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High-spin states in 121,122Te: Identification of favored noncollective oblate states
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High-spin states up toI;20\ have been studied in the121,122Te nuclei using the116Cd(9Be,xn! reaction at
37.8 MeV. In this spin regime, several favored noncollective oblate states (g5160°), where the single-
particle angular momenta generate the total nuclear spin, are predicted to coexist with weakly defor
collective structures. Theoretical expectations for such oblate states, based on TRS cranking calculation
compared to the experimental results.

PACS number~s!: 21.10.Re, 21.10.Pc, 23.20.Lv, 27.60.1j
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I. INTRODUCTION

The degrees of freedom available for nuclei near clos
shells are severely limited to the single-particle motion
valence nucleons. Indeed, the even tellurium (Z552) iso-
topes, two protons beyond theZ550 shell gap, show
vibrational-like characteristics at low spin~e.g., Ref.@1#!.
The small yet finite number of valence particles is, howev
able to break the spherical symmetry and induce, alb
small, nuclear deformation. The small deformation does
quire high angular velocity to generate collective angu
momentum and hence specific noncollective ‘‘aligned’’ o
late states (g5160°, Lund convention@2#!, where the
nuclear spin is generated completely from single-parti
angular-momentum contributions, are able to compete e
getically with the weakly deformed collective structures. R
cent investigations of light tellurium isotopes withA<120
have identified several particularly low-lying states, wi
Ip5142, 161, 192, and 222 in the even-A isotopes@3–7#
and Ip521/22, 23/22, and 39/22 in the odd-A isotopes
@8–11#. Cranking calculations, based on the total routhi
surface~TRS! formalism @12–14#, suggest that these ene
getically favored states represent aligned noncollective
late configurations@15#.

Despite the weakly deformed low-spin structures, we
deformed (b250.30–0.35! rotational ‘‘intruder’’ bands have
recently been established in light Te isotopes at high spin~up
to 50\) in 112Te @3#, 114Te @16#, 115Te @17#, and 116Te @18#.
These bands are believed to be based on 4-particle–2-
proton configurations, e.g.,p@(h11/2)

2(g7/2)
2(g9/2)

22#,
where twog9/2 protons are promoted across theZ550 shell
gap. Similar deformed particle-hole excitations form the b
sis of high-spin rotational structures in Sn (Z550) and Sb
(Z551) nuclei, e.g., Refs. 19 and 20. At the highest spi
these bands show the unique features of smooth band te
nation, where the nuclear shape slowly evolves from coll
tive prolate to noncollective oblate over many transitio
@21,22#. This behavior is to be contrasted to the ‘‘abrup
observation of specific low-spin oblate states.

New results for 121,122Te are presented in this pape
which greatly augment the known decay schemes. Si
these nuclei are near the valley of stability (122Te is in fact
stable!, they are difficult to populate using heavy-ion fusio
533/96/53~4!/1562~9!/$10.00
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evaporation reactions that could bring in sufficient angula
momentum to study the high-spin collective features. Ther
fore the present results, using a9Be beam and116Cd target,
focus on the low-spin structures withI<20\, where how-
ever specific low-lying~yrast! noncollective oblate states are
expected to be observed. Previous work on121Te has been
published in Ref.@23# using the119Sn(a,2ng) reaction, and
very recently in Ref.@10# using the110Pd(18O,a3ng) reac-
tion, and Ref.@11# using the114Cd(11B,p3ng) reaction; pre-
vious data on122Te, obtained with the120Sn(a,2ng) reac-
tion, can be found in Ref.@24#.

II. EXPERIMENTAL METHODS AND RESULTS

Following an excitation-function measurement, high-spi
states in 121,122Te were populated with the116Cd(9Be,
xn)1252xTe reaction at a bombarding energy of 37.8 MeV. A
this beam energy, states in121Te and 122Te were populated
with approximately equal strength. The9Be beam, provided
by the Stony Brook Tandem/Linac accelerator, was incide
upon a 116Cd target of thickness 3.2 mg/cm2 mounted on a
thick lead backing, which served to stop the recoiling nucle
prior to g-ray emission. Coincidentg-g data were acquired
with an array of six Compton-suppressed HPGe detecto
~each 25% efficient!, plus a 14-element bismuth germanate
~BGO! multiplicity/sum-energy filter. In order to suppress
low-multiplicity g-ray events from Coulomb excitation and
radioactive decay, data were written onto magnetic tape on
for events in which two or more suppressed HPGe detecto
registered in prompt time coincidence (t<100 ns! with one
or more BGO elements. The use of a backed target ma
tained excellent energy resolution;DEg52.4 keV was
achieved atEg51 MeV. Careful energy calibrations were
performed both before and after this 4-day experiment usin
a 152Eu radioactive source and no gain shifts were observ
during the experiment. Theg-ray data were gain-matched
before being written to tape and approximately 37 million
g-g events were recorded. Efficiency calibrations of the de
tectors were achieved using152Eu and 133Ba radioactive
sources.

