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Competition between highK states and rotational structures in *'"Ta
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High-spin states ift”"Ta have been studied using th€Er(*'B,4n) reaction. New intrinsic states have been
observed corresponding to 3-, 5-, and 7-quasiparticle Kigtructures. Rotational bands built on most of the
3- and 5-quasiparticle states and some transitions above the 7-quasiparticle states have been identified. Several
isomers have been found, the longest lived beingﬂﬁ‘re, 7-quasiparticle state with a meanlife of 193.
Configurations for the observed intrinsic states have been assigned on the ligsigabies, alignments, and
decay properties. While the properties of most of the bands are consistent with their proposed configurations,
the behavior of some, including the one built Kﬁ’:%’ 3-quasiparticle isomer, is not well understood.
Multiquasiparticle blocking calculations based on the Lipkin-Nogami method, are in good agreement with the
excitation energies of the experimentally observed states and all the predicted states close to the yrast line up
to spin 42—9 have been observed experimentally. The calculations predict the existence of a 9-quas?§€rticle
yrast trap at~8.5 MeV.

PACS numbegps): 21.10.Re, 21.10.Tg, 23.20g, 27.70:+q

[. INTRODUCTION mum attainable from the available reactions.
The nucleus'’"Ta can be favorably populated up to spins

It is well known that the pairing correlations between =204 using the reaction'’®Er(*'B8,4n) allowing access to
nucleons in a nucleus are extremely important in the regiothe region where higl multiquasiparticle states might exist
of low angular momentum where they manifest themselve§17]. Early[18—23 and more recerj24,25 studies of''Ta
by reducing the nuclear moment of inertia with respect to thewere reported by other groups, resulting in the identification
rigid-body estimateqd1]. However, as the rotational fre- of 1l-quasiparticle bands and some of the 3-quasiparticle
guency of the nucleus is increased, the resulting Coriolis andtates and their associated bands. Our work, first reported in
centrifugal forces tend to reduce the pairing correlations, afref.[4], is the only one which is sensitive to the identifica-
effect which has been extensively stud[@d. A decrease in tion of intrinsic states at higher spins due to the angular
the correlations is also expected for multiquasiparticle conmomentum input and the technique of time-correlajedy
figurations because the unpaired nucleons block the singlepectroscopy employed in the measurements. It reveals the
particle states into which pairs of nucleons can scatter. Thegaresence of one 1-quasiparticle, three 3-quasiparticle, five
effects had not been studied extensively partly due to th&-quasiparticle and three 7-quasiparticle states in addition to
lack of appropriate experimental data. Such d&=a9] are  the intrinsic states known from earlier investigations. Some
now becoming available around the mass 180 region, allowef the new states are isomeric. Selected results, pertaining
ing the investigatiod10] of pairing as a function of senior- mainly to the yrast isomers, have been published eddier
ity. together with some results fdr®Ta and a comparison with

Nuclei nearA~180 are particularly favorable candidates calculations of the multiquasiparticle states. The present pa-
for studying the influence of many broken pairs of nucleonsper addresses the complete level scheme involving intrinsic
(at low rotational frequengyon pairing. In this region the states and associated rotational bands, and compares the re-
proton and neutron Fermi levels are among orbitals withsults with more recent calculations which supersede those of
large values of(), the projection of angular momentum on our earlier work.
the nuclear symmetry axis, so that highmultiquasiparticle
states compete favorably with collective rotational excita- Il. EXPERIMENTAL METHOD

tions to form the yrast line. Spectroscopic investigations . .
y b P g States in 'Ta were populated by the reaction

have identified many such statgkl—-16, but experimental ;> % 177 .
data for high seniority states had been fragmentary, main!}/? %Er(1'8,4n)"""Ta with a 55 MeV beam from the 14UD

because their angular momenta are often close to the ma elletron accelerator at the Australian National University.
An isotopically enriched *%Er target of thickness

5.5 mgcm 2 was used, which stopped most of the recoiling
. . nuclei. A series of measurements was performed, focusing
*Present address: Department of Physics, University of Surre . . ' .

P 4 y Yon different aspects of the spectroscopy, as discussed in the

Guildford, UK. followi bsecti
TPresent address: Physics Division, Argonne National Laboratory,0 owing subsections.

Argonne, IL 60439.

*Present address: Nuclear Science Division, Lawrence Berkeley
National Laboratory, 1 Cyclotron Road, MS-88, Berkeley, CA A pulsed beam~1 ns wide pulses, 1.7s apart was
94720. used for this set of measurements. Theays were detected

A. -y coincidence measurements
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using the CAESAR array[26] containing six Compton- other;(ii) a less stringent condition where the time relation-
suppressed high-purity germaniiPGe detectors. An un-  ship was relaxed ta-150 ns in order to include low-energy
suppressed planar germanium dete¢tdPS was included vy rays which suffer from time walk in the detecto(§ij) a

to give enhanced efficiency and resolution feray transi-  condition that twoy rays occur within+=40 ns of each other
tions between~15 and 100 keV. The energies of each two-and alsoduring beam bursts{iv) the complementary case
fold coincidence(encompassing time differences of up to where bothy rays are required to occur between beam
+0.856 us) were recorded event-by-event, together withbursts, thus selecting coincidence events below an isomer;
the time of each energy signal relative to the beam bunchesgy) where they events are required to occur between beam
allowing unambiguous identification gfray transitions pre- bursts with the additional condition that they be separated in

ceding or following an isomer. time between 80 and 300 ns; this matrix then allows for two
event-projection types<{a) projection of those events that
B. y-ray singles measurement precede an isomer by gating on transitions that follow it; and

Gamma ravs were measured in sinales mode under th@) projections of those events that follow an isomer by gat-
experimental )c/:onditions described in S%c Il A. These datg'9 O" transitions that feed ityi) the same as the previous

P . ; T condition, with the required time difference between
were used in part to determine relative intensities and POPUZ o ts being from 300 ns to 1. 52s. Again, one can obtain
lations of the different bands. The anisotropies were deter: g from 3% LS. Again, X
mined from the prompt-gateg-ray spectra, encompassing two types of projections as detailed above. In this case the

. . ; sensitivity to longer lived isomers is enhanced compared to
“m‘? d.|fferences'up to-40 ns W|th.respect to the beam to sort (v). Background subtracted coincidence spectra were
minimize relaxation effects due to isomers.

generated, for each individuat-ray transition, from these
matrices and were examined to construct the level scheme.
C. Beam-y measurements
The possible existence of isomers in the microsecond re- B. y-y time
gion was investigated using a chopped beam g8 pulses,
separated by 103us and the experimental setup described in
Sec. Il A. The energies of rays were recorded event-by-
event, together with the time of each energy signal relative t
the beam pulses. A fast veto was used to remgveays
occurring in the 2 us in-beam period, to increase the sensi-
tivity to the y rays following an isomer.

In order to isolate the lifetimes of individual states, the
coincidence data were also sorted into three-dimensional
Jl-yz-time matrices. For states depopulating by low-energy
v rays a separate matrix was constructed with any of the six
HPGe detectors+y;) against the LEPS detectory{). The
time relationship between pairs ¢frays could be obtained
from such matrices by taking background subtraciedy
_ gates on transitions preceding and following any state.

D. Conversion electron measurements

A separate experiment was performed to measure conver- C. y time

sion coefficients, using a superconducting solenoidal spec-

trometer [27]. A relatively thin target of thickness - . , .
0 rgy vs their time of arrival with respect to the beam, using
1.5 mg/cn placed at 30° with respect to the beam was use . . ; .
he data taken during the experiments described in Sec. Il.

to optimize the el_ectr_on.energy reso!ut_|on. S'Fce the PreS)atrices were constructed corresponding to the different
ence of isomers with lifetimes in two distinctly different time

. e . beam on/off periods(a) 1 ns on, 900 ns off(b) 2 us on,
regions(nanosecond and millisecondad been established, ) A
the beam on/off periods were adjusted to cover two tme 8 % 1L S Koo S B SR SIS TR
regimes; 1 ns onlbunched, 900 ns off; and 80us on, . . 9 :
) separatey-time matrix was constructed using the data re-
720 ws off. The spectrometer field was swept over a range

of magnetic fields such that electrons of energies betwee%orded in the LEPS detector to determine the lifetimes of the

115 and 2145 keV for the former run, and 70 and 680 ke\/States which are relatively short livegheaniife <1 us),
for the latter, were optimally transported to a cooledLBi and decay by low-energy rays.

detector. During the latter measurement a veto was used to
reject the prompt events. Therays were detected using a
Compton-suppressed HPGe detector. Conversion electrons The data from the experiment discussed in Sec. Il D were
andy rays were recorded in event-by-event mode with theirused to construct two-dimensional matrices of electron en-

Two-dimensional matrices were generatedoefay en-

D. Conversion electrons

times relative to the beam bursts. ergy or y-ray energy against the time of arrival with respect
to the beam pulse. Prior to construction of the matrices, the
I1l. ANALYSIS PROCEDURE electron events were subjected to momentum selection crite-

ria[27] to eliminate background events arising mainly due to
backscattering of electrons from the detector. Projections
The data were sorted, following energy gain and timefrom the y time and electron-time matrices were used to
matching, into 40984096 channel matrices with the fol- assemble electron angray spectra in specific time regions,
lowing constraints on the-vy coincidence relationshigi) a  selected to improve the sensitivity to specific decay paths,
requirement that twoy rays occur within+40 ns of each e.g., long-lived or short-lived isomer decay. Electron and

A. y-y coincidences
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FIG. 1. Partial level scheme forf “Ta showing the 1-quasiparticle bands. The arrow thicknesses are proportional to the girmjes
intensities. The symbols, #, and @ on the side of the level indicate feeding fromkHe= %* isomer, theK™= %* isomer(see Fig. %

and theK™= (3 ") band, respectivelysee Fig. 2

y-ray intensities were then extracted and compared to detenf 1699 and 2098 keV, respectively, were known previously.

mine the conversion coefficients. A K™=22" intrinsic state at 1834.9 keV was reported by
Barneud et al. [21]. The level scheme deduced from the
IV. RESULTS present work disagrees with this assignment, as discussed in

Sec. VC 9. No 5- and 7-quasiparticle states had been iden-

The present study confirms all the known 1-quasiparticle... : . . o
bands and agrees with the bandhead configurations assigr?é%ed prior to this work.(Selected results of tZ‘;f work dis

by previous works, hence they are adopted here. It is alsgussmg the degay of the_ /-quasipartie'="3"" isomer
convenient, at this stage, to use the configurations for th ave been published earlipt].)

multiquasiparticle states, subsequently described and justi-

fied in Sec. V. The detailed level scheme fH¥Ta is pre- B. Level scheme

sented in five parts in Figs. 1-5.

