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High-spin study of 3Xe: Smooth band termination in valence space
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High-spin states have been populated§fXe using the®Ni(**Ni,2pn) reaction. A backed-target experi-
ment, at a low beam energy of 210 MeV, was performed using the JUROSPHERE spectrometer, while a
thin-target experiment at 250 MeV was performed using the GAMMASPHERE spectrometer in conjunction
with the MICROBALL charged-particle detector array and a neutron-detector array. Several new band struc-
tures have been identified, one of which exhibits characteristics of smooth termination at high spin.

PACS numbeps): 27.60+j, 21.10.Re

[. INTRODUCTION The first employed a backed target to maintain goerhy
energy resolution, while the second used a thin target to in-
1%2Xe59 is the lightest oddA xenon isotope for which vestigate high-spin properties. The latter experiment also
y-ray transitions are currently known; the low-spin negative-employed charged-particle and neutron ancillary detectors,
parity yrast band was established using the technique ofhich were used to preferentially selegtrays in 3Xe
recoil-decay taggingRDT) [1]. The light xenon isotopes are (2pn channel. Several new band structures have been iden-
of interest for two main reasons. First, the proximity to thetified, one of which exhibits characteristics of smooth band
N=Z=50 shell closures restricts the amount of angular motermination at high spin. No evidence has been found, how-
mentum available to the valence particles, allowing bandever, for enhanceB1 strength associated with octupole cor-
termination effects to be observed at experimentally acceselations.
sible spin value$30-50%) [2—4]. Second, both proton and
neutronh,,, and ds;, orbitals are near the Fermi surface.
These orbitals wittA j = Al =3 are predicted to induce octu- [l. EXPERIMENTAL DETAILS
pole correlations in light bariumZ=56) and xenon Z

58N\ L 58NJi ; ;
— 54) isotopes which are at a maximum for56[5,6], and Two “*Ni+**Ni experiments were performed using the

which may be further enhanced by rapid rotati@h Indeed, JUROSPHERE a?d G'IA‘MMdASEHiRE tspec;[ron;eters. The_
such effects have been discussed for light xenon isotopefgrrner experiment employed a backed target and was sensi-
3 y-
(3,89 tive to low-spin propertiegstoppedvy-ray transitions The
e latter experiment used a thin target and was sensitive to high-

The present paper documents new results fdke ob- . . i
spin propertiegfast y-ray transitions

tained from two complementary®Ni+%8Ni experiments.

* . . . A. Backed-target experiment
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and a three-dimensional cube were built from the data andelative y-ray intensities and triple %°) coincidence rela-
analyzed using theRADWARE graphical analysis package tionships. Examples of double-gatgeray coincidence spec-
[13]. tra, extracted from the backed-target data are presented in
Fig. 2. Measured transition energies and the relative intensi-
ties of the 1*3Xe y rays, deduced from the backed-target
This experiment was carried out at the 88-Inch Cyclotrondata set, are listed in Table I. Relative spins and parities were
of the Lawrence Berkeley National Laboratory. High-spininferred though an angular-correlation analygig] as de-
states inA~ 110 nuclei were populated with theNi(**Ni,  scribed in Ref[9]; the results are included in Table I. Ab-
Xa yp zn y) fusion-evaporation reaction at 250 MeV. solute spin/parity assignments are made from systematics.
The beam was incident on two self-supporting nickel pouble-gatedy-ray spectra extracted from the thin-target
targets, each of nominal thickness 5Q@g/cn?. The  data set are shown in Fig. 3. Several of the band&'#e
GAMMASPHERE [14] y-ray spectrometer, containing have been extended through the observation of high-energy
83 HPGe detectors, was used in conjunction with theransitions. These transitions have significantly worse energy
MICROBALL [15] charged-particle detector and an array of resolution due to Doppler effects. Hence the high-energy

15 neutron detectors in order to provide clean exit-channekansitions labeled in Figs. 1 and 3, but not included in Table
selection by determining the number of evaporated particleg are estimated to be accuratetdl keV.

