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High-spin states in 1°°Te: Competition between collective and single-particle excitations
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High-spin states have been studied in neutron-deficidte, populated through th&Ni(®Ni, «2pn)
reaction at 250 MeV. The GAMMASPHERE-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 establish@8rm Measured(E1) strengths are discussed
in terms of octupole correlations in this mass region. In addition, possible noncollective oblate states have been
identified.

PACS numbsd(s): 27.60:+], 23.20.Lv, 21.10.Re

I. INTRODUCTION Il. EXPERIMENTAL DETAILS

High-spin states imlA~110 nuclei were populated with
the 58Ni(®®Ni, xa yp zny) fusion-evaporation reaction. In
o _ particular, states in the neutron-deficiéfitTe nucleus were
shell C|OSl(L)JI’eS. The I|m|ted_number. of_ valenge pamc_les OUt'popuIated through the2pn (x=1, y=2, z=1) exit chan-
side the °Sn doubly magic core is insufficient to induce pe| The experiment was performed at the Lawrence Berke-
s!gnlflcapt quadrupple dgformatlon; hence the;g nuclei PrO%y National Laboratory, using a 250 Me%Ni beam sup-
vide an ideal case in Whlgh to observe competition betweerﬂ,”ed by the 88-Inch Cyclotron. The beam was incident on
collective and single-particle degrees of freedom. For extwo thin self-supporting nickel targets, each of nominal
ample, specific noncollective aligned states compete withhickness 500ug/cn? and enriched to>97% with 5&Ni.
weakly deformed collective structures at relatively low spinThe GAMMASPHERE[9] y-ray spectrometer, containing
in the tellurium €=52) isotopeg1]. In addition, the obser- 83 HPGe detectors, was used in conjunction with the MI-
vation of enhancedEl strength suggests that octupole cor-CROBALL [10] charged-particle detector and an array of
relations are important in this mass regi@-6|. neutron detectors in order to provide clean exit channel se-

This paper presents new results for ddd°°Te, obtained lection through determination of the number of evaporated
using the GAMMASPHERE spectrometer augmented by anparticles &, y, z).
cillary charged-particle and neutron detectors. Excited states Coincident escape-suppressgday events were recorded
were first identified in this nucleus following-ray correla- to tape for events containing a minimum of thrgerays
tion with B-delayed protons and alpha particles using thedetected in prompt coincidence with a charged particle de-
recoil decay taggingRDT) technique at Daresbury Labora- tected in the MICROBALL, i.e.x+y>0. The associated
tory [7]. A parallel study established statesifTe directly mformaﬂon fro_m the neutron detectors was also recorded for
by in-beam spectroscopy using the NORDBALL array in Off-line analysis. In 4 days of beam time, x40’ such
conjunction with charged-particle and neutron detecigts ~ €Vents were recorded. L
A recent study ofi%Te, using the GASP array with charged- An energy and efficiency calibration for the GAMMAS-

. . 60
particle detectors, has discussed rotationally induced octL]i-)gl-zl_:_ERE alrr?jy W;_S achieved using Srf?‘?]d%“' Co, a(;‘d h
pole collectivity at high spirf5]. a sealed radioactive sources which were mounted at the

target position. The data acquired from these sources enabled
a good knowledge of the response of the spectrometer to be

*Corresponding author. Electronic address: esp@ns.ph.liv.ac.ukfound for the broad range gf-ray energies corresponding to

"Present address: LANSCE-3, Los Alamos National Laboratory,those observed in this work.
Los Alamos, NM 87545.