The present level scheme was constructed using a range
A. Previous work of information; from the various time correlatedy matri-

The 1+[404], 1~[541], $*[402], and$~[514] intrinsic ces (Sec. Il A), by considering prompt coincidences with

states associated with the excitation of one-quasiproton arfgl@racteristic tantalum x rays, by elimination of other known

their associated bands were knownlfo= 1+, 2~ 19+ transitions in neighboring nuclei and by using the results

L] 2 1 . .
22~ respectively[18,19,21—2% Archer et al. [25], in a from earlier measurementsl8—-23,23 which were con-

work done parallel to the present one, extended thetf to firmed independently. All the new bands and intrinsic states
— (%), 52, (32+), 4, respectively, and also reported a identified in this work were found to be connected to known
—\2 1 2 2 y 2 ’ y

T (1T+ ol , states and hence their association witHTa as listed in
K7=(%") 3-quasiparticle state at 1523 keV and its bandrape | is unambiguous. The table includes sopary tran-

members up to spins®{*). The K"™=2" isomeric state sitions which were found to be in coincidence withrays
[18—-2Q at 1355 keV and its rotational band upltb=% ",  associated with’"Ta but which could not be associated with

and theK™=2" and 2" stateg[21] at excitation energies band structures.
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FIG. 2. Part Il of the level scheme fdf'Ta showing the&K "= (171’) rotational sequence and the short-lived 3-quasiparticle bands which
feed theK ™= 2~ band(see Fig. 1
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FIG. 3. Part lll of the level scheme fdrf’Ta showing theK "=

9/27 [514]

=(§)* 5-quasiparticle state, that decay to it.

21—
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FIG. 4. Part IV of the level scheme fdfTa showing the 5- and 7-quasiparticle structures and bands.
1. 1-quasiparticle bands 37[402] states have been confirmed uplte=%", 27,

The rotational bands built on 1-quasiparticle states ar@nd &™), respectively, and are in agreement with those

shown in Fig. 1. They are associated with ttpg,, hgy, recently reported in Ref25]. The  [514] band has been
ds;, andhy,,, proton orbitals and the corresponding bandobserved up td™=2%", but the assignment of rotational
structures are labeled with the Nilsson configurationsstates above= % disagrees with that of Reff25], as will be
7[404], 37[541], $7[402], and 3 [514], respectively. discussed in Sec. V C 4.

Another possible 1-quasiparticle structure has been identified symmed prompt £40 ns) coincidence spectra associ-
at 899 keV, and is labeled biK™=(%") in Fig. 2. The ated with the3*[402], 1~ [541], and % *[404] bands are
rotational sequence based of'[404], 3 [541], and shown in Fig. 6. The high-spin members of each band can
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FIG. 5. Part V of the level scheme fdf"Ta showing the weak decay routes of #i&=3* and ¥’ * isomers.
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TABLE I. Energies, intensities, angular distributions, and placements of transitions assigriéthtor he

intensities are indicative only.

E, 1,2 Ay 1A, E Eq K,J7 K,J7
26.2 132(32 2852.6 28264 3,3 31 31+
30.4 216.6 186.1 3,3~ 13-

53 8(3° 1355.0 13023 &3 9,2~
59.7 2458 1861 3,3° 15
70.5 139(26) 70.5 0o 35+ 11+
c — —
e ‘e 32870 32157 (4,3 P
73.3 1013(49 73.3 0 2.5 I.I*
82.5 30(3° 1605.4  1522.9 i 13+ i1 17+
86.1 2()° 4656.3 45702 L - 45 45-
101.8 67(6) 0.10 (17) 172.2 705 3,1+ 5.5+
104.2 211(7) —0.15 (6) 2956.8  2852.6 3 3+ 33 33~
115.6 455(20) 186.1 705 13- 5.5+
128.6 157(13° 300.8 1722 3.3+ 5 I+
131.2 196 (22) 0.09 (7) 131.2 0 19+ 11+
131.9 100 (12)¢ : 17374 16054 i 2+ i 19+
136.1 264(17) 1834.6 16985 3 22+ Z B+
146.6 1000(27) —0.04 (5) 219.9 733 3 i- 2.8~
154.0 131(19° 454.9 300.8 33" 5.9+
185.2 9(3)° 2826.4 26711 33+ (2),(24)
196.9 3726 2166 42 3.4
156.6 333(20° 402.4 2458 1 1 19-
0.18 (5) 7 11 79
157.3 204(40° 288.5 131.2 £ i+ I3+
159.7 39(8)° 0.12 (14 1059.0 899.3 (%),(%7) (%)‘(1?1*)
163.5 46(12° 0.33(29  1766.1  1602.7 4,3~ L -
167.1 131(19)° 0.10 (11 1904.6  1737.4 I 2+ ids
171 9 (3)° 1602.7 14317 2 - (A, (&)
171.6 1129(30) —0.01 (5) 391.6 2199 2L~ 2.4-
175.0 1@ 16509 14759 (3),(%) ($).(5)
177.9 113(13) 0.01 (13 632.8 4549 3 B+ 5,4+
¢ —_ —_
180.2 29(6) 1289210890 (3).(37)  (5).(¥)
182.0 130(9)° 4706 2885 1,3° 25"
183.1 40(14° 1949.3 17661 12,23~ 19 21~
186.1 68(7)° 186.1 0 13- I+
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c _ 21 25—
196.8 9(5) } ~0.0915) 21169 19202 (%)% 23
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202.5 413(15) 0.14 (9) 2037.1  1834.6 22~ Z B+
c 19 25- 19 23-
204.7 53(1lc) } 0.13 (18) 21541  1949.3 2.2 212
204.9 76(9) 675.5 4706 1,2 1,8+
208.8 9(2° 1834.6 16259 Z 2+ 2 23-
218.1 831(19) —-0.02 (4) 805.0 586.9 3%~ 9,5
221.2 69(9)° 1054.6 833.4 3 i+ 5 L5+
222.7 59(9)° 23242 21015 i 2+ i1 25+
226.0 58(9)° 901.5 6755 5,3+ 15+
¢ 25 27+ 25 25+
226.2 10(3) 0.42 (24) 2324.4 20982 %2 % 5 X
226.9 25(8)° 2381.0 21541 L 2~ 19 25-
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TABLE I. (Continued.

E, 1,2 AylA, = Eq K,J7 K,J7
228 805.0 2,3-
230.1 25(4)° 300.8 70.5 3.3% 3,3*
2325 107(9) —-0.20 (12 3189.3 2956.8 2+ D D+
234.1 276(16) 0.14 (7) 2271.2 2037.1 22+ g+
238.7 567(29)° —0.06 (6) 1043.6 805.0 3,9 3.5
240.8 24(4)° 4570.2 4329.4 L5 £33
240.9 48(9)° } 00110 1295.4 1054.6 5.8 S
242.1 57(10° 0.30 (21) 2116.9 18749  (&),2- (%), 2~
244 28264  2582.1 338 1.2+
245.4 27(4)° 1146.8 901.5 53" 55T
245.6 6(2)° 2570.0 2324.4 2,2+ 2.3
245.8 49(7)° } 0:-10 (10 2570.0 2324.2 3,2+ 3.5
2475 26285  2381.0 3,2 3.5
248.9 162(27° 0.23 (10) 1874.9 16259 (&) 2 2 23~
256.7 455(11) 0.23 (4) 659.1 402.4 3.5 3.5
257 7(2° 28264  2570.0 3.3 ¥.2
258.0 43(8)° 1553.4 1295.4 5.4+ 5 L9+
258.7 339(17)° 1302.3  1043.6 5.5 3.8
258.8  116(18° —0.02( 2530.0 22712 2 31+ 23 29+
261 2831 2570.0 %5 (3l 2 2+
262.2 24(4)° 1408.9 1146.8 £,8 %
263.9 32(5)° 0.34 (39 2380.7 21169  (%),2- (2,2~
269.9 35(7)° 2839.9 2570.0 i 8+ i1 29+
271.0 249(30) 0.08 (4) 1625.9  1355.0 2.8 z.8-
272.6 85(18)° 0.33 (13 21927  1920.2 g% 4.2
274.8 27(9)° 0,07 ) 1828.0 1553.4 5,8+ 3.8+
274.9 120(15)° ' 1577.2 1302.3 2.8 2.3-
276.9 18(4)° 1685.8 1408.9 3,8 3.3
278.4 72(15° 2471.0 2192.7 2.2- o
280.3 74(11)° 0.04 (5) 2810.3 2530.0 2 3+ 24+
282.8 55(7) 454.9 172.2 3,57 3,5%
283.8 16 (4)° 1522.9 1239.2 i (A, (&)
284.2 25(9)° 2755.1 2471.0 2.8 4.2
285.6 15(4)° 2666.3  2380.7 (&3~ (%), 2-
287.9 21(4)° 2115.9 1828.0 3 28+ 5 23+
288.6 153(30° 0.13 (5) 288.5 0 5 55t
289.4 18(8)° 1975.0 1685.8 1,2 3.8
289.4 24(5)° 3129.3 2839.9 o83+ o8
291.4 31(10° 3046.5 2755.1 a.3- 4.3-
292.0 56 (6)° 1869.1 1577.2 3,2 3.8
292 9 (3)° 1029.0 737.4 (Lo (L
294.3 88(23)° 1920.2 1625.9 4 25— 4 23—
296 2570.0  2274.1 g2+ 1.8+
296.5 23(7)° 0.32 (16) 2826.4  2530.0 3$.38+ g3
299.3 11(4° 2274.1 1975.0 2.4+ 1.2
299.3 26(3)° 1904.6 1605.4 3.8 35T
299.4 28(8)° 3345.8 3046.5 2.3 2.8
299.4 44(7)° 3109.6 2810.3 2.2+ 2 8+
301.2 18(3)° 2417.3 2115.9 3,8+ 3,2+
302.6 40(5)° -0.02 (10) 21715 1869.1 3,%- 3.2

