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High-spin states i*®Te have been populated via heavy-ion induced reactions. Excited states were observed
up tol =324 and, in addition to irregular level sequences, several bands were identified for the first time. The
decoupled negative parity bands based uporaiid 8 states are interpreted to arise from the prdiep.g;,
configuration coupled to thef22h intruder states i®Sn. These bands show very smooth alignment behav-
ior, in accordance with the protdm,, bands in neighboring Sb arichuclei. Abovel =20 the yrast positive
parity band is built on the protolrnil,2 configuration, also coupled to the protop-2h excitation. The strongly
coupled band built upon the 2914 keV &tate involves a proton hole on tigg,, orbital. Another strongly
coupled band based upon the 5006 Ke¥11% state was also observed.

PACS numbgs): 27.60+j, 23.20.Lv, 21.10.Re, 25.70.Gh

[. INTRODUCTION across thez=50 shell gap. Many of these bands display a
gradually decreasing moment of inertia, so-called smooth

The Te nuclei with 52 protons lie in the transitional region band termination.
between the spherical nuclei Zt=50 and deformed Xe and ~ The objective of the present investigation was to search
Ba nuclei. At low spin the Te nuclei are considered to be ondor rotational structures in the neutron midshell nucleus
of the best examples of quadrupole vibrators. This interpre-'°Te. Deformed states in Sn nuclei minimize their energy

tation stems from the fact that close to twice the energy offoundN=66 and the same behavior is expected in Te nu-
the first 2" state a multiplet of &, 2*, and 4" states is Clei. Therefore,'?Te is expected to be an ideal nucleus to

observed. Furthermore, the energy of the yrastsgate is search for such level structures. The observation of rotational
. , . _ ; 117 R

almost exactly three times the energy of thé 8tate, as Pands in theZ—1 neighbor **’Sb also suggests that de

expected in the vibrator picture. formed states might be found H®Te. However, two short

On the other hand, deformed intruder states have beeh? cascades reported in Refd8,19 were the only candi-

known for a long time in Sn and Sb nuclei. The even-mas&ates for rotational bands itt®Te prior to this work. In the

Sn nuclei display rotational bands built on éxcite“d Sates present work, a rich level structure with coexisting noncol-
i : lective and collective states was observedifre.

[1]. These states are believed to arise from protpa2f

excitations, where tw@g,, protons are promoted across the

Z=50 shell gap. Low-lying collective bands in Sb nuclei are ll. EXPERIMENTAL METHODS AND RESULTS

explained as related21h stateg2]. In the simple intruder In order to investigate excited statesifTe, two experi-
picture [3] the .Ie}/el pattern of the possible protop2h  ments were performed using beams delivered by khe
intruder states irt*°Te should resemble the one of the-2h =130 MeV cyclotron at the Accelerator Laboratory of the

states in™Cd. In *%Cd and also in other even-mass Cd University of Jyvakyla In the first experiment, the
isotopes near the neutron midshell rather regular band stru¢®Ru(*%0,4n)*'8Te reaction was used at a bombarding en-
tures at low spin have been obseryé¢b]. In Ref.[3] it was  ergy of 65 MeV. The beam was incident upon a 0.6 mg/cm
suggested that the 958 keV 01151 keV 2°, and 1703 keV  thick gold-backed target. The rays were detected by the
4" states form the beginning of the intruder band*#iTe. DORIS array. The second experiment used the
This pattern is irregular but indeed, tf® andE2 transi-  1°Mo(??Ne,4)*'8Te reaction at a bombarding energy of 80
tions from the 958 keV 0 state to the ground state and the MeV. In this case, the target was a self-supporting 0.6
first 2* state are fast, similar to those from thé Band head mg/cnt thick foil of 1°Mo. They rays were detected by the
in 1¥Cd [4]. TESSAS array. The Ge arrays used consist of 12 Tessa-type
Recently, several rotational bands have been found if20] Compton suppressed Ge detectors. A total of 590 and 80
neutron deficient Sn, Sb, and Te nuclei at high sp@sl7].  million y-vy coincidence events were recorded in the experi-
They are interpreted to arise from the coupling of deforma-ments with %0 and ?>Ne beams, respectively. In both ex-
tion driving hyy, protons to the proton [2-2h excitations  periments, the nucleus of interest was the dominant reaction
product.
Construction of the level scheme was performed by using
*Present address: The Niels Bohr Institute, Tandem Acceleratathe ESCL8Ranalysis packagg2l]. The data from the backed-
Laboratory, DK-4000 Roskilde, Denmark. target run was used in order to deduce information concern-
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FIG. 2. As in Fig. 1 but for the backed-target

FIG. 1. Examples ofy-ray coincidence spectra fdtéTe from 1052, 80, 4) 19T e reaction at & bombarding energy of 65 MeV.

the thin-target!®™o(??Ne,4) reaction at a bombarding energy of

80 MeV. Peaks marked with an asterisk are due to contaminants. )
high spins. In these bands the states allev@0 were seen

ing the transition multipolarities. The DORIS frame, of trun- only in the thin-target experiment.
cated dodecahedron shape, has detectors in four rings at 37°, The present level scheme confirms most of the details in
78°, 102°, and 143°. To determine the angular distributiorthe previous level schem§$8,19, but also adds many new
ratios the data were sorted into two matrices with the follow-transitions between previously known levels and several new
ing angle combinationdi) (37° or 143°) X all angles and level structures. Bands 2 and 4 were earlier reported up to the
(ii) (78° or 102°) x all angles, where first the axis and 13" and 19 states, respectively. From our data two new
then they axis is given. By setting identical gates on de- transitions were added on top of band 2, whereas bdsdel
sired y rays in both matrices coincidence spectra were creFig. 1(a)] was extended by 5 transitions, which are assumed
ated which were then used to obtain the intensity raticto be ofE2 type. A new rotational band, band 1, feeding the
R(E,)=1,(E,; extreme angled ,(E,;~90°). This ratio is  positive parity yrast and nonyrakt2-10 states, has been
about 1.5 for stretched quadrupole and pade=0 dipole  established up to the 5721 keV (14level. The spin and
transitions and about 0.8 for pure stretched dipole transitiongarity assignments for the 2517 keV band head are mainly
However, suctR ratios are possible for transitions of mixed based on the stretch&® character of the 815 and 1311 keV
multipolarity. In the case oR< 0.8, the transition can firmly transitions which deexcite to*4states.
be assigned a&l =1, mixedM1/E2 type. Band 3 is identified for the first time in the present experi-
A search for isomeric states was made using the centroidnents. The bottom part of the band is shown in Fi@).2A
shift method of Ref[22] and the coincidence data from the summed spectrum gated on the higher-lying 1047 and 1138
backed-target'®Ru(*?0,4n) experiment. In this analysis, keV transitions is displayed in Fig(t), depicting the tran-
gates were set on various transitions covering most of thsitions assigned to this band. Band 3 is connected by pure
observed level structures and time spectra for the 753 ke¥tretched dipole transitions to band 2 and with mikétl/E2
8*—6" transition and the gating transitions themselvesdipole transitions to band 4, therefore this band is assigned
were produced. In the present experiments, the Ge timesegative parity.
were recorded against the cyclotron rf signal, which provides Band 5 has been established up to thé X6ember in
a good reference for lifetime measurements. As the result gbrevious investigations. From our thin target data several
this lifetime analysis, one isomeric state was identified innew transitions were added on top of the band, as shown in
118r¢, Fig. 1(c). In the 1™=20" region intensity is distributed be-
Examples ofy-ray coincidence spectra assigned'téTe  tween several parallel paths. Band 5 is observed in the
and the present level scheme are shown in Figs. 1-3. Tharesent work up to the 15513 keV (3pstate.
energies and intensities of rays are listed in Table I. The In band 6 only the band head state with a tentative 6
observed intensities of rays in the two reactions were very spin assignment is reported in the literat[28]. The angular
similar, except for the three rotational bands extending tdlistribution ratios for the depopulating transitions confirm
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FIG. 3. The level scheme df®Te deduced in this work.

