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Coexistence of prolate and oblate bands with similar proton configurations int2%:123.12p
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The sequence of states built on the secdfdstate in'2-12312p are interpreted to be associated with the
low-K prolate 7797,2[420]% Nilsson orbital with admixtures from the nearbgds,z[422]§ and wd5,2[431]%
orbitals on the basis of the particle-rotor model calculations. With the ground-state bands in these nuclei being
already explained as arising from the oblate higlg,, and ds;, proton configurations, the present work

indicates the coexistence of oblate and prolate deformed bands based on the same proton configuration in
121,123,12F
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[. INTRODUCTION ground-state bands to be associated with the ollgieand
g7, orbitals, does not provide a clear interpretation of the
The odd-mass iodine nuclei with=117-125 are charac- structure of the states belonging to the above mentiaxied
terized by the presence of a large number of bands, with thes2 sequences in these nuclei. Considering the results of the
odd proton occupying the different Nilsson orbitals availablePES calculations of Liangt al. [7] that predict competing
near the Fermi levdll—6]. Both oblate and prolate deformed oblate and prolate shapes associated withdf)g and g,
bands have been reported with a moderate quadrupole defdtbitals, the motivation in the present work is to study if the
mation, characteristic of transitional nuclei. With the avail-Pands built on the secorid” states in'*"'?**?f indeed have
ability of new experimental data in recent times, interpreta-2 Prolate deformation and are associated with Kwrds),
tions have been provided for several of these bands in th&nd mgz,, configurations.
light of theoretical calculations. The ground-state yrast bands
in the oddA 12¥129 arise from the oblate high- g, and Il. THEORETICAL CALCULATIONS AND DISCUSSION
mdsg, orbitals[3—6]. Excited wgq,, and 7hy;,, bands have . .
also been observed in these as well as the lightét!9 12112?&?“@'. calculations have been performed for
) L o ~<322p within the framework of the particle-rotor model
isotopeq 1,2]. Three quasiparticle bands at an excitation en- , !
ergy of about 2 MeV are also reported 16121125 [2,3 . (PRM). Figure 1, as stated above, s_hov_vs the experimental
: . partial level schemes for these nuclei. Figure 2 presents the
Liang etal. have perfromed potential-energy-surface

; : . Nilsson diagram fort?3. The results of the PRM calculations
(Egsec"’;:]c;gtr'gﬁ[;] |fr(1) O{ﬁj:;o Tt%dyot:: k'gd.ogg.%fées(;n are summarized in Tables | and Il and Fig. 3.
shapes ety tor W-ying quasipartl " An axially symmetric deformed Nilsson potent[&] was

flgg{;act;ocn;mlne:_r; © O?Sﬁtf(::g onbulgltil. ;I]'Qese fg?ICUIZ::an used in obtaining the proton single-paricle energies'far,
pred i pt'l 9 pAIth h the obl ts fts dfe dict lotted as a function of the quadrupole deformation param-
97, configurations. ougn the oblate stales aré predictedye . 5.—0.953) in Fig. 2. The Nilsson parameterg

to be lower in energy for the iodine nuclei witk=121 and —0.48(0.54) ande=0.070(0.056) for the\=4(5) oscilla-

the prolate states are favored for the light&f, the energy tor shell were used in the calculation of the single-particle

difference between the oblate and the prolate states are pre- . ;
dicted to be small. This suggests that while the oblate Kigh- Snerg|es. These values pfandx were previously suggested

771, and wdyy, orbitals are associated with the ground Staltefrom a theoretical fit to the available experimental bandhead
72 9 502 . . i energies in odd-proton nuclei over the whadle=120-140
bands in'2%12312p [3_6], consistent with the predictions of g b

. region[9]. Iti n hat th Vv referr
the PES calculations, prolate deformed states based on ttggzgaz t[rfﬂ fittt:JOpgfan;):gr; ?(t)\t,v:r?gg gfe’(r)g)s/eé’f deg,@e ore- d
low-K protonds, andg;,, configurations are not ruled out in y

oo . . bital relative to theg;, orbit in the Nilsson diagranfFig. 2),
thesr(:_tlnutﬁle;. thmn;gattal. [s]”r:avr(]a ;ﬂdeed g}?%nt?dtoﬂaslgl?se' in contrast to the single-particle spectrum derived from the
que by a _etsda eih ?h ?ow € sec I tsa € p standard f,«) parameter$9]. Although most of the earlier
tinl)iy € associated wi € “mQ7/2 Profate configura- .50\ jations for the odd iodine nuclei used the standard