044321-7



M. DASGUPTA et al. PHYSICAL REVIEW C61 044321

TABLE I. (Continued.

E, 1,2 AL lA E, Eq K,J7 K,J7
305.2 13(3)° 29715  2666.3 (%, OES
308.1 30(7) 3653.7  3345.8 2.3 a5
308.5 13(4)° 2582.1 22741 7.2 7.4+
308.8 17(3)° 3438.1  3129.3 S g8+
309.8 14 (3)° 27274  2417.3 5.2 3.4
311.3 1042(20) 1355.0  1043.6 2.8 3.5
311.7 9(1)° 28934  2582.1 3.3 1,2+
315 3968.7 3653.7 2 (30 2 3=
315.9 44(6)° —0.40 (20) 24873 21715 3,2 3.4-
316.5 6(1)° 3209.9  2893.4 £33 7.3+
316.6 25(4)° 3426.1  3109.6 23 2 o+
317.9 25(5)° 21927 1874.9 21 27— (%), %
318.3 245(30)° 0.13 (14) 391.6 73.3 5.8 %,%*
319.2 7(@3) 31456  2826.4 31 33+ 31 31+
320.0 23(6)° 2807.3 2487.3 2.3~ 2.2~
321.2 3048.3  2727.4 3,3+ 3,8+
321.7 112(12) —0.05 (21) 3511.0  3189.3 29+ SR
323 3458.1  3135.3 9,3~ 3.3
323.4 5(2)° 3294.7 29715 (2,38 (2,3~
326.3 7(2° 3764.4  3438.1 E g3+
328.2 12(3)° 3135.3  2807.3 5.8 3.3~
328.9 32(8)° 3615.8 3287.0 ). (2,3~
330.1 57(11)° 0.20 (19 3287.0 2956.8 NN 35 35+
3317 18(2)° 3757.8  3426.1 2.9 g3+
332.1 45(9)° 632.8 300.8 5.8 5.3°
334.6 13(3)° 1766.1 1431.7 179,%* (%)(%*)
335.0 10 (4)° 737.4 402.4 1 (i 1
338 3484 3145.6 3?1'(§+) %32_3+
338.7 23(7)° 2037.1 16985 o 2.3
339.5 209(18)° 0.43 (10 470.6 131.2 113+ 19+
3401 1909 | 12392 8993 ($).(F)  (HE)
428 28(4F 39586 36158 (). (D
3435 759(20) —0.25 (4) 1698.5  1355.0 2 23+ %:%—
346.9 60 (15)° 1949.3  1602.7 2,8 2.2
352.3 332(8) 0.20 (4) 1011.4 659.1 3.5 3.5
354.6 9(4)° 2471.0 2116.9 2 29~ (2,2~
357.0 83(11) 0.33 (7) 3868.0  3511.0 24+ %,%ﬁ
3565 il 43169 39586 ()P ()P
363.2 104(21)° 0.22 (5) 3215.7 28526 8,5 88
363.4 11(3)° ' 1602.7 1239.2 190 19- 4y, (2)
364.3 30(1D)° 21015 17374 3.2t 3.8
367.0 332(40° 0.26 (6) 586.9 219.9 3,3 3.3
369.9 8 (4° 1029.0 659.1 ) L 21—
sr2.1 25(4° 14317 10890 ()4 (H.(EF)
374.0 24(6)° 3589.7  3215.7 2.3 2.3
875.0 82 469L8 43169 ().(P) (DB
377 10 (4)° 1405.8  1029.0 (e Lk
3785 60(9)° 833.4 454.9 5.3 5.3
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E, 1,2 Ay A, E E; K,J7 K,J7
380.8 28(5)° 4248.8 3868.0 % 43+ 35 41+
387.0 160(13)° 0.22 (5) 675.5 288.5 1.2+ I
388.0 94 (15° 2154.1 1766.1 19 25- 19 21-
388 3978 3589.7  F.(¥) 33 a1-

c —
3914 7(2) 5083.2 4691.8 (%),(%) (%)’(%)
394.2 11(4° 1405.8 1011.4 1 () 12i-
398.7 14(3)° 4647.4 4248.8 35 45+ 35 43+
399.7 26(13° 059 (21) 2098.2 1698.5 L B+ 23 23+
399.8 17(10° 26711 22712 )2 22 20+
411 4740 4329.4 43 (45+) 43 43+
4111 11(2° 5058.5 4647.4 35 41+ 35 45+
412 9(2° 1864.6 1452.1 3.2 1.2
413 4983 4570.2 4 4= L%
413.4 345(34) 0.13 (5) 805.0 391.6 2.43- 5.2
419.5 30(6)° 2324.2 1904.6 i1 21+ ir 23+
420.5 7()° 5479.0 5058.5 B9+ 35 47+
421.7 56 (11)° 1054.6 632.8 g i+ 5 13+
426 3(1)° 2398.7 1972.8 3.(57) 3%5 2?99‘
426 5905 54790 35 (51 2.2
430 5413 4983 2.2 45 47~
431.0 187(9) 0.14 (52 901.5 470.6 1.+ 1.3
431.7 84(15° 2381.0 1949.3 2.4- L -
434 2 (1° 3000 2565.5 1) 1.3
436.6 64(7) 2271.2 1834.6 L 29+ Z B+
440.6 267(10) 0.19 (3) 1452.1 1011.4 5,2~ 52~
456.7 351(45)° 0.17 (6) 1043.6 586.9 2.2- 5,2
459 10 (4)° 1864.6 1405.8 e 1 (L
461.5 44.(6)° 4329.4 3868.0 43 43+ 35 4+

. 0.16 (6) 22, 22,
461.9 57(10) 1295.4 833.4 X X
468.5 34(7)° 2570.0 2101.5 ir 20+ i1 25+
471.2 107(9) 0.27 (5) 1146.8 675.5 12 12"
472 73" 2570.0 2098.2 32+ L 25+
474.4 81(19) 2628.5 2154.1 B2 19 25~
479.5 35(4) —0.34 (48 1522.9 1043.6 55 3.5
490.9 17(5 2116.9 1625.9 .5 2 -
491 15(3)° 737.4 245.8 3.3 18-
492.9 58(7) 0.31 (9) 2530.0 2037.1 L 3+ 2z 21+
497.3 270(30) 0.35 (10) 1302.3 805.0 9.4~ 2.4~
498.8 51(11)° 0.41 (13) 1553.4 1054.6 3.4+ A
502 102° 28264 23242 8.3+ ir 21+
505.8 52(9)° 2380.7 1874.9 (&), 2- (%), 2
507.3 116(4) 011 (7) 1408.9 901.5 1.4 Iir+
s07.7 2504 | 8993 3916 E).(%) 3%
515.2 49(20)° 2896.2 2381.0 13- 19 21~
515.7 50(9)° 2839.9 2324.2 ir 31+ i1 27+
519.6 14(6)° 1874.9 1355.0 N, 2" 4 -
520.7 141(9) 0.28 (4) 1972.8 1452.1 1.2~ 12
528 586.9 g 15~
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TABLE I. (Continued.