this spin assignment. The coincidence data allow the band tfor this transition. This does not necessarily contradict the
be built on top of the & state[see Fig. 2)] up to the 5666 spin/parity assignment, since the Weisskopf estimate for a
keV level with a tentative 13 spin assignment. This band 1396 keVM2 transition is about 0.2 ns, yielding a half-life
has two signatures interconnected by intense dipole transéf approximately 10 ps. The (675) keV level is adopted
tions. Band 7, also observed for the first time in this work,from Ref.[19]. According to the coincidence relations, this
consists of intense dipole transitions. In this band depopulatevel could be the same as the 6759 keV level previously
ing transitions are very weak and they carry only a partassigned with spin and parity 18 This spin assignment is
(<50%) of the intensity flowing down from the band. The ambiguous since the angular distribution ratio of(2)9nea-
state at 5006 keV is most likely to be the band head, as thsured for the 1413 keV transition is not consistent v&th
150 keV transition is of too low energy to belong to the character.
band. A spectrum gated on the 300 keV transition of band 7 The large intensity of the 872 and 603 keV transitions in
is shown in Fig. Zc). band Y1 indicates that these transitions are yrast and thus
The rest of the level schen{eascade¥'1, Y2, N1, and support the existence of the (6769) keV level and thd
N2) displays rather irregular level structures and is mostly of=19 assignment for it. The lack of interband transitions be-
noncollective nature. It should be noted that the state at 592&veen the higher lying states of bad and the members of
keV is now deduced to have positive parity, based upon théands 3—5 ani2 may also support this assignment. Parallel
R ratio for the deexciting transitions. In Refl9] the to the previously known 872, 603, 808, and 508 keV se-
strongly populated 6743 keV state was assigied 18 . A quence, othery-decay paths were identified, and on top of
new 1396 keV transition was observed between this state artlis level structure a few new states were added. Although
the yrast 16 state at 5347 keV, indicating av12 character the parity is unknown in ban&'1, the measured angular
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FIG. 3. (Continued)

distribution ratios and the observed combination of dipole lll. DISCUSSION
and stretched quadrupole transitions imply that the energy

levels in bandv'1 up to the one at (9016A) keV are of the In all, eight rotational bands and a number of noncollec-

same parity. The decay from the assumed (6759 keV tive states were identified ihl-g'll'e. Rotational structures cor-
responding to bands 3-5 int®Te have been reported in

state to the 6715, 6743, and 6759 keV 18 states proceeds 7 L ) -
by unobserved, very low energy transitions. These branches 1€ and *°Te [16,17, but not in the heavier isotopes. A
carry 10, 76, and 14 % of the decay intensity, respectively. SOrt sequence d¥l 1 transitions in**°Te [18] was the only
The centroid-shift analysis for this group of transitions evidence of strongly coupled bands in neighboring Te nuclei
revealed that either one of the 6759 and (6¥39 keVv  prior to this work. The following discussion focuses on the
levels is isomeric and has a mean lifetime of(2)hs. If the  assignment of configurations to the observed level se-
observed mean lifetime is due to the 6759 keV state, theuences. To facilitate the discussion of the properties of the
partial lifetime for the 1413 keV transition is() ns. This  observed bands, the aligned angular momenta were extracted
and the measured large angular distribution ratio may indiaccording to Ref[24] and are plotted in Fig. 4. The refer-
cate that the 1413 keV transition is of mix®&2/E3 type. ence used to describe the rotating core is given by the Harris
The Weisskopf estimates for the 1413 kA2 andE3 tran-  parameters oflg= 1542/MeV and J;=25:*/MeV?® which
sitions are about 0.2 and 180 ns, respectively. On the otheare adopted from the neighboring Sn dnauclei[25,26].
hand, a mean lifetime such as measured here could be attrib- In order to investigate the properties 8€Te as a func-
uted to a state decaying by low enengyl or E1 transitions. tion of spin, potential energy surfa¢BES calculations were
The details of the decay from band. and the placement of performed using a code developed by Shinfi2d]. In these
the isomeric state remain to be solved in future experiments:alculations it is crucial that the spin is treated as a good
The E2 cascadedll andN2 on top of the 3400 keV 9 quantum number in order to describe the crossing between
and 3190 keV 8 states have been extended to slightlytwo bands with largely different shapes. Pairing is introduced
higher spins than in the earlier woftt9]. These bands are by the smoothed gap method with=12/\/A (MeV) for both
now interconnected by many dipole transitions. Betweerprotons and neutrons. Triaxial deformation is also taken into
theseE2 cascades a group of states connected by the 288account. Some of the noncollective minima in PES may not
341, 346, and 397 keV transitions is shown, which possiblybe physical due to calculational reasons. Noncollective states
forms the beginning of a dipole band. The newly observectan be constructed in the manner described in R2g].
5238 keV 14 state is depopulated by a 187 keV transition Calculations were performed for both parities up to spin 31.
to the 5051 keV 13 state, from which the intensity flows via The present calculations indicate thdfTe is very soft to
the 4504 and 4456 keV Ilstates and the 3853 keV Sstate  changes in the deformation. The surfaces If6=0", 27,
to the yrast states. and 4" show a shallow valley centered arouag~0.17 and
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TABLE I. The y-ray energies, intensities amk=1,(37° or 143°)I (79° or 101°) angular distribution
ratios for the transitions assigned t8Te following the *®Ru(*%0,4n) and 1°™Mo(?’Ne,4n) reactions. In the
thin-target'*Mo(?°Ne,4n) experiment intensities are only given for the yrast and high-spin states.

