles involved in the studied configuration,
andgg andK=K;+K, denote the rotational gyromagnetic

Routhian, €' (MeV)
|
5 %2

081 es0 factor and the totaK value of the configuration, respec-
r tively. The subscript 1 refers to the quasiparticle which is
02} s—aa=+ responsible for the signature splitting, and the subscript 2
o5 : o5 : T : 050 refers to the additional quasiparticle. A valueggf=Z/A has

Rotational Frequency (MeV /f) been used for the rotational gyromagnetic factor. Orbital gy-
romagnetic factorg; have been taken from the compilation
FIG. 17. Experimental Routhiares for band 1 in'!8Xe (a) and ~ Of Ref. [48]. A summary of the quasiparticle parameters
band 6 in*'®Xe (b) calculated using the Harris parameters indicatedwhich have been used in calculating the theoretical
in the caption to Fig. 9. B(M1)/B(E2) ratios can be found in Table VIII.
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TABLE VIII. Quasiparticle parameters used in calculating the- ' ' " ' " ' ' ' ' '

oretical B(M1)/B(E2) ratios in1*%Xe and ''8Xe. 25l |
Quasiparticle g factor K iy (h) ]
vds), -0.33 2.5 0.5 157 T
Vg7/2 0.21 2.5 1.5 ~ B
Vhl]_/zz _021 15 40 g 05 |
Vh11/2 _021 25 35 \Z
(7o) " 1.27 4.5 0.0 - 10 12 n 5 8
7y, 1.17 0.5 5.0 e
N L J
L 22
3n 11%e only. sl . ®) ]
bln 118Xe only. X BT ]
= 14t 1
_ _ w b o~  —_— E _________ ]
A simple procedure has been used to estimate the electri 10 | S~ T E .
guadrupole moment®, and y deformations appearing in 05| 1
this theoretical equation. Calculations based on the TRS for- R | i
malism[35-37 were performed for each studied configura- 02 s
tion in 1%Xe and '8Xe in order to determine the deforma- 12 13 W 15 16
tion parameters of the nuclear shapes. Values of the Spin | ()

deformations predicted at frequencies just below the first . . N
quasiparticle alignments were placed directly into the theo, |\';|16| 18I._Elxp;gng1§r|1talIrftlzos_ OLI'E(',;U;e.dl}gnSItIOH zrgbazllétles
retical equation, and values of tis deformations predicted . (11 T )/B(E2;1 — )"? and L in- €(@an ban

. . in 1%e (b) compared to theoretical predictions. Experimental re-
at the same frequencies were used to estimate the quadrupolq . . -
momentsQ, following an approximate scaling procedure shu ts e;]re denoted hby solid squ;res, and }I;eoretlcalf.predlt_:tlons for

. " the : , an - configurations

Using the quadrupole moment and quadrupole deformatio Nwlrel, Vsl Qo) Nayel g

Bre indicated by a dotted, dash-dotted, and solid line, respectively.
of the 2" level in the ground-state band &t%%e as a refer- y P Y

ence, the quadrupole moment of each configuratioh'fe large, having approximate values between 1.0 and 2.5

and 1'8e was approximated by assuming a direct propor- >
tionality to the predicted deformations. While the quadrupole('“'\‘/e b)“, and appear to be equally well reproduced by

deformation of the 2 level in 1%e was predicted by TRS theoretical predictions for both the two-quasiproton

calculations, the quadrupole moment was determined by re7L(9o2)~ "1/l and wo-quasineutrom( hyyds,] configu-

ferring to the standard expression for the reduced transitioﬁat'onls' An alnalyzlsl 0‘; t.g;fe exgeélment?jl r:f;mos usmég the
probability B(E2;l —1—2) and the measurement of the semiclassical mode’ o U and rrauendort was under-

B(E2i2' -0 ) ranshion at by DeGrast . 49].Clc- (e 35 ) ReLZ3)wih resule aler o those preserec
tric quadrupole moment§, and y deformations used in ’ ' 9

: : : ) [ (92 ~th1y2] configuration on the basis of the extracted
;:iilecgl;arl]u_r;g;llelg?eoreUCQ(M1)/B(E2) ratios are summa B(M1)/B(E2) ratios and the observed alignment behavior.

: : The experimental alignment calculated for band 1 in
ExperimentalB(M1)/B(E2) ratios extracted for band 1 ;; . I e .
in 118e and band 6 in'‘Xe are displayed together with 8Xe is shown in Fig. 1@) of Ref.[23]. This figure illus-

their theoretical predictions in Figs. 8 and 18b), respec- :Laeter;rt]hzté?igggpggrf‘:gu&\éi;;gagg ﬁé?e%u;;e%()?;g over
tively. Theoretical values have been calculated for the two- 9 q i '

- - alignment behavior of band 1 resembles that of the yrast
quasiparticler[ hyyg7/], [ hyyLspl, and 7l (ger) ~*hiyal : —cai 117 :
configurations in'®Xe and 1*¥Xe using experimental signa- mhsy;band in thez=53 isotone; the alignments of both

ture splittings bands have large initial values, are nearly parallel with in-
b. Interpretation As shown in Fig. 18a), the experimen- creasing frequency, and upbend near 0.40 MeVThese

. . similarities were interpreted in Ref23] to be indications
tal B(M1)/B(E2) ratios extracted for band 1 ih®e are that band 1 inile has wh,y, character. As mentioned

above, no new transitions have been found in band 1 in the
present work. Given the alignment behaviors discussed in
Ref.[23] and the comparison between theory and experiment