E, 1,2 Ay 1A E; Eq K,J7 K,J7
532.5 45(11° 1828.0 1295.4 3,8+ 5,2
533.6 100(20)° }0_34 @ 1577.2 1043.6 3.8~ 3.58-
534 10 (3)° 2398.7 1864.6 L& L&
539.0 98 (4)° } 0.46 (5) 1685.8 1146.8 2%3, ?; 2;-3 1?9;
539.1 55(10)° 2810.3 2271.2 L B+ L B+
549.3 33(7)° }0'10 ®) 2666.3 2116.9 (2,3~ (%), 8-
549.9 140(17° 1355.0 805.0 4.4- 2,3
550.7 43(9)° 2471.0 1920.2 a4 2- & %-
552 5(2)° 2826.4 2274.1 3 3+ L8
552.5 51(10° 3181.0 2628.5 D 38— 2 9-
554 3(D° 3511.0 2956.8 32 39+ 32 3B+
555.3 182(30) -0.20 (13 2826.4 2271.2 33+ 22+
559.7 27(5)° 0.16 (11) 3129.3 2570.0 ¥.3+ g2+
562.2 39(8)° 2755.1 2192.7 4.3- a&.3-
562.6 36(8)° 2115.9 1553.4 3,2 3,4~
565 14 (5)° 1920.2 1355.0 4.%- a.4-
566.1 102(9)° 1975.0 1408.9 1.3 7.4~
566.8 71(8)° 1869.1 1302.3 2.%- 2.4~
566.8 34(15° 2192.7 1625.9 g.2- g 2=
572.9 15(6)° 2671.1 2098.2 %), (21 2 28+
575.5 34(8)° 3046.5 2471.0 4 33- ad.2-
579.6 55(8)° 0.21 (1) 3109.6 2530.0 2 35+ 28 3+
584.5 12(3)° 3480.7 2896.2 D 35- 2 3=
588.3 62 (4)° 2274.1 1685.8 1.4+ X
589.2 25(5)° 2417.3 1828.0 3.4+ 3,8+
590.6 24(8)° 3345.8 2755.1 4.3- a.3-
590.8 39(7)° 2971.5 2380.7 (%), 3 (&), 2~
592.6 77(7)° 2565.5 1972.8 3.3 3.5
594.3 44(6)° 21715 1577.2 3,5 3,58
595 3(° 2570.0 1975.0 g2+ 7,2
596.2 14(7)° 2471.0 1874.9 4.2- (3.2
598 3779 3181.0 2 EN D 3
598.2 29(7)° 3438.1 2839.9 e g3
602 6 (3)° 3000 2398.7 ) L&
607.0 71(9)° 2582.1 1975.0 1.2+ 1,2+
607.0 8(3)° 3653.7 3046.5 4.3- 4.3
610.7 20(5)° 899.3 288.5 &).3) 55t
611.7 30(9)° 2727.4 2115.9 5,2+ 3.2+
615.8 30(7)° 3426.1 2810.3 Z 3+ 2 33+
618.2 43(6)° 2487.3 1869.1 2.8 3.2
619.3 44(9)° 2893.4 2274.1 2.3 7.5
621.4 18(3)° 1522.9 901.5 S I3
622.9 8(3° 3968.7 3345.8 2.3 4.3
627.0 14(5)° 1029.0 402.4 5.3 3.8
627.8 13(3)° 3209.9 2582.1 1.8+ 1,2+
628.3 14(3)° 3294.7 2666.3 (&), - (&), 8-
630.8 11(4)° 3048.3 2417.3 3,3+ 5,8+
634.3 14(5)° 2671.1 2037.1 £).(8 2 -
634.7 20(8) 0.6020) 3764.4 3129.3 3.8+ i 3
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E, 1,2 Ay 1A E, E; K,J7 K,J7
635.0 10(4)° 4093.0 3458.1 g 39- 9 35~
635.8 34(6)° 2807.3 21715 g 3l- 9 21~
637.4 18(3° 3530.8 2893.4 1,3+ I3+
645.9 10(4)° 3373.3 2727.4 2 33+ 5 29+
647.3 23(10° 1949.3 1302.3 i9 23~ 9 21~
647.9 87(9° 3135.3 2487.3 98- g 2-
648.2 27(7)° 3757.8 3109.6 L 39+ 23 35+
649.8 9(2° 3850.7  3209.9 7.4+ 5. 5"
651.0 17(5° 3458.1 2807.3 2,3 g a-
657.4 44(4)° 3223 2565.5 13- 13-
659 3707 3048.3 32N 5,3+
661 3661 3000 L3 L3
662.0 10(3)° 3633.5 2971.5 (&),2- (&,2-
664.7 13(3° 41955 3530.8 7.8+ I35+
667.7 14(4)° 3803.0 3135.3 9 31~ 9 33~
671.2 12(3)° 3958.6 32870 (31, (4)- 37y (-
677.1 30(8)° 4103.2 3426.1 L Uy 23 31+
678.6 6(2)° 0.17 (9) 3868.0 3189.3 $ 4 35 31+
679.3 51(8° 899.3 2199 #).(%) .-
681.5 5(2° 4541.2 3859.7 741+ 131+
693.2 11(3)° 3987.9 3294.7 (&), 2- (&),
700.9 6(2)° 4316.9 3615.8  (37) (43)- 37y (39)-
701.6 13(2° 4459.4 3757.8 23 43+ 23 39+
705 4901 4195.5 (% 7.8+
716.8 24(5)° 3940 3223 14~ 13-
718.0 65(4)° 1522.9 805.0 i iy 9 ir-

Cc — —
719.3 4(1) 4352.8 3633.5 (&), 4 2y (32
722 4825 4103.2 22N Z 4+
722.4 38(5)° —0.29 (25) 1766.1 1043.6 B - 2.2~
729.6 3(1)° 5270.8 4541.2 .8 7.4+

Cc — —
733.0 5(2) 4691.8 39586 (3 (%) 7y (4
736 5195 4459.4 2 (41+) 23 43+
737 7(5° 3589.7 2852.6 8- 3 -
737.7 8(2° 4248.8 3511.0 35 43+ 35 39+
740.0 2(D° 4727.9 3987.9 (%), 4~ (4,3~
746.7 13(3° 1405.8 659.1 1l i1
766 5083.2 4316.9 (377),(%)* %),(%)*
768.7 4(1)° 899.3 131.2 th,(2) I3+
775.2 9(3)° 4715 3940 145~ L4
779.0 4(1)° 4647.4 3868.0 35 45+ 25 a1+
789.3 190(6) 0.42 (13 2826.4 2037.1 2.3+ B2
797.8 52(4) —0.29 (33) 1602.7 805.0 L - .4
809.8 4(1)° 5058.5 4248.8 B4 3 B+
818.3 6(1)° 4329.4 3511.0 88 35 30+
826.0 35(4) —0.15 (16) 899.3 73.3 &hH.(3) 2.2
838.8 7(1)° 1059.0 219.9 ). 3.4~
844 586.9 9,45
847.5 31(7)° 1522.9 675.5 7 17+ 115+
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E, 2 Ay lA, E E; K,J7 K,J7
853.2 16(4)° 1864.6 1011.4 3.3 1a-
889.0 47(7)° 1475.9 586.9 )Y 9 -
889.8 13(4° 1522.9 632.8 i s 5 i3+
895 1043.6 9 1o~
935.9 183(22° —0.24 (25 1522.9 586.9 3+ 9,15
947 8 (3° 2398.7 1452.1 1(E) 125~
960.8 14(3° 1766.1 805.0 2.2- g -
1016 4(° 1602.7 586.9 2.8 g Lo
1028 6(2° 3000 1972.8 L3 12
1052.2 21(6)° 1522.9 470.6 i i1+ 113+
1084.0 24(7° 1475.9 391.6 ), g 13-
1096 3661 2565.5 3.3 13-

8Relative intensities determined from singles and coincidence spectra.
PReferencd 37].
‘Relative intensity extracted from prompt coincidence projection.

be clearly seen in the figure. Figure 7 shows a summethe 3-quasiparticle bandsee Fig. 2, most of which decay

prompt coincidence spectrum associated with $h¢514]

band. The intenseg rays in the figure are associated with the =8.6 us) of the

27[514] band itself and the relatively weakrays belong to

154
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1000
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257

15000 1/27[541] band -
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657 *

10000 -
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441 *

717

5000 -

593

x10

o
131-£
£
3
L
521+

5000 |-
7/211404] band
4000 F
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3000 - o o other bands 7
2000
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400 500

energy (keV)

100 800

FIG. 6. Summedy-ray coincidence spectra relating to tK&
=3+, 1~ (favored sequengeand:* bands(cf. Fig. 1). The gating
transitions are indicated by asterisks.

through the3 [514] band. Due to the long lifetime{,
2L~ 3-quasiparticle state, the rays pre-

ceding it do not appear in Fig. 7.

2. 3-quasiparticle bands

The 3-quasiparticle states and their associated bands are

shown in Figs. 2, 3, and include the néw~= (%) state at
1475.9 keV anK™=12" state at 1602.7 keVboth in Fig.

2), and the band based ofi=%" state at 1874.9 keVFig.

20000 T T T T T

o
&
—

9/27[514] band

195

o other bands 4
® contaminants

15000 |

10000

5000

counts

1500

1000

500

energy (keV)

FIG. 7. Coincidencey-ray spectrum constructed from gates on
y-rays, marked by asterisk, in th%’[514] band projecting all
v-rays in a=40 ns time window. The spectrum shows theays
associated with thé‘[514] band and with bands built on the™
=(&7), ¥+, and%~ states(cf. Fig. 2 which decay through the
97 [514] band.
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1250 —————

—T 77—
gate on 936 keV

e contaminants

195+197

1000

Er + Ta x-rays
147
172

FIG. 8. Coincidencey-ray spectrum relating
to theK™=3* band(see Fig. 2 The spectrum

is generated by gating on the 935.9 keV transition
17 +

750

counts
~167

500 M . which depopulates th&K™= 35" level, and pro-
& g8 jecting all y rays within a time interval of

+150 ns.

energy (keV)

3). This work also extends the rotational sequence built on Figure 10 shows transitions occurring between beam
the previously known states, thé™=3", 2* 2+ at  bursts, which de-excite th&™=%" isomer. This out-of-
1355.0, 1698.5, and 2098.2 keV, respectiv@y in Fig. 3.  beam coincidence spectrum is generated by gating on the
The present measurement, confirms K&=4" band-  240.8 and 461.5 keV transitions below the isomer, with the
head at 1522.9 ke\Fig. 2) identified by Archeret al. [25]  additional condition that the coincidentrays should occur
asK™= (3 ™), but it disagrees with their assignment of the within +40 ns of each other. This constraint reduces the
first member of the rotational band as being at 1656.2 keVintensity of they rays following theK =3~ isomer in the
In the present work it is assigned to be at 1605.4 keV with apectrum (and incidentally reduces the efficiency below
decay to theK™=34/" bandhead by a 82.5 keV transition. ~70 keV). The weak 502 and 935.9 ke rays in the
This transition is clearly visible in Fig. 8 which shows the spectrum are due to the decay branch offe= 2 * isomer
coincidences with the 935.9 keV transition depopulating thgg theK ™= i+ band(see Fig. $which subsequently decays
bandhead. The out-of-band transitioisee Fig. 3 from the  mainly to the$ "[514] band. The inset shows out-of-beam
17=5" level at 2570 keV to thek™=7" band and the coincidences with the 104 key-ray projecting events in the
decay of theK™= 7" isomerto thd"=5 " andZ " mem- | Epg detector, with the time condition relaxedtd50 ns.