The coincidence analysis of the data and level schem
construction were greatly facilitated by the use of th
ESCL8R graphical analysis package@25#. In addition,
angular-correlation information was obtained from the coin
1562 © 1996 The American Physical Society



53 1563HIGH-SPIN STATES IN121,122Te: IDENTIFICATION . . .
FIG. 1. Level scheme deduced
for 122Te. The transition energies
are given in keV and their relative
intensities are proportional to the
widths of the arrows.
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cidence data by sorting a matrix of the four forward
backward detectors (u;35°/145°) against the two detectors
nearu590°. Angular intensity ratios,

RDCO5
I g~35°290°!

I g~90°235°!
, ~1!

of g rays extracted from this matrix were used to assist in t
assignment of transition multipolarities using the method
directional correlation from oriented states~DCO! @26#. For
the present geometry, values ofRDCO'1.00 are expected for
stretched quadrupole transitions, while values o
RDCO'0.55 are expected for pure stretched dipole trans
tions, when gating on stretchedE2 transitions. The decay
schemes of121,122Te deduced from this work, together with
representative gatedg-ray spectra, are shown in Figs. 1–4
Transition energies, relative intensities, DCO results, and a
signments are listed in Tables I and II. Where possible, tra
sition intensities have been used to extract experimen
B(M1;I→I21)/B(E2;I→I22) ratios of reduced transi-
tion probabilities and the results are presented in Fig. 5.

A. The level scheme of122Te

The level scheme deduced for122Te is shown in Fig. 1,
while Table I lists theg-ray properties. Examples of gated
coincidence spectra are shown in Fig. 2. The ordering of t
transitions in the level scheme is based on relative intensit
and coincidence relationships. Many new states have be
established, including states above the 121 state@24# of band
2, together with the negative-parity sequences shown to
right and band 1 shown to the left. Two states have be
established atIp5141 and two at 161. Several high-energy
transitions feed the yrast 141 and 161 states. The spins and
parities of the negative-parity bands are established throu
the DCO ratios of the linking 664, 1140, 1050, 1222, an
1227 keV transitions which suggest pure dipole (E1) char-
acter. These assignments are consistent with previous w
@24#.
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B. The level scheme of121Te

The level scheme deduced for121Te is shown in Fig. 3;
the transitions that feed the low-spin negative-parity stat
are shown in Fig. 3~a!, while the positive-parity states are
shown in Fig. 3~b!. Table II lists the energies, intensities, and
angular-correlation information for the transitions, and ex
amples of gated coincidence spectra are shown in Fig.
Again, the ordering of the transitions in the level scheme
based on relative intensities and coincidence relationships

The 11/22 state in Fig. 3~a! lies 293 keV above the
1/21 ground state and is isomeric with a half-lifet1/25154
days @23#. The 7/21 state of band 6 in Fig. 3~b! is also

FIG. 2. Examples of gated coincidence spectra showing tran
tions in 122Te.
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FIG. 3. Level scheme deduced
for 121Te. The transition energies
are given in keV and their relative
intensities are proportional to the
widths of the arrows.
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isomeric with a half-lifet1/2586 ns@23#. The negative-parity
levels shown in Fig. 3~a! ~band 2! corroborate the recent
work of Refs. 10 and 11, where higher spins than the pres
work were obtained. Many new states are shown in Fig. 3~a!;
bands 1 and 4 have been established for the first time. In F
3~b!, band 5 has been extended above the (9/21) state, band
6 above the 17/21 state, and band 7 above the 15/21 state
@23#. Despite the low DCO ratio obtained from the prese
experiment for the 231 keV transition, which depopulat
band 6, anE2 assignment is adopted from Ref.@23#, where
g-ray angular distribution and linear polarisation measur
ments were performed. The 231 keV transition decays fro
an 86 ns isomer@23#, which may explain the low DCO value
obtained in the present work.