*present address: Department of Physics and Astronomy, State
University of New York at Stony Brook, Stony Brook, NY 11794.  The MICROBALL [10] charged-particle detector was

Spresent address: Nuclear Science Division, Lawrence Berkeleysed to determine the number of evaporated alpha particles

A variety of exotic nuclear structure effects is encoun-
tered in neutron-deficient nuclei close to tNe= Z = 50

A. Charged-particle and neutron detection

National Laboratory, Berkeley, CA 94720. (x) and protons(y) associated with an event. The MI-
IPresent address: Schuster Laboratory, University of ManchesteGROBALL consists of 95 closely packed @%) scintillators
Brunswick Street, Manchester M13 9PL, UK. covering 97% of 4r. A combination of pulse-shape dis-
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which result in heavy A=120) recoiling nuclei, becomes
less valid for lighter systems. The emission of light patrticles,
particularly « particles, has the effect of broadening the re-
coil cone and results iry rays with a poor energy resolution
(Doppler broadeningbeing observed. The quality of the
vy-ray spectra studied in this work has greatly benefited from
a kinematic Doppler reconstructi¢ti0,11 performed using
the MICROBALL. This approach typically yielded an im-
provement of 30% in the energy resolution pfray transi-
tions for the 1°°Te exit channel.

Clean TOF ——

C. Fold and sum-energy selection

P & In order to improve the channel selection further, the
Ratio (slow/fast) — = BGO anti-Compton shield elements of the GAMMAS-
PHERE spectrometer were used ag-aay fold and sum-
FIG. 1. Two-dimensional plot showing the neutrgrdiscrimi-  energy selection device. By removing the Hevimet collima-
nation achieved for one of the neutron detectors. Yhexis is  tors from the front of the HPGe detectors, the front of the
related to “timE'Of'ﬂight” information, while thex axis is related BGO Suppression shields were exposed’ a”ovvj;ngiys to
to “pulse-shape-discrimination™ information, namely, a ratio of the strike the shield elements directly. The number of BGO ele-
slow and fast components of the scintillator signal. ments firing and their total recorded energy were recorded
for each event providing fol¢k) and sum-energyH) infor-
crimination (PSD and zero-crossover timingZCT) can be  mation. By setting off-line software gates on a two-
used to separate light charged particles, including protongimensionak-H plot, a significant improvement in the qual-
and alpha particles, as detailed in Rf0]. ity of the channel selection was made. Specifically, low

Fifteen large-volume NE213 liquid-scintillator neutron gndH values enhanced the four-particd®Te channel.
detectors were mounted in the three most forward rings of

the GAMMASPHERE frame, replacing the HPGe detectors Il. RESULTS
in those rings. Ten of the detectors came from the U.K. and
five from the University of Pennsylvania. The total efficiency
for detection of a neutron was estimated 2§%. These The initial 1.4<10° events were reduced to &40
detectors were used to determine the number of evaporatevents following the selection of th€°Te exit channel. The
neutrons(z) associated with an event. Given the neutron-

A. Level scheme construction

deficient nature of the compound system®Ba* neutron o 8 VVVVVVV
evaporation is significantly reduced relative to charged-
particle evaporation. The detection of a neutron, however, e
can be used to pick out weak exit channels. Since the neutron G
detectors are sensitive tp rays, some form of neutrom- g 109Te
discrimination is required. The neutron detectors were D e
mounted 40 cm from the target position enabling time-of- 121
flight (TOF) neutrony discrimination. In addition, pulse- “n m,,)l_
shape discrimination was also used to separate neutrons and ”*\8 o 2 o 3
v rays. An example of a two-dimension@D) plot showing T e eme
the neutrony separation, achieved using a combination of any_ 1ok astey
these techniques, is shown in Fig. 1. 7 & R )
_‘ég— Tn{gg— I (33/23;_ 4 .
B. Kinematic Doppler correction —é;fg) 3”1—8-7—8\0 """ I A —T
5 - 1152
In order to populate neutron-deficient nuclei, such as _ki?’”— e T e
109Te, the use of a symmetric reaction is required. Such an \S%wr_gi_ e e W
approach, combined with the use of a thin target, results in o o B ngzis_....\‘““——m
the residual nuclei having a large recoil velocity 4.5%c). o _é_um_ﬁj_’\’i T