T__ 17
bers of theK™=73"" band further supports our energy and it jjjystrates the presence of the 26 keMray, which follows
spin assignmentgThe transition may have been missed in

Ref. [25] because of their insensitivity to low-energy transi-
tions)

Most of the 3-quasiparticle states ultimately dec&ig.
3) to the 4t~ isomeric state at 1355 keV. Figure 9 shows the
events that precede its decay. This spectrum is generated & s
gating on the 311.3 keV transitiofwhich depopulates the 2T
isome) and the 171.6, 195.3, and 218.1 keV transitions of k

® contaminants

4000

271,273

278,280,284
> 399+400
430 e
437

the 3 [514] band (which is fed by the isomer with an 0 LI R s . .
appropriate time gate. The spectrum corresponds mainly t@
the portion of the level scheme in Fig. 3, though theays 8 I 200 00" ) ]

preceding thek "= % isomer (Fig. 4), including the main

decay route of th&™=%" isomer, can also be seen clearly.
The strongesty rays are associated with th&™= 352" band
above the 1698.5 keV level, which lies in the main decay

route of theK™=3%* isomer.

3. 5- and 7-quasiparticle bands

) I I )
500 600 700 800

The 5-quasiparticleK ™= (3) ' state at 2671.1 keVFig. energy [keV]
3, K'=%* £~ and £* isomeric states at 2826.4, o . ,
2852.6, and 2956.8 keV, respectiveljig. 4) and theK™ FIG. 9. Summedy-ray coincidence spectrum obtained with de-

layed gating on the 172, 195, 218, and 311 keV transitions below

e e
=(%7) state at 3287.0 keV have been identified in th'stheK’T:%’ isomer, thus showing all the transitions preceding the

work. Also identified are the three 7-quasiparticle states afsomer (see Fig. 3. To remove random contributions the corre-
4329.4,4570.2, and 4656.3 keV labekel=%", £7, 97,  sponding delayed spectrum has been subtracted. The negative peaks
respectively, in Fig. 4. These states are weakly populated ag the upper panel are from contaminant transitions'#ra and

they are close to the maximum input angular momentumhat in the lower panel is from the inelastic neutron excitation of the
brought in by the reaction. 691 keV 0" isomer in"%Ge.

044321-13



M. DASGUPTA et al. PHYSICAL REVIEW C61 044321

2500 ————————————————7——
177g, 100

'—Té x-rlrays

2000 - 50

1500 [

233

30 50 70 90

~
"5}
@

104
322

1000

241 *

é FIG. 10. Out-of-beam coincidence spectrum
500 - - ol o ~ A (=40 ns), gated by 241 and 462 key rays
g 84 S Kl k (marked by asterigk showing the decay path of
2 N NP S e .L,,J s A ] theK™=%" isomer(see Fig. 4 The inset shows
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o contaminants 33—

the decay oK ™=32" and %4~ isomers, respec-
tively, are clearly visible.
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the decay of th&™= 3" isomer and plays a crucial role in mined from the conversion electron measurements as de-

determining the correct spins of the intrinsic states. tailed in Sec. Ill D. Figure 11 shows thgray and the cor-
responding conversion electron spectra optimized with the
C. Transition intensities and angular distributions appropriate time gates to select transitions following the de-

m_ 49— H
The relative intensities of the-ray transitions given in cay of thek7=73"" isomer(Fig. 4.
Table | are normalized to the intensity of the 147 keV tran-
sition in the 3 "[514] band, which is arbitrarily taken to be
1000 units. Due to the complexity of the spectrum, many of Time spectra for each individual transition generated from
the transition intensities are obtained from either acrossthe y-time andy-y-time matricegsee Secs. Ill B and Ill €
isomer projections or from prompt-coincidence projectionswere used to determine the meanlives of the intrinsic states.
While angular correlation effects in the former are expectedrhe accuracy to which short lifetimes can be measured de-
to be minimal, they may significantly affect the intensities pends critically on the measurement of the time response as
obtained from the latter. The intensities obtained solely fromyp function of they-ray energy for one detector in the case of
the prompt coincidence data are indicated in Table | and, tine measurements and for two detectors for #ag-time
have not been corrected for angular correlation effects WhidﬁweasurementEZS]. The response functions for thgtime

are estimated to be:15%. o measurements were obtained by fitting the time spectra of
The prompi ga}e({y;ra{ spectf recoorded in singlésee prompt y rays using a single Gaussian. For they-time
Sgc.. I E’]) at _4|8 ,d'_ 91’ _and__f145 were anaIyZﬁd lt.o measurements, the response functions for pairs of transitions
0 tain the angular |st_r| ution information. Due to the '™ \vere obtained by fitting the time difference spectra for a
ited number of angles in the array, only tAg andA, coef- : .
ficients could be extracted, with thg, term set at zero. The n_umb_er .Of paurs qf prompy rays in a cascad_e whose ener-
fitted A, values are given in Table | and are discussed for thd'®s _I|e in the n_elghborhood of th? rays of_mterest. The .
particular transitions in Sec. V C. positions and widths of the Ga_ussuans obtained from the fit-
ting procedure were parametrized and used for subsequent
analyses. For very short lifetimes:6 ns), instead of using
the universal fit parameters, response functions determined
The electron conversion coefficients are given in Table Il.from prompty rays with energies close to the line of interest
Total electron-conversion coefficients were obtained fromwere used.
the y-v coincidence spectra by determining the balance of In determining the lifetimes fromy-time measurements
the transition intensities feeding and depopulating a giveronly those lines which were free of contaminants were used,
state. TheK-, L-, andM-conversion coefficients were deter- while in the case ofy-y-time measurements, contaminants

E. Level lifetimes

D. Electron conversion coefficients and multipolarities
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TABLE Il. Total (T), K-, L-, andM-electron conversion coefficients and assigned multipolarities.

E Type Experiment Assigned Theoretical
(keV) multipolarity values
26.2 T 31D E1l 2.72
53 T 11(6) M1(E2) M1:5 E2:61
71.5 T 7(2) M1 M1:12 E1:0.87 E2:15
86.1 L 4(1) E2 E2:4.36 M1:0.919
T 7.309) M1 orE2 M1:7.01 E2:6.9
104.2 L 0.055) E1l 0.047
M 0.035) E1l 0.011
T 0.41) El 0.331
136.1 T 1.9320) M1 1.880
L 0.3512) M1 0.246
155.2 T 2.0(6) M1 M1:1.30 E2:0.7
195.3, 196.9 K 0.399)? M1/E2 M1:0.561 E2:0.177
202.5 K 0.41(8) M1/E2 M1:0.513 E2:0.163
208.8 T 0.052) El 0.055
218.1 K 0.487) M1 0.418
L 0.09124) M1/E2 M1:0.065 E2:0.070
232.5 T 0.454) M1 0.421
232.5,234.1 K 0.1873)° M1/E2 M1:0.348 E2:0.112
240.8 K 0.05921) E1l 0.032
T 0.0434) El 0.038
248.9 T 0.3903) M1 0.349
271.0 K 0.256) M1 0.277
296.5 K 0.02414) El 0.019
311.3 K 0.172) M1 0.159
L 0.03Q9) M1 0.025
321.7 K 0.183) M1 M1:0.145 E2:0.047
L 0.0318) M1 M1:0.022 E2:0.016
3435 K 0.0146) E1l 0.014
352.3 K 0.0283) E2 0.037
357.0 K 0.12Qq17) M1 0.110
363.2 K 0.082) M1 0.105
399.7 K 0.11(3) M1 M1:0.082 E2:0.027
413.4 K 0.02310) E2 0.025
456.7 K 0.0149) E2 0.019
461.5 K 0.0517) M1 0.056
L 0.0072) M1 0.0085
507.7 K 0.021) M1 M1:0.044 E2:0.015
549.9 K 0.01811) E2 0.013
555.3 K 0.03611) M1 0.035
K 0.0382) M1 0.035
679.0 K <0.006 E1l orE2 E1:0.0031 E2:0.0079
718.0 K <0.002 E1l E1:0.0027 E2:0.007
789.3 K <0.005(2) El orE2 E1:0.002 E2:0.006
K 0.0041) E2 0.0057
797.8 K 0.0133) M1 0.014
935.9 K <0.002 E1l E1:0.0017 E2:0.0041

@Approximately 84% 195.3 keV and 16% 196.9 keV.
PApproximately 69% 232.5 keV and 31% 234.1 keV.

