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High-spin states in 109Te: Competition between collective and single-particle excitations
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High-spin states have been studied in neutron-deficient52
109Te, populated through the58Ni( 58Ni,a2pn)

reaction at 250 MeV. The GAMMASPHEREg-ray spectrometer has been used in conjunction with the
MICROBALL charged-particle detector and 15 neutron detectors in order to select weakly populated evapo-
ration residues. New band structures have been established in109Te. MeasuredB(E1) strengths are discussed
in terms of octupole correlations in this mass region. In addition, possible noncollective oblate states have been
identified.

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

A variety of exotic nuclear structure effects is encou
tered in neutron-deficient nuclei close to theN 5 Z 5 50
shell closures. The limited number of valence particles o
side the 100Sn doubly magic core is insufficient to induc
significant quadrupole deformation; hence these nuclei p
vide an ideal case in which to observe competition betw
collective and single-particle degrees of freedom. For
ample, specific noncollective aligned states compete w
weakly deformed collective structures at relatively low sp
in the tellurium (Z552) isotopes@1#. In addition, the obser-
vation of enhancedE1 strength suggests that octupole co
relations are important in this mass region@2–6#.

This paper presents new results for odd-N 109Te, obtained
using the GAMMASPHERE spectrometer augmented by
cillary charged-particle and neutron detectors. Excited st
were first identified in this nucleus followingg-ray correla-
tion with b-delayed protons and alpha particles using
recoil decay tagging~RDT! technique at Daresbury Labora
tory @7#. A parallel study established states in109Te directly
by in-beam spectroscopy using the NORDBALL array
conjunction with charged-particle and neutron detectors@8#.
A recent study of109Te, using the GASP array with charge
particle detectors, has discussed rotationally induced o
pole collectivity at high spin@5#.
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II. EXPERIMENTAL DETAILS

High-spin states inA;110 nuclei were populated with
the 58Ni( 58Ni, xa yp zn g) fusion-evaporation reaction. In
particular, states in the neutron-deficient109Te nucleus were
populated through thea2pn (x51, y52, z51) exit chan-
nel. The experiment was performed at the Lawrence Ber
ley National Laboratory, using a 250 MeV58Ni beam sup-
plied by the 88-Inch Cyclotron. The beam was incident
two thin self-supporting nickel targets, each of nomin
thickness 500mg/cm2 and enriched to.97% with 58Ni.
The GAMMASPHERE@9# g-ray spectrometer, containin
83 HPGe detectors, was used in conjunction with the M
CROBALL @10# charged-particle detector and an array
neutron detectors in order to provide clean exit channel
lection through determination of the number of evapora
particles (x, y, z).

Coincident escape-suppressedg-ray events were recorde
to tape for events containing a minimum of threeg rays
detected in prompt coincidence with a charged particle
tected in the MICROBALL, i.e.,x1y.0. The associated
information from the neutron detectors was also recorded
off-line analysis. In 4 days of beam time, 1.43109 such
events were recorded.

An energy and efficiency calibration for the GAMMAS
PHERE array was achieved using standard152Eu, 60Co, and
182Ta sealed radioactive sources which were mounted at
target position. The data acquired from these sources ena
a good knowledge of the response of the spectrometer t
found for the broad range ofg-ray energies corresponding t
those observed in this work.

A. Charged-particle and neutron detection

The MICROBALL @10# charged-particle detector wa
used to determine the number of evaporated alpha part
~x! and protons~y! associated with an event. The M
CROBALL consists of 95 closely packed Cs~Tl! scintillators
covering 97% of 4p. A combination of pulse-shape dis
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crimination ~PSD! and zero-crossover timing~ZCT! can be
used to separate light charged particles, including prot
and alpha particles, as detailed in Ref.@10#.