(x,y,2). Experimental details are discussed more thoroughly
in Ref.[16].

A total of 1.4x10° events were recorded with approxi-
mately 16 events selected off-line for thepd exit channel The lower members of band 3 were originally established
(**%Xe). Despite the low number of events, the selected datg 13e using the RDT techniqud] and form the negative-
were extremely clean, with an averageray fold of 3.5.  parity yrast line at low spin, based onu, ), intruder or-
These events were unfolded intoraDWARE-format [13]  pjtal. The bandhead of this band is therefore assigndd as
matrix (yy) and cube §yv) for subsequent level-scheme =11/2-, consistent with the systematics of light oddxe-
construction. non isotopes. The bandhead appears to be isomeric and is
located 403 keV above the ground state in the proposed level
scheme. Using th#12 strength from a similar 1172isomer

The level scheme deduced f#3Xe from this work is  in the *'Te isotong 18], a mean lifetime of approximately 5
shown in Fig. 1, where the ordering of transitions is based ons is estimated for thi*3Xe 11/2 isomer.

B. Thin-target experiment

A. Bands 1-3: Negative-parity bands

Ill. RESULTS
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~ 2
150 (@) Gatos 520 & 525 B(M1)/B(E2)~0.40 (u\/eb)- were found. For the 1066-

keV transition linking bands 2 and 3, a value of
B(E1)/B(E2)~10 8 fm~2 was found, which translates
into a B(E1) strength of the order of 16 W.u. for *3Xe
when taking the quadrupole deformation, and heB(E2)
strength, from theorysee Sec. IV A

IV. DISCUSSION

A. Band assignments

Counts

Deformation self-consistent cranking calculations based
on the total-Routhian surfad@RS) formalism[19-21], em-
ploying a triaxial Woods-Saxon single-particle potential
[22,23, have been performed fot*3Xe. Cranked Woods-
Saxon calculations have also been performed using the de-
formation parameters@,, B., 7y) obtained from the TRS
calculations. In all of these calculations, the pairing strength
has been calculated at zero frequency and is modeled to de-
crease with increasing rotational frequency, such that it has
fallen by 50% atw=0.70 MeV#, as detailed in Ref.20].

A typical quasiparticle diagram is shown in Fig. 4, using

FIG. 2. Examples of gated coincidence spectra, obtained fron?:e average deformation parameters appropriate for the

the cube of the backed-target data, with transition energies Iabele_Wd%)AB(_ L 1_/%)0 Cé)nﬂg%ratlon’ nanéel);ﬂz'; 0'233’ B4t
in keV: (a) Spectrum double gated by the 520- and 525-keV tran-_ " , andy=0°. Ban corresponds fo the odd neutron

sitions of band 4(b) Spectrum double gated by the 126- and 585- occupying orbitale derived from thevhy,d 541]3/2" in-

keV transitions. Contaminant transitions from the Coulomb excita—trUder orbital, while bands 6 and 7 correspond to orbitals

tion of the gold backing are labeled by “Au.” andb, respectively, derived from theg,,J 413]5/2" Nilsson
orbital. The relatively low experiment&d(M1)/B(E2) ra-

_ o tios[~0.40 (uy/eb)?] are consistent with this assignment
Band 1 feeds into band 3 at the 27/Rvel. The linking 5 4 j=1—1/2 vg,, orbital, as opposed to a nearly:|

transition has an angular intensity ratio consistent with a, 1,5 vds, orbital. The ground state of*3e then most

stretched quadrupole transition. A weakly populated band °Ifikely corresponds to the occupation of this lattiy, orbital,

three high-energyy rays (band Z fgeds band 3 at the namely the[411]3/2" Nilsson orbital. Note that this orbital
(39/27) level. It is tentatively linked via the 1184-keV tran- g redicted to induce a smaller quadrupole deformation than
sition of assumed quadrupole multipolarity, see Fi@).3 that used for the calculations shown in Fig. 4.
- ) Rotational alignments of quasiparticle pairs are labeled in
B. Bands 4-8: Positive-parity bands Fig. 4. Experimentally, backbends are evident in Fig. 5,

