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A New Level Scheme of 1"
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Abstract  Study of in-beam Y-ray spectroscopy of ' I has been performed using 280 (TLi, 4n) 1
reaction at 32 MeV beam energy. A new level scheme of ' I has been established including 25 new levels
and 52 new Y transitions. Negative-parity levels based on 11/2° wh,,,, particle state have been observed up
to (35/2 ) extending our knowledge of decoupled structures to the heavier iodine isotope. Two Al = 2 yrast
positive -parity levels have been proposed to be associated mainly with the ng,, configuration due to
observations of several strong inter-band transitions. Two weakly populated Al = 2 positive-parity levels and
a high-lying Al = | cascade have been newly identified and tentatively assigned as wdsj, one-quasiparticle

and three-quasiparticle bands. respectively.
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Excited states of transitional nuclei I have been investigated in Refs. [1—4_. The
collective features systematically observed in these unclei are the occurrence of Af =2 bands with
stretched E2 transitions based on 5/2°, 7/2" , and 11/2” states, and a Af = 1 band characterized
by M1 cascade and E2 crossover transitions based on a 9/2" state. The Al =1 band has been
explained as a rotational band based on a deformed g, proton hole state. The A7 =2 bands, on the
other hand, have been described as decoupled bands based on the bandheads arising from d, .
& » and h,,, proton conﬁgurations:]ﬂ': . However, the inter-band M1 + E2 transitions between the
members of ds, and g5, bands have been found in the recent investigations on A G
""" . These authors attributed such coupled bands to the ng,, configuration with admixture of ds,
quasiproton. An oblate shape associated with this band was also proposed:M: according to the
calculations within the Strutinsky formulism using a Woods-Saxon potential. On the other hand,
calculations within the core-quasiparticle coupling model*'" predict the existence of two coupled

123,125

bands in I based ng,, and nd, configurations at low excitation energies. A search for the

"1 has been made but™ no positive evidence has been observed®’ . A

127 4,34,
Tl

nds, coupled band in
previous investigation on shows the Al = 2 sequences of levels based on 5/2; (g.s),
7/2" , and 11/27 states up to 21727, 19/2° , and 23/2 respectively. In order to identify new
levels and transitions, and for understanding the nature of various bands, the structure of ' I has
been reinvestigated by in-beam 7-ray spectroscopic measurements in this work .

The experiment was performed at the tandem accelerator laboratory in the University of
Tsukuba, Japan. We used the * Sn(’Li, 4n)'"I reaction to populate the yrast and near-yrast levels
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in "7 I 'The target was an enriched self-supporting ' Sn metallic foil of 4 mg/cm’ thickness. A Y-ray
detector array composed of one planar detector and 9 BGO-Compton-suppressed Ge detectors was
used for the in-beam Y-ray measurements. Five Ge detectors were positioned at 37° and the others
near 90° with respect to the beam direction so that the DCO ratios ( Directional Correlations of Y-ray
de-exciting the Oriented states) could be deduced from the coincidence data. All the detectors were
calibrated using standard '* Eu and '™ Ba sources; typical energy resolution was 2.0—2.5 keV for
the 1332 keV line from ® Co source. The beam energy of 32 MeV was used during X-Y and ¥-7-¢
coincidence measurements. A total of 40 millions Y-Y-¢ and 3 millions X-7 coincidence events was
accumulated. These coincidence events were sorted into a symmetric and a non-symmetric ( DCO
sorting) matrix for off-line analysis.

From detailed analysis on the Y-Y coincidence relationships. 7Y-ray relative intensities, and
DCO ratios, a new level scheme of ' I has been established as shown in Fig.1 in which 25 new

"1, In this work, some high-energy and

levels and 52 new Y-transitions have been assigned 1o
close-lying double peaks have been identified; the observed crossover transitions and Y-y
coincidence relationships support the placements of these Y-transitions in the present level scheme
which is largely extended comparing with the previous one’ . Brief comments and discussions are

given in the following.
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Fig.1. Parial level scheme of ' I deduced from the present work. Excitation energies of 0° , 2%, 8"

states in '* Te'""" relative to 11/2° level in "7 I are indicated as black dots.

The negative-parity states labeled as (A) in Fig. 1 are extended from the 23/2  level
previously observed'™ up to (35/27 ) state at 5243 keV excitation energy. The deduced DCO ratios
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show stretched quadrupole characters for 982, 1013, and 601 keV 7-rays and dipole characters for
410 and 274 keV lines. These results support the spin and parity assignments for the levels above
23/2 state. A sequence of levels based on 11/27 state has been observed in """ and explained
as decoupled bands based on the h,,, proton conﬁgumtions“ 4 The decoupled nature of these
bands is inferred from the similar energy level spacings with those of the corresponding even-even
cores. This is really the case comparing 2 | with ' Te'"' as shown in Fig.1 where the level
spacings in ' Te are indicated by black dots. The striking similarity suggests that the negative-parity
levels from 11/2" through(27/2" ) are formed by coupling the aligned h,,, proton to the core states
from O through 8" .

The two Al =2 sequences of band (C) have been established previously'** up to 19/2° and
21/2" , respectively, by adding 880 and 934 keV transitions to the yrast 15/2" and 17/2° states.
These two Y rays may be the 877 and 930 keV lines observed in this work; several parallel crossover
transitions from the de-excitation of the new level at 2901 keV support the placements of the
associated ¥ transitions and Y-ray energies determined in this work. Three new ¥ rays (912, 812,
and 851 keV) are observed and placed in the level scheme extending the Al = 2 sequences up to
(25/2° ) and (23/2° ), respectively. The deduced DCO ratios show stretched quadrupole characters
for 912, 812, 850, 545, 930, and 1171 keV ¥ rays, and dipole characters for 113, 95, 156, and
294 keV lines supporting the spin and parity assignments shown in the figure. Above (23/2") state
at 2901 keV, a Al = | cascade with weak crossover transitions has also been observed; this is
probably a 3-qp band.

The two AT = 2 cascades of band (C) have been described in Refs. [1,4] as decoupled bands
based on the handheads arising from dy, and g, proton configurations, respectively. The strong
inter-band transitions (593 and 550 keV Y rays) between these Al = 2 sequences suggest that these
Al =2 bands have similar configuration with a large overlap in their wave functions. Other inter-
band transitions (214, 396, 481, and 432 keV Y rays) are also observed connecting states up to
21/2" at 2788 keV . Based on this and the systematics of the similar bands and decay patterns in the
neighboring iodine nuclei’ ™, the two yrast Al =2 bands may be interpreted as signature partners
of the same configuration. The a = - 1/2 signature branch is favored in energy, therefore, the main
component may be the g, proton configuration, and the 651 keV transition is assigned as out-of-
band decay as arranged in Fig.1

Apart from the yrast positive-parity band discussed above, two new Al =2 cascades labeled as
band ( B) have been newly observed feeding to the second 7/2° and 9/2" states. The linking
transitions with h,,, decoupled band and g,, band fix the ordering and the spin and parity of
associated levels. On the other hand, weak inter-band transitions (116, 562, and 475 keV lines)
are also observed. These two A/ = 2 cascades are very probably based on the dj, proton

configuration. The observation of both ndy, and m g, bands is consistent with theoretical predictions

within the core-quasiparticle coupling model*"'*’
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