) . o . values of these parametggs3], the fitted (u, ) values have
Intergstlr;glly, sequences of similar _2. states built on been successful in reproducing the experimental data accu-
the exciteds;, state have been reported in the three add-

o 2 = , rately in several nuclei in this mass regipt0,11].

iodine nuclei withA=121-125[3-6]. Figure 1 shows the  tpe Fermi leveln, which appears as a parameter in the
partial level schemes for these three nuclei, reported in Ref: . 7
[3—6]. The bandheads lie at an excitation energy of about RM calculations, was chosen near the oblatg,{ 404];
500 keV and decay to thg" ground state. Interband transi- and mds;{413]3 orbitals (Fig. 2 that correspond to the
tions to and from these states are either very weak or naground state int?3. It is interesting to note from Fig. 2 that
observed at all. However, the literature, which confirms thehe lowK g, and theds,, orbitals tend to slope down and
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FIG. 1. Partial level schemes &f-12%12 showing theAl =2 sequence of states built on the secdridstate. Some low-energy states
belonging to the ground-state band and a few other states are included to show the interband transitions to and\frera tend. The
level energies are given in keV and the widths of the lines indicating the transitions are proportional to their relative intensities. Experimental
data are taken from RefE3—6].

come near the Fermi level for a prolate deformatibn0.2.
Hence, thesg,,, andds;, prolate orbitals are also expected

50 to play a role in the band structure &1. Similar arguments
\\ 4, S ol = follow for 212 from the Nilsson diagrams for these nuclei.
49 Sl A% The details of the formalism for PRM are outlined in Ref.
[12,13 and the references therein. The motion of the odd
48 - proton in the deformed axially symmetric Nilsson potential
is coupled to the rotation of the core through the Coriolis
£ 474 interaction. The Hamiltonian of the od&lnhucleus is written
= as
& 46
£
2 .
P H=Hg,+cR-j +Ec(IR)), (1)
E
%:,, 447 where,Hgp is the Hamiltonian of the quasiparticle, given
£ b
E 434 y
%‘
42
ng=; Eajay, 2)
41
40 ; ‘ | ‘ ‘ whereE, (quasiparticle energyis v(ex—\)2+AZ.
-0.3 -0.2 0.1 0.0 0.1 0.2 0.3 Here, gy is the energy of a single particle moving in the

5 deformed Nilsson potential and is the pairing gap. The
termcR-j in Eq. (1), originally introduced by Neergd [14],

FIG. 2. Nilsson single-particle energies plotted versus quadrudescribes the interaction between the core and the odd par-
pole deformation parametef for 2. Nilsson parametersu ticle and the termE.(|R|) represents the collective part of
=0.48(0.54) andk=0.07(0.056) for theN=4(5) oscillator shell ~the Hamiltonian. The coefficiertin the above equation can
from Ref.[9] were employed. be expressed as
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TABLE |. Experimental and calculated level energies for the  TABLE Il. Experimental and calculated level energies and the
g band in 124123120 Experimental data were taken from Refs. corresponding wave functions for the positive parity band based on
[3-6] and Nilsson parametgr=0.48 and«=0.07 were taken from  the second; * state in'2112312p Experiemtal data were taken from

Ref.[9]. Refs.[3-6].
" Ejevel (keV) K Elevel (kEV) Wave functions
Expt. PRM PRM Expt. PRM [411]% [420]% [413]21 [422]% [431]%
A. 11 (\=44.846 MeVpB=0.2150=1.0) A 29 (8=0.21, a=0.75)
(A=0.58 MeV) (A=1.07 MeV)
%_; 523;68 f;;g 175593 é* 536.0 534  0.099 0642 0.112 0.607 0.442
Z. Sy o -~ 2 979  0.55 0.913 0.005 0.094 0.347
Z. o - " 2711730 1110 0107 0650 0107 0586 0457
Z. e e o 2 1664  0.158 0.934 0.015 0023 0313
2. e ol o 2’ 18707 1865 0104 0667 0.008 0573 0451
z : i+ 2391 0072 0.869 0017 0452 0.184
7 3250.9 3453 3264 19+ 27131 2673  0.058 0.730 0.055 0.613 0.289
B. 23 (\—45.00 MeV, 30.229, a—.97) 2+ 3132 0005 0.855 0.002 0.486 0.176
(A=0.65 MeV) (A=1.08 MeV) B. 121 (8-021 a—067)
3 641.2 638 544
1?;: 15’;125-34 ig; 1922;5 é* 4740 476  0.083 0.635 0.084 0555 0.523
Z. o o o 2 890  0.099 0.878 0.020 0270 0.375
2. B o o 2710799 1045 0079 0663 0072 0545 0502
2 o o N ) 1565  0.095 0.905 0.002 0.258 0.274
Bl : 15+ 17909 1806  0.074 0.701 0.057 0.498 0.500
C. 21 (\—4525 MeV3—0.242a— 94) % 2281 0021 0930 0008 0.365 0.014
(A=0.73 MeV) (A=1.09 MeV) 19+ 2647.2 2634  0.024 0782 0019 0.485 0.294
s+ 434.9 438 402 L+ 3195  0.049 0813 0.006 0.490 0.055
37 798.0 804 766 C. Y (8=022 a=0.65)
L+ 1164.1 1174 1132
?ii 1551.9 1564 1522 I* 4454 446 0078 0665 0.077 0.587 0.448
2. 1957.1 1973 1927 g+ 838 0103 0.951 0.012 0.086 0.276
Z. 2381.7 2400 2352 14+ 1031.0 1003  0.076 0675 0.068 0.558 0.442
7 2818.8 2840 2791 i3+ 1477 0.087 0971 0.003 0.074 0.206
15+ 17462 1729  0.068 0723 0.054 0.551 0.407
g+ 2227  0.052 0.930 0.007 0.065 0.197
=179 _ EdR=2) (3 5 26212 2573 0045 0805 0033 0507 0302
T3, 352 4+ 3050  0.010 0901 0.002 0.240 0.184
2+ 35174 3489  0.002 0949 0010 0.295 0.111