III. DISCUSSION

A. Positive-parity states in 122Te

As in other even-A Te isotopes, the ground-state band
122Te appears vibrational rather than rotational, see Ref.@1#.
For example, theE(41)/E(21) energy ratio in122Te is 2.09
which is much closer to the pure vibrational limit~2.00! than
ent

ig.

nt
s

e-
m

n

to the rotational limit~3.33!. The 21–81 sequence may rep-
resent 1–4-phonon vibrational states. The 61 state, which is
seen at a very similar excitation energy in the isotopes wit
A>116, has also been interpreted in terms of a 2-quasiproto
state wherep@(g7/2)

2#61 or p@g7/2d5/2#61 proton configura-
tions are coupled to the spherical Sn (Z550) core states
@1,7#.

At spin 101 and above, the positive-parity states may be
interpreted in terms of an aligned 2-quasineutron
n@(h11/2)

2# configuration which is expected at a lower exci-
tation energy than the 5-phonon 101 state. Above the 121

state of band 2, the level structure becomes rather comple
Two 141 and two 161 states are evident in Fig. 1. The yrast
161 state, labeled A, decays to the yrast 141 state via the
726 keV transition, in addition to decaying into the second
141 state via an intermediate 151 state.

The short cascade of four dipole transitions, shown to th
left in Fig. 1 ~band 1!, suggests the involvement of ag9/2

21

orbital, i.e., a 3-particle–1-hole proton structure relative to
the magicZ550 core. Similar excitations involving a single
g9/2

21 orbital give rise to collectiveDI51 dipole bands in Sn
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(Z550), Sb (Z551), and I (Z553) nuclei @27#. The
Ip581 band-head suggests ap@(g9/2)

21g7/2#81 ^

@(d5/2)
2#01 proton structure for band 1 in122Te.

B. Negative-parity states in 122Te

Negative-parity 2-quasineutron states may be formed
122Te by coupling a high-j nh11/2 orbital to the available
ng7/2, nd5/2, and nd3/2 orbitals that are near theN570
Fermi surface for prolate deformation. These three posit
parity neutron orbitals are seen in121Te, as discussed in Se
III D. The relatively small signature splitting at low spin fo
band 3 in Fig. 1, with the odd spins favored, is consist
with a n @h11/2g7/2# structure; this structure has the favor
signature a51 (I5a mod 2!. The B(M1;I→I21)/
B(E2;I→I22) ratios extracted for band 3, shown in Fig.
increase significantly with increasing spin and may indicat
loss of collectivity.

C. Negative-parity states in 121Te

Negative-parity bands in odd-A Te isotopes are associate
with a nh11/2 orbital. As in the neighboring odd-A isotopes,
both signatures of this orbital are seen in121Te, labeled as
band 2 in Fig. 3~a!. The states atIp521/22 @labeled A in
Fig. 3~a!# and 23/32 ~labeled B! are unusually low-lying and
a sharp increase in theB(M1;I→I21)/B(E2;I→I22) ra-
tios occurs at this point, as shown in Fig. 5. High-energyg
rays continue both signatures of the band above these s
until a low-lying 39/22 state~labeled C! is observed after the
low-energy 355 keV quadrupole transition. A parallel dec
branch of 255 keV and 937 keV transitions also depopu
this state. The nature of these low-lying states will be d
cussed in regard to TRS cranking calculations in Sec. III

Band 1 consists of a series of states with signat
a521/2 and could represent the favored signature of

FIG. 4. Examples of gated coincidence spectra showing tra
tions in 121Te.
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TABLE I. Properties of the transitions assigned to122Te.