Fifteen large-volume NE213 liquid-scintillator neutro
detectors were mounted in the three most forward rings
the GAMMASPHERE frame, replacing the HPGe detect
in those rings. Ten of the detectors came from the U.K. a
five from the University of Pennsylvania. The total efficien
for detection of a neutron was estimated as'5%. These
detectors were used to determine the number of evapor
neutrons~z! associated with an event. Given the neutro
deficient nature of the compound system,116Ba* neutron
evaporation is significantly reduced relative to charg
particle evaporation. The detection of a neutron, howev
can be used to pick out weak exit channels. Since the neu
detectors are sensitive tog rays, some form of neutron-g
discrimination is required. The neutron detectors w
mounted 40 cm from the target position enabling time-
flight ~TOF! neutron-g discrimination. In addition, pulse
shape discrimination was also used to separate neutrons
g rays. An example of a two-dimensional~2D! plot showing
the neutron-g separation, achieved using a combination
these techniques, is shown in Fig. 1.

B. Kinematic Doppler correction

In order to populate neutron-deficient nuclei, such
109Te, the use of a symmetric reaction is required. Such
approach, combined with the use of a thin target, result
the residual nuclei having a large recoil velocity (;4.5% c).
The observedg rays therefore exhibit a Doppler shift in the
measured energies. The Doppler correction has b
achieved by knowing the recoil velocityv and the angleu of
each detector. The use of segmented detector technolog
the GAMMASPHERE array allows the effective openin
angle of the HPGe detectors to be reduced, further improv
the observedg-ray energy resolution.

The assumption that the recoils are emitted along
beam direction, while valid for fusion-evaporation reactio

FIG. 1. Two-dimensional plot showing the neutron-g discrimi-
nation achieved for one of the neutron detectors. They axis is
related to ‘‘time-of-flight’’ information, while thex axis is related
to ‘‘pulse-shape-discrimination’’ information, namely, a ratio of th
slow and fast components of the scintillator signal.
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which result in heavy (A>120) recoiling nuclei, become
less valid for lighter systems. The emission of light particl
particularlya particles, has the effect of broadening the r
coil cone and results ing rays with a poor energy resolutio
~Doppler broadening! being observed. The quality of th
g-ray spectra studied in this work has greatly benefited fr
a kinematic Doppler reconstruction@10,11# performed using
the MICROBALL. This approach typically yielded an im
provement of 30% in the energy resolution ofg-ray transi-
tions for the 109Te exit channel.

C. Fold and sum-energy selection

In order to improve the channel selection further, t
BGO anti-Compton shield elements of the GAMMAS
PHERE spectrometer were used as ag-ray fold and sum-
energy selection device. By removing the Hevimet collim
tors from the front of the HPGe detectors, the front of t
BGO suppression shields were exposed, allowingg rays to
strike the shield elements directly. The number of BGO e
ments firing and their total recorded energy were recor
for each event providing fold~k! and sum-energy~H! infor-
mation. By setting off-line software gates on a tw
dimensionalk-H plot, a significant improvement in the qua
ity of the channel selection was made. Specifically, lowk
andH values enhanced the four-particle109Te channel.

III. RESULTS

A. Level scheme construction

The initial 1.43109 events were reduced to 4.73105

events following the selection of the109Te exit channel. The

FIG. 2. Level scheme deduced for109Te from this work. The
transition energies are given in keV and their relative intensities
proportional to the widths of the arrows. The 5/21 ground-state
assignment is taken from systematics.
5-2
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TABLE I. Measured properties of theg-ray transitions assigned to109Te.