E, 1,2 1P R® Ei (keV) K 7
43.91) 1.603) 6759 (19 18"
60.1(1) 1.23) 3461 9 9"
74.71) 3.82) 3190 8 7"
84.92) 1.93) 3445 10 10°
97.1(1) 0.406) 1.049) 9551+ A (25 (24)

147.31) 0.92) 0.71(4) 4856 10 9

149.81) 0.60(14) 0.764) 5006 11 10
177.q1) 0.627) <038 6544 17 16"
187.41) 1.9312) 0.81(4) 5238 14 13
189.41) 43.511) 0.932) 3190 8 7

199.q1) 73(2) 0.6712) 6743 18 17
210.81) 1.129) 1.4(2) 3400 g 8"

215.21) 1.248) 6759 (19 17
223.02) 1.82) 1.22) 5347 16 14
226.81) 2.1(2) 4.2(2) 0.835) 9778+ A (26) (25
234.21) 1.157) 1.6012) <05 8234+ A (22 (21
236.51) 0.936) 4221 1T 10°
255.11) 4.42) 1.123) 5261 12 11
257.21) 1.469) 0.379) 4139 iy 10°
261.02) 1.03) 3429

270.61) 3.42) 0.774) 3190 8 7"

284.61) 3.62) 0.493) 4867 13 127
289.01) 0.65(6) 0.896) 4578 11 10
293.1(1) 0.8710) 6715 18 17°
295.51) 1.72) 0.664) 6743 18 17
297.04) 0.909) 1.526) 5006 11 9

300.15) 0.6(3) 3379 (6"
300.41) 3.4012 1.234) 5561 13 12
306.81) 4.92) 1.085) 3221 7 6"

320.71) 11.35) 17.96) 0.793) 6743 18 17°
329.41) 64(2) 63(3) 1.382) 2150 6" 6"

336.11) 1.6(3) 1.41(7) 4919 12 12
341.1(1) 1.749) 0.884) 4919 12 11
345.1(1) 1.708) 0.999) 5212 (12) 13
345.21) 1.7214) 1.165) 3566 8" 7"

346.41) 1.039) 0.998) 5265 13 12
347.61) 2.80(10) 1.255) 5909 14 13
347.91) 7.603) 0.81(3) 5695 15 16
351.74) 1.9612) 958 0" 2"

361.93) 1.8714) 1.349) 6465 (1) 16
367.11) 4.32) 1.157) 2517 6" 6"

369.41) 8.6(3) 12.45) 0.424) 8001+ A (1) (20
370.91) 10.74) 0.462) 5238 14 13
376.11) 2.249) 1.02) 6103 15
378.41) 1.527) 2.503) 1.4013) 8234+ A (22 (20
384.11) 3.72) 1.139) 3950 9 8"

386.41) 1.219) 4221 1T 10"
390.1(1) 3.703) 1.52) 3835 10 10°
391.91) 1.129) 2368 5" 4%

394.21) 1.71(13) 1.225) 6303 15 14
396.92) 1.5(4) 2914 6" 6"
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TABLE I. (Continued).

E, 2 1P R® Ei (keV) I 17
397.32) 1.23) 5663 (14) 13
398.02) 2.22) 5265 13 13
400.41) 184(5) 360(10) 1.443) 5347 16 14"
400.81) 28.68) 0.782) 3400 9 8"
401.92) 2.002) 2919 7 6"
403.21) 2.53) 1.1213) 4354 10 9"
405.41) 2.22) 0.674) 4753 12 11*
407.11) 3.92) 1.468) 4289 10 10
411.44) 7.73) 17.66) 0.562) 9454+ A (24) (23
419.02) 0.8712) 2951 6"
419.91) 2.53) 1.22) 4773 11 10"
420.92) 1.71(13) <0.5 3882 10 9
423.72) 15.06) 1.325) 2574 8 6"
424.62) 1.903) 5663 (14 14~
425.73) 2.24) 3000 8" 8"
426.13) 2.02) 1.002) 3000 7 8"
433.41) 0.93) 3680 9 8"
434.21) 1.31(9) 1.1311) 6737 16 15
436.05) 1.4912) 4221 1T (97)
437.31) 1.503) 5210 (12) 11*
437.45) 0.93) 2.02) 0.939) 9454+ A (24) (23
437.92) 1.126) 1.22) 3680 9 7"
438.91) 6.8(3) 1.4612) 4578 11 11
440 6367 16 16*
440.61) 4.1(3) 0.745) 6544 17 16*
443.71) 6.33) 0.436) 4583 12 11
445.21) 57(2) 79(3) 1.476) 3445 10 8+
447 .41) 16.27) 13.75) 1.426) 2150 6" 4+
454.62) 2.8(14) 2.92) 1.327) 4177 10 8~
455.22) 0.7814) 5666 (13) (12%)
460.51) 3.1(3) 3461 9 7
461.41) 13.1(6) 0.764) 3461 9 8"
461.41) 6.5(4) 0.692) 6689 (17 (16)
464.41) 0.879) 1.0712) 7202 17 16
466.22) 0.595) 3656 8 8~
467.12) 1.212) 3575 7
468.22) 1.1(2) 0.828) 5051 13 12°
468.32) 0.62) 3000 7 (6%)
475.23) 2.22) 1.8(3) 3835 10 10"
475.92) 5.33) 1.31(4) 2368 5" 3"
480.12) 0.657) 3723 8 7"
480.42) 1.3(3) 6793 A7) 16~
481.11) 6.6(3) 0.453) 3882 10 9
485.32) 0.47(7) 7687 (18 17
488.31) 5.93) 0.554) 5727 15 14
496.22) 6.4(5) 1.457) 1703 4 4+
496.51) 3.42) 3.6(3) 0.353) 4177 10 9
508.31) 16.97) 43(2) 1.51(3) 9551+ A (25) (23
521.41) 2.0513) 2.22) 1.437) 4177 10 8~
524.45) 0.3412) 1482 2 o*
526.41) 3.1(5) 1.01(14) 4746 12 12*
531.81) 5.33) 7.6(5) 0.344) 4753 12 11
537.11) 1.302) 3785 (9) 8"
540.61) 34.912) 48(2) 1.473) 4221 1T 9
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TABLE I. (Continued).

E, e " R® Ei (keV) I I
542.64) 0.3711) 3785 (9) 7
545.1(1) 33.33) 0.952) 1151 2 2"
546.51) 3.8(4) 1.437) 5051 13 11
547.33) 3.711) 2697 6"
550.31) 4.43) 3247 8"

551.21) 19.97) 1.40(3) 2919 7t 5*
552.41) 19.512) 1.333) 1703 4 2+
555.03) 1.069) 5561 13 11
565.12) 2.8312) 3.72) 1.42) 3680 9 7
566.11) 2.503) 4.1(3) 0.42) 5422 14 13
566.51) 4.06) 1.60(14) 3566 8" 8"
573.31) 8.3(4) 1.42) 5319 14 12"
575.91) 18.77) 28.511) 1.565) 4753 12 10
577.33) 0.92) 3528