The observed rays therefore exhibit a Doppler shift in their
measured energies. The Doppler correction has been
achieved by knowing the recoil velocityand the angl® of
each detector. The use of segmented detector technology in
the GAMMASPHERE array allows the effective opening
angle of the HPGe detectors to be reduced, further improving FiG. 2. Level scheme deduced f&?°Te from this work. The
the observedy-ray energy resolution. transition energies are given in keV and their relative intensities are
The assumption that the recoils are emitted along th@roportional to the widths of the arrows. The 5/ground-state
beam direction, while valid for fusion-evaporation reactionsassignment is taken from systematics.

—&
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TABLE |. Measured properties of thg-ray transitions assigned t9°Te.

PHYSICAL REVIEW C 61 064305

E, (kev) @ 1P Ay lA, ALlA, 6 R Mult. Assignment Band
74 <1 9/2t —9/2" 5-6
98.4 8.1  —0.25075 —0.00%93) 0.036) 0.90(10) M1/E2 712" —5/2* 45
152.5 <1 9/2* —7/2* 6
225.3 13.1 0.78) M1/E2 9/2" - 7/2* 5
232 <1 15/2° —13/2" 1-6
234.9 <1 8
265.5 11.0 0.7(6) M1/E2 5/2t —5/2* 6—5
271.0 <1 (21/27)—23/2 3-1
304 <1 (17/27)—19/2 351
312.9 <1 8
317.2 16.8 0.331) =0.0 -0.1223) 1.028) E1¢ 112 —112+ 14
326.5 56.7 —0.21326) —0.04633) 0.03339) 0.61(3) E1°¢ 11/2° —9/2* 1-5
382 <1 (29/27 —2712%) 34
389.9 <1 8
399.2 61.0 —0.22630) 0.01037) 0.02525) 0.6403) E1°¢ 11/2°—9/2* 1-3
424.8 9.8 0.1m2) —0.0215) 0.975) E2 9/2" —5/2" 6
4525 <1 8
494.5 =100 0.28821) 0.00326) 1.104) E2 15/2° —11/2 1
530.7 <1 (25/27)—23/2" 34
538.5 10.7  —0.4513 =0.0 —0.08683) 0.806) M1/E2 712" —5/2* 5
547.0 <1 (17/27 —13/27) 3
580.0 <1 13/2F —11/2+ 6—4
592.1 335  —0.10337) =0.0 0.10223) 0.693) M1/E2 9/2" - 7/2* 6—4
609.1 89.5 0.3321) 0.10825) 1.023) E2 19/2° —15/2 1
632.6 3.3 0.5) E1¢ 41/2"—39/2 21
661.3 4.4 0.968) E2 13/2t —9/2* 6
663.3 7.2 1.08) E2 (21/2 —17/2°) 3
665.8 <1 9/2" —7/2* 54
672.2 4.4 0.88) E1¢ 37/2" —35/2 251
674.5 27.0 0.88) E2 11/2F —7/2F 4
682.9 8.2 (11/125)—712¢ 5
695.2 80.1 0.33@2) 0.00927) 1.003) E2 23/2—19/2° 1
715.1 6.7 (15/2" —11/2%) 5
760.3 8.3 0.27@1¢ =0.0 0.883) E2 15/2" —11/2" 4
763.2 43.7 0.27@D° =0.0 0.883) E2 9/2t —5/2" 5
775.3 2.7 (21/2°)—19/2" 3-4
796.2 5.2 (25/27—21/2°) 3
839.6 8.6  —0.4216) 0.1720) -0.1112) 0.807) E1¢ 33/2" =312 251
848.8 20.2 0.90) E2 37/2 —33/2F 2
853.8 20.2 0.90) E2 19/2" —15/2° 4
861.0 <1 (13/2)—11/2" 3-1
877.4 14.5 0.25@1) 0.10799) 0.896) E2 33/28 —29/2+ 2
886.7 3.0 (29/27 —25/27) 3
889.6 62.7 0.37@7) =0.0 1.015) E2 2712 —23/2 1
895.7 147  —0.30873) =0.0 —0.0415) 0.628) E1¢ 29/2" —27/2" 21
933.7 34.3 0.34@1) 0.08749) 1.01(4) E2 31/2 —27/2 1
949.0 <1 33/ 29/ 3
957 <1 — 4712 =1
966.0 <1 (17/27)—15/2" 34
973.4 9.3 0.5112) =0.0 0.936) E2 45/2" —41/2F 2
989.4 30.6 0.20%2) =0.0 0.936) E2 41/28 —37/2F 2
991.5 3.9 (19/2F —15/2") 5
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TABLE I. (Continued.