Eg ~keV!a I g
b RDCO

c Multipolarity Assignment

102.5 1.26 0.43~1! M1/E2 82→72

160.5 2.34 0.42~1! M1/E2 161→151

183.8 0.32 ~M1/E2! 82→7(2)

225.8 0.65 0.62~2! M1/E2 141→141

260.1 0.63 0.95~3! M1/E2 92→82

268.3 0.34 ~M1/E2! 122→112

273.4 3.30 1.00~2! M1/E2 82→72

292.8 0.47 ~M1/E2! 112→102

297.6 0.73 0.66~2! ~M1/E2! 91→81

303.3 0.66 0.47~2! dipole 12→112

340.5 0.76 0.38~1! M1/E2 151→141

340.6 1.90 ~M1/E2! 132→122

351.5 1.26 0.55~2! M1/E2 62→52

361.7 0.58
362.5 2.19 ~M1/E2! (132)→122

363.1 0.52 ~M1/E2! (101)→91

383.4 0.40 ~M1/E2! (82)→72

386.0 1.28 ~E2! 81→61

393.2 0.80 E2 72→52

397.1 0.76
400.9 0.26 ~M1/E2! (111→101)
403.1 1.89 ~M1/E2! 122→112

411.7 1.95 ~M1/E2! 102→92

413.1 0.12 ~M1/E2! (121→111)
417.0 1.01 →151

437.8 0.60
457.2 1.58 0.25~2! M1/E2 142→132

476.6 0.60 ~M1/E2! 152→142

532.9 6.15 0.78~2!d ~E2) 92→72

533.0 5.5 0.78~2!d ~M1/E2! 61→61

548.7 2.16 →121

564.1 115 0.97~1! E2 21→01

564.2 3.39 ~E2! 72→52

566.1 3.59 ~M1/E2! 151→141

570.0 95.3 1.03~1! E2 61→41

597.0 1.39 ~E2! (82)→62

617.3 109 1.05~1! E2 41→21

622.1 34.8 1.08~1! E2 101→81

626.6 2.16 →161

631.6 2.83 ~E2! (132)→112

631.7 1.15 →161

639.6 0.69 ~E2! (102→82)
664.1 5.31 0.48~1! E1 92→81

660.5 4.39 0.92~2! E2 92→72

669.3 1.04
671.6 5.22 1.10~3! E2 102→82

685.0 17.7 1.08~2! E2 141→121

688.1 2.27 ~E1! 72→61

693.3 1.73 ~M1/E2! 21→21 e

695.8 3.53 0.97~2! E2 122→102

704.4 6.74 1.04~2!f E2 112→92

705.6 29.7 1.04~2!f E2 121→101

712.2 4.51 0.92~2!g E2 112→92

712.4 0.75 0.92~2!g

726.0 3.17 ~E2! 161→141
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second availablenh11/2 orbital. Alternatively, this structure
may represent the firstnh11/2 orbital coupled to the
g-vibrational band of the core. Such structures have b
proposed for similar bands in odd-A I (Z553) @28# and Cs
(Z555) @29# isotopes. As in band 2, the 23/22 state of band
1 is unusually low lying. Band 3 consists of yrast 25/22 and
29/22 states and possibly represents a 3-quasineutron s
ture.

Band 4 has largeB(M1;I→I21)/B(E2;I→I22) ratios
~see Fig. 5!, and is most likely built on a 3-quasipartic
configuration. The high ratios suggest involvement o
3-particle–1-hole proton structure, including a singleg9/2

21

orbital, coupled to the odd neutron. A possible structure
formed by the coupling of anh11/2 orbital to the proton struc
ture proposed for band 1 in 122Te, namely, the
p@(g9/2)

21g7/2#81 ^ @(d5/2)
2#01 configuration.

TABLE I. ~Continued!.