579.61) 9.6(5) 1.558) 5926 16 16"
590.61) 5.6(3) 0.666) 4177 10 9"
594.51) 7.2(6) 1.507) 5051 1T 9-
600.71) 1000:30) 100040) 1.422) 1206 4 2"
603.42) 63(6) 14820) 1.563) 8234+ A (22) (20)
605.71) 1020:30) 104040) 1.422) 606 2+ 0*
614.41) 770:30) 880(30) 1.472) 1821 6" 4t
615.04) 6.2(2) 3190 8 8"
617.72) 21.98) 26.614) 0.848) 6544 17 16"
624.41) 3.409) 3985 10 10"
630.12) 0.9611) 1.4(2) 4919 12 10
635.11) 58(2) 88(3) 1.432) 4856 13 11
635.11) 4.1(3) 1.4911) 6465 (16) (14)
636.41) 6.47) 9.2(13) 4856 13 12"
645.91) 2.92) 1.2(2) 4867 13 11°
647.93) 0.936) 1.3012) 5909 14 12
651.41) 6.2(5) 1.5310) 4504 1T 9-
652.34) 0.21(6) 3566 8" 6"
655.61) 19.95) 1.403) 5238 14 12
655.72) 0.7(2) 3656 8 7
663.52) 2.2(3) 1.1(2) 3853 9 8~
666.02) 4.47) 1.4912) 2368 5" 4t
667.41) 23.910) 1.377) 3587 9" 7*
669.21) 20.58) 30.1(14) 1.453) 5422 14 12
673.03) 4.003) 1.32) 3247 8" 8"
678.11) 13.45) 1.5211) 4139 1T 9-
680.52) 3.7(6) 0.81(8) 3680 9 8"
683.713) 3.503) 0.977) 4856 13 12"
685.82) 2.503) 1892 3 4+
687.51) 1.7112) 1.5912) 5265 13 11
692.41) 47.914) 1.482) 3882 10 8~
696.31) 14.08) 1.067) 2517 6" 6"
700.91) 37.613 1.433) 4583 12 10
704.72) 2.903) 0.6(2) 7394 (18 (17)
706.41) 4.003) 1.2214) 5830 (14) 14"
716.23) 2.503) 4177 10 9-
717.05) 1.56) 0.468) 4856 13 11
718.05) 0.4311) 4856 10 1T
727.31) 108(4) 1695) 1.482) 4172 12 10"
728.51) 38.911) 1.463) 4867 13 11
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TABLE I. (Continued).

E, 2 1,° R¢ E; (keV) I 17
729.32) 1.099) 1.42) 3950 9 7
730.11) 11.55) 1.456) 3247 8" 6"
737.11) 12.87) 1.595) 3985 10 8*
738.02) 3.34) 13112 3853 9 7"
738.21) 57(2) 1.443) 4139 1T 9"
741.01) 5.5(3) 1.01(5) 1892 3 2+
742.02) 1.096) 1.3011) 6303 15 13
745.31) 55(2) 98(4) 1.393) 5601 15 13
747.91) 5.36) 5695 (15 14+
753.11) 55314) 71020) 1.483) 2574 8" 6"
761.01) 4.5(4) 0.70114) 7476 (19 18"
761.01) 3.502) 1.3613) 4746 12 10
761.51) 18.07) 1.41(7) 4348 11 9+
763.91) 4.78) 1.4310) 2914 6" 6"
768.81) 12.1(10) 0.743) 2919 7 6"
769.92) 8.42) 1976 4" 47
771.41) 10.96) 24.1(12) 1.323) 6193 16 14
773.91) 261(9) 420020) 1.522) 4946 14 12
781.81) 10.14) 20.98) 0.562) 9016+ A (23 (22
784.83) 2.8(7) 3785 (9) 7"
785.23) 2.8(7) 3785 (9) 8*
786.11) 360(12) 480(20) 1.472) 3360 10 8*
787.02) 4.3(9) 4354 10 8t
793.92) 2.6(2) 6032 16
802.31) 5.93) 1.5510) 5926 16 14
803.61) 4.94) 0.77(8) 3723 8 7
808.42) 30.48) 72(3) 0.892) 9043+ A (23 (22
812.21) 1996) 300(9) 1.525) 4172 12 10
814.61) 6.8(4) 1.5010) 2517 6 47
816.02) 1.922) 1.349) 7281 (19 (16)
817.01) 1.93) 4177 10 10"
817.41) 3.42) 1.42) 6544 17 15
823.02) 1.33) 1.42) 4773 11 9+
824.31) 2.42) 6422 (16) 14
826.41) 60(2) 0.792) 3400 9 8"
828.12) 1.029) 1.22) 6737 16 14
830.61) 3.502) 5051 13 12
832.51) 9.6(4) 1.427) 4817 12 10
832.93) 10.16) 1.555) 5181 13 11
835.41) 21.212) 1.466) 3835 10 8"
837.01) 1.32) 2.8(2) 10615+ A (26)
845.51) 26.410) 55(2) 1.433) 6447 17 15
849.41) 1235) 1305) 1.405) 3000 8" 6"
850.1(1) 9.2(6) 0.842) 3000 7 6"
852.62) 1.83) 3853 9 7"
856.72) 1.94) 5210 (12) 10°
859.31) 15.22) 1.557) 5727 15 13
859.51) 89(3) 99(4) 1.443) 4220 12 10
861.11) 34.413 52(2) 0.832) 4221 ik 10"
868.21) 6.6(4) 20.08) 1.42) 7062 18 16
871.01) 77(3) 120(4) 1.5010) 3445 10 8"
871.92) 74(4) 128(5) 0.702) 7631+ A (20 (19
873.21) 6.6(4) 1.287) 5221 13 117
876.21) 10.69) 2697 6"

014312-8



ROTATIONAL FEATURES OF VIBRATOR NUCLEUS!®Te PHYSICAL REVIEW C 61014312

TABLE I. (Continued).

E, 2 1,° R® Ei (keV) I 17
876.23) 1.247) 1482 2t 2"
880.91) 14.67) 1.606) 6227 (16) 16"
883.41) 1.52) 6367 16 14*
886.41) 14.96) 0.8612) 3461 9 8"
892.12) 0.929) 5666 (13) 11+
898.712) 0.959) 1.4(2) 7202 17 15
899.712) 2.92) 3.7(4) 8903 22 20"
903.711) 34.811) 55(2) 1.254) 5124 14 12*
904.1(1) 3.502) 5721 (14) 12*
911.11) 9.310) 1.357) 4746 12 10
913.02) 1.6(3) 0.5(2) 6608 (16) (15
916.91) 3.82) 1.32) 6098 15 13*
917.21) 1.0610) 2.84) 8101 (207) 18"
919.81) 1.92) 5666 (13) 12*
921.q1) 0.9077) 7019 (17) 15*
928.42) 1.6914) 3079 (6" 6"
931.53) 0.63) 4.4(4) 8115 (207) 18"
936.91) 9.39) 33.213 1.495) 7384 19 17
938.04) 1.96) 1.22) 2914 6" 4*
942.31) 22.710) 32.213 1.61(4) 6544 17 15
943.81) 91(3) 87(3) 1.453) 2150 6" 4+
946.21) 4.92) 13.28) 1.6(2) 7049 18 16"
948.91) 4.02) 1.22) 7371 (18) 16
950.42) 0.649) 7687 (18) 16
951.1(1) 14.38) 1.3914) 5124 14 12*
954.1(1) 2.92) 6176 (15) 13"
954.52) 3.16) 8004 20 18"
957.42) 4.003) 3108 7 6"
959.41) 3.502) 16.56) 8021 (20) 18
975.11) 1.5(6) 5721 (14) 12*
979.01) 20.210) 51(2) 1.337) 6103 16 14"
980.11) 31.712) 53(2) 1.433) 5926 16 14*
988.04) 2.23) 4348 11 10"