TABLE IX. Electric quadrupole momentQ, and y deforma-
tions used in calculating theoreticB(M1)/B(E2) ratios in 11¢Xe

and *Xe. shown here in Fig. 1@®), assignment of band 1 ih®e to
Nucleus Configuration Q, (e b) f[he w[(gg,z)‘lhll,ﬂ configuration appears to be a reasonable
interpretation.
16xe v[hy1s5] 35 -8.4° Unlike band 1 in!'8Xe, experimental observations sug-
v[h11875] 3.4 —10.6° gest that band 6 in''®Xe does not arise from the two-
[ (9g2) " *hy1s0] 3.7 3.3° quasiprotona| (gg,) ~*hy1/0] configuration. The experimen-
18xe v[hyyds)0] 3.6 —12.2° tal B(M1)/B(E2) ratios extracted for band 6 have
v[ 197, 3.6 -6.1° approximate values near 1.@( /e b)2, which are substan-
7 (9g) ~hyapl 3.8 5.4° tially smaller than those predicted for the (gg;») ~*hi1]

configuration. (Significant deviations in the experimental
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values at spins ¥2 and 13 may be related to the decay culated forE1l transitions in the decay paths of bands 3 and
pattern of the band. As shown in Fig. 1, these two spin stated in *'8Xe and band 8 in*'%Xe; these rates were suggested
have additional interband decay paths which are competitivabove to be indicative of octupole correlations. Since the
with the intraband\| =1 andAl =2 transitions. Moreover,  vhy;, and vds, orbitals havingAj=Al=3 are involved in
strongly coupled A1 =1) rotational bands built on configu- the configuration proposed for band 6, the appearance of
rations with a singl@g,, proton hole tend to be characterized octupole correlations can be expected in the band. These
by very small amounts of signature splitting. As noted abovegorrelations may contribute to the pattern of the observed
there is substantial signature splitting in band 6. Taken tosignature splitting.
gether, these two observations suggest that band 6 cannot be
attributed to ther[ (go) ~*hyq,5] configuration.

A two-quasineutron configuration involving the negative-
parity vhq4, orbital appears to be responsible for band 6 in We have performed a thorough investigation of the
118xe. As shown in Fig. 1&), calculations for the nuclear structure of the evert®Xe and'®Xe isotopes. As a
v[ hy1;ds/5] configuration reproduce the magnitude of the ex-result of this work, the level schemes for these nuclei have
perimentalB(M 1)/B(E2) ratios in the band rather well, un- been extended to high spins and excitation energies. In
like calculations for the the[h;;,,9-,,] configuration; this !'®Xe, a well-developed rotational band which manifests a
suggests the identification of the band with th{é,;.ds,]  gradually decreasing dynamic moment of inerfi&#’ with
configuration. In contrast, the signature splitting observed inncreasing rotational frequency has been understood within
band 6 favors the[ h,1,,9-»] configuration. As illustrated in  the framework of smooth band termination. Theoretical cal-
Fig. 17b), the =+ 1 signature of the band is favored over culations suggest that this band is based upon the
the =0 signature at low frequencies, even though the 7[h;1{972,d52)1® v[(h1193(972,d52)°]  configuration,
=0 signature has been observed to originate at significantlgonsistent with experimental observations. A strongly
lower excitation energies. Since the odd positive-parity neueoupled @l=1) rotational band attributed to the two-
tron in the negative-parity two-quasineutron configurationquasineutronv[hyy,{g72,ds)] configuration and a decou-
responsible for band 6 involves either of the nearly degenemled (Al=2) rotational band identified with the two-
ate g;, or ds, orbitals, which have opposite favored signa- quasiprotons[ h41,,07,»] configuration also have been found.
tures, admixtures are likely. Admixtures which are known toln 1'8e, previously observed bands have been extended,
occur between these orbitals at low spin and the competitioand several new rotational bands have been identified. The
between the orbitals’ opposite favored signatures might bgrast band also has been revised substantially at spins greater
responsible for distorting the behavior of the observed signathan 26:, thereby resolving an earlier disagreement with the-
ture splitting. Comparison between the experimental and thesretical calculations of the energy cost of high angular mo-
oreticalB(M1)/B(E2) ratios implies that the primary char- menta. This work extends the knowledge about low-lying
acter of the positive-parity orbital in the configuration for collectivity near theZ=50 shell gap, and advances a system-
band 6 isds;,. With this understanding, the band is assignedatic exploration of collectivity among the even Xe isotopes.
to the v[hy1,{g72.ds2) ] configuration, which involves an
admixedgy,,ds, orbital having primaryds,, character.

Octupole correlations may be involved at low spin in
band 6 in''®Xe. The reduced transition probabiliB(E1) of This work was supported in part by the N8F.S.A) and
the 868-keV transition linking the"=8" state in band 6 to the EPSRQUK). Valuable discussions with Dr. A. V. Afa-
the 8" state in the yrast band has been calculated using tecimasjev and Dr. |. Ragnarsson are acknowledged gratefully.
niques described previously. As reported in Table VII, theThe authors also are indebted to Dr. R. Wyss and Dr. W.
B(E1) rate for this transition is comparable to the rates calNazarewicz for providing the TRS cranking codes.

V. CONCLUSION
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