Bands 4—8 in Fig. 1 are newly identified, and the positive-Which _plots the total aligned angular momenturh,
parity assignment is consistent with systematics. Band 4 de= VI (1 +1)—K?, of the bands in**3e as a function of ro-
cays into band 3 at the 15/2and 19/2 levels. The angular- tational frequency. Backbends occur in the positive-parity
intensity ratios of the linking 1066-keV and 1321-keV bands aw~0.32 MeV#, which is in good agreement with
transitions imply pure dipole character and an inferied  the predicted neutron alignmead; in Fig. 4(b); this back-
multipolarity. Band 4 also decays into bands 6 and 7, whictpend is blocked in band 3 due to the occupancy of orital
appear as signature partners with interconnecting dipolegossible configurations for bands 1 and 2 are three-
These bands in turn decay into the ground staté'dke,  quasiparticlev[hyy]7[hi;,] and »[h};,,] configurations,
which has a proposed spin and patify=5/2"; this assign-  respectively.
ment is consistent with the ground-state spin and parity as- Bands 6 and 7 exhibit the start of a backbend into the
signments of heavier odé-xenon isotopes. v[gmhfl,?] three-quasineutron configuration, and thus bands

Band 5 feeds band 4 via tentative high-energy linking4 and 8 are best interpreted as signature partners of the
transitions, see Fig.(B). Band 8 feeds into band 7 and is in »[ds;h?,,,] configuration. An alternative assignment for

turn fed from bands 4257-keV transitionpand 7. band 4 iseEB (see Fig. 4.
C. Ratios of reduced transition probabilities B. High-spin properties
B(M1;l—I1—-1)/B(E2;l—=1—-2) and B(ELl;l—I The energies of the levels ift3Xe, minus a rigid-rotor

—1)/B(E2;1—1—2) ratios of reduced transition probabili- reference, are plotted as a function of spin in Fig. 6. The
ties may be readily extracted from experimentglray  behavior of band 5 at high spin is characteristic of smoothly
branching ratios of competingl =1 andAl=2 transitions. terminating band$24] prevalent in this mass regidi25].
Values extracted for'3Xe were obtained with the procedure Based on the systematics of neighboring nu¢2s], the
detailed in Ref.[3]. For bands 6 and 7, values of most likely structure of band 5 at high spin is either a
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TABLE |. Measured properties of thg-ray transitions assigned td3Xe, deduced from the backed-target

experiment.