E, (kev)? 1,° A, 1A, AylA, 5 R Mult. Assignment Band
1008.1 <1 (37/2-—33/2") 3
1015.8 18.0 0.17@8) —0.08459) 0.96(5) E2 35/2° —31/2 1
1029.2 7.8 1.143) E2 39/2° —35/2° 1
1035.3 4.9 (27/2")—23/2* 4
1042.1 10.1 0.9%) E2 23/2" —19/2" 4
1048 <1 (49/2" —45/2") 2
1151.6 1.1 (31/2" —27/2%) 4
1179 <1 (13/27)—11/2* 34
1227 78 1.209) ¢ E2 472 —43/2° 1
1231 7.5 1.209) ¢ E2 (53/2" —49/2") 8
1234 7.5 1.209) ¢ E2 43/2 —39/2° 1
1287.9 <1 (49/2")—45/2") 8—2
1308 <1 (41/2 —37/2°) 3
1376 <1 (57/2" —53/2") 8
1421.0 1.7 2712 751
1493 <1 (61/2" —57/2%) 8

®The y-ray energies are estimated to be accurate-@3 keV for the strong transitiond (>10), rising to +0.6 keV for the weaker
transitions. Energies quoted as integers have ertdrkeV.

bErrors in the relative intensities are estimated to be less than 5% of the quoted values for strong trahgitid0} é4nd less than 10% for
the weaker transitions.

‘These ratios were obtained from a sum of gates on the 494 and 609 keV quadrupole transitions.

dvalue given for the composite peak.

®The electric nature of this dipole transition is tentative.

data were then unfolded into constituent doubjé)(coinci-  ing transitions in'°Te with the ancillary detectors, theray
dence events and replayed intR@WARE [12] format ma-  data were projected out into the rings of GAMMASPHERE
trix containing 2.2<10° y-y events. The data set was also 4t a given angle to the beam direction; 14 of the usual 17
unfolded into constituent triple)¢) coincidence events and rings were available, the three most forward rings containing
replayed into aRADWARE [12] format cube containing 2.2 the neutron detectors.

X10° y-y-y events. This may appear to be a very oW The transition intensities were determined in each ring
amount of data to justify the construction of the cube; how-ynq normalized using the total number of counts recorded in

ever, the data were of sufficient cleanliness that the cubg, .. fing. This rather simple approach however yielded rea-

greatly facilitated the analysis. sonable resultésee Fi . . ”
. . . g. 4 The normalized intensities were
Analysis of the matrix was conducted using tB&CLER then fitted to the angular distribution function

graphical analysis packadé2], while analysis of the cube
was conducted usingeviTeR [12]. The deduced level — \y(g)=A[1+(A,/Ay)P,(cOSA)+(As/As)P,4(cOSH)]
scheme of'%Te is shown in Fig. 2, where the ordering of 1)
transitions is based on relativeray intensities and triples
(v ) coincidence relz:;mor?shlps.. The measured transition ®h order to extract theA,/Aq and A, /A, coefficients; the
ergies and the relative intensities of tH&Te y rays are

listed in Table I. Examples of-ray specira are presented in results are included in Table |. For some of the weaker tran-
Fig. 3. Despite the gating conditions made to enhance th%Itlons or those with an unphysically large fittek,/A