usually do not pose a problem. Wherever possible, severdlhe meanlives of the intrinsic states range from several ns to
y-ray transitions or pairs of transitions were used to obtaira few hundredus and are summarized in Table IlI.
independent measurements of the meanlives. For overlap- The meanlives of the 1-quasiparticieé [402], 3 [514]

ping transitions which are partially resolved in the LEPSbandheads and tH€= 3" state of the} "[541] band are in
detector, separate time spectra were obtained by unfoldinggreement with those in the literatuf@3]. Of the nine
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3-quasiparticle states, only two have significant meanlivesthe meanlife of thed! ™ state and to determine better the
The lifetime of the newly identified "= %' * bandhead was meanlife of the2~ state.
measured using both thg-time method and they-y-time The 26.2 keVy ray is expected to suffer from time walk
method, yielding a value of 82 ns. The meanlife of the even in the LEPS detector and hence the time spectra of
K7=2" state, measured by analyzing theime spectra for  othery rays close in energy to 26.2 keV, namely 19.2, 27.5,
a number of lines following the isomer, was found to begnd 31.8 kev, were analyzed to determine the spectrum
8.6+ 0.3 us which is close, but not equal, to the previouslyshape and the time zero position and thus the appropriate
reported[20] value of 7.2420.29 us. . response function. The analysis of the time spectrum for the
S”'B!g(_? the extraction of the meanlives of ti€=5" and 262 keV gate, shown in the upper panel of Fig. 12, yielded
K7=3" 5-quasiparticle state¢Fig. 4), determined to be 3 meanlife of 8825 ns for theK"=%" state at 2852.6
33x6 nsand 66:5 ns, respectively, involved fitting com- ey, Despite the large uncertainties, it was extremely useful
plex decay curves, it requires some comment. K€ in |imiting the allowable range of meanlife for thi™

=3~ state at 2852.6 keV is mainly fed by 104.2 and 363.2= 32~ gtate in the analysis of the combined decay curve.

keV transitions and decays solely by the 26.2 keVay to The combined decay curves were generated(ibythe
theK™= 3" state at 2826.4 keV, which subsequently decays,.time method using the 555.3 and 789.3 keV transitions
to the K™=%" state by 555.3 and 789.3 keY rays as  and(ji) the y-y-time method using theL04.2 {555.3, 789.3,
shown in Fig. 4. They-y-time data involving the 26.2 keV 436.6 keV and {363.2 {555.3, 789.3, 436)6keV pairs
y-ray transition could not be used due to insufficient statiSyyhere the notation denotes that the 104.2 keN363.2 ke\f
tics. Hence the meanlives of the"=3" and 5~ states transition is used as the start and either the 555.3 or 789.3 or
were determined in two steps. The time spectrum of the 26.336.6 keV transitions are used as stbEPS detector used
keV y ray was analyzed first to obtain a measure of thefor the 104.2 keV. The time spectrum obtained from the
meanlife of theK =3~ state, and then the combined decay pairs {363.2{436.6, 555.3, 789}3keV is shown in Fig. 12
curve(from K™= 3~ and% * statey was analyzed to obtain along with the fit using meanlife values of 3% ns for the
. . K7™=3" state and 665 ns for theK™=22" level. These
TABLE Ill. Measured meanlives of states #{'Ta. values were obtained by taking a weighted average of all the

different measurements. The meanlife of hé=3" state

~
3

E(kev) K7 7m E (keV) 7im is consistent with the value (8525 ns) obtained from the
705 5 100(3) ns 20982 &+ <4 ns analysis of the time spectra for t'he 26.2 keMray. In our
733 ¢ 592(10ns 26711 (2)+ <4 ns previous publlcatlorﬁA;], t?le+meanlg\?{§s were quoted to be 60

1861 $2 532 us 28264 U 33(6) ns and 25 ns for theK™=5" and 5~ states, respec'uvely,
2 2 whereas the present more complete analysis shows that a
899.3 (47) <2 ns 28526 37 66(5Ns  reversal of those lifetimes explains the data better.

1355.0 5~ 86(3)us 29568 P*  26(5ns The meanlife of theK™=2" state at 2956.8 keV was

1476.0 (%) <2 ns 32870 (3})- <2 ns determined to be 2#40.5 ns from the analysis of the time

15229 i+ 8 (2) ns 43294 B+ 1.0 (3) ns spectrum of the .104.2 keV trans_ition in the LEPS detector,

1602.8  L2- <2 ns 45702 45— <1 ns and 31 ns using they-ray pairs{104.2{232.5, 321.7,

16085 2+ <15 ns 4656.3 4 192(6) us 357.0, 461.5 keV in the y-y-time meth_od, ngdlng to.a

weighted average of 2:60.5 ns. Due to insufficient statis-
7=3" state of theK"=3 "~ band. tics, only limits could be placed on the lifetimes of tK&
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FIG. 12. The upper panel shows the t3ir3ne spectrum of the 26.2 The y-ray branching ratios were deduced from the inten-

keV transition which depopulates the"=7"" isomer at 2852.6  sjties of theAl =1 andAl=2 in-band transitions, deduced
keV (see Fig. 4 Prompt response curves are indicated. Data be'mainly from coincidence dat®8(M1)/B(E2) and gy —gr
yond 190 ns were not used in the fit due to distortions present in thg|,es were obtained using the rotational model expressions
spectra for very low-energy lines. The lower panel shows the SPeq3]. The Ok —9r)/Q, values have been calculated with the
trum obtained from gates on the 363.2 keV transifistar), which assumption thak is equal to the bandhead spin and using a
feeds the2~ isomer and any of the 555.3, 789.3, or 436.6 kgV value of Qu,=7.27 eb, an estimate obtained by taking the
rays(stop depopulating thé:* isomer. This decay curve therefore average of the quadrupole moments of neighboring Hf nuclei
depends on the meanlives of both tié=3" and 3~ isomers  [31,32]. Since the branching ratios yield only the magnitude
(both in Fig. 4. of the quadrupole-dipole mixing ratio, the sign®has been
obtained from the measured anisotropies. A positive sign
_oond 37+ — was determined for all the bands where there were adequate
=(%) _ (at. 2671.1 keY and ()" (at 3287.0 keV  gaistics. The values fd(M1)/B(E2), gk—dg and § are
5-quasiparticle states. presented in Table IV.

The meanlife of thek™=%" 7-quasiparticle state at  The experimentay)c values, given in Table V, were cal-
4329.4 keV was measured to be £.0.3 ns by they-time  culated assumingr=0.29+0.03, which was obtainefb]
method using the 461.5 keV transition observed in the LEP$rom the measure@i33] magnetic moment of thé *[404]
detector. The time spectrum for the decay of the longestground state in'’"Ta and the value ofx —gr=0.46+0.02,
lived isomer in1""Ta, theK™=4~ 7-quasiparticle state at deduced from the experimental branching ratios in the band.
4656.3 keV, obtained by combining gates on the 461, 357/ hey are compared in Table V with the predictions using
and 104 keV transitionésee Fig. 4 is shown in the lower additivity for the suggested configurations, for Nilsson

panel of Fig. 13 along with a fit with a meanlife of 192 model wave functions with deformation parameters

+6 us. The upper panel of the figure shows the decay=0.248,e4=0.041 obtained by averaging the calculated pa-

. . terg29] for 1"%Hf and 178w, dified illat -
curve for the 1.40.1 ms isomer in'’®Ta [4], measured rameterg 29] for an moditied oscitaor param

. . . etersk andu as given in Ref[30] andgs=0.7 g/'®®, where
during the same experiment, for comparison. gl'e® is the gyromagnetic ratio for free proton and neutron
intrinsic spin.
V. QUASIPARTICLE CONFIGURATION ASSIGNMENTS The results for configurations involvings, neutrons are

Many new multiquasiparticle states and their rotational"©t €xpected to agree with these simple estimates as the cal-

structures have been identified in this work. Configurationculations assume a pure configuration, wheiegsneutrons
an involve strong Corioli& mixing. In such cases, thgy

assignments have been made by taking into account the of | h b lculated using th i del of
served properties such gg—gr values and alignments, as values have been calculaled using the geometric modet o

detailed below. For convenience each band has been Iabelgé)nau [34] which gives

by aK quantum number, assumed to be equal to the spin of K

the bandhead, although it is to be understood that cases of KgK:Z ngQj— I — E (gslj_gR)ij’ (1)
i j

significant alignment also imply mixel. V(12—K?)
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TABLE IV. Experimental branching and mixing ratioB(M1)/B(E2) andgyx—gg Vvalues.

| E,(Al=1) E,(Al=2) B(M1)/B(E2)
(h) (keV) (keV) N (ile’D?) |9c—grl° |8l°
7/2°[404], E=0

U+ 157.3 288.6 0.8) 0.355) 0.413) 0.484)
B+ 182.0 339.5 1@) 0.273) 0.453) 0.433)
L+ 204.9 387.0 2.04) 0.296) 0.506) 0.374)
i+ 226.0 431.0 3.@) 0.252) 0.503) 0.3712)
D+ 245.4 471.2 4.16) 0.2510) 0.51(11) 0.3498)
a+ 262.2 507.3 481 0.256) 0.526) 0.334)
5/2°[402], E=70.5 keV

o+ 128.6 230.1 0.16) 1.34) 1.21653) 0.162)
i+ 154.0 282.8 0.4@) 0.81) 1.159) 0.171)
o+ 177.9 332.1 0.4@®) 1.22) 1.52°(19 0.121)
L+ 200.6 3785 0.58) 1.21) 1.548) 0.121)
i+ 221.2 421.7 0.9 1.03) 1.52) 0.121)
L+ 240.9 461.9 1.@) 0.8(2) 1.41) 0.131)
2+ 258.0 498.8 1.0) 1.17) 1.56' (23 0.11(3)
28+ 274.8 532.5 1.8 0.822) 1.42) 0.122)
9/27[514], E=73.3 keV