E, Relative Angular intensity Multipolarity Assignment Bafld

(keV) 2 intensity® ratioR ©
126.0 51 0.7®) M1/E2 712" —5/2" 7—g.s.
146.1 8.9 0.6&%) M1/E2 5/2" —5/2" 6—0.S.
163.7 5.1 0.56) M1/E2 21/2" —19/2" 47
230.0 4.4 0.64B) M1/E2 15/2" —13/2" 7—6
256.9 15 0.78) M1/E2 21/2" —19/2* 4—8
355.6 2.6 0.7@®8) M1/E2 19/2" —17/2" 7—6
400.1 9.2 0.964) E2 21/2" —17/2° 4
402.8 9.0 1.1216) E2 9/2" —5/2" 6
415.2 =100 1.023) E2 15/2 —11/2° 3
423.3 22.4 0.52) M1/E2 9/2" —=7/2" 6—7
500.9 2.4 1.1®) E2 25/2" —21/2* 6
518.6 8.3 0.9W) E2 21/2" —17/2° 4—6
519.6 34.3 1.0@H E2 29/2" —25/2" 4
525.5 43.6 1.0@) E2 25/2" —21/2* 4
530.8 6.9 13/2—11/2" 6—7
551.0 1.2 0.66L5) M1/E2 17/2F —15/2" 6—7
562.2 6.2 1.008) E2 27127 —23/2" 8
581.9 7.1 0.8aL0) E2 27127 —23/2" 7—8
582.4 2.3 0.9¢7) E2 (37/2"—33/2") 5
585.2 50 1.1%) E2 11/2"—7/2* 7
589.3 3.8 1.08.0) E2 23/2" —19/2" 7
605.9 2.6 0.864) —39/2° —1
607.9 4.9 1.4Q12) E2 (41/2" —37/2") 5
637.4 35.4 1.2¢%) E2 27/2" —23/2" 7
656.7 62.6 1.0&) E2 19/2- —15/2° 3
676.3 21.9 1.1B) E2 33/2"—29/2" 4
683.7 12.4 1.084) E2 23/2"—19/2" 7—8
692.5 10.6 1.2(4) E2 31/2"—27/2° 8
693.1 15.3 0.9®) E2 13/2"—9/2* 6
710.3 3.5 0.9¢14) E2 31/2"—27/2° 7
736.7 11.9 0.9%) E2 23/2" —19/2" 8
739.0 1.2 0.8®) E2 (45/2" —41/2") 5
761.4 23.0 1.06) E2 15/2" —11/2" 7
764.4 10.6 1.06) E2 21/2" —17/2" 6
780.8 145 1.0%) E2 17/2" —13/2° 6
812.8 15.9 1.16k6) E2 19/2" —15/2° 8—7
820.7 3.0 0.8®) E2 35/2"—31/2° 8
825.6 53.0 1.28) E2 23/2 —19/2° 3
827.7 8.4 1.18) E2 35/2 —31/2" 1
828.9 12.2 0.9¢) E2 37/2"—33/2" 1
872.7 2.1 0.96) E2 35/2" —31/2" —8
874.9 1.2 1.1014) E2 (49/2" —45/2") 5
899.8 4.9 1.1®) E2 17/2F —13/2" 4—6
906.1 6.3 0.967) E2 19/2" —15/2* 7
924.8 1.2 0.9(8) E2 35/2° —31/2° —1
940.6 105 1.19) E2 27127 —23/2° 3
971.2 6.9 0.8®) E2 39/2° —35/2" 1
984.6 4.9 1.18%) E2 41/2" —37/2° 4
986.7 7.0 0.66) Al=1 25/2—23/2" —3
999.2 7.8 1.1a3) E2 31/2 —27/2 1-3

1035.1 1.6 1.1®) E2 31/2 —27/2 3
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TABLE I. (Continued.)

E, Relative Angular intensity Multipolarity Assignment Bafid
(keV) @ intensity® ratioRr ©

1063.7 2.1 (53/2—49/2") 5
1066.3 16.4 0.6@) El 21/2" —19/2" 4—-3
1068.6 25 0.98) E2 43/2 —39/2° 1
1321.3 1.0 0.6®) El 17/2"—15/2° 4—-3

dy-ray energies are accurate 100.2 keV.

PErrors on the relative intensities are estimated to be less than 5% of the quoted values.

‘The R values were obtained from several spectra gated by the strong low-spin quadrupole transitions.
Stretched quadrupole and pure stretched dipole transitions Raxsdues of 1.00 and 0.65, respectively,
although pure nonstretched dipole transitions should also Rav#.00.

9The band numbers correspond to those shown in Fig. 1. “g.s.” denotes the ground state.

