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Evidence for octupole correlations at high spins in neutron-deficient Te
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States in neutron-deficient " Te have been studied with the Ni+ Ni reaction at 250 MeV. An unusual

feature is that, above spin 8+, negative parity states become yrast. These states are interpreted in terms of a

v[h»&2cxlds&2] structure (b l=bj =3). For spins above 15, strong (E1) dipoles are seen linking another band

into the negative-parity states. This is taken as evidence for octupole correlations in " Te at high spin.

PACS number(s): 21.10.Re, 27.60+j, 23.20.Lv

The neutron-deficient (N-60) tellurium (Z =52) and xe-
non (Z=54) isotopes are interesting because they lie in one

of a very few regions of the nuclear chart where orbitals

differing in total and orbital angular momentum by 3A, ap-

proach the Fermi surface for both protons and neutron. The
interaction of such 6j= Al = 3 orbitals is expected to lead to
octupole correlations; the onset of octupole shapes has in-

deed been predicted for ¹58 [1]. In this study of " Te

(N=58), we find a sequence of interleaved states of nega-

tive and positive parity at high spins which are connected by
very strong E1 transitions; this is good evidence for octupole
correlations. Similar results have been seen in "Xe
(N=60) [2], albeit at lower spins, but the enhancement of
the E1 transitions in this case appears to be small. The"Xe results have been taken to be an indication that the E1
rates are reduced at small isospin, Tz,' our new results for"Te, however, imply that if such a scaling exists, it is much

smaller than suggested in Ref. [2].
High-spin states in neutron-deficient "Te were populated

with the Ni( Ni, a2p)" Te reaction at 250 MeV. The
Ni beam, provided by the Tandem Accelerator Supercon-

ducting Cyclotron (TASCC) facility at the Chalk River Labo-
ratories of AECL Research, was incident upon a 1 mg/cm

Ni target with a thick ' Au backing. Coincident y-y data
were acquired with the 8m spectrometer, which consists of
20 Compton-suppressed HPGe detectors plus a 71-element
bismuth germanate (BOO) inner ball calorimeter which pro-
vides y-ray sum energy 0 and fold K information. Data
were written onto magnetic tape for events in which two or
more suppressed HPGe detectors registered in prompt time
coincidence with ten or more elements of the inner ball (fold
K ~10). Approximately 3.5X10 events were recorded to
tape.

In the off-line analysis for "Te (n2p channel), only
events with a total sum-energy 0 «13 MeV were incre-
mented into a symmetrized E~-F matrix; this condition
greatly suppressed events from the competing 4- and

5-particle evaporation channels, in particular "Te (4p). We
obtained angular-correlation information from the coinci-
dence data by sorting subsets of the data recorded by HPGe
detectors at specific angles with respect to the beam axis. A
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FIG. 1. Level scheme for "Te deduced from this work. Tran-

sition energies are given in keV and relative intensities are repre-

sented by the widths of the arrows.

matrix was constructed with data from detectors at ~ 37' on
one axis and detectors at ~ 79' on the second axis. Angular
intensity ratios Ir(37', 79')/I~(79', 37') could readily be
extracted from this matrix by gating on stretched quadrupole
transitions. These intensity ratios were used to assist in the

assignment of transition multipolarities by the method of di-
rectional correlation from oriented states (DCO) [3].For the
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FIG. 2. Examples of gated coincidence spectra for ' We. Tran-

sitions assigned to "Te are labeled by their energies in keV. Con-

taminants ("Te) in (c) are indicated by an asterisk.

present geometry, intensity ratios of 1.0 are predicted for a
stretched-quadrupole~ stretched-quadrupole correlation and
=0.60 for a stretched-quadrupole~ stretched-dipole (no
mixing) correlation [4].The values for mixed M1/E2 transi-

tions are perturbed from this value depending on the sign and

magnitude of the multipole mixing ratio 8.
The nucleus ' Te is the lightest even Te isotope with

known y-ray transitions. The 2+~0+ transition in "Te
(658 keV) was first identified following the P decay of ' Cs

~ 114 p 114 11 ~

[5], i.e. "Cs~" Xe~" Ee; this assignment has been con-
firmed from mass-gated y-ray spectra recently obtained with
the Eurogam array at Daresbury, UK [6].The level scheme
deduced for " Te from the present work is presented in Fig.
1; the analysis was greatly facilitated by the use of the
ESCL8R code [7].Examples of gated coincidence spectra are
shown in Fig. 2, while Table I lists energies, intensities and
DCO results.

