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Measurement of y and conversion electron spectra following the decay ot?*Sb
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Relative intensities ofy rays and conversion electron lines in the decay’88b are measured precisely
using an HPGe detector and a miniorange electron spectrometer. These data are used to dériamdhe
L-shell internal conversion coefficients and to deduce the multipolarities of the respective transitions. A revised
level scheme is presented ft#°Te incorporating 37 transitions between 13 energy levels up to an excitation
energy of 675 keV. The newly established levels at 538 and 653 keV complete the hextuplet corresponding to
the (s1,®2%) and d;,®2%) phonon-coupled configurationsS0556-281®8)02111-4

PACS numbes): 23.20.Lv, 23.20.Nx, 27.66:j

The long-lived €,,,=2.76 yr) B-decaying sourcg3>Sh,, Our construction of thé®Te level scheme using®>Sb
has been internationally adopt¢d,?] as ay energy and decay data involves two major inputs. Firstly, we apply the

intensity standard for calibration of Ge detectors. Its decagnergy sum rule in different loops using precise transition

product $2°Te;,, has a near-magic proton structure and a€nNergy measurements with the HPGe detector. Secondly, the

half-filled 65-82 neutron configuration space. As such, thé_:onverlsion electron mtfafgs_uremer]ts .ari used to dﬁdllllce the
1255 decay has been extensively studied over the past §9t€'nal conversion coe icientéCC's) in theK andL shells

years[3—14]. The level structures of’*°Te have also been (and alsoM shell for the 109 kewM4 transition and the
investigated by a variety of other technigesid], e.g., 125 multipolarities of various transitions. Well establishigidt]

features of thé?Te level scheme are used as a cross check

electron capture decay, Coulomb excitation, neutron Captur%\’/ithin our procedure.

(a,xny), and particle-transfer reaction studies, etc. How- A portion of the typicaly spectra are shown in Fig. 1. A

ever, in spite of this extensive effort, several open questiong,jete listing of the energies and the relative intensities of
still remain about the??Te level scheme. In particular, the the 38y transitions, observed in our study, is given in Table
possible existence of levels at 402 and 654 keV tentatlvely, in comparison with the intensities listed in the latest
proposed in a number of decay studids-6,9 and anl=0  Nuyclear Data Sheets NDS-934]. In accordance with the
level around 538 keV indicated in transfer reactions studiegisual convention, the intensities in Table | are quoted rela-
[13], still remain to be confirmed. Attention has earlier beentjve to the intense 427.88 kefdssumed ,= 100 transition.
focused mainly on the relatively strong transitions'fiSb  We do not see the 146 keV transition reported in a number of
decay with a view to provide more preciseenergy and earlier studie$8,10,14. On the other hand, we observe %3
intensity standards. A search for the disputed levels requiregsansitions not given in NDS-93; a few of these had earlier
specific attention to the weak transitions. The situation withbeen tentatively suggestéd-6,9, but they do not appear in
respect to conversion electron measuremghs,7,13 also  the evaluated data set in NDS-93. A careful comparison of
calls for more careful investigations, since earlier studies
[7,12] reported significantly large uncertainties even for
strong conversion lines. Our present study, using a 60cc
HPGe detector fory ray measurements and a miniorange
electron spectrometer for conversion electron measurements,
addresses itself to these questions.

The 12°Sb source was produced at BARC, Mumbai, by
thermal neutron irradiation d#°Sn. The carrier-free sample
of 12°Sh was obtained in liquid form as antimony chloride in
dilute HCI solution. The*?>Sb source was allowed to decay
for about 8 months, mainly to achieve two purposgs.lt
purified the source of any short lived impurities afiid it
allowed the 11/2 144 keV isomeric level in*Te, with a
half life of 58 days, to be reasonably well populated. The
latter step ensured that the 109 keV high-multipoi4()
transition could be appropriately investigated. The experi- FIG. 1. A portion of the typical single-ray spectra observed
mental setup and procedure are the same as described in @difowing the 8~ decay of'2°Sb recorded by a 60 cc HPGe detec-
recent report ort*’Nd decay[15]. tor. The peaks labeled BKG arise from other sources.
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TABLE |. y and conversion electron data for transitions observed it38b decay studies. The successive columns from the left list
the y transition energies in*Te, relativey intensities from NDS-9314] and present stud¢SVS), relativeK- and L-conversion electron
intensities, internal conversion coefficiertg from NDS-93, andv, and «, from the present study, and our deduced multipolarity for the
indicated transition.