Eg ~keV!a I g
b RDCO

c Multipolarity Assignment

728.6 1.36 ~M1/E2! 41→41 e

729.2 1.93 1.12~3! E2 162→142

743.8 2.93 1.07~3! E2 132→112

791.7 2.04 0.52~2! E1 92→81

793.6 0.88 ~E2! 01→21 e

798.1 1.08 0.93~5! E2 142→122

844.1 2.21 1.14~4! E2 161→141

896.2 1.00 ~E2! (172)→152

910.6 5.88 0.98~2! E2 141→121

919.0 60.5 1.06~1! E2 81→61

935.1 1.34 1.20~6! E2 152→132

945.0 0.75 ~E2! (182)→162

961.7 0.81 →141

983.6 0.39 →161

1050.0 15.2 0.58~1! E1 72→61

1103.4 3.48 1.15~5! E2 61→41

1117.0 0.91 0.71~2! dipole 15→141

1136.4 0.73 →81

1140.1 2.12 0.43~2! ~E1! 7(2)→61

1163.0 1.54 1.02~3! E2 81→61

1186.7 1.16 0.57~2! dipole 15→141

1221.6 4.44 0.59~2! E1 72→61

1225.8 0.78 →161

1227.3 3.50 0.65~3! E1 52→41

1229.2 0.55 →112

1256.9 0.90 ~E2! 21→01 e

1290.3 0.56 0.74~3! dipole 15→141

1329.1 1.15 →81

1346.5 1.52 ~E2! 41→21 e

aEnergies are accurate to60.2 keV. A linear energy calibration ha
been used.
bRelative intensities are accurate to610%.
cThe ratios were obtained from summed spectra gated by the 5
617.3, 570.0, 919.0, and 622.1 keVE2 transitions.
dDoublet, value given for the 532.9–533.0 keV summed peak.
eAssignment taken from Ref.@24#.
fDoublet, value given for the 704.4–705.6 keV summed peak.
gDoublet, value given for the 712.2–712.4 keV summed peak.
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TABLE II. Properties of the transitions assigned to121Te.

Eg ~keV!a I g
b RDCO

c Multipolarity Assignment

122.4 0.14 →33/22

145.1 3.51 0.58~2!d M1/E2 9/22→11/22

189.9 0.43 0.60~4!e M1/E2 11/21→9/21

199.4 0.14 ~M1/E2! 15/21→13/21

208.2 1.70 0.72~3! M1/E2 7/21→5/21

212.6 32.8 0.63~1!f M1/E2 3/21→1/21

225.2 0.12 39/22→
231.3 15.6 0.68~2!g E2h 7/21→3/21

249.9 0.14 ~M1/E2! 11/21→9/21

257.7 3.16 0.60~3! M1/E2 (21/22→19/22)
263.5 2.15 0.75~4! M1/E2 5/21→3/21

265.7 0.40 →29/22

265.8 8.22 0.43~3! M1/E2 27/22→25/22

273.8 0.18 →23/2
283.8 0.49 ~M1/E2! (9/21→7/21)
292.8 0.37 0.39~3!i M1/E2 15/21→13/21

293.6 1.52 ~M1/E2! (7/21→5/21)
300.9 0.28 ~M1/E2! (11/21→9/21)
316.0 0.36 ~M1/E2! (13/21→11/21)
316.4 19.8 0.43~1! M1/E2 23/22→21/22

318.1 2.31 ~M1/E2! (23/22→21/22)
319.9 0.29 ~M1/E2! (5/21)→3/21

330.4 0.10 ~M1/E2! (15/21→13/21)
339.4 0.40 0.28~2!g M1/E2 13/21→11/21

354.6 1.06 0.89~5! E2j 39/22→35/22

358.7 0.36 0.39~4!g M1/E2 17/21→15/21

361.9 49.2 0.33~1! M1/E2 21/22→19/22

374.1 0.71 ~M1/E2! 33/22→31/22

382.5 2.92 ~M1/E2! (5/21)→3/21

384.8 1.48 0.74~4! M1/E2 23/22→23/22

387.5 1.41 ~M1/E2! (25/22→23/22)
387.6 2.57 0.47~2!i M1/E2 9/21→7/21

393.9 1.34 0.43~2! M1/E2 35/22→31/22

399.5 0.11 ~M1/E2! 19/21→17/21

416.6 10.3 1.06~5!d E2 21/22→17/22

419.9 2.11 0.56~3! M1/E2 25/22→23/22

440.4 0.67 ~M1/E2! (27/22→25/22)
445.0 0.12 ~M1/E2! (7/21)→7/21

446.6 0.39 →21/2
471.0 10.09 1.00~2!f E2 7/21→3/21

475.4 8.61 0.98~2!e E2 5/21→1/21

487.4 1.05 0.43~3! M1/E2 33/22→31/22

510.5 0.76 →35/22

525.1 10.14 1.01~2!f E2 11/21→7/21

533.1 0.79 ~E2! (5/21)→1/21

533.3 1.16 ~E2! 29/22→25/22

536.7 3.63 0.94~5!d E2 13/22→9/22

543.3 5.39 1.00~2!e E2 9/21→5/21

547.6 1.87 1.11~8!d E2 33/22→29/22

570.1 1.49 ~E2! (23/22→19/22)
575.4 0.28 ~E2! (23/22→19/22)
577.0 1.09 ~E2! (9/21→5/21)
584.4 0.47 ~E2! (11/21→7/21)
588.9 2.65 1.00~2!i E2 13/21→9/21

589.0 2.97 1.02~2!e E2 13/21→9/21
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TABLE II. ~Continued!.