- 171.6 318.3 0.2®) 1.93) 0.686) 0.262)
- 195.3 367.0 0.36) 1.803) 0.856) 0.212)
i- 218.1 413.4 0.4®) 1.93 0.957) 0.181)
- 238.7 456.7 0.68) 1.602) 0.936) 0.181)
2- 258.7 497.3 0.8) 1.603) 0.968) 0.172)
8- 274.9 533.6 0.8®) 1.7(2) 1.037) 0.141)
2 292.0 566.8 1.3 1.33) 0.92) 0.172)
a- 302.6 594.3 1.@) 1.7(3) 1.069) 0.141)
2- 315.9 618.2 1.8) 1.85) 11238 0.132)
- 320.0 635.8 1.5) 1.56) 1.002) 0.143)
K7™=(11/2"), E=899.3 keV

(%) 180.2 340.1 0.8 0.73) 0.32°(g) 0.5(1)
K™=17/2", E=1522.9 keV

28+ 167.1 299.3 0.2(6) 1.6(4) 0.344) 0.293)
S+ 196.9 364.3 0.4@) 1.32) 0.363) 0.303)
o+ 222.7 419.5 0.5®) 1.53) 0.424) 0.272)
2+ 245.8 468.5 0@ 1.4(3) 0.425) 0.272)
31+ 269.9 515.7 1.6) 0.8(3) 0.346) 0.357)
33+ 289.4 559.7 1.8) 1.4(4) 0.447) 0.264)
K™=19/2", E=1602.7 keV

Z- 183.1 346.9 1.8 0.01" (104 0.02" 4 6.2 (43"
2- 204.7 388.0 1.6) 0.2(1) 0.104) 1.1(5)
Z- 226.9 431.7 3@ 0.097) 0.08"(3) 1.48)
K™=21/2" ,E=1355.0 keV

Z- 294.3 565 0.1®) 9(5) 0.45' (13 0.359)
g- 272.6 566.8 0.4) 4.814) 0.45"{%) 0.31(4)
2- 278.4 550.7 0.6) 2.56) 0.375) 0.354)
3= 284.2 562.2 1.6) 1.04) 0.2605) 0.5(1)
8- 291.4 575.5 1.04) 1.5(6) 0.34°(%) 0.357)
$- 299.4 590.6 0.3 1.8(6) 0.40"(3) 0.295)
K7™=(21/2)" ,E=1874.9 keV

- 263.9 505.8 1.6) 0.5(3) 0.18"(3) 0.7(2)
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TABLE IV. (Continued.

I E(Al=1) E(AlI=2) B(M1)/B(E2)
(%) (keV) (keV) \® (ui/e?) |9k —9el" |1°
3= 285.6 549.3 222 0.5(4) 0.177) 0.7(4)
8- 305.2 590.8 3.03) 0.43) 0.176) 0.79)
K7=23/2",E=1698.5 keV

g 202.5 338.7 0.08) 5.3(19) 0.31°{) 0.336)
2+ 234.1 436.6 0.28) 3.39) 0.33"(3) 0.335)
L 258.8 492.9 08) 2.04) 0.309) 0.384)
g+ 280.3 539.1 0.8) 1.5(05) 0.28"(3) 0.41(7)
&+ 299.4 579.6 1.6) 1.109) 0.2693) 0.456)
g+ 316.6 615.8 1.0) 1.6(5) 0.33"(3) 0.355)
K7=25/2",E=2098.2 keV

g+ 245.6 472 1.09) 0.593) 0.11(4) 1.04)
K™=33/2" ,[E=2852.6 keV

3r- 374.0 737 0.8 8(17) 0.22° %) 0.6(4)
K7=35/2",E=2956.8 keV

39+ 321.7 554 0.0a) 60(37) 0.57" 53 0.195)
4 357.0 678.6 0.08) 28(4) 0.5393) 0.221)
45+ 380.8 737.7 0.2 7(7) 0.32° %) 0.4(2)
K7™=(37/2)",E=3287.0 keV

(4~ 342.9 671.2 0.8) 2.323 0.105) 1.1(7)
(4" 358.5 700.9 0.e) 3.1(19) 0.17"{g) 0.72)

#Branching ratios\ = | (I—1—-2)/l (I—1-1).

bAssuming purek andQ,=7.27 e b.

“Values calculated using rotational model.

dOther limits could not be calculated @3 is negative when the upper limit of the branching ratio is used.

wherei; is the alignment of thgth nucleon. The range of
calculatedgyk values are given in the last column of Table V L

and they will be discussed in relation to the individual con- oo fg:g}l/z—[su] @
figurations in Sec. V C. &r o 0.5 ]
- a U= . -

a0 0 519/2-1514]
B. Alignments Fow (11/27) .: i
The degree of rotational alignmei(tw) is a measure of

the quasiparticle contribution to the total angular momentum
of the rotating nucleus and is defined as

(=2 PR T T HE S ST H S S A R S T S M

LIRS B B LN B N B S B N B B B N B B B

i(0)=ly(w)=lelw), ) - B S %= 40541724 404] ® 7

wherel () ={1(l+1)—K?}¥2is the component of the total P A= 40.500 0 4001 o ]
angular momentum of the band on the axis of rotation and g 2%=-05 -
lref(®) = (Zow+7I,w°%) is the total aligned angular momen- : A 1
tum of a reference configuratidB85]. The alignment is con- 2F -
figuration dependent and primarily determined by the num- - 7
ber of quasiparticles in the strongly Coriolis mixed orbitals, 0 7
e.g., i3 and hg,. The alignments for multiquasiparticle T T o e

bands are expected to be equal to the sum of the constituent
1-quasiparticle components, although strict additivity breaks

down due to pairing differences. The valueg, FIG. 14. Alignments as a function of rotational frequency for
=35 MeV 42 and ;=70 MeV %4* chosen to give an the 1-quasiparticle band&ig. 1) as indicated, with reference pa-
approximately constant aligned angular momentum for theametersZ,=35 MeV %42 andZ;=70 MeV %%

h (keV)
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17[541] band, have been used in calculating the experimenweak but clearly seen in Fig.),7while in Ref. [25] the
tal alignments, which are shown in Figs. 14-16 for the dif-equivalent transitions are given as 666 and 677 keV, respec-
ferent bands int’"Ta. These are discussed in relation to in-tively. In their publication[25] the spectrum with a 316 keV

dividual bands in the following subsections. gate shows a ray at 677 keV but the 666 keV line is not
visible. However, the dipole transition between thé
C. Characterization of bands =37 and %" levels is clearly visible in that spectrum and

The individual intrinsic states and their rotational struc-On€ would therefore expect to see the 666 keV line with
tures are discussed in this section. The bands based on tR@Mparable intensity. The absence of the 666 keV line in the
1355.0 keV level withK =%~ and the 1874.9 keV level 316 keV gatek mﬂlcatesr;[hat |thu|nl|kely to bekln the band. The

. A 21y . . present work shows that while a 315.9 keV transition is
vVv||th K7=(%)" mix, and are discussed separately in Sec'present in thé ~ band, there is also a 316.6 keV transition in

' the 2" band(see Figs. 1 and)3vhich could account for the

1. 7*[404] band (Figs. 1 and 5) 677 keV line in the coincidence spectrum in Rif5].

Being near yrast, this band is populated very strongly and
all observed 3-quasiparticle states decay througseié Figs.

2, 3. The value ofgx=1.20(4) agrees well with the theo-
r]etical prediction of 1.30 for thé "[514] configuration. The
Pandhead meanlife was measured to be=582 ns which
agrees with the previously compiled valy23] of 534
+72 ns, within the experimental uncertainty.

The K™=17 band has been extended Ith=%". The
previous assignment of 47[404] Nilsson configuration is
consistent with the experimentgy value of 0.7%4) which is
in reasonable agreement with the theoretical estimate
0.62. This band lies in the decay route of &=/ and
K™=3"* isomeric stategFig. 5).

2. 3¥[541] band (Fig. 1)

The a=+1% decoupled sequence, assigned to this con- 5. 17=(3") state at 899 keV (Fig. 2)
figuration, was observed up t07=%". The 3~ and - . ,
levels and thé ~— 3~ transition, proposed by earlier works A POssible intrinsic state situated at 899 kevg. 2) and
[36,37 have been included in the level scheme. The rotalits first three rotational members have been identified. The
tional band members of the= — £ sequence were identified UPPEr limit for the meanlife of this state is 1 ns. The band-
up to (), and both theAl =1 andAl =2 crossover tran- €ad decays to thg"[514] and thez *[404] bands and the

sitions to thea=+1 sequence have been observed up tdz ) level decays to ther = member of the; "[514] band.

