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Signature Inversion in the nhy,Xvi;3, Oblate Band of ¥’T1”
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Abstract High-spin states in 1971 have been studied experimentally using the 10GA(3¢Cl, 5n) fusion-evaporation reaction at beam

energies of 167—175 MeV. A rotational band built on the 7hg,,&vi 3/, configuration with oblate deformation has been established.

Spin values have been firmly assigned to the whg,,(Qvi3,, oblate band by combining the present in-beam experimental results with the

complementary o~ correlation measurements of "*'Bi o decay. With the configuration and spin-parity assignments, the low-spin signa-

ture inversion has been revealed for the whg,,X)vi|3,» oblate band. It is the first experimental observation of low-spin signature inver-

sion for a band associated with the oblate 7hg,, Q) vi 3., configuration. The low-spin signature inversion could be interpreted in the

framework of the quasiparticles plus rotor model including a J dependent proton-neutron residual interaction.
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It is generally suitable to classify nuclear rotational band
by the quantum number of signature a, which is related to the
invariance of the intrinsic Hamiltonian of an axially deformed
nucleus with respect to 180° rotation around a principle
axis*2) . Two regular rotational sequences of nuclear states,
which differ by only one unit in angular momentum, form a
pair of signature partner bands. For nuclear systems with
odd particle number, the signature defined by o' =
1/2 ( = 1)/~ "?(favored signature) is usually lowered in en-
ergy with respect to the a® = 1/2( = 1)/*?(unfavored) sig-

"1 where the angular momentum of the odd particle is

nature
expressed by j. Signature « is an additive quantum quantity,
therefore in odd-odd deformed nuclei, the expected favored
signature (a;") of a two-quasiparticle band should result
from the coupling between the favored signatures of both pro-

ton (alr)) and neutron (aﬁ) orbitals, while the unfavored sig-

uf [2]

nature (a,ﬂ,) corresponds to either ai + o or agf + ab
The signature inversion occurs if the expected favored signa-

ture branch of a rotational band lies higher in energy than the
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unfavored signature branch. The low-spin signature inversion
has been systematically observed in deformed odd-odd nuclei
throughout the chart of nuclides!?3! ( and references

therein) , concerning the high-j mgy, & vgon, thiy ®

vhiamthy a®ving s mthe, Qi , and win, v, con-
figurations. Greatly theoretical efforts have been devoted to
the understanding of low-spin signature inversion in deformed
odd-odd nuclei, and the nuclear triaxiality, proton-neutron
residual interaction, et al. have been proposed to be the pos-

. . . 04
sible reasons for the inversion phenomenon-

1, Furthermore,
the theoretical studies have suggested that the occurrence of
signature inversion is associated closely with the positions of
the Fermi surfaces of nucleons!” and the configurations of

states'* .

Therefore, the observation of signature inversion
bands in new mass region and with new configurations is very
important for a deeper understanding of the low-spin signature
inversion phenomenon and to examine the theoretical models

with different physical pictures.
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The signature inversion associated with the oblate
who,»&)vi, configuration has not been definitely estab-

lished so far. The neutron-deficient doubly odd Tl nuclei, in
which the rotational band associated with the oblate 7thg,, &)
vijan configuration dominates the yrast states” *), should
provide best candidate to search for the signature inversion.
Although bands based on mhg,, &) vi3, oblate configuration

192720040591 their spins could not be as-

were observed in
signed unambiguously due to experimental difficulties. As a
consequence of this, the interpretation of the distinctive ener-
gy staggering between the odd and even spin members in
these bands has remained uncertain, and two completely dif-
ferent models were proposed to interpret the staggering[g’w].
Fortunately, the a-7 correlation measurements in the o decay
studies of odd-odd Bi isotopes provided detailed information on
the low-lying normal and intruder excited states in the daugh-
ter'™ "2T1 nuclei-""™ . This could help us to determine un-
ambiguously spin values of the oblate mhg, &) viis, bands in
certain odd-odd Tl nuclei. In this paper, we report on the first
observation of low-spin signature inversion in the oblate 7k,
®viys; band in T1, for which the spins are firmly estab-
lished by combining the in-beam experimental results with the
complementary o-Y correlation measurementsm’m .

Prior to this work, information on the low-lying excited
levels in "T1 was obtained in " Pb(EC) 13) and % Bi(a)

:12] "} should be noted that the oY coinci-

decay studies!
dence measurement in **Bi « decay studies established a few

low-lying states in "TI, for which the configurations were as-
11,12

signed definitely- ! An early in-beam work!"* identified a
long-lived isomer with an oblate configuration of why, &
vita in "T1, and three ¥ lines were suggested to be above
the isomer.