Eg ~keV!a I g
b RDCO

c Multipolarity Assignment

595.4 1.78 ~E2! (5/21)→1/21

598.6 9.09 1.05~2!f E2 15/21→11/21

598.9 3.65 ~E2! (21/22→17/22)
601.4 1.70 →31/22

609.2 2.32 →31/22

617.0 2.25 ~E2! (13/21→9/21)
621.3 2.32 ~M1/E2! 25/22→23/22

624.5 11.5 1.03~3!d E2 17/22→13/22

631.7 4.51 1.06~3!g E2 15/21→11/21

631.7 118 1.00~1! E2 15/22→11/22

637.4 3.79 1.10~5!g E2 11/21→7/21

645.3 0.26 ~E2! (15/21→11/21)
651.0 1.74 1.02~2!i E2 17/21→13/21

651.0 0.55 ~E2! (25/22→21/22)
674.1 15.3 0.20~1! M1/E2 17/22→15/22

678.2 10.5 1.01~2! E2 23/22→19/22

681.4 15.3 0.35~2!d M1/E2 13/22→11/22

700.9 2.57 0.33~2! M1/E2 23/22→21/22

705.7 0.55 ~E2! (25/22→21/22)
719.4 8.20 0.94~3! E2 29/22→25/22

729.0 101 1.01~1! E2 19/22→15/22

739.2 3.78 ~M1/E2! (11/22)→9/22

740.5 5.02 0.67~3! M1/E2 31/22→29/22

757.9 1.41 0.93~4!g E2 19/21→15/21

764.2 0.58 ~E2! (27/22→23/22)
775.8 2.18 0.97~4!f E2 19/21→15/21

788.7 1.44 1.08~4!e E2 17/21→13/21

804.7 2.70 0.34~2! M1/E2 25/22→23/22

806.4 0.48 0.95~5!f E2 23/21→19/21

807.7 0.29 1.04~5! E2 35/22→31/22

817.0 2.82 ~E2! (15/22→11/22)
826.0 0.12 ~E2! (27/21)→23/21

828.2 0.20 ~E2! (27/22→23/22)
832.8 0.12 ~E2! (21/21)→17/21

838.5 1.91
844.6 1.58 0.96~3!i E2 21/21→17/21

848.4 2.86 0.91~5! ~E2! (17/22)→13/22

849.5 0.95 33/22→
851.0 0.74 0.94~5!g E2 23/21→19/21

856.2 1.53 ~M1/E2! (19/22→17/22)
860.3 0.75 ~E2! (19/22)→15/22

864.2 0.27 1.02~5!i E2 25/21→21/21

881.3 1.27 →25/22

883.9 2.10 ~M1/E2! (11/22)→11/22

897.3 3.69 0.82~5! ~M1/E2! (17/22)→15/22

937.1 0.13 →31/22

937.4 9.50 0.94~3! E2 25/22→21/22

971.9 1.65 0.97~4! E2 31/22→27/22

1025.0 0.97 ~M1/E2! (19/22)→19/22

1040.9 0.87 →27/22

1063.1 6.13 0.93~4! E2 23/22→19/22

1068.0 1.99 0.81~5! M1/E2 (15/22)→15/22

1070.2 8.27 0.96~5! E2 27/22→23/22

1079.9 1.58 0.63~5! ~M1/E2! (19/22)→17/22
D. Positive-parity states in 121Te

The three positive-parity band structures shown in Fig
3~b! are interpreted in terms of weakly deformed prolat
structures, based onnd5/2 ~band 5!, ng7/2 ~band 6!, and
nd3/2 ~band 7! orbitals~see TRS results in the following sec-
tion!. Indeed, high-V (V5 j ) ng7/2 and nd5/2 orbitals are
near the Fermi surface forN569, together with low-j
nd3/2 and ns1/2 (V51/2) orbitals. The higher
B(M1;I→I21)/B(E2;I→I22) ratios, shown in Fig. 5,
found for band 5 as compared to band 6 are consistent w

FIG. 5. ExperimentalB(M1;I→I21)/B(E2;I→I22) ratios
of reduced transition probabilities for bands in122Te and121Te.

TABLE II. ~Continued!.