1001.21) 4.33) 13.95) 0.255) 10552+ A (26) (25)
1004.94) 0.63) 4.04) 9120 (22) (20")
1012.83) 4.7(7) 3587 9" 8"
1013.41) 5.4(3) 10.66) 9917 22
1014.91) 10.54) 1.558) 5597 14 127
1018.05) 2.602) 3168 6"
1018.62) 1.3413 4.62) 9120 (22) (20")
1026.91) 3.16) 19.97) 8411 (21) 19
1043.41) 3.502) 12.1(6) 8427 (21) 19
1044.61) 5.93) 13.56) 1.2605) 8903 22 20"
1047.51) 1.92) 11.1(5) 9068 (22) 20°
1052.12) 1.92) 12.47) 8101 (207) 18"
1056.11) 1.53) 1.3314) 4456 1T 9~
1058.12) 2.82) 7371 (18) (167)
1066.01) 6.93) 1.22) 6793 (17) 15
1066.110) 0.96) 3.68) 8115 (207) 18"
1074.31) 10.04) 1.306) 6312 16 14
1075.41) 27(2) 31.611) 0.402) 6422 17 16"
1080.71) 4.1(2) 9.005) 1.53) 7184 18 16"
1081.93) 1.2(3) 1.4(2) 3656 8 8"
1089.92) 0.6510) 7.607) 10210 (24) (22")
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TABLE I. (Continued).

E, 2 1,° R® Ei (keV) I 17
1093.41) 6.8411) 1.409) 2914 6 6"
1096.21) 5.9(10) 0.824) 4456 1T 10"
1097.G2) 4.7(6) 1.339) 1703 4 2+
1097.G2) 1.42) 1.32) 3247 8" 6"
1097.31) 8.4(3) 11.1(5) 0.404) 7856+ A (20 (19
1098.11) 14.606) 0.693) 2919 7" 6"
1099.71) 10.610) 1.2210) 5319 14 12
1106.31) 42.012) 42(2) 0.792) 3680 9 8*
1111.62) 0.66(7) 2.0(4) 9538 (23) (217)
1122.51) 6.3(3) 17.29) 1.4714) 7049 18 16"
1124.G2) 0.407) 0.73) 5006 11 10
1126.91) 1.6(3) 6.5(3) 9538 (23) (217)
1138.42) 4.303) 10207 (24) (227)
1143.61) 12.04) 28.611) 1.535) 7859 20 18"
1144.11) 1.94) 4504 1T 10"
1148.53) 2.93) 1.8(4) 3723 8 8"
1150.82) 9.6(10) 1.285) 1151 2 0+
1161.61) 12.1(6) 1.104) 2368 5" 4%
1165.21) 2.5013) 6032 13
1177.22) 6.4(8) 11387 (26) (247)
1178.81) 21.412) 1.336) 3000 8" 6"
1179.31) 51(2) 0.81(5) 3000 7 6"
1183.43) 3.22) 1.32) 6422 (16) 14
1187.G3) 2.22) 4.45) 1.42) 9046 (22) 20"
1189.05) 1.93) 4.34) 8238 18
1197.11) 592) 82(3) 0.801) 6544 17 16"
1234.13) 3.73) 10773 (25) (237)
1234.43) 3.6(3) 11442 (26) (247)
1241.31) 5.92) 1.649) 8001+ A (21 (19
1243.23) 2.8513) 1.73) 6367 16 14+
1257.93) 3.23) 3079 (6" 6"
1261.11) 2.5(3) 3835 10 8*
1263.61) 3.3214) 1.3413) 5483 14 12
1273.23) 2.5(5) 12660 (28) (26%)
1279.32) 3.95) 0.9509) 3853 9 8"
1286.62) 3.24) 0.986) 1892 3 2+
1287.12) 6.5(7) 0.728) 3108 7 6
1288.92) 3.23) 8.1(5) 13912 8004 20 18"
1294.21) 16.810) 8.29) 0.884) 3115 7 6"
1306.044) 1.3713) 2.8(4) 9165 20
1311.21) 9.9(6) 1.479) 2517 6 47
1325.42) 6.27) 2532 (6" 47
1336.05) 2.0(4) 12778 (28) (267)
1341.74) 2.0(4) 12115 (27) (257)
1347.63) 2.8(2) 3168 6
1368.51) 39.512) 793) 1.555) 6715 18 16"
1370.52) 8.72) 1976 4 2+
1378.410) 2.0(7) 14038 (30) (28")
1385.13) 1.6(7) 4746 12 10
1396.22) 3.6(4) 5.4(4) 1.3213) 6743 18 16"
1412.51) 17.04) 35.414) 1.92) 6759 (18 16"
1416.02) 1.3711) 3566 8" 6"
1421.51) 5.7(3) 0.8711) 3243 7 6"
1436.05) 1.22) 14214 (30) (287)
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TABLE I. (Continued).

E, 2 1P R® Ei (keV) I 17
1443.q10) 1.22) 13558 (29) (27)
1455.95) 0.597) 0.82) 4856 10 9
1475.410) 0.8(4) 15513 (32) (30%)
1539.410) 0.42) 15753 (32) (30)
1560.84) 0.92) 0.9810) 5006 11 10
1597.21) 2.6(2) 9.24)

1646.14) 0.42) 0.8(3) 5006 11 10
1698.45) 0.3(1) 2.83) 11248+ A (25
1709.15) 0.52) 0.73) 4709 9 8
1745.73) 0.6812) 8" 6"

4n 1%9Ru(*0,4n) reaction at 65 MeV bombarding energy.
bn 199\io(%2Ne,4n) reaction at 80 MeV bombarding energy.
°For known stretched quadrupole and dipole transitions angular distribution ratios of about 1.4 and 0.8 were

obtained.

ranging fromy~—60° to large positivey values, see Fig.
5(a) for I"=2". At higher spins, deeper energy minima in

A. Decoupled positive-parity bands
1. Band 5

the e— v plane appear. Some bands were predicted, as shown

in Fig. 6, which were identified with experimentally ob-

A characteristic of band 5 at low spins is that the level

served ones, and some others whose correspondence to §R2CiNg between the two consecutive levels is nearly con-

data is not clear.