The strong low-spin transitions in ' Te could be followed

up to I =8+. Several other low-spin positive-parity states
were established from the DCO analysis. Above these
positive-parity states, a strongly populated negative-parity
sequence is observed. DCO ratios for the 448- and 390-keV
transitions depopulating the assigned 9 bandhead are con-
sistent with pure stretched dipole transitions (E1).A second
sequence of negative-parity states, shown to the left in Fig. 1,
was established on an 8 state. At higher spin, a sequence
was established that decays into the negative-parity states via
several dipole transitions. The DCO ratios obtained for the
linking 1036, 768, 593, and 467 keV transitions (-0.6) sug-
gest pure dipole (E1) transitions; hence positive parity is
assigned to this high-spin sequence. Another band (764-945-
1009) feeds into the yrast states at I =15 via the 795 keV
dipole transition. The DCO ratio obtained for this linking
transition (0.56~0.07) is close to the value expected for a
pure AI=1 dipole transition, hence I = 16+ may tentatively
be assigned to the bandhead.

Similar to heavier even Te isotopes, the ground-state band

TABLE I. Gamma-ray energies, intensities, and angular correla-
tion data for transitions assigned to "Te.

E„(keV)' I~ (%) "

214.6
228.6
253.0
293.6
328.5
389.7
447.9
467.2
513.4
519.7
524.1
525.5
553.3
573.9
593.2
614.0
618.3
647.3
648.6
657.7
671.9
722.9
725.6
728.3
744.9
763.8
767.6
773.1
786.5
789.8
795.3
813.4
824.7
827.0
863.0
899.5
921.3
924.6
944.3
945.8
971.8
984.8
987.9
994.3
1009.0
1036.3
1039.5
1062.9
1063.8
1071.6
1097.8
1118.9
1259.5
1282.0

1.5
3.8
1.0
79
5.7
19.2
39.9
2.0
6.4
6.3
6.4
9.3
10.6
8.0
7.8
2.8
72.3
10.5
13.5

=—100
11.7
10.5
6.6
65.0
95.1
8.2
12.1
4.7
57.7
7.6
7.0
10.9
64.7
23.1
6.9
2.5
1.1
1.3
1.5
3.4
9.7
6.1
14.0
31.3
2.6
6.4
2.7

48.1
4.0
3.3
4.8
14.5
3.3
5.0

I7(37',79')

17(79',37')

1~ 16(27)
1.26(14)
0.79(14)
o.9o(o6)
1.35(12)
0.59(03)
0.62(02)
0.57(08)
0.73(10)
0.63(05)
1.02(07) d

1.02(07) ~

1.00(07)
0.28(04)
0.66(07)

1.00(03)
1.16(07)
1.16(07)
1.00(04)
1.os(o7)
1.10(08)

1.01(03)
0.99(03)
0.99(12)
0.58(06)

O.99(04)
0.50(08)
0.56(07)
0.89(12)
0.98(07)
0.91(16)
1.35(17)

1.18(16)
1.18(16)
0.96(11)
0.93(12)
1.08(09)
o.99(os)

0.62(08)

0.98(04)

0.99(17)
0.98(07)
1.15(31)
0.54(08)

Mult.

M 1/E2
E2

M1/E2
M 1/E2

M 1/E2

E1
E1
E1

M 1/E2

E1
(E1)
(E2)
E2

M1/E2
E1

E2
(E1)
(E2)

E2
E2

(E2)
E2
E2
E2
E1

E2
M UE2
Dipole

(E2)
E2
E2
E2

(E2)
(E2)
E2
E2
E2
E2

E1

E2

E2
E2
E2
E1

Assignment

6+ 6+
9 ~7
8+ 7+
6+ 6+
6+ 5+

9 ~8+
9 8+

22+ ~21
4+ 4+

8 ~7+
8 ~8+
6+ 4+

10 +8
7+ 6+

20+ + 19
5+

11 ~9
9 ~8+
8+ 6+
2+ 0+

12 ~10
14 ~12
18+~ 16+

13 ~ 11
4+ 2+

18~16
18+~ 17

—+15

15 ~13
5+ 4+

16~15
2O+ 18+
6+ 4+
8+ 6+
8+ ~6+
—+22
~2+

18—+16
22+ 20+

16 ~14
19 ~17
17 ~15

~20
16+~ 15
6+ 4+
8+ 6+
-+ 16

+22

21 —+ 19
6+ 4+
4+ 2+

7 —+6+

'Energies are estimated to be accurate to ~0.2 keV.
Errors on the relative intensities are typically ~5%.