Eg ~keV!a I g
b RDCO

c Multipolarity Assignment

1091.1 2.63 0.67~5! M1/E2 (23/22)→23/22

1103.2 2.74 0.97~4! E2 29/22→25/22

1121.4 13.9 1.01~4!d E2 25/22→21/22

1131.1 0.46 →31/22

1200.1 0.61 ~M1/E2! (19/22)→19/22

1304.9 0.35 0.47~6! dipole 23/3→21/22

1323.2 0.93 1.11~9! E2 27/22→23/22

1342.2 1.53 0.50~6! dipole 21/2→19/22

aEnergies are accurate to60.2 keV. A linear energy calibration has
been used.
bRelative intensities are accurate to610%.
cExcept where stated, the ratios were obtained from summed sp
tra gated by the 631.7 and 729.0 keVE2 transitions.
dRatio obtained from summed spectra gated by the 536.7, 416
and 1121.4 keVE2 transitions.
eRatio obtained from summed spectra gated by the 475.4 and 54
keV E2 transitions.
fRatio obtained from summed spectra gated by the 471.0 and 52
keV E2 transitions.
gAdopted from Ref.@23# where angular distribution and linear po-
larization measurements were performed.
hRatio obtained from summed spectra gated by the 588.9 and 65
keV E2 transitions.
iAdopted from Ref.@10#.
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these assignments, i.e., band 5 is based on and5/2
( j5 l11/2) orbital which has a larger magnetic moment th
the ng7/2 ( j5 l21/2) orbital of band 6.

E. TRS calculations

Deformation self-consistent cranking calculations, bas
on the TRS formalism@12–14# and using a deformed
Woods-Saxon single-particle potential@30,31# have been per-
formed for quasiparticle configurations in light Te isotope
as discussed in Ref.@15#. Generally, weakly deformed col
lective shapes are predicted at low spin which coexist w
several specific noncollective oblate states, some of wh
are predicted to be yrast.

At low spin in even-A 122Te, the TRS calculations sugge
a weakly deformed collective oblate shape for the grou
state band withb250.13, g;260°. At higher spin, the
2-quasineutronn@(h11/2)

2# configuration becomes yrast wit
triaxial deformation parametersb250.16, g;245°.
Negative-parity structures, based on 2-quasineut
n@h11/2g7/2# andn@h11/2d5/2# configurations, are similarly tri-
axial with b250.14, g;245°.

At low spin in odd-A 121Te, negative-parity states, ass
ciated with theh11/2 neutron orbital, are predicted to posse
triaxial shapes withb250.14,g;240°, while the positive-
parity states are predicted to be prolate withb250.16,
g;0°. The large signature splitting evident for thenh11/2
band 2 in121Te @i.e., the 9/22 state in Fig. 3~a! lies above the
11/22 state, and the 13/22 state lies above the 15/22 state# is
consistent with the large predicted triaxial shape; for a p
late shape, a much smaller signature splitting is expec
Furthermore, the small signature splittings seen for band
and 6 in Fig. 3~b! are consistent with the predicted prola
shape for the positive-parity high-V nd5/2 andng7/2 orbitals.
Finally, the larger signature splitting of band 7 is consiste
with a prolate low-V nd3/2 orbital.

At high spin, above I518\, well-deformed energy
minima appear in the TRS calculations with deformation p
rameters b2>0.36, g;125° for both positive- and
negative-parity configurations in121,122Te; these minima cor-
respond to the rotational intruder bands. In the followi
sections, the low-spin noncollective oblate states are
cussed in more detail. The oblate states predicted

TABLE III. TRS calculated favoured noncollective oblat
(g5160°) states in122Te.

~Parity, signature! Ip b2 Aligned configuration

~1,0! 161 0.115 p@(g7/2)
2#61 ^ n@(h11/2)

2#101

~1,0! 221 0.112 p@(g7/2)
2#61 ^ n@(h11/2)

4#161

~–,0! 222 0.111 p@(g7/2)
2#61 ^ n@(d5/2)(h11/2)

3#162
n
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121,122Te are summarized in Tables III and IV, while ex
amples of these favoured states are shown in Fig. 6
b22g plots.