109Te (a2pn) channel, some contamination froht?l (3pn) value, A, was set to zero and only a value fp/Ao ex-
. . L : - .. tracted. Examples of the fitted angular distributions are
is evident in Fig. 8). This corresponds to the misidentifica-

shown in Fig. 4.

gzn rg;;[ic?r:og?n ?;Oirja?lphga d?:c:::ﬁ:?n:t?gnI?‘orre:szs-dertgrthe The angular distribution coefficients obtained for the di-
9 P P 9 hole transitions were used to extract multipole mixing ratios

m%rggdBiiTc[ﬁﬁed%ggeg a:gsti?iinns]oif]t E%Cga;?e”nhgosvﬁf th ollowing the fqrmalism of Ref.[13] and also using the
ever, much s’éronger than tHé? transitions .despite ,the fact phase convention of Re{13]. These results are also in-
that '112, was populated with at least 15 tirT,1es the strength otc Iudgd_ n Tat_)le . Apart from the 592 keV (972.7/2")
10976 in this reaction transition linking bands 4 and 6, and perhaps the 538 keV
' (7/12* —5/2%) transition of band 5, the multipole mixing ra-
) ) ) tios are all consistent with zero. Hence the majority of the
B. Spin and parity assignments dipole transitions are assigned hereEds transitions since
In order to establish transition multipolarities, an angularM 2 admixture would be negligible. Although the GAMMA-
distribution analysis of the data was performed. After selectSPHERE segmented HPGe detectors offer some degree of
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(@) total 1.3 0326 keV: AJA=-0212026),A /A =-0.046(33)
#A -
S 8 2 121
N 0 f=3
] - & <\C
o O <y 111
=] N b =)
o 2 e ~.
© =3 - i
) g 7 10
o
; 091
(b) single gate
ges 087

077e 494 keV: AJA+0.283(21),A /A=+0.00326)
40 60 80 100 120 140 160 180

’M 0 (degrees)
A ‘;__&_ MAA A . . .
FIG. 4. Examples of angular distributions for quadrup@e4

keV) and dipole(326 ke\) transitions. Experimental intensities are
shown by the data points, while fitted angular distribution functions
are shown by the curves.

Counts (10%)

(c) double gate

Counts (10")
[¢;]

assigned negative parity in R¢8]. The present angular dis-
adk b o] 1A.. J tribution results are consistent with pure stretched dipole as-
0 St 2 hetl kAP ol otgene Pl Ly . L. ",
200 400 600 800 1000 1200 signments for the linking transitions between bands 2 and 1,
which are hence assignétll transitions in agreement with
Energy (keV) Ref.[5]. Band 1 is in agreement with RéE] only up to the
FIG. 3. Examples ofy-ray spectra showing transitions #Te. ~ 43/2" level. The higher transitions have been been placed in
A total projection of thea2pn-gatedy-y matrix is shown in(@) & Separate ban@and § that feeds band 2, rather than band
with transition energies labeled in keV. The low-energy transitionsl. The placement of the transitions is hampered by the ob-
around 200 keV, together with the transitions labeled by the asterservation of a triplet ofy rays with energies-1231 keV. A
isks, are contamination front'4, as discussed in the text. A 1227 keV transition is placed in band 1 above the known
background-subtracted gate on the 494 keV transition, obtained234 keV transition, while a 1231 keV transition is placed in
from the y-y matrix, is shown in(b), while a background- band 8. The improved energy resolution at this energy,
subtracted double gate on the 494 and 609 keV transitions, obtaineiE ,~ 6.0 keV, afforded by the kinematic Doppler correction