15 T T T T
a)
0 F .
5 — .
oL ® band 5 |
A band 4
< A band 3
= _5 | 1 | 1
I 0.2 0.4 0.6 0.8
g 10 T T T T T T
=t b)
<
8 — .
6 L A{)/A’@"Q/A )
4T ¢ band 1 |
¢ band 2
2 L OM® band 6
A A band 7
O ® band 8
O ' | 1 ' | 1
0.1 0.2 0.3 0.4 0.5 0.6
tw (MeV)

FIG. 4. Aligned angular momenta of bands'#Te. A reference
spin calculated using Harris parameterslgé15#%2/MeV and J,

stant, a feature which is indicative of vibrational behavior.
However, above the 6 state the vibrational pattern breaks
down and the transition energies start to increase with spin
which is typical for a rotational band. Finally, above spin 20,
a well deformed rotational band develops. The aligned angu-
lar momentum in Fig. @) shows gains at frequencies of
0.30,~0.45, and 0.50 MeV, reaching a value of about 12
at hw=0.6 MeV, which is as large as in the more stably
deformed isotoné?%Xe [29].

The PES calculations predict two different even spin,
positive parity bands which are most likely to be related with
band 5. First, in thd =6-20 region a strongly triaxiale
=0.17, y=~—25°) band develops. Note that R¢28] pre-
dicts a weakly deformed prolate shape at low spins. The
B(E2) values of 8127) and 9411) W.u. for the yrast 8
—6" and 10 —8" transitions, respectively, from a recent
lifetime measuremerj30] are quite consistent with the pre-
dicted shape. The shape YfTe from our PES calculation is
very favorable for a4, neutron alignment, and the calcu-
lations suggest a gradual alignment of a neutron pair around
spin 12-14. Secondly, a well deformed band with
=0.29, y=+13° is predicted. This band is calculated to
cross the less deformed triaxial band at spin 18, as shown in
Fig. 6(a). What drives the nucleus to such a large deforma-
tion is that the configuration of the well-deformed band in-
volves an intruder proton 22h excitation coupled to two
protons on thén,,, orbital. The same configuration has been
assigned to the yrast band #°Te [17]. The calculated de-
formation for *¥Te may sound large, but it is close to the
deformation extracted for therh,;,,®2p-2h configuration
in 113Sb[10]. Although the calculated energies are somewhat
lower than the experimental ones, the two bands from the

=25%*MeV® has been subtracted. In band 5 two decay paths ar®ES reproduce the general behavior of band 5 very well.
included in thel ~20% region.

Since the shapes of the two bands are largely different, a
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standard cranking calculation with the shape of the low-spin * > bo'nd 5 ' ' ' ' '

side cannot reproduce this crossing.

2. Bands 1 and 2

Two other decoupled bands, bands 1 and 2, are assigned
as having positive parity. Starting from thé &tate, both of
these bands show a gradual increase in the alignifrses
Fig. 4b)] and the energy splitting between them is small. In
the neighboring even-mass Te nudl#8,19, no bands cor-
responding to bands 1 and 2 ##®Te have been found.

Different scenarios were considered to explain bands 1
and 2. In particular, band 2 starts at very low excitation en-
ergy and in a previous study it has been interpreted as the
odd-spin sequence of thg band[18]. However, the even-
spin sequence is usually energetically favored at low spin, as
in 12%Xe [29]. This is not the case for bands 1 and 2'ffiTe.

£,70.29, ym15°

/s
8,%0.29, y~15°

Note also that in the vibrator picture the' 3state at the
bottom of band 2 is a member of three-quadrupole phonon
multiplet.

In the PES calculation we obtained an odd-spin sequence
which corresponds to band 2 i®Te very well, but no band
corresponding to band 1. Singevibration is not included in
the PES calculation, this indicates that band 2 is a two-
quasiparticle excitation on top of band 5, rather than the
odd-spin sequence of thg band. The calculated shape is
very similar to that of the triaxial band reproducing band 5 at
intermediate spin values. The value pfdeformation shifts
considerably with increasing spin, evolving from45° atl
=3 to —14° atl=15. The present PES calculation gives
only the lowest energy states of each parity, signature, and
shape. Thus the result that the present calculation does not

E — 0.01139%I(1+1) (MeV)

® band 3
m band 4

&
B,~0.17, yn—20°

® band 1
e band 2

T
10

T
15

20

25

30

35

give a band which corresponds to the observed band 1, hints
that band 1 is another two-quasiparticle band with the same
shape. FIG. 6. Rigid rotor plots showing comparison of experimental

As the nuclear shape calculated for band 2 is optimal foxfiled symbol$ and calculatedopen symbols values for bands
the hy41,» Nneutrons, this band may be built on a less alignedi—5 in 1'8Te.

Spin | (#)
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50 — . The PES calculations predictsee Fig. ®)] well-
| deformed negative-parity rotational bands, in agreement with
I the assignment given above. Two minima are predicted. The
<40 . minimum arounde,=0.29 andy~ + 15° is lowest near the
1 band heads, whereas the other minimum with somewhat
I lower quadrupole deformation and less positiveleforma-
30 L 4 tion becomes lowest at higher spins. However, the calculated
— Aband 3 energies stagger and they do not give a very good description
25 r A band 4 4 of the observed bands.
20 L Rotational bands have now been observed inNaH 66
0.2 0.8 isotones from*!%Sn to 2%Xe and the development of these
bands is of interest. IH'%Sn, the intruder band built on the
FIG. 7. Dynamic moment of inertia for bands 3 and 4#ire. ~ proton 2p-2h excitations undergoes &my;, neutron align-
ment at a rotational frequency of 0.46 M¢®5], with a gain

hil/z configuration. In the CSM picture with, F, G, andH in alignment ofAi,~5#. Below the neutron alignment, TRS
calculations predict a deformation of abo,=0.25,

labels for the lowest negative parity states, this involves the . . . )
first (E) and third(G) hyy, orbital giving a band withw=1, whereas the neutron alignment is predicted to polarize the

i.e., an odd-spin sequence. According to CSM calculations d@fgfleus to a smaller deformation. The odd-mas$b and
the predicted shape, thEG configuration is expected at nuclei display very gradual alignment gains in the proton

about 500 keV above thEF configuration, in reasonable N1z Pands with smeared and delayed neutmp, align-

12|
agreement with the position of band 2 relative to band 5 af€Nts[13,14,26. In °Xe the 7hy97,, bands[29] show
iw=0.40 MeV. Thea=0 EH and FG configurations lie V€Y similar alignment patterns with gradual alignment gains

too high in excitation energy to reproduce the small energy?S observed in bands 3 and 4. The gradual increase _in aligned
splitting between bands 1 and 2. angular momentum across the expected neutr@p align-
Another possibility to explain bands 1 and 2 involves thement region is thus a common feature for bands involving

g+» and ds, protons coupled to the intruder band ¥#Sn. the dgformation driving proFohll,z configu7rati0n inN=66
This may not be completely unrealistic, since in the isotonerl‘i‘de'- Well-deformed rotational bands i’Sb[13,14 and
7S related bands with a singl, or ds, protons have 8Te, and to some extent in heavier isotones, are thought to

been found[13]. In this scenario, the even-spin sequencefﬂise from the coupling of protons to the intruder band in
should be favored in energy. One more possible interpreta- SN i-€., 10 involve the excitation of two protons from the
tion is presented in Sec. Il D. up-slopinggg, orbital to the down-sloping orbitals above the