Eg ~keV! a I g
b A2 /A0 A4 /A0 d R c Mult. Assignment Band

74 ,1 9/21→9/21 5→6
98.4 8.1 20.250~75! 20.001~93! 0.03~6! 0.90~10! M1/E2 7/21→5/21 4→5
152.5 ,1 9/21→7/21 6
225.3 13.1 0.75~4! M1/E2 9/21→7/21 5
232 ,1 15/22→13/21 1→6
234.9 ,1 8
265.5 11.0 0.71~6! M1/E2 5/21→5/21 6→5
271.0 ,1 (21/22)→23/22 3→1
304 ,1 (17/22)→19/22 3→1
312.9 ,1 8
317.2 16.8 0.33~11! [0.0 20.12~23! 1.02~8! E1 e 11/22→11/21 1→4
326.5 56.7 20.212~26! 20.046~33! 0.033~39! 0.61~3! E1 e 11/22→9/21 1→5
382 ,1 (29/22→27/21) 3→4
389.9 ,1 8
399.2 61.0 20.226~30! 0.010~37! 0.025~25! 0.64~3! E1 e 11/22→9/21 1→3
424.8 9.8 0.17~12! 20.02~15! 0.97~5! E2 9/21→5/21 6
452.5 ,1 8
494.5 [100 0.283~21! 0.003~26! 1.10~4! E2 15/22→11/22 1
530.7 ,1 (25/22)→23/21 3→4
538.5 10.7 20.45~13! [0.0 20.086~83! 0.80~6! M1/E2 7/21→5/21 5
547.0 ,1 (17/22→13/22) 3
580.0 ,1 13/21→11/21 6→4
592.1 33.5 20.103~37! [0.0 0.102~23! 0.69~3! M1/E2 9/21→7/21 6→4
609.1 89.5 0.331~21! 0.108~25! 1.02~3! E2 19/22→15/22 1
632.6 3.3 0.58~8! E1 e 41/21→39/22 2→1
661.3 4.4 0.98~8! E2 13/21→9/21 6
663.3 7.2 1.03~7! E2 (21/22→17/22) 3
665.8 ,1 9/21→7/21 5→4
672.2 4.4 0.88~7! d E1 e 37/21→35/22 2→1
674.5 27.0 0.88~7! d E2 11/21→7/21 4
682.9 8.2 (11/21)→7/21 5
695.2 80.1 0.330~22! 0.009~27! 1.00~3! E2 23/22→19/22 1
715.1 6.7 (15/21→11/21) 5
760.3 8.3 0.277~41!d [0.0 0.88~3! d E2 15/21→11/21 4
763.2 43.7 0.277~41!d [0.0 0.88~3! d E2 9/21→5/21 5
775.3 2.7 (21/22)→19/21 3→4
796.2 5.2 (25/22→21/22) 3
839.6 8.6 20.42~16! 0.17~20! 20.11~12! 0.80~7! E1 e 33/21→31/22 2→1
848.8 20.2 0.90~7! d E2 37/21→33/21 2
853.8 20.2 0.90~7! d E2 19/21→15/21 4
861.0 ,1 (13/22)→11/22 3→1
877.4 14.5 0.259~81! 0.107~99! 0.89~6! E2 33/21→29/21 2
886.7 3.0 (29/22→25/22) 3
889.6 62.7 0.379~27! [0.0 1.01~5! E2 27/22→23/22 1
895.7 14.7 20.308~73! [0.0 20.04~15! 0.62~8! E1 e 29/21→27/22 2→1
933.7 34.3 0.348~41! 0.087~49! 1.01~4! E2 31/22→27/22 1
949.0 ,1 33/22→29/22 3
957 ,1 →47/22 →1
966.0 ,1 (17/22)→15/21 3→4
973.4 9.3 0.51~12! [0.0 0.93~6! E2 45/21→41/21 2
989.4 30.6 0.209~62! [0.0 0.93~6! E2 41/21→37/21 2
991.5 3.9 (19/21→15/21) 5
064305-3
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TABLE I. ~Continued!.

Eg ~keV! a I g
b A2 /A0 A4 /A0 d R c Mult. Assignment Band

1008.1 ,1 (37/22→33/22) 3
1015.8 18.0 0.178~48! 20.084~59! 0.96~5! E2 35/22→31/22 1
1029.2 7.8 1.19~13! E2 39/22→35/22 1
1035.3 4.9 (27/21)→23/21 4
1042.1 10.1 0.98~6! E2 23/21→19/21 4
1048 ,1 (49/21→45/21) 2
1151.6 1.1 (31/21→27/21) 4
1179 ,1 (13/22)→11/21 3→4
1227 7.5d 1.20~9! d E2 47/22→43/22 1
1231 7.5d 1.20~9! d E2 (53/21→49/21) 8
1234 7.5d 1.20~9! d E2 43/22→39/22 1
1287.9 ,1 (49/21)→45/21) 8→2
1308 ,1 (41/22→37/22) 3
1376 ,1 (57/21→53/21) 8
1421.0 1.7 →27/22 7→1
1493 ,1 (61/21→57/21) 8