from the y-y-y cube, is shown irc). greatly helped in the establishment of the thrgeays of
o o _ _ similar energy.
sensitivity to y-ray polarizationd14], i.e., electric or mag- The 11/2 bandhead of band 1 decays to low-spin

netic character, our experience shows that meaningful resulsositive-parity states associated witl);,, and vds, orbitals.
can only be obtained for very strong transitigd$] in ac-  Two strong depopulating transitions of stretched dip&é )
cordance with the conclusions of R¢L4]. The '%Te tran-  characte(326 keV and 399 ke\feed 9/2 states of bands 5
sitions are too weak for such an analysis. and 6, respectively. The 763 keV quadrupole transition de-
An average angular intensity ratio, defined as populating the 9/2 state of band 5 is assumed to feed the
5/2" ground state of%°Te. Previous work has assigned the
l,,(6:~50°,130°p,=all) ground state as 5/2through comparison with interacting
R= | (6,~90°,6,=al) 2 boson-fermion mode(IBFM) calculations[8]; this is also
yy\ U1 U= . . . . . .
consistent with systematics of light oddltellurium isotopes.
was also evaluated for the transitions. Here the coincident® ground state is associated with predominanitls,
intensities! ., were measured at an angle when gated by character. L _
quadrupole transitions at an angle. This approach yields Band 3 is newly identified, as is band 4 abpve the_19/2
theoreticalR values for pure stretched quadrupole and purestate[8] and band 5. Band 4 may be associated with the
stretched dipole transitions of approximately 1.00 and 0.63{@vored signature of &gy orbital [8], while the short band

respectively. These results are also included in Table . 6 represents the unfavored component. Similarly, band 5 can
be associated with ads, orbital. Band 3 feeds both bands 1

and 4. The position of the energy levels of band 3 with

respect to band 1 suggests that it is the signature partner of

band 1, built on the unfavored component of thte, 4/, or-

bital. A large signature splitting~500 ke\) is consistent
The strongly populated band (Fig. 2 has been previ- with the decoupled nature(X=1/2) of the vhy,,, orbital.

ously discussed in Reff7,8,5), where it has been associated These arguments lead to the tentative spin and parity assign-

with the favored signature component of a negative-parityments of band 3 shown in Fig. 2.

vhyy, intruder orbital. Band 2, a high-spin positive-parity =~ A weakly populated structuréband 7 feeds band 1 at

band, has also been observed previoliSly although it was  27/2" through a high-energy 1421 keV transition of undeter-

C. Band structures in 1%°Te
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FIG. 5. Total aligned angular momentufy of the bands in FIG. 6. Experimental rigid-rotor plot for the bandsif?Te. The

10 : .
°Te plotted as a function of rotational frequency. favored states labeled by their spins and parities may correspond to

. ) . . _aligned noncollective oblate states; configurations are given in the
mined multipolarity. The low energy of the transitions within {ext.

band 7, together with their regular increase in energy, sug-

gests aAl =1 structure of magnetic dipole transitions. 39/2" low-lying states, which are labeled for clarity. These

states could correspond to noncollective oblate configura-
IV. DISCUSSION tions, where a subset of the valence nucleons generate the
In common with other tellurium isotopes®Te is ex- entire nuclear spin by aligning their single-particle angular
pected to possess a small quadrupole ground-state deform@omenta. Alternatively, the experimental states could just
tion [£,~0.135 from total Routhian surfac@RS) calcula-  represent core-particle coupled states that are perturbed by
tions] and hence a low-spin decay scheme dominated bywe presence of the energetically competing noncollective
single-particle effects. The complicated pattern of positiveStates. In the following discussion, we propose single-

parity, irregularly spacedy-ray transitions observed below Particle configurations for these noncollective states.
the 11/2° state in 1°°Te has been interpreted in terms of The 23/Z state is seen to be particularly favored in Fig.