The excited states in Tl were populated via the '©Gd
(*Si, 5n)"TI reaction. The ¥*Cl beam was provided by the
HI-13 tandem accelerator of China Institute of Atomic Ener-
gy, Beijing. The target was an isotopically enriched '® Gd
metallic foil of 1.3 mg/cn® thicknesses with a 7.0 mg/cm® Pb
backing. In order to determine the optimum beam energy to
produce *°TI and to identify the in-beam ¥ rays belonging to
071, relative Y-ray yields were measured at beam energies of
167—175MeV . Inspecting the relative yields of the known ¥
lines previously assigned to Tl [") at different bean ener-
gies, the optimum beam energy for producing Tl was esti-
mated to be 175MeV, at which the Y-7-t coincidence mea-

surements were performed. Here, ¢ refers to the relative time

difference between any two coincident ¥ rays detected within
+200ns. A 7-ray detector array including 12 HPGe with
BGO anti-Compton shields was used. The detectors were di-
vided into three groups of which the angle positions (and de-
tector number at that angle) were 90°(3), +70° (6), and
+45°(3) with respect to the beam direction, so that the
DCO and ADO ratios could be deduced from the coincidence
data. All the detectors were calibrated with standard ** Ba
and " Eu sources; typical energy resolution was 2.0 —
3.0keV at full width at half maximum for the 1332 .5keV line
from ®Co. A total of about 100 x 10° -y coincidence events
were accumulated. After gain matching, these data were sort-
ed into a total symmetric coincidence matrix, a DCO matrix
and two ADO matrices for off-line analysis.

Assignments of the observed ¥ rays to "PT1 were based
on the coincidences with the known 7 rays with energies of
272.3, 280.5 and 382.4keV'"* . The assignments were fur-
ther confirmed by the measured relative Y-ray yields at differ-
ent beam energies and Tl K X-ray coincident information.
Gated spectrum was produced for each of the ¥ rays assigned
to "OT1. Selected gated spectra are shown in Fig. 1. Based
on the analysis of the ¥-7 coincidence relationships, a level
scheme for Tl is proposed and shown in Fig. 2. The order
of transitions in the level scheme is fixed firmly with the help
of inter-band transitions. In Fig. 2, the excitation energy of
the B-decaying 7" isomer, for which the dominant configura-
tion of (7s1, R vizn) 7" was suggested from laser spec-

[15]

troscopy measurements' ', was set to be zero as a reference

due to its unknown excitation energy. As stated by Duppen et
al "2} unhindered « decay through the Z = 82 shellclosure
can identify intruder states in the daughter nuclei, and obser-
vation of unhindered a decay provided an ideal tool for identi-
fying states with the same spin, parity and configuration as
the a-decaying mother state. The a-Y correlation measure-

194Bi:11, 12

ments in « decay of ! established the spin and parity

of (rthg,KR)viz,) 10~ for the state located 300keV above the
77 isomer in "Tl. The measurements showed also that the
(1thg,Rviss) 107 state in T1 was depopulated directly by
an M1 63.9keV transition!""'2!, which corresponds well to
the energy difference between the 336 and 272keV transitions
as shown in Fig. 2. Furthermore, the 272keV transition,

connecting the 572keV level and the (7hg, & vig,)10°

11,12] , was observed in

state as suggested in the previous work!
the present work. Therefore, the excitation energies for the

states observed in the present work were fixed with respect to
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the (msy,, & viyzn) 7" isomer, and the configuration of
(rtheyy & Vi) 107 is assigned definitely to the 300keV
state. In order to illustrate the spin and parity assignments,
the partial level scheme of 'Bi « decay is also displayed on
the right side in Fig. 2. Spins for the levels above the
300keV (mhg, R vipn) 107 state were proposed from the

measured DCO and Y-ray anisotropy results. However, it
should be pointed out that the (rwhg,Xvijz,)8  isomer re-
ported by Kreiner et al'™) . was not confirmed in the o-7 cor-
relation measurements, and the 9~ state was suggested to

be the lowest member of the (hg, &) vijs, ) multiplet in
19071011, 12]
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Representative spectrum produced from a sum of gates as indicated on the panel. The * symbols indicate contaminations.
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Level scheme of T deduced from the present work, and the partial level scheme obtained in " Bi a decay.
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As discussed above, the mhg, X vis, configuration
with oblate deformation can be likely assigned to the band
observed in 'TI. This configuration assignment was also sup-
ported strongly by comparing with the level structure
in the neighboring nuclei and the heavier odd-odd TI