1. Even-A Te isotopes

For even-A Te isotopes, a favored noncollective oblat
state is predicted atIp5161 based on the fully aligned
p@(g7/2)

2#61 ^ n@(h11/2)
2#101 configuration @15#; low-lying

161 states have indeed been observed in114Te @4#, 116Te @5#,
118Te @6#, and 120Te @7#, which may be identified with this
oblate state. The TRS results for122Te are shown in Fig.
6~a!, which show the noncollective 161 minimum on the
oblateg5160° Y-axis competing with the triaxial collec-
tive minimum at g5243°, based on the 2-quasineutro
n@(h11/2)

2# configuration. Figure 7~a! shows an experimental
rigid-rotor plot for 122Te, where a rotating liquid-drop energy
reference, equal to (\2/2J rig)I (I11) MeV, has been sub-
tracted. The rigid-body moment of inertiaJ rig has been nor-
malized to 158Er @32#, such that (\2/2J rig)50.007(158/
A)5/3 MeV, whereA is the mass number. The yrast 161 state
of Fig. 7~a! ~labeled A in Fig. 1! may be identified with the
fully aligned 161 oblate state.

A low-lying negative-parityIp5142 noncollective oblate
state is also predicted for the light Te isotopes wit
A<120, based on the aligned p@(g7/2)

2#61

^ n@(d5/2)(h11/2)#82 configuration. Low-lying 142 states
have been observed in112Te @3#, 114Te @4#, and 116Te @5#,
which may be identified with this oblate state. No such stat
have however been observed in the heavier even-A Te iso-
topes, including122Te.

The TRS calculations also predict favoured oblate sta
at Ip5221 and 222 in 122Te, based on fully aligned
aligned p@(g7/2)

2#61 ^ n@(h11/2)
4#161 and p@(g7/2)

2#61

^ n@(d5/2)(h11/2)
3#162 configurations, respectively. However

states in122Te were not populated up to these spins in th
present experiment.

2. Odd-A Te isotopes

In the case of odd-A Te isotopes, unusually low-lying
39/22 states have been observed in117Te @8# and 119Te @9#.
The TRS calculations suggest a fully aligne
p@(g7/2)

2#61 ^ n@(h11/2)
3#27/22 noncollective oblate configu-

ration for these states. TRS results for the correspond
state in 121Te are shown in Fig. 6~b!, while an experimental
rigid-rotor plot is shown in Fig. 7~b!. The 39/22 state@la-
beled C in Fig. 3~a!# is seen to be favored, together with th
states atIp523/22 ~B!, and 21/22 ~A!. These latter states
are associated with noncollective oblatep@(g7/2)

2#61

^ n@h11/2#11/22,9/22 configurations, and similar states are als
seen in the lighter odd-A isotopes. The TRS results for the
21/22 state in 121Te are shown in Fig. 6~c!.
TABLE IV. TRS calculated favored noncollective oblate (g5160°) states in121Te.

~Parity, signature! Ip b2 Aligned configuration

~–,61/2) 21/22,23/22 0.123 p@(g7/2)
2#61 ^ n@(h11/2)#9/22,11/22

~–,61/2) 37/22,39/22 0.135 p@(g7/2)
2#61 ^ n@(h11/2)

3#25/22,27/22

~1,61/2) 49/21,47/21 0.135 p@(g7/2)
2#61 ^ n@(d5/2/g7/2)

3(h11/2)
2#37/21,35/21
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FIG. 6. Examples of TRS predicted aligned noncollective obla
states~on they axis! at Ip5161 in 122Te ~a!, Ip539/22 in 121Te
~b!, andIp521/22 in 121Te ~c!. The energy contours are separate
by 140 keV.
The oblate interpretation for the 23/22 and 21/22 states in
band 2 is further corroborated by the extremely larg
B(M1;I→I21)/B(E2;I→I22) ratio extracted for
I523/2, as shown in Fig. 5. The high value for the rati
implies a large single-particle overlap between the obla
23/22 and 21/22 states, in addition to low collectivity for the
679 keVE2 transition.

Finally, noncollective oblate states are predicted
Ip547/21 and 49/21 in 121Te, as shown in Table IV. Again,
these are at a higher spin than achieved in the present exp
ment.

IV. CONCLUSIONS

States in121,122Te have been studied up toI;20\. The
decay schemes have been discussed in terms of weakly
formed collective structures coexisting with several particu
larly favoured noncollective oblate states. The configuratio
of these states have been interpreted through compari
with TRS cranking calculations.
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FIG. 7. Experimental rigid-rotor plots for122Te ~a! and 121Te
~b!. The open symbols represent proposed noncollective sta
which are labeled by spin and parity.
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