aThe g-ray energies are estimated to be accurate to60.3 keV for the strong transitions (I g.10), rising to60.6 keV for the weaker
transitions. Energies quoted as integers have errors61 keV.
bErrors in the relative intensities are estimated to be less than 5% of the quoted values for strong transitions (I g.10) and less than 10% fo
the weaker transitions.
cThese ratios were obtained from a sum of gates on the 494 and 609 keV quadrupole transitions.
dValue given for the composite peak.
eThe electric nature of this dipole transition is tentative.
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data were then unfolded into constituent double (g2) coinci-
dence events and replayed into aRADWARE @12# format ma-
trix containing 2.23106 g-g events. The data set was als
unfolded into constituent triple (g3) coincidence events an
replayed into aRADWARE @12# format cube containing 2.2
3105 g-g-g events. This may appear to be a very lo
amount of data to justify the construction of the cube; ho
ever, the data were of sufficient cleanliness that the c
greatly facilitated the analysis.

Analysis of the matrix was conducted using theESCL8R
graphical analysis package@12#, while analysis of the cube
was conducted usingLEVIT8R @12#. The deduced leve
scheme of109Te is shown in Fig. 2, where the ordering
transitions is based on relativeg-ray intensities and triples
(g3) coincidence relationships. The measured transition
ergies and the relative intensities of the109Te g rays are
listed in Table I. Examples ofg-ray spectra are presented
Fig. 3. Despite the gating conditions made to enhance
109Te (a2pn) channel, some contamination from112I (3pn)
is evident in Fig. 3~a!. This corresponds to the misidentifica
tion of a proton as an alpha particle and is related to
degradation of proton-alpha discrimination for low-ener
charged particles detected in the most backward rings of
MICROBALL. The 109Te transitions in Fig. 3~a! are, how-
ever, much stronger than the112I transitions, despite the fac
that 112I was populated with at least 15 times the strength
109Te in this reaction.

B. Spin and parity assignments

In order to establish transition multipolarities, an angu
distribution analysis of the data was performed. After sele
06430
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ing transitions in109Te with the ancillary detectors, theg-ray
data were projected out into the rings of GAMMASPHER
at a given angleu to the beam direction; 14 of the usual 1
rings were available, the three most forward rings contain
the neutron detectors.

The transition intensities were determined in each r
and normalized using the total number of counts recorde
that ring. This rather simple approach however yielded r
sonable results~see Fig. 4!. The normalized intensities wer
then fitted to the angular distribution function

W~u!5A0@11~A2 /A0!P2~cosu!1~A4 /A0!P4~cosu!#
~1!

in order to extract theA2 /A0 and A4 /A0 coefficients; the
results are included in Table I. For some of the weaker tr
sitions or those with an unphysically large fittedA4 /A0
value, A4 was set to zero and only a value forA2 /A0 ex-
tracted. Examples of the fitted angular distributions a
shown in Fig. 4.

The angular distribution coefficients obtained for the
pole transitions were used to extract multipole mixing rat
following the formalism of Ref.@13# and also using the
phase convention of Ref.@13#. These results are also in
cluded in Table I. Apart from the 592 keV (9/21→7/21)
transition linking bands 4 and 6, and perhaps the 538 k
(7/21→5/21) transition of band 5, the multipole mixing ra
tios are all consistent with zero. Hence the majority of t
dipole transitions are assigned here asE1 transitions since
M2 admixture would be negligible. Although the GAMMA
SPHERE segmented HPGe detectors offer some degre
5-4
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HIGH-SPIN STATES IN109Te: COMPETITION . . . PHYSICAL REVIEW C 61 064305
sensitivity tog-ray polarizations@14#, i.e., electric or mag-
netic character, our experience shows that meaningful res
can only be obtained for very strong transitions@16# in ac-
cordance with the conclusions of Ref.@14#. The 109Te tran-
sitions are too weak for such an analysis.

An average angular intensity ratio, defined as

R5
I gg~u1'50°,130°,u25all!