S579.16—18] ' For oblate deformation in Tl nuclei with

isotopes
Z = 81718 the proton Nilsson orbitals originating from
1h,, spherical parentage are intruding from the above Z = 82
shellclosure, and the Nilsson state with the largest projection
on the nuclear symmetry axis ({2, =9/2) lies nearest to the
proton Feimi surface, giving rise to strongly coupled bands in
the odd-A Tl nuclei. On the other hand, for the odd-A Hg
isotopes ranging from A = 189 to 1996} | the neutron Fermi
surface is near the top of the vi;;,, subshell, and since the
deformation is oblate the neutron angular momentum is ap-
proximately in a plane perpendicular to the symmetry axis,
resulting in decoupled vi3,, bands in the odd-A Hg isotopes.
In the mass region of present interest, the signature splittings
in the oblate 7thy,, bands in odd Tl nuclei are much smaller
than those in the oblate vii3,, bands of neighboring odd- ¥V Hg
nuclei. Therefore, we propose the oblate configurations mhg,,
(a=21/2)Qvipyn{a’ =1/2) for the bands in *T1.

As described in the experimental section, spin and pari-
ty values were firmly established for the whg,, &) viis oblate
band in "™ TI thanking to the complementary a-Y correlation

[1.12) Jt is the first time that spin values are as-

measurement
signed unambiguously to an oblate band in doubly odd T1 nu-
clei. An interesting phenomenon concerning the oblate band
in ¥TI nucleus is the distinctive energy staggering between
the odd and even spin members, indicating an apparent ener-
gy signature splitting. With the configuration and spin-parity
assignments discussed above, this staggering reveals that the
signature splitting in the whg,,X)viis, band is inverted at low
spins, i.e., that the expected a:H, = a:, +al=1/2+172=
1 favored signature branch (odd spin sequence) lies higher in
energy than the a”pr,, = ozl[“,r +a' =1/2-1/2 =0 unfavored
signature branch (even-spin sequence) . Fig. 3 presents plot
of the signature splitting for the whg,,X)vis, oblate bands in
19071, defined as
S(I) = [E(D) - E(T-1)] - 12[E(I+1) -

E(I) + E(I-1)-E(I-2)]. (1)
Here E(I) is the level energy of state I3 S(I) is directly
proportional to the signature splitting, but magnified by ap-

proximately a factor of two. As shown in Fig. 3, the signature

inversion is distinct and kept upto the highest spin values ob-

H 2B
served experimentally .
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Fig.3. Signature splitting S(7) as a function of spin I.

The open circles for states with @ = 1, and filled ones for « = 0.

Due to the uncertainties of level spin assignments to the

1927200 1593 Kreiner' % has pro-

he,,&XVijz, bands in
posed two different models to interpret the level energy stag-
gering. The first approach, utilizing a two noninteracting
quasiparticle plus rotor model, suggested that the level energy
staggering is associated with the signature dependence of the
Coriolis interaction [i.e., a( =)' effect, I being the total
angular momentum | . The other one, which is almost identi-
cal to the first approach except for the inclusion of a residual
proton-neutron {p-n) interaction, attributed the staggering to
a J dependence of the p-n residual interaction ( J being the
total intrinsic angular momentum). These two models pro-
duced opposite phases of the staggen'ngilo] . With the spin as-
signment in the present work, this long-standing problem is
now solved. It is the p-n residual interaction that reproduces
a correct phase of the staggering observed in the mwhg, &
vija band in 0TI . If a strong repulsive matrix element of
the p-n residual interaction acts in the maximally aligned in-
trinsic state J = 11, above the 10~ state a further alighment
of the proton and neutron intrinsic spins is energetically more
costly and the system prefers to increase its total angular mo-
mentum at the expense of collective energy. As a conse-
quence of this, the amplitude of J = 11 component in the
wave functions for the 117 and higher states is drastically re-
duced, and meanwhile the role of J =10 component becomes

]

dominant-'®. This leads to the energetically favored states
with angular momenta of /= R+ J = R + 10 = even and the
unfavored states being / —1= R+10-1=odd ( R = even is
the collective angular momentum) . Therefore, signature in-

version occurs at low spin.
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As well known, low-spin signature inversion in doubly
odd nuclei was mainly identified experimentally by observing
the change of the staggering phase at medium angular momen-
tum->"* . For the hg,»Xvis» oblate configuration, the in-
terplay between the Coriolis and p-n residual interactions,
which favor the odd and even spins, respectively, is expected
to produce at a given spin (inversion point) a mutual cancel-
lation of the opposite contributions to the staggering. Above
this inversion point, odd spins are favored energetically by

the stronger Coriolis interaction, and thus the signature split-

ting reverts to the normal ordering. Due to the small kinemat-
ical moment of inertia associated with an oblate deformation,
the Coriolis interaction in the mhq,, & vijz, oblate configura-
tion should be much stronger than that in the prolate case.
Therefore, we might expect to observe the inversion point in
the 7hg,,&vii3,, oblate band at low spin value. In order to
prove this expectation, it is very desirable to extend the
7thg,»®@viys, oblate band in ™11 1o higher angular momen-

tum.
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