quasineutron excitations involving thk, and g, orbitals 6. A noncollective state at ghls spin can be generated by the
coupled to quadrupole vibratiofi8]. Calculations in the vi- fully aligned {[(97,2/d52)5+1® v[(N11/2 1172 1}232- CcON-
brational limit of the IBFM have been discussed in H8].  figuration. The 39/2 state is another particularly low-lying
The total aligned angular momeritg= /I (1 +1)—K? of the ~ point on the rigid-rotor plot. It may present evidence for an
bands in1°Te are shown in Fig. 5 as a function of rotational aligned noncollective state based on te[ (g7,/ds/) 5+ ]
frequenc_y. Ba_nds 1and 3 show_valuesptonsistent witha @[ (hyy) 37/T]}39/T configuration. Similar low-lying
nonrotational interpretation. This allows these structures t®3/o- and 39/2 states have been experimentally observed in

yrast states in the underlying even-evéffTe core [4].

Bands 4_ and 5 may be similarly interpreted eg;, and B. Particle-hole excitations
vdsg, orbitals, respectively, coupled to the yrast states of the . ) )
core. Band 7 offers evidence for a one-particle—one-hole exci-

tation across th&@=50 shell gap. Such excitations, involving
a single high€) mgq, hole, produce\l =1 structures in this
mass region.

109Te manifests several unexpectedly low-lyifamergeti- It can be seen in Fig. 6 that band 8 is yrast above 45/2 and
cally favored states similar to those observed in other lightthat the energies of its levels decrease, with increasing spin,
tellurium nuclei[1]. These can be seen in Fig. 6, which relative to the rigid-rotor reference. Such behavior is charac-
shows the energy levels minus a rigid-rotor reference, as teristic of a smooth terminating bad5] involving a two-
function of spin. Inspection of this figure reveals 23/2 particle—two-hole excitation across thde-50 shell gage.g.,

A. Aligned noncollective oblate states

TABLE Il. Measured electric dipole strengths {A°Te, extracted for the tentatiel transitions, assum-
ing Qu=200 e fm?.

E, EaNEs Band  B(E1)/B(E2) B(E1) B(E1) Dy
(keV) (1078 fm~2) (10°%e’fm?) 10 % (W.u) (efm)
633 412 -39/ 21 1.019) 1.4210) 0.969) 0.11110)
672 37/2 —35/2 2—1 1.098) 1.5210) 1.038) 0.11510
840 33/2 —31/2 2—1 1.027) 1.408) 0.956) 0.11Q8)
775 21/2 -192" 34 0.084) 0.11(5) 0.084) 0.03115)
966 17/2 —15/2" 3—4 0.053) 0.063) 0.04(2) 0.02412)
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% o'xe particular tellurium isotopes are given in Ref3-5,16. The
1040 "% h@&n strongestE1l strengths are observed for the near-spherical
(el Xe 1 tellurium isotopes at high spin, which appear to saturate at
P ;‘:;: B(E1)~10"2 W.u. for 109110115 These latter values are
=407 5 {\; 4 e similar to those found in neutron-rich bariurd< 56) nuclei
2 A" Te and are slightly smaller than values typical of the radium-
thorium region(see, for example, Ref$17,1§ and refer-
10 [ ences therein both these mass regions offer strong evidence
5 10 15 20 25 for octupole collectivity.
Spin I (%) In the massA~ 110 region, octupole collectivity may be
expected since both proton and neutron orbitals vtk
FIG. 7. ExperimentaB(E1;l—|—1) strengths in*®Te and =1 andAj=Al=3 (hyy, andds,) are near the Fermi sur-

neighboring nuclei, taken from Ref6]. Results for theEl transi-  face. The strongest effects have been calculated for barium

tions linking bands 2 and thigh spin, and bands 3 and dow  (Z = 56), xenon Z=54), and tellurium Z=52) isotopes

spin), in 1%Te are included. with N~56[19], albeit at low spin. Indeed, these nuclei are
predicted to show a softness with respect to octupole defor-