I gg~u1'90°,u25all!
, ~2!

was also evaluated for the transitions. Here the coincid
intensitiesI gg were measured at an angleu1 when gated by
quadrupole transitions at an angleu2. This approach yields
theoreticalR values for pure stretched quadrupole and p
stretched dipole transitions of approximately 1.00 and 0.
respectively. These results are also included in Table I.

C. Band structures in 109Te

The strongly populated band 1~Fig. 2! has been previ-
ously discussed in Refs.@7,8,5#, where it has been associate
with the favored signature component of a negative-pa
nh11/2 intruder orbital. Band 2, a high-spin positive-pari
band, has also been observed previously@5#, although it was

FIG. 3. Examples ofg-ray spectra showing transitions in109Te.
A total projection of thea2pn-gatedg-g matrix is shown in~a!
with transition energies labeled in keV. The low-energy transitio
around 200 keV, together with the transitions labeled by the as
isks, are contamination from112I, as discussed in the text. A
background-subtracted gate on the 494 keV transition, obta
from the g-g matrix, is shown in ~b!, while a background-
subtracted double gate on the 494 and 609 keV transitions, obta
from theg-g-g cube, is shown in~c!.
06430
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assigned negative parity in Ref.@8#. The present angular dis
tribution results are consistent with pure stretched dipole
signments for the linking transitions between bands 2 an
which are hence assignedE1 transitions in agreement with
Ref. @5#. Band 1 is in agreement with Ref.@5# only up to the
43/22 level. The higher transitions have been been place
a separate band~band 8! that feeds band 2, rather than ban
1. The placement of the transitions is hampered by the
servation of a triplet ofg rays with energies'1231 keV. A
1227 keV transition is placed in band 1 above the kno
1234 keV transition, while a 1231 keV transition is placed
band 8. The improved energy resolution at this ener
DEg'6.0 keV, afforded by the kinematic Doppler correctio
greatly helped in the establishment of the threeg rays of
similar energy.

The 11/22 bandhead of band 1 decays to low-sp
positive-parity states associated withng7/2 andnd5/2 orbitals.
Two strong depopulating transitions of stretched dipole (E1)
character~326 keV and 399 keV! feed 9/21 states of bands 5
and 6, respectively. The 763 keV quadrupole transition
populating the 9/21 state of band 5 is assumed to feed t
5/21 ground state of109Te. Previous work has assigned th
ground state as 5/21 through comparison with interactin
boson-fermion model~IBFM! calculations@8#; this is also
consistent with systematics of light odd-N tellurium isotopes.
The ground state is associated with predominantlynd5/2
character.

Band 3 is newly identified, as is band 4 above the 19/1

state @8# and band 5. Band 4 may be associated with
favored signature of ang7/2 orbital @8#, while the short band
6 represents the unfavored component. Similarly, band 5
be associated with and5/2 orbital. Band 3 feeds both bands
and 4. The position of the energy levels of band 3 w
respect to band 1 suggests that it is the signature partne
band 1, built on the unfavored component of thenh11/2 or-
bital. A large signature splitting (;500 keV! is consistent
with the decoupled nature (V51/2) of the nh11/2 orbital.
These arguments lead to the tentative spin and parity ass
ments of band 3 shown in Fig. 2.

A weakly populated structure~band 7! feeds band 1 at
27/22 through a high-energy 1421 keV transition of undet

s
r-

d

ed

FIG. 4. Examples of angular distributions for quadrupole~494
keV! and dipole~326 keV! transitions. Experimental intensities ar
shown by the data points, while fitted angular distribution functio
are shown by the curves.
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mined multipolarity. The low energy of the transitions with
band 7, together with their regular increase in energy, s
gests aDI 51 structure of magnetic dipole transitions.