E, (keV) I, loe (SVS JCC (ak) aL Multipolarity
NDS-93 SVs K L NDS-93 SVS (SVY (SVS

19.806) 0.0692) 0.0683)

35.4894) 14.54) 17.72) 2264160 1.41) M1+E2?2

58.435)° 0.091(4) 0.004220)

61.8516) 0.006827)

81.024) 0.01712) 0.7015 0.4510) El

109.284) 0.2749) 0.2326) 3514168 2450128 1697) 166(11) 116(8) M4

110.859) 0.00362) 0.00393) 0.34(6) 0.9619) (E1)

116.95610) 0.9615) 0.94515) 6.4(8) 0.0749) 0.07510) El

132.8114) 0.002919)

172.7088) 0.674) 0.674) 5.58) 0.09211) 0.091(14) M1+E2

176.3082) 23.058) 23.0920) 297(15) 45(3) 0.12910) 0.1429) 0.0212) M1+E2

178.8147) 0.09718) 0.1212) 1.32) 0.24(6) 0.122) M1+E2

198.63114) 0.0445) 0.0443)

204.1448) 1.1038) 1.01410 9.7(6) 0.0816) 0.1058) M1+E2

208.07410) 0.81411) 0.86Q10) 6.1(4) 0.0925) 0.0786) M1+E2

209.329) 0.1529)

227.87610) 0.44Q7) 0.4429) 4.002) 0.08614) 0.0997) M1+E2

314.9911) 0.013214) 0.014415) 0.0519) 0.0398) (E1)

321.1012) 1.3879) 1.432) 1.348) 0.0113) 0.01037) El

331.826) 0.00858)

366.5611) 0.0272)

380.4548) 5.124) 5.174) 6.5(3) 0.927) 0.01388) 0.01388) 0.001967) E2

401.9512) 0.0212)

408.06912) 0.621(10) 0.6247) 0.926) 0.010719 0.016411) M1+E2

427.88@5) 100 100 100 156) 0.011118) 0.01114) 0.001729) M1+E2

443.56%7) 1.01911) 1.05111) 0.997) 0.0147) 0.01049) M1+E2

463.3684) 35.4585) 35.1218) 26.910) 3.72) 0.00864) 0.00844) 0.00117) E2

489.738) 0.004623)

491.2914) 0.0168)

497.4114) 0.02913) 0.0091)

503.1@6) 0.0136)

538.6212) 0.004725)

600.5893) 60.3517) 59.2218) 22.210) 3.1(2) 0.0042510) 0.00422) 0.000584) E2

606.70@2) 16.987) 16.926) 5.8(3) 1.008) 0.00373) 0.00382) 0.0006%6) E2

617.4q14) 0.0182)

635.9513) 38.23) 38.3212 14.67) 2.0213 0.00422) 0.00423) 0.000584) M1+E2

652.84) 0.0093)

671.44%6) 6.062) 6.032) 1.8210) 0.00323) 0.00332) E2

@Deduced frome| value.
®Not placed in the level scheme.

our v energies and their relative intensities for the eight in-the corresponding internal conversion coefficieats, are
tensey rays, adopted as a “benchmark” for IAEA-95 stan- also listed in Table | along with thex values from NDS-93.
dardization, with the earlier precise measurem¢mi8,14  We employ the normalized-peak-to-gamma method for de-
reveals almost exact agreement, with deviations comparabtermining the conversion coefficients, using the 427.88 keV
to the assigned uncertainties. This observation supports theansition as the standard for normalization with the adopted
use of 12°Sh as ay-ray energy and intensity standard. It value of a(427)=0.0111(4) and itdV 1-E2 mixing ratio
further establishes the desired precision of our energy meaf | §|=0.538(11)[14]. The multipolarity of each transition
surements for reliable application of the energy-sum rule fois then deduced from a comparison of amg values (|
level placements. value for the 35.5 keV transitigrwith the theoretical predic-
Conversion electron intensities for theandL shells and  tions for possible multipole transitions interpolated from the
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FIG. 2. Level scheme df°Te deduced from the and conversion electron spectra measurement follodft&b beta decay. The labeling
on the left is that of the level spin and its parity, while that on the right is level en@ndseV) deduced from the transition energies listed

in Table | and the energy sum rule at each level.

tables of Hager and Seltzgt6]. We not only observe dis-
tinct 109 keVK andL lines but theM line is also clearly
seen in our electron spectrum. Our valueagf=22.4(18)
compares well with the theoretical value of 24 for k4
transition from Hager and Seltzer tablds).

Our level scheme of?°Te, incorporating 3% transitions,
is shown in Fig. 2; in common with NDS-93, the 58 keV

321.07 keV 9/2, and 443.56 keV 3/2 levels. All four en-

ergy loops add up to the same summed energy, justifying
their placement. However, none of these transitions could be
assigned a specific multipolarity in the absence of any con-
version line seen in our experiment. Thus, the spin-parity
assignment for this level may be 3/2r 5/2"; level system-

atics in neighboring isotopes and theoretical considerations

is not placed in this level scheme. All seven positive-parityqiscussed later support a 3/2assignment.
and three negative-parity levels in the adopted set of NDS-93 Following an earlier suggestion by Chandra and Pandhari-

appear in our level scheme with the spin-parity and energ
agreeing in each case. In addition, our level scheme intro-

duces three other levels at 402.03, 538.61, and 652.87 ke
as discussed below, with 10, out of the 13, neywertaining
to these levels. Further, we dedueg® multipolarity for three
transitions(81, 111, and 315 keMwhich were assigned no
multipolarity earlier.