“valence-space”[02,2] configuration or a ‘“‘core-excited” In general, core-excited configurations in xenon isotopes,
[22,2] configuration, using thé¢p;p,,n] notation of Ref. involving wgg, holes, are predicted to be significantly more
[26]. Here,p, represents the number ofyq, holes, whilep,  deformed than the valence-space configurations, e.g., Ref.
and n represent the number afh,,,, and vh,,,, particles, [4]. Recent lifetime measurements of high-spin bands in
respectively. In thé22,2] configuration, the high-spin struc- e [9] and 119>§e [27] favor the less-deformed, valence-
ture of band 5 ism[gg2h2,,lv[h2,,], with the remaining SPace interpretation. Moreover, less spin is available for the
valence nucleons distributed ovgf,, andds, orbitals from valence-_space configurations, whlch therefo_re terminate at
the N=4 oscillator shell; thg02,2] configuration contains Iowe_r Spin valugs than the core—excheQ conﬂguraﬂo_ng The
no holes in thergg, subshell. Similar energetically compet- relatively low-spin (~30%) energy minimum in the rigid-

11 H
ing valence-space and core-excited configurations have befitor plot for band 5 of e (Fig. 6 _further supports the .
calculated for other light xenon isotopB426]. smoothly terminating valence-space interpretation. Band 5 is

thus assigned 02,2] configuration. A smoothly terminating
band in neighboring'**Xe has been assigned[&2,3] con-

sof 5 K3 () Bands 1-3 figuration[9], while bands in*1611&e [2] have been attrib-
5
joy
60
~ 1.5
>
40 é)
. E’ 1.0
20 § E
< o 1inihs Wl | P s 05
5 b) Band 5 2
S| .83 OB B
60 §§ = g :) 0.0
5 2 515
40 = R=)
72}
% 3
g - ‘i 1.0
20 Bh 2 L
—_— = —
DA g z
0 IJ“..j;I.!.“l- A o S, o ot s b 5 05
n
06 08 10 12 14 186 18
E, (MeV) 00
00 01 02 03 04 05 06
FIG. 3. Examples of gated coincidence spectra, obtained from o (MeV/#H)

the cube of the thin-target data, with transition energies labeled in

keV: (a) Spectrum gated by all double combinations of transitions FIG. 4. Representative single-quasiparticle levels for protans

of band 3. Members of band 2 are denoted by the solid circles. Thand neutrongb) calculated with a cranked Woods-Saxon potential.
tentative 1184-keV link between bands 2 and 3 is labeled “(b)’  The parity and signaturen(«) of the levels are(+,+1/2), solid
Spectrum gated by all double combinations of transitions of band Sines; (+,—1/2), dotted lines; {,—1/2), dashed lines; <,

The band members are denoted by the solid circles, the tentative 1/2), dot-dashed lines. The lowest negative-parity intruder levels
links into band 4 are labeled “L,” and contamination peaks areare labeled by their asymptotic Nilsson quantum numbers, while
labeled “C.” quasiparticle alignment frequencies are also marked by the arrows.
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FIG. 5. Total aligned angular momentum,, of the bands in

113e plotted as a function of rotational frequency. FIG. 6. Energies of the levels itt3Xe, minus a rigid-rotor ref-

erence, plotted as a function of spin.

uted to[02,4] configurations, and bands it"**%e [3,4,27 158\ experiments. Several band structures have been ob-
may be associated wifld2,5] configurations. Hence the sys- served to high spin and rotational frequencies. One band, in
tematics suggest that thegg, holes do not play a role in particular, exhibits characteristics of a smoothly terminating
smoothly terminating bands in the light xenaf=54) iso-  band and extends the systematics of such structures observed
topes. On the other hand, these holes are an essential ingia-the light xenon isotopes. It is interpreted in terms of a
dient of the terminating bands for nuclei with<53, namely  valence-space configuration that does not contain two-

iodine, tellurium, antimony, tin, and indium isotopf&5). particle—two-hole excitations across the spherigat 50
shell gap.
C. Octupole correlations? No evidence for enhancdgll strength, and hence strong

octupole correlations, was found in this nucleus. Indeed, the
estimatedE1 strength is significantly lower if*3Xe than in
"Theavier oddA Xe isotopes.

As theN=Z line is approached, the light xenon isotopes
108-11%e have been predicted to show octupole-correlatio
effects at low spir}5,6], which may be further enhanced by
rapid rotation[7]. StrongEL1 transitions are a signatures of ACKNOWLEDGMENTS
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