IV. DISCUSSION

In common with other tellurium isotopes,109Te is ex-
pected to possess a small quadrupole ground-state defo
tion @«2;0.135 from total Routhian surface~TRS! calcula-
tions# and hence a low-spin decay scheme dominated
single-particle effects. The complicated pattern of positi
parity, irregularly spacedg-ray transitions observed below
the 11/22 state in 109Te has been interpreted in terms
quasineutron excitations involving thed5/2 and g7/2 orbitals
coupled to quadrupole vibrations@8#. Calculations in the vi-
brational limit of the IBFM have been discussed in Ref.@8#.
The total aligned angular momentaI x5AI (I 11)2K2 of the
bands in109Te are shown in Fig. 5 as a function of rotation
frequency. Bands 1 and 3 show values ofI x consistent with a
nonrotational interpretation. This allows these structures
be explained in terms of thenh11/2 orbital coupled to the
yrast states in the underlying even-even108Te core @4#.
Bands 4 and 5 may be similarly interpreted asng7/2 and
nd5/2 orbitals, respectively, coupled to the yrast states of
core.

A. Aligned noncollective oblate states
109Te manifests several unexpectedly low-lying~energeti-

cally favored! states similar to those observed in other lig
tellurium nuclei @1#. These can be seen in Fig. 6, whic
shows the energy levels minus a rigid-rotor reference, a
function of spin. Inspection of this figure reveals 23/22,

FIG. 5. Total aligned angular momentumI x of the bands in
109Te plotted as a function of rotational frequency.
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39/22 low-lying states, which are labeled for clarity. The
states could correspond to noncollective oblate configu
tions, where a subset of the valence nucleons generate
entire nuclear spin by aligning their single-particle angu
momenta. Alternatively, the experimental states could j
represent core-particle coupled states that are perturbe
the presence of the energetically competing noncollec
states. In the following discussion, we propose sing
particle configurations for these noncollective states.

The 23/22 state is seen to be particularly favored in Fi
6. A noncollective state at this spin can be generated by
fully aligned $p@(g7/2/d5/2)61

2
# ^ n@(h11/2)11/22#%23/22 con-

figuration. The 39/22 state is another particularly low-lying
point on the rigid-rotor plot. It may present evidence for
aligned noncollective state based on the$p@(g7/2/d5/2)61

2
#

^ n@(h11/2)27/22
3

#%39/22 configuration. Similar low-lying
23/22 and 39/22states have been experimentally observed
a number of heavier odd tellurium isotopes@1#.

B. Particle-hole excitations

Band 7 offers evidence for a one-particle–one-hole ex
tation across theZ550 shell gap. Such excitations, involvin
a single high-V pg9/2 hole, produceDI 51 structures in this
mass region.

It can be seen in Fig. 6 that band 8 is yrast above 45/2
that the energies of its levels decrease, with increasing s
relative to the rigid-rotor reference. Such behavior is char
teristic of a smooth terminating band@15# involving a two-
particle–two-hole excitation across theZ550 shell gap~e.g.,

FIG. 6. Experimental rigid-rotor plot for the bands in109Te. The
favored states labeled by their spins and parities may correspon
aligned noncollective oblate states; configurations are given in
text.
TABLE II. Measured electric dipole strengths in109Te, extracted for the tentativeE1 transitions, assum-
ing Q05200 e fm2.

Eg I i
p→I f

p Band B(E1)/B(E2) B(E1) B(E1) uD0u
~keV! (1026 fm22) (1023 e2 fm2) 1023 ~W.u.! (e fm)

633 41/21→39/22 2→1 1.01~9! 1.42~10! 0.96~9! 0.111~10!

672 37/21→35/22 2→1 1.09~8! 1.52~10! 1.03~8! 0.115~10!

840 33/21→31/22 2→1 1.02~7! 1.40~8! 0.95~6! 0.110~8!

775 21/22→19/21 3→4 0.08~4! 0.11~5! 0.08~4! 0.031~15!

966 17/22→15/21 3→4 0.05~3! 0.06~3! 0.04~2! 0.024~12!
5-6
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ph11/2
2 g9/2

22). The decay properties of band 8 are also rema
ably similar to the strongest terminating band in neighbor
110Te @16#. This latter band also decays into a high-sp
positive-parity structure that is linked to negative-parity yr
states through strongE1 transitions.

C. B„E1… strengths and octupole collectivity

Band 2 has been assigned positive parity following
establishment of inferred electric dipole (E1) transitions
linking this structure to band 1. A number of inferred elect
dipole transitions are also observed to link band 3 to ban
Confirmation of the electromagnetic nature of these dip
transitions, perhaps through a measurement of the linear
larization of theg rays, is therefore paramount in order
firmly establish their character. However, for the followin
discussion, we assume stretchedE1 character for these tran
sitions.