Z=50 shell gap.
_ ) Another interesting feature in bands 3 and 4 is the devel-
B. Decoupled negative parity bands opment of the signature splitting with increasing rotational
In Ref.[19] a portion of band 4 of Fig. 3 was observed frequency. At low frequencies, band 4 with signature 1 is
and assigned as theh,;,,07, configuration. Band 3 identi- energetically favored by about 300 keV. With increasing ro-
fied in this work shows a level pattern very similar to that of tation the energy splitting decreases and finally abowe=
band 4. Furthermore, the lower portions of the bands ar€.65 MeV band 3 with signature=0 becomes energetically
connected by intraband| =1 transitions. Therefore, bands favored. The same, but less pronounced trend is also seen
3 and 4 appear to be signature partners. Inspired by the ifbetween the corresponding bands'ffXe [29]. CSM calcu-
terpretation of the rotational bands #’Sb[13,14, we in-  lations have been performed @§~0.25 with varyingy de-
terpret bands 3 and 4 to arise from the coupling of the protofiormation around 0° in order to determine how the energy
h,1/097,> configuration to the intruder band H°sn. splitting between the lowest positive parity=1/2 and
The alignment plots shown in Fig(@ demonstrate that —1/2 signatures originating from the sphericij, andg;,
the aligned angular momentum increases very smoothly iorbitals varies withy deformation. These two signatures are
bands 3 and 4, with no sudden alignment gain. According téhought to be involved in bands 3 and 4 and to be responsible
cranked-shell moddlCSM) calculations at a deformation of for the observed energy splitting. For positive valuesyof
B,~0.25, the first quasiparticle alignment in Te nuclei isdeformation the CSM calculations predict the- —1/2 sig-
expected to be due to thg,, neutrons and to occur &tw  nature to be favored over the= 1/2 signature, in accordance
~0.35 MeV. In order to reveal smooth band crossings, thavith experiment at low and intermediate rotational frequen-
dynamic moment of inertia)(®, is displayed in Fig. 7 for cies. The calculations suggest that tae 1/2 signature be-
bands 3 and 4. The moment of inertia plots indicate thatomes favored for negative values - 10°) of y deforma-
lowest members of both bands are slightly displaced in ention. Since the pair of alignetd;,,, neutrons is expected to
ergy, possibly due to mixing with other close-lying states.drive the nuclear shape towards a negatjveeformation,
Furthermore, an bump indicating the occurrence of bandhe development of the energy splitting between bands 3 and
crossing is observed in both bands closé to=0.50 MeV, 4 may represent a gradual shift from a small positvee-
which is a considerably higher crossing frequency than thaformation towards a negative deformation. This evolution
predicted by the CSM calculations. is different than in lighter Te nucl¢iL6,17), where a gradual

0.4 0.6
weo (MeV)
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20 oo & & in Fig. 8@). In the calculationQ,=3.0 eb was assumed. In
19 the comparison of experimental and theoretical
15 - B(M1)/B(E2) ratios for thegg‘,g band gives an estimate of
Qo~3.1eb[26] and a similar analysis if’Sb for the same
band using the branching ratios of R¢fl4] yields Q

~ T99/297/2
o 5 o . ~2.7 eb. Thus, the quadrupole moment used forgggg7/»
N ¢ configuration in%®Te is consistent with those for thgs,,
— 07 g s s o s bands in theZz—1 andZ+1 isotones.
S . Due to the close proximity of the protods, and g
?g 10 . bond - states, another strongly coupled band close in energy to band
= 81 ) - 6 is expected. The 3079 and 3168 keV states with feeding
% N ”99/297/2“9\ | 300 and 261 keV transitions, respectively, are candidates for
E\‘E\ ; the band head of such a band.
] 1 i The parity of band 7 was not determined in the present

21 - work. Based on observations in the neighboriiésb, 119,
and ?%e nuclei[14,26,29, three different configurations
P T 5 can be considered for this band. The prog)j;éhll,z con-
Spin (&) figuration can be ruled out because #&alue extracted for
band 7 is too large compared with the expedted5. Fur-

FIG. 8. B(M1)/B(E2) ratios for bands 6 and 7 if®Te. The  thermore, theB(M 1)/B(E2) ratios in band 7 are quite dif-
experimental values are extracted assuming multipolarity mixingferent to those in th‘gg/zhll/z band in **%Xe [29] Another
;agz:drl?pfc;)I;An:;rietr:?lg:or;soIg;h\z;ge;;sltjl;a(eldes_tl_l%aggti?s pos?|b|lltyt_ is thbatttms bz_atnd IS|(§)u[;|t on thegﬁ,ztgwtzvhll,z ot
for the quasiparticles were adopted from R88] andgg was taken con Igyra on, but then 1 Wou- N somew a_s range” a
asZ/A there is no decay to band 6. Finally, if band 7 is of positive

' parity, it may be built upon thergg_,zlngvhll,zng configu-
ration (where the last neutron could be replaced by dgg
drift towards a deformed noncollective shape, termed as sofir d,,). The band head energy of such a band can be roughly
band termination, is observed in the proton intruder bands.estimated from the energy of thegg: vh,1,.97, band head
in *'Shb and ' [14,26 to be about 5 MeV. This is in
C. Strongly coupled bands excellent agreement with the band head energy of band 7. As

Two, possibly three, band®ands 6—8 with intense di- can be seen from Fig (), the_ experimenteﬂS(Ml)/_B(EZ)
pole transitions have been identified i®Te. The occur- ratios are nicely reproduced in the model calculations assum-
rence of such bands is a common feature in this mass regiofl'd Such a configuration.

Based on observations in the neighboriNg-66 nuclei, a

hole in the protongg, orbital is the most likely cause for D. Intruder states

level sequences of this type. Using the in-bad(E2, — I Excited 0" states with associated rotational bands are
—1)/B(E2| —1-2) ratios theK values were calculated to well established in Sn nuclei. These states are built on proton
be 5-6 and 8-9 in bands 6 and 7, respectively. E2e  2p-2h excitation across th&=50 shell gap. In Cd nuclei
components of thé—1—1 transitions were estimated from having two protons less, the lowest excited Gtate in

the angular distribution ratios. Band 8 is very weakly popu-106-114cd and the second excited Gtate in1® 122Cd have
lated and no estimate for thi¢ value was obtained. The peen identified as intruder stat¢84]. These states are
aligned angular momenta extracted for the dipole bands ar&rongly populated in two-proton transfer reacti¢8s] and
shown in Fig. 4b). they form a V-shaped pattern centered Nit=66, as the

To aid the determination of the configurations involved,2p-2h intruder states in Sn nuclei. Bands built on these in-
B(M1]—1-1)/B(E2|—1-2) ratios were also extracted truder 0" states have also been found in Cd nuclei. In Cd
in bands 6 and 7. Such ratios are sensitive toghdactors  nuclei, however, the situation with the intruder states is more
of the quasiparticles and the quadrupole moment of the ban@mbiguous than in Sn nuclei. As pointed out in R8#], the
ExperimentaB(M 1)/B(E2) ratios together with theoretical suggested 0 band head of the intruder band plays in the
estimates obtained from a geometrical moffél,32 are  vibrator picture the role of the two-quadrupole phonon state
shown in Fig. 8. with an enhancedE2 transition to the yrast 2 state. Fur-

The energy of the lowest state in band 6 implies that thighermore, the role of mixing between the intruder and vibra-
band is built ona two- quaS|part|cIe configuration. We assignjonal states and the role of thwg,,, neutrons in the lighter
the protongg397/» (Or gg3ds;;) configuration to this band. isotopes are still intriguing questions.