Level systematics of the neighboring odd¥e isotopes,
and various theoretical predictiofi8,17—19 suggest a low-
lying 1/2* level in 1%Te. Estimating its location around 560
keV, Walters and Meyef8] searched this neighborhood

Yande[5], Prasad9] introduced a level at 402 keV iHTe

with the 81, 366, and 402 keV decay transitions, respec-
ively, to the 321 keV (9/2), 35.5 keV (3/2), and the
ground state (1/2) levels. None of these transitions have
since been confirmed, nor do they appear in the NDS-93
adoptedy's. Our careful investigation of weak transitions
identifies all the threes rays. Our energy sum-rule approach
then places this level at 402.03 keV with these three decay
v's. Our evaluation ofa(K) for the observe&-conversion

line for the 81 keV transition leads to &1 character for it

without success. Later, the single-particle transfer reactiodnd a possiblé”=7/2" assignment for the 402 keV level.

studies of Rodlane@t al.[13] indicated a tentative=0 peak
at (538-5) keV in the *?®Te (d,t) spectrum. Accordingly,

The low-lying structures in odé- Te isotopes involve
the sy, dgp, hyyp particle states, thegs, and dgp

we focused our attention on this proposal and were thus letiole states, and the states arising from the quasiparticle-

to place(see Fig. 2the three newly observegwith energies
132.81, 503.10, and 538.62 keV, respectively as the decay
from the 671.44 keV 5/2 level and the decay from the
newly introduced 538.6 keV levels to the 35.49 keV 3/2
and the 1/2 ground levels. The three energy loops yield its
energy as 538.62) keV. Our data supports the"=1/2"
assignment suggested for this level in {dg) reaction study
[13]. Next we looked for a level if?°Te in the vicinity of
652 keV suggested in some early studjds6]. The four

phonon couplingQPQ [8,17-19. In the QPC picture, the

2] state in the even-mass neighbor is taken as the quadru-
pole phonon which couples to tlsg, andds, quasiparticles,
leading to a doublets;,®2") 3+ 5+ and a quartetds,
®27) 12+ 32+ 52+ 770+. The lowest 1/2 and 3/2 states in
125Te are primarily thes,;,, and dy, states. The two 5/2

states at 463 and 671 keV were interprdi@to have nearly
equal mixing of the two QPC 5/2structures, while the 636
keV 7/2" and the 642 keV 7/2 were characterizefB8] as

newly observedy with energies of 652.8, 617.40, 331.82, mainly the QPC 7/2 structure and thg-, hole configura-
and 209.32 keV are placed in our level scheme of Fig. 2 ation, respectively. The other two members, namely" 142d
decay transitions from the newly introduced level at 652.873/2", of the QPC hextuplet had not been identified earlier;

keV, respectively, to the 1/2ground state, 35.49 keV 3/2

our investigations suggest the identification of the 539 keV
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1/2" and the 653 keV (3/2) as these two missing states. ®2"),5,- State, the low-lying 321 keV 9/2and 525 keV
Our data suggest mixing of the two 3/QPC states at 653 7/2" states cannot be fitted into this simple picture. The low-
and 444 keV, similar to that concluded earlier for the corre-lying 9/2~ state may be viewed as the intruder three-
sponding 5/2 states. The newly added 133 kejray, in-  quasiparticle K;1,,)° state and the 7/2 may correspond to
terconnecting the 671.4 keV 5/2and 538.6 keV 1/2 states, five holes in theh,,;, shell. Alternatively, Bondarenket al.
supports their QPC multiplet inter-relationship. Our data arg20] have recently described these low-lying 9/and 7/2
consistent with the recent QPC model calculatiph8,19.  states in'**Te and Té%® as the anomalously descended “an-
The 402 keV 7/2 level does not fit in the QPC picture. Itis tialigned” states arising from theh;;;, neutron orbital
also not easily identifiable with the 490 keV 7/2someric  coupled to the weakly deformed even-even core.
level in '2°Te. The interacting boson-fermion mod&FM) It is expected that the presently reported more extengive
calculations by Fawwaz and Stewddl] place the 7/2  ray and conversion electron data and the revised low-energy
level of the IBFM ground band around this energy. An ap-level scheme of?°Te, taken together with the results from
propriate characterization of this low-lying 7/2level is  reaction studies, provide a better data base for understanding
presently an open question. the level structures in transitional nuclei.

For the negative parity states, the only available single-
particle orbitalhq4, is identified with the 144.8 keV 574
isomer in'?Te. Whereas the higher spin-15/2tate at 804 Valuable help from B. Singh during the course of these
keV (not shown hereis seen[8,17] as the QPC If;;»,  investigations is gratefully acknowledged.
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