'The DCO results frere obtained from a sum of gates on the 658 and

745 keV quadrupole transitions.
Doublet, DCO value given for composite peak.
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in " Te has a vibrational rather than rotational appearance;
the E(4+)/E(2 ) energy ratio of 2.13 is much closer to the

pure vibrational limit (2.00) than the rotational limit (3.33).
Systematics of the ground-state bands in the light Te isotopes

[8] show that the 2+ and 4+ states lie lowest in ' Te (N
=68). In lighter isotopes, these states increase in excitation

energy until " Te (N=62) is reached. For the very lightest

isotopes, Te and Te, the 2 and 4 states decrease in

energy. The energies of the 6+ and 8+ states reach a maxi-

mum for " Te before decreasing in "Te.
Several positive-parity states are shown to the left and

right of the ground-state band in Fig. 1. The former levels
consist of even-spin and odd-spin members connected by
both dipole and quadrupole transitions. The low-lying states
with I" ~ 6+ in even Te isotopes (Z=52) have been inter-

preted in terms of phonon states where zr[g7/z] or

n [g7/zds/z] proton configurations are coupled to the spherical
Sn (Z=50) core states [8,9]. The even-spin positive-parity
levels shown to the right may form part of the y-vibrational

band in "Te.These states show the characteristic decay for
such a band into the ground-state band, namely both AI=2
and AI =0 transitions are observed.

The change of parity along the yrast line in "Te, ob-
served via the 448 keV 9 ~8+ transition, is unique in the

light even Te isotopes. In the heavier isotopes, the yrast lev-

els continue as positive-parity states beyond low-lying 10+
states and may be interpreted in terms of an aligned

v[h»/z] structure. For "Te, however, the neutron Fermi
surface lies below the h»/z subshell making the v[h»/z]
configuration energetically unfavorable (the same argument

is true for the n [h»/z] configuration), thus allowing
negative-parity configurations to compete. By inspection of a

single-particle diagram relevant for "Te, the low-lying
negative-parity sequences can be interpreted as based on the

two-quasineutron v[h»/zIgwds/z] structure. Furthermore, the

high spin positive-parity states with I ~ 16 can be inter-

preted in terms of negative-parity [h»/zcgIds/z] structures for
both neutrons and protons, yielding positive parity overall.
Since these orbitals differ in both I and j by 3, octupole
correlations may be important in this nucleus at high spin.
Indeed, octupole softness at low spin has been predicted in

this neutron-deficient mass region [1] and experimental evi-

dence has recently been published for the nucleus " Xe [2].
We have extracted values for the magnitude of the intrin-

sic dipole moment in "Te by measuring B(E1;I~I 1)/—

TABLE II ~ Observed dipole strengths in "Te, assuming

g„=200efm . The uncertainties are estimated to be ~10%.

B(E1)/B(E2) B(E1) B(E1)

Initial

18
20
22

(fm )
6.3x10-'
9.4x10 '
13.7x 10

(e fm)
0.89x 10
1.33x10 '
1.95x10 -'

(W.u. )

0.60x10 -'

0.91x10 -'

1.33x10 -'

(efm)
0.087
0.107
0.130

B(E2; I~I 2) r—atios at high spin (I ~18). Values of
B(E1)/B(E2)—10 fm were found, as detailed in Table
II. The dipole moment was extracted with the prescription
given in Ref. [10].A quadrupole moment of Qo=200 efm"

was used, which is based on a predicted quadrupole defor-
mation of Pz -0.15 obtained from cranking calculations us-

ing the total Routhian surface (TRS) formalism [11].The
values obtained for the intrinsic dipole moment in " Te are

similar to those found in the neutron-rich barium (Z= 56)
nuclei and are slightly smaller than values typical of the
Ra-Th region (see [10] and references therein); they are,
however, much larger than those found in "Xe [2]. The
nuclei "Te and "Xe both have Tz=3, whereas the other
known regions of octupole correlations occur in nuclei with

Tz-16 (neutron-rich Ba region) and Tz-20 (Ra-Th region).
The quantity (N Z) /A w—as also discussed in Ref. [2] as a

scaling parameter for the dipole moment, but we note that

this parameter is nearly the same in " Te and " Xe.
To summarize, high spin states have been identified in" Te for the first time. Between spins 8 and 17, negative-

parity states, based on the v[h»/zds/z] configuration, be-
come yrast. At higher spin, a positive-parity structure is con-
nected to the negative-parity states by strong dipole (El)
transitions. This is interpreted in terms of octupole correla-
tions and a value for the intrinsic dipole moment has been
deduced from measured B(E1)/B(E2) ratios.

We conclude that the B(E1) strengths, or dipole moments

in "Te are comparable to those seen in the neutron-rich
barium region, and are about an order of magnitude larger
than found in " Xe. This reopens the question as to how the

dipole moment scales with Tz, which on the basis of our

work would appear to be a much weaker dependence than

claimed in Ref. [2].
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