An initial alignment of about 14 for band 6 in Fig. 4b) is Previously, the best evidence for the existence of the low-
due to the quasiparticle occupying the, orbital. The the- lying intruder states built on the protorp2h excitations in
oreticalB(M1)/B(E2) ratios calculated for thgg,%gm con-  Te nuclei was the systematics of the first excited €iates
figuration reproduce reasonably well the experimental ratio§4]. They display a V-shaped pattern centeredat66, in
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accordance with the Ointruder states in Cd and Sn nuclei. 16*
As in the Cd nuclei, theE2 transition from the possible 1

intruder 0" state at 958 keV to the yrast 2state is fast in

118Te, indicating that this state is a two-phonon state in the ML 5721

vibrator picture.

The observation of several deformed bands'fiTe gives 904
new arguments for the discussion of zero-quasiparticle in-
truder states. One can compare the excitation energies of th{Z 4745
deformed bands involving protorp22h excitations in''®Te
relative to the supposed deformed Btate at 958 keV with an
those in neighboring nuclei. IF*%e the proton 9 states lie | 10*_y 3985
at 3151 @goshyy) and 2972 keV g phiyg) [29]. The 2% 10 0
corresponding states are not known'fiSn, but in1'4sn the 737
9~ state of the protoiny;,.00, band lies at 2970 keV above 8° 8§ 3247 @
the intruder 0 state(at 1954 keV [36]. In *'®Te the 9 8§ 3000
state of themrg,,hy10 band is 2722 keV above the 958 keV 730 .
0" state. The assumption of the intruder character of the 958 g4 6* l 2517 ®
keV 0 state is therefore quite reasonable.

In the calculated potential energy surface there is no mini-
mum at a well deformed prolate shape for low spin values. 447 R

. . . 4+ 1703 4
However, there is a shoulder present in the potential energy T s um 4 s
surface ak,=0.20—-0.25 andy~0° [see Fig. )], close to 562 o+
the nuclear shape expected for the intruder band in Sn nuclei 2 4 st sa z 2
At higher spins, due to its large moment of inertia, the v 958 o o o
prolate-deformed configuration is expected to become ener- 18T WRy 1224 T16gp
getically more favored.

Possible candidates for the positive parity protqm2h FIG. 9. Candidates for protonpd2h states in'®Te together
intruder states in*®Te are displayed in Fig. 9. As discussed with the ground-state bands in thé 62%Ru and 6 2?Ba nuclei
earlier, the level spacings in the intruder band Te  [37,38. Also shown is the intruder band i#%Sn built on proton
should resemble those in the protop-2h band in 1*Cd.  2p-2h excitations[25].

However, this band is only known up te=6# [5]. Instead,
ground-state bands df%Ru and'?Ba[37,38 are shown in  states to be yrast at certain spin val(i28]. These calcula-
Fig. 9. In the simple intruder-spin pictuf89], level spacings tions suggest that if'®Te the 14, 16", 197, and 22 states
in these proton B and & bands should also be similar to puilt on fully aligned 779%/2Vd5/2h11/2: 7795/21’“%1/2:
those in the #-2h band in**°Te. Also shown is the intruder g h,,,vh?, ,, and mg2,vdssh3,, configurations, respec-

in 11 H H . - .
band in **%Sn. In this band the D and 4" states are mixed tvely, are particularly favored. Based on the theoretical pre-
with the first excited 0 state and the yrast'4state, respec- dictions, the 5238 keV 14, 5347 keV 16, (6759+A) keV
tively [25]. This demonstrates how the mixing of states may19- and (8234 A) keV 22 states have previously been
perturb the level pattern in the intruder band. As discussegssociated with those Configuratio[@,zs]_ The observed
earlier, the available states ii°Te do not form any regular 1 4(2) ns mean lifetime can most readily be attributed to the
band belowl =6. HOWeVer, at hlghel’ SpinS in F|g 9 there 6759+ A) keV |eve| decaying by Very IOW energy transi_
are twoE2 sequences, which resemble the expected Ieveﬁons to states of different origin.

pattern of the $#-2h intruder band. If the 3000 keV § In the following, the level structure$l, Y2, N1, andN2
3835 keV 10, and 4746 keV 12 states being connected by are interpreted in terms of number lof,, protons and neu-
E2 transitions, are assigned to the intruder band, the banglons. The states in group§1l and N2 involve neutron
head should lie close to first excited Gtate. On the other g75h1, anddghl, , configurations with an odd number of
hand, if band 1 is int_erpre_ted as the intruder band, the_unpeﬁ 1 Neutrons. In the sequendé the 6" and 10  states
turbed band head mlght- lie somewhere betwgen the first anghye been associated with the prog, and neutrorh?,,
_seconc(at 1517_ke\¥ excited 0" states. It remains to be seen configurations, respectivefi9]. The higher lying states in-
in future experiments, whether either one of thé&2 se- ;¢ the protorg?,, configuration and/or an even number of
guences is related to the zero-quasiparticle intruder states.hll/2 neutrons. Similarly to groupdll andN2, group Y2
does not involve protons excited to the,, state.
Provided that the lowest states in bantl are of negative
Level structures labeled1, Y2, N1, andN2 are irregu-  parity, thel =19 and 22 states can be associated with the
lar and most likely involve noncollective states. Such leveloblate configurations suggested in R€f59,28. The con-
structures have also been observed in the neighboring evefiguration 7g2,vg-,h3,, yields a state with spin and parity
mass Te nucl€il9,17,4Q. Theoretical calculations based on of 237, possibly corresponding either one of the (23)
the TRS approach predict noncollective oblate=(+60°)  states close to 9 MeV excitation energy. States with higher

14+

12* 4817
12+

g* 8*

&+

6§ 2150 6* .
4 1976 8

E. Noncollective states
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angular momentum in band¥l may arise from the out in these bands, as in related bands in the isotones of

mg72h11003,, configuration coupled to theks, or g7, neu-  eTe. The existence of gk2h intruder states at low spin

trons, which gives positive parity states with,,=25 and have been discussed and candidates for intruder band mem-

26, respectively. Therefore, the configuration of most statebers presented. Bands characterized by intense dipole transi-

in bandY1 contains a proton on the,,,, orbital. tions were associated with configurations having a hole on
the protongy, orbital.

IV. SUMMARY
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