whereJ, is the moment of inertia for the 2state belonging

to the ground-state rotational band of the core arid a free , )
parameter obtained from a least-squares fit of the calculate$f’ gund-state band of GXe.(core) [16], reported up to spin
energies with the observed level energies in a given band.0" . were fed directly as input parameters.

When the moment of inertia of the core states is taken to be The pairing gap parametek =1.07 MeV for **9 was
constant. is identical to the usual Coriolis attenuation fac- €stimated from the experimental odd-even mass difference,
tor. In the present calculations where the experimental cor@hich is similar to the value obtained from the expression
energies have been used, the moment of inertia of the cord =12/AY% However, it was noted that the agreement be-

states changes with the spin and the effective Coriolis attenjween the experimental and the predicted bandhead energies
ation factor becomes improves remarkably for values &f that are less by a factor

of about 2. Similar reduction in the value @ has been
5 found to be necessary in several PRM calculations, reported
ep=1— _R(l_ @). (4) earlier for nuclei in the rare earth regi¢h9]. Although the
J2 actual basis for this is not clearly understood, it has been
suggested that the use 4f value obtained from the experi-
For this, a version of the PRM reported by Néw and Mosel  mental odd-even mass difference results in an overestimation
[15], has been used in which the level energies of theof the Coriolis interaction, requiring unduly large Coriolis
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FIG. 3. Comparison of the experimental level
energies with the predictions of the PRM calcu-
lations for the band built on the secoéd state
in 12112312 The ground-state bands of the re-
spective even-even Xe nuclei were used as the
cores.

attenuation coefficients. In the present work, a detailed StUdY— 1)j+0‘: —1 is favored by rotation, wheirjeis the angular

of the previously establishedgg, bands in12112312p re-

vealed thatA=0.73, 0.65, and 0.58 MeV, respectively, the observed sequence of states with gpin 1t *

momentum of the quasiparticle. The calculations suggest that

15 +

>, % ,and

helped to reproduce the observed bands and the bandhe&t" and «=— 3 form the favored signature band, while the
energies exceptionally well. The bandhead energies are alinfavoreda=+ 3 band has been pushed up in energy as a
predicted within 5 keV of the experimental results. In addi-result of a fairly large signature splitting. This possibly ex-
tion, the calculations required either no or an insignificantplains why the states of the=+3 band are not observed

Coriolis attenuation coefficient. These results, summarized iexperimentally.

Table I, therefore provide the parametgrsk, A, and\ for
121.123,12p Only the quadrupole deformatigf and Coriolis

attenuation coefficient were used as the free parameters in

the calculations for the band built on the excited state in

these nuclei. The deformation parameter was chosen to vatfiis implies that the states with spin®, 37, 3
around 0.20. This is based on the systematics of the su@hgw

Kostovaet al. have reported theoretical calculations based
on the core-quasiparticle modél0] and identified the} *,,

11+
2 2

and % ", states in*?3 with the mds, configura-

tion, with the 2™ ground state as the bandhead. However,

gestedB values for several nuclei in this mass region, includ-3
longing to the expected favored sequence, excepting the
state at 704 keV, are not observed. It is also to be noted that
although the observefl state is strongly populated, consis-
tent with the interpretation of Kostowet al, it is fed mostly

ing the oddA iodine nuclei[3,17,18.