The magnitude of the intrinsic electric dipole mome
D0, for 109Te has been extracted by measurement ofg-ray
branching ratios, using the recipe described in Ref.@6#. The
experimentalB(E1) values were computed using a quad
pole moment estimate ofQ05200e fm2, obtained from TRS
calculations. The results, includingB(E1)/B(E2) ratios of
reduced transition probabilities,B(E1) strengths, and esti
matedD0 values, are summarized in Table II. The use of
assumed value ofQ0 means that the absolute values f
B(E1) andD0 should only be considered accurate to625%.
The present values ofB(E1)/B(E2)'1026 fm22 are con-
sistent with those reported in Ref.@5#. The magnitudes of the
D0 results obtained for theE1 transitions linking bands 2
and 1 are remarkably similar to the those deduced in110Te
@3# and 112Te @4# at high spin (I *15\). A similar analysis of
the E1 transitions linking bands 3 and 4 yields a magnitu
for D0 which is four times smaller, although at lower sp
(I &10\).

The observation of ‘‘enhanced’’E1 strength in nuclei
@usually taken asB(E1).1025 Weisskopf units~W.u.!# is
often cited as evidence for octupole correlations in nuc
The systematics ofB(E1) strengths extracted in this ma
region have been discussed in Ref.@6# as a function of spin,
and are shown here in Fig. 7, whileB(E1) strengths for

FIG. 7. ExperimentalB(E1;I→I 21) strengths in109Te and
neighboring nuclei, taken from Ref.@6#. Results for theE1 transi-
tions linking bands 2 and 1~high spin!, and bands 3 and 4~low
spin!, in 109Te are included.
06430
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particular tellurium isotopes are given in Refs.@3–5,16#. The
strongestE1 strengths are observed for the near-spher
tellurium isotopes at high spin, which appear to saturate
B(E1);1023 W.u. for 109,110,112Te. These latter values ar
similar to those found in neutron-rich barium (Z556) nuclei
and are slightly smaller than values typical of the radiu
thorium region~see, for example, Refs.@17,18# and refer-
ences therein!; both these mass regions offer strong eviden
for octupole collectivity.

In the massA;110 region, octupole collectivity may b
expected since both proton and neutron orbitals withDN
51 andD j 5D l 53 (h11/2 andd5/2) are near the Fermi sur
face. The strongest effects have been calculated for bar
(Z 5 56!, xenon (Z554), and tellurium (Z552) isotopes
with N'56 @19#, albeit at low spin. Indeed, these nuclei a
predicted to show a softness with respect to octupole de
mation in their ground states. Calculations using Hartr
Fock1BCS ~static correlations! and generator-coordinat
~dynamical correlations! methods@20# suggest that octupole
collectivity is enhanced by dynamical correlations. It is al
possible that rotation could enhance octupole effects, an
has been suggested that nuclei with dynamical octupole
formations at low spin could develop static octupole def
mation at high spin@21#. Furthermore, rotationally induce
octupole collectivity has recently been discussed theor
cally for 109Te @5#. The enhancedB(E1) strength between
bands 2 and 1 in109Te suggests that band 2 may be inte
preted as the coupling of an octupole phonon to the ban
configuration.

V. CONCLUSIONS

By using ancillary charged-particle and neutron detect
with the GAMMASPHERE array, it has been possible
cleanly select transitions in109Te and study high-spin state
in this neutron-deficient nucleus. This nucleus appears
show competition between single-particle and weakly coll
tive structures. Several favored noncollective states h
been proposed. In addition, the observation of enhancedE1
strength, albeit at high spin, suggests that octupole corr
tions are important in this mass region. It must be emp
sized, however, that theE1 character of the dipole
transitions in this mass region is only inferred throu
angular intensity measurements. Further measureme
in particular g-ray linear polarizations, are certainly wa
ranted to confirm the electric nature of these dipole tran
tions and put the octupole correlation interpretation on
firmer footing.
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