7h?,,052). The decay properties of band 8 are also remarkmation in their ground states. Calculations using Hartree-
ably similar to the strongest terminating band in neighboring”@cktBCS (static correlations and generator-coordinate
110T¢ [16]. This latter band also decays into a high-spin(dynam'cal correlationsmethodg 20] suggest that octupole

positive-parity structure that is linked to negative-parity yrastcPllectivity is enhanced by dynamical correlations. It is also
states through strong1 transitions. possible that rotation could enhance octupole effects, and it

has been suggested that nuclei with dynamical octupole de-

formations at low spin could develop static octupole defor-

mation at high spif21]. Furthermore, rotationally induced

octupole collectivity has recently been discussed theoreti-
Band 2 has been assigned positive parity following thecally for 1°Te [5]. The enhance®(E1) strength between

establishment of inferred electric dipol&E]) transitions bands 2 and 1 in%Te suggests that band 2 may be inter-

linking this structure to band 1. A number of inferred electric preted as the coupling of an octupole phonon to the band 1

dipole transitions are also observed to link band 3 to band 4onfiguration.

Confirmation of the electromagnetic nature of these dipole

transitions, perhaps through a measurement of the linear po-

C. B(E1) strengths and octupole collectivity

larization of they rays, is therefore paramount in order to V. CONCLUSIONS

firmly establish their character. However, for the following _ _ _

discussion, we assume stretcteti character for these tran- By using ancillary charged-particle and neutron detectors
sitions. with the GAMMASPHERE array, it has been possible to

The magnitude of the intrinsic electric dipole moment, cleanly select transitions if*Te and study high-spin states
DO! for 109]'e has been extracted by measuremenv.may in this neutron-deficient nucleus. This nucleus appears to
branching ratios, using the recipe described in R&f. The =~ show competition between single-particle and weakly collec-
experimentaB(El) values were Computed using a quadru_tive structures. Several favored noncollective states have
pole moment estimate @,=200e fm?, obtained from TRS been proposed. In addition, the observation of enhafed
calculations. The results, includirg(E1)/B(E2) ratios of  Strength, albeit at high spin, suggests that octupole correla-
reduced transition probabilitie®(E1) strengths, and esti- tions are important in this mass region. It must be empha-
matedD, values, are summarized in Table II. The use of anSized, however, that theEl character of the dipole
assumed value of), means that the absolute values for transitions in this mass region is only inferred through
B(E1) andD, should only be considered accuratet@5%. fingula_r intensity measurements. Further measurements,
The present values @(E1)/B(E2)~10 8 fm~2 are con- N particular y-ray linear po_larlzatlons, are cert_alnly war--
sistent with those reported in R¢&]. The magnitudes of the ranted to confirm the electric nature of t'hese dlpo_le transi-
D, results obtained for th&€1 transitions linking bands 2 tions and put the octupole correlation interpretation on a
and 1 are remarkably similar to the those deduced'fife  firmer footing.
[3] and 1*?Te[4] at high spin (=154). A similar analysis of
the E1 transitions linking bands 3 and 4 yields a magnitude
for Do which is four times smaller, although at lower spin
(I=10h). This work was supported in part by the U.S. National

The observation of “enhancedE1l strength in nuclei Science Foundation and the U.K. Engineering and Physical
[usually taken aB(E1)>10"° Weisskopf units(W.u)] is  Sciences Research Council. We are indebted to Prof. D.P.
often cited as evidence for octupole correlations in nucleiBalamuth of the State University of Pennsylvania for
The systematics oB(E1) strengths extracted in this mass providing five of the neutron detectors used in this work and
region have been discussed in Réfl as a function of spin, to Dr. D.C. Radford for providing th&RADWARE analysis
and are shown here in Fig. 7, whi®(E1) strengths for codes.
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