As shown in Fig. 3, the experimental’,, %

and 37,

+ 15+
2y 2 2>

states in'?1 with a=—3 (Fig. 1) are found to be

reproduced remarkably well fo8=0.20, A=0.58, and a

Coriolis attenuation coefficient of 0.75. The average energ
deviation between the experimental and the calculated Ieveﬁ;]

is 28.5 keV. It is evident from these calculatiofsee Table

1) that thea= —% band may be associated with the prolate

70744205 orbital with admixtures from the nearby

mds 422]3 and 7ds, 431]3 orbitals. The contribution of

the wg;,] 420]5 orbital to the wave function of these states

appears to increase with spin.
The model also predicts th&", %, 3" and thed:™"

states, associated with a configuration similar to those for thg i, =
signature band. Thesg",
states presumably constitute the= + 3 signature partner of

states of thea=—3

1

13+
2

, etc.,

the same band. However, for the= + 3 band, the contribu-
tions of thewg,, 420]5 orbital to the respective wave func- those for the analogous band . Experimentally, two

tions are larger relative to those for the states of dhve
—3% band. Experimentally, the states of the= + 3 signa-
ture band are not observed.3A state at 704.3 keVFig. 1)

2

€%

o*, Bt etc.,

d form the favored band. Experimentally, only the,
, and 2" states are observed while the states be-

97% [5]) from the bandhead of theh;,,, band and very
eakly from th
at the interpretation of the sequence of states with spin
25,85, 2%, and2 ", as arising from therds, configu-

ration is inconsistent with experimental results.

L+ state within the banFig. 1). It appears

The present PRM calculations ff*'%} led to a similar
interpretation for the band built on the secofd state, as

121,12(1 r

for 121, The pairing gap/A =0.73 and 0.65 were used for
espectively. The results are listed in Table 1l. While

the bandhead energies are reproduced to within a few keV,
the overall agreement for the observed higher-lying states

is also remarkably goodFig. 3. It appears

from Table Il that theAl =2 sequences of states built on the
seconds " state with spins up t&* in 124 and 2" in 12}
may be interpreted to be built on the same Nilsson orbitals as

states with sping ™ and 3% with energies 671 and 1437
keV, respectively, have been reported in 123, connected

by weak transitions to the states of the=—3 band, as
has been reported but it appears unlikely that this state can lsown in Fig. 1. However, it is unlikely that the observed
identified with the predicted}™ state at 979 keV. For states correspond to the predictgtl and 3™ states, as the

a single-quasiparticle configuration, the signature withenergy differences between the experimental and calculated
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states are too large compared to those for the states of th@isson orbital with admixtures from theds,{422]2 and

1 + 13+
a=—3 band(cf. Table ). The observed ™ and 3" states 1 . i
have energies that are significantly lower than expected fo?'rd5’2[431]2 orb|tals..These bands are ex pected to be.mod
the unfavoreda=+1 signature band. In'?Y, the 2+ erately deformed with3~0.2, characteristic of collective

2 . 1 2

2+ ... states, identifiable with the predicted states of samgands in this mass region. With the yrast bands in th_ese
rﬂucle| already established to have an oblate deformation,
r?&(ising from the highK orbitals with the samerg,, and
mdg, configuration, it is evident that both prolate and oblate
shapes associated with the same single-proton orbital are
strongly competing. This is consistent with the earlier

potential-energy-surface calculations that predict energy

spin, were not observed although a somewhat more efficie
detector system was used in the experiment compared to t
ones used for the study df3'29. Liang et al. [3] have re-
ported a3 level in *?Y at an excitation energy of 650 keV,
similar to those for thg * states in*?3123. The same authors

proposed that thal =2 band witha= — 3, built on the: ", -
445.4-keV statdFig. 1), may be associ;ted with the Izdw minima for both an oblate and a prolate shape for 4,
' and 7ds, orbitals. Similar shape coexistence phenomenon

rolate orbital. The observed ™ level at 650 keV was . . . :
P 79712 d associated with therh,4/, orbital has also been reported in

not considered to be a member of this band. ) . ot !
119.12} However, more experimental information, including

It is also interesting to note that there are other examples tensi f the band 0 hiah . d a studv of th
of coexistence of prolate and oblate deformed bands asso xtension of the bands up 1o higher spins and a study ot the
evel lifetimes, are needed for the oddiodine nuclei with

ated with the same single quasiproton orbital in iodine nu- ; :
clei. The nuclei''®!?} are reported to have two negative- A=121, to provide a better understanding of the structures of

parity bands, one of which is based on the I&wand the these and other bands.
other on the highk hy, proton configuratior{3,10]. The
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