I7=(27). In-band transitions are weak for this SequenceThe positiveA, coefficient for the 679 keV transition, from

with a preference for out-of-band decays to the +1 se- the (37) level at 899 keV to the}'™ member of the
quence. The large alignment of3.5i units for thea= 3 [514] band, suggests spins f %, %, or ¥. The 3

+ % sequence is consistent with I, proton configuration. assignment is ruled out due to various decay branches to the
The meanlife of thel "=3~ state, the lowest state in the K™=2~ band and transitions from th€”=12" band(see

3 [541] band, is measured to be 5:8.2 us in the present Fig. 2). The existence of the 826 keV transition from the

work, which agrees well with the previously compiled value(%f) level to theK ™= 2~ bandhead rules out tHg assign-

[23] of 5.2£0.3 us. ment, leaving spins of eithett or 3. A value of A,

=-0.15(16) for the 826 keV transition suggests that the spin
is likely to be%t and the presence of the 769 keV transition
The K™= 3 band was observed up t§=%" and ten-  {g the 2% level of the  T[404] band argues against g~
tatively up to% " and the results of the pg?sentzs\;/vork agreeylternative. The fact that higher members of the band are not
well with those of Ref[25], except for the3 " — 5™ tran- populated could also be an indication of the lower spin value.

sition energy which was assigned as 324 keV in RB8l, | yiew of these arguments, the spin of the 899 keV level has

compared with our assignment of 321 keV. This band, bein _ . RE .
furthest from the yrast line among the 1-quasiparticle band?€en assigned tentatively a§, although thez’ possibility

is weakly populated compared to the others. The experimereannot be ruled out completely. Th&() and 4} ) mem-
tal gx value of 1.676) is consistent with the configuration bers of the band are fed by 363.4 and 334.6 keV transitions
assignment. The meanlife of the bandhead is determined f®om thei?~ and% ~ members of th& "= 12~ band. Since
be 106t 3 ns and agrees well with the previously compiledthe meanlife of the ™= 19~ pandhead is<2 ns, these tran-
value of 1057 ns[23]. sitions are likely to beE2 rather tharM 2 in nature, leading
o _ to a negative parity for the band.
4.7 [514] band (Fig. 1) This state is too low to be a 3-quasiparticle state, and

This band is observed up t& ~, where it seems to be could be the % ~[505] intrinsic state, however, among
approaching a band crossing. The assignment of the highé@eighboring nuclei that intrinsic state has been identified at
members of the band T>3!") differ from those of Ref. 1304 keV in 33°Re [38] and at 647 keV in332r [39] and
[25]. The present work assigns tHg~— 33—, 3~ 3%~ therefore one would expect it to be at energies higher than
transitions as 651.0 and 667.7 keV, respectivghese are 1300 keV in *Ta. Further, while the low alignment of

3. 27[402] band (Fig. 1)
33+
2
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TABLE V. Experimental and calculategl values for configurations in"’Ta.

gk
K™ Main configuration® Expt® Calc? Calc?
I 711+ 404] 0.754) 0.62
3+ 712+[402] 1.676) 1.56
3 2514 1.204) 1.30
(%) L[ 508] 0.61(9) 1.27
(%) V373 19073 T 0.84
5 S A b 0.634)—0.757) 0.99 0.79-0.88
v[3 .3 len 3] 0.62 0.80-0.72
3 I I e m 3] 0.384) 0.42 0.63-0.56
V33 len' 5] 0.26 0.48-0.45
3 w33t 1+ 970 0.643)9 1.13
v $H i e[ 57] 0.21 0.37-0.34
V3.5 lew'[37] 0.56
V35 1ea 3] 0.36 0.51-0.48
2 I I e r 2] 0.584) 0.51 0.64-0.63
V37,3 en 3] 0.33 0.56-0.48
2- L S erl L] 0.18 0.34-0.31
2 2[;*,‘”]@771[3*] 0.405) 0.46 0.56
N VI35 e (5N.57.57] 0.58
5 Y3750 8 e 3] 0.33
2[2—,g+]® 3[5+ 7+ %f] 0.72
V“[%’,Z*,Zig*]®wl[”] 0.10
7 SR LT Ea e 0.51'3 0.75
2 VL I e md[5t,27,54] 0.824) 0.69 0.77
V3T e ali] 0.01 0.30-0.17
V37,3 10n 3, 21.37] 0.57 0.74-0.68
N 3,303 e 3] 0.434) 0.21 0.34
Pl e 3t 0.64 0.65
Iz lem 3 0.54 0.66
7 AR RS A R A 0.52
Vi3t et 031
7 ARt W TS FA R A8 0.50
2 AR R W ET S EAN R AS 0.41

3Parentheses imply that the spin or parity is undetermined experimentally.
bConfigurationsneutrons(v): 3 [521]; £*[633]; 3 [512]; 2 [514]; 3*[624]; 3*[642]. protons():
37[514]; 7[404]; 57[402); 3 [541].

‘Experimental weighted average valugg=0.293), Qu=7.27 e b are assumed mixing has not been
taken into account.

dCalculated values using Nilsson model wave functions, with parameters as described in thenéxihg
has not been taken into account.

€Calculations using the geometric model of 2w as given by Eq.l).

fPreferred configuration, see Sec. V C 7.

9Band mixes withv?7 configuration, see Sec. VI C.

~0.7 for this band is consistent with g [505] assign- to the 3 [514] configuration. States formed by quadrupole
ment, the experimental value gf,=0.61(9) does not agree vibrations on3 [514], 3[402], and % *[404] configura-
with the calculated value of 1.27. Another possibility is thattions are known to exist it’"Lu, ®3Ta, and*®'Re at 1306
the level is formed by a quadrupole vibration*(Rcoupled  [23], 857[40], and 845 ke\[41], respectively.
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6. Kﬁ=(1?7) state at 1476 keV (Flg 2) 10 LI A S B B B B B e B N B S B B B S B N R

A level at 1476 keV which decays to th€™=32" band (@)
has been identified, and possibly the next higher member of | 23/2% 1698 il,,. |
the band, but no others. The 1476 keV state seems to be fed » B/

by several weak branches. The intensity ratio of 2:1 for the °r . |
889.0 to the 1084.0 keV depopulating transitions makes it - 17/27 1523

unlikely that transitions ar&1 in nature, for which the ex- R e T W

pected ratio is around 1:2. This argues agatstor 3 for e

> o 2| v .
the bandhead. The absence of a significant lifetime and the 25/2% 2098 if3,

presence of the 1084 keV transition to the state, makes
iI* unfavorable. Further, there is no low-ener§y state
which can be constructed from the available Nilsson orbitals,
leaving the possibility of2 = or 3L ~. If the state isK =12,
then ai?~— 1~ transition is expected to compete favorably rs

. i~ . - 1 19/27 1603 il |
with the 889 keV transition. In the absence of this transition, a b B2 o 4

(=]
T
1

o
T

i )

. . . . 17 T o~

the state is assigned a tentative spin of(5). It is likely - Y > v

that the intrinsic state is associated with the 3-quasiparticle 2 F s -
Nilsson configuration of [v¥{17[521], % [514]} i 2172~ 1355

®7Tl{gi[514;|}] 17/12~ and IS nOt pODUIatEd Strongly Slnce ItS (IR TR TR TR [N T N TN SN [N TN S N SN NN TN SR SN S N 1
band cannot compete favorably with the neighborkg 0 100 200 300 400
=1* and ¥~ 3-quasiparticle bandéee Secs. V C 7 and ho (keV)

V C 8), both of which have high alignments.

-

FIG. 15. As for Fig. 14 but for the 3-quasiparticle bandsiffa
17 ) (see Fig. 20 for the band on the 1874.9 keV stafde curves are
7. K™=3" band at 1522.9 keV (Figs. 2 and 5) labeled by the values and excitation energy of the bandheads, and
A rotational band, extending up ﬂdT:32_7+, based on a the number of ;3,, neutrons present in the configuration. The align-
K™= state at 1522.9 keV has been identified. This staténent for theK”=7"band in*"W is shown for comparison with
was also identified in Refl25], but as discussed in Sec. the K™= 5" band in*""Ta.
IV B 2, their assignment of thé™=2%2" state is incorrect.
The bandhead has a meanlife of 8 ns and decays to the tions, respectively, and the experimergal=0.61(4) favors
5+ I+ 9~ and &) bands, with the decay to th¢™  the latter. However, as shown in Fig. 17, the prediaged
=2~ band being the stronge€t1 multipolarity is assigned ve}lues for both conf|gu.rat|ons change when the experimental
to the 718.0 and 935.9 keV depopulating transitions to thé/ignments are taken into accousee Sec. VA The ex-
K™=2~ band from the conversion coefficientSable Ii). perimental values are not exactly reproduced by either of the
The 479.5 and 935.9 keV transitions have a negafiye
coefficient. On the basis of the above observations, a spin R L L
and parity ofK"=" has been assigned to the bandhead. r@ . M
The relative intensities of the depopulating transitions are or 35/27 2957 iy,
consistent with the spin and parity assignment. As shown in I _F’(/ |
Fig. 5, there is chance near degeneracy of3helevel and tr e |
31+ Jevels of this band with those of tHé¢™=Z" band and __-e31/2% 2826
K™=3" isomer, respectively. This gives rise to mixing and
results in out-of-band transitions from tH&¢" band to the
27 band, and decay branches from tk€=3'" isomer.
Though there is some evidence for the corresponding out-of- -
band transition E,=481 keV) from theZ2X* level of the
K™=1" band to theé2™" level of the ™ band, low statistics | L (37/2)" 3287 |
prevents it from being conclusive. The presence of these a L /’ " i
transitions, induced by mixing, lends further support to the — 45/27 4570 133,

spin and parity of thé =3 " and%* rotational states, and ) i

hence of the bandhead. 33/27 2853 =77
The high alignment of the band, shown in Fig. 0

15(a), indicates the presence of a particle in an aligned or- P R R SR S S U AT S

bital. The likely Nilsson configurations for the bandhead 0 100 200 300 400

are 7°{37[404], $7[514], 17[541]} or »*{37[521], ho (keV)

$7[633]}@ {3 [514]}. The gk estimates using a simple  FIG. 16. Same as Fig. 14 but for the 5- and 7-quasiparticle
Nilsson model give 0.99 and 0.62 for these two configurastructures in*’’Ta.

i ({)
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T T T T T T T T T T T T T T T T T T T T T T
19 35
e 1% i | 1603 keV o ]
“zmve(s/et, 7720 ®nl1/2h 5 K =19/27 “e
0.8 - + \% I A
==v2(1/2*, 7/27) ®xl(5/2% ] . .
ol — ] | -
0.6 ) T 600 - 7]
0.4 5 9 3 == T 7
ool 1 vae, e ]
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1.0 -%i 1 g o, v et ¥ 400 Fs-pand
=Y
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\ - 1875 keV 1
31 i e & 3 i 7 m K= (21/2)"
| 200 .

0.2 - == n3(7/24, %/2-, 1/2) - i
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21/2 25/2 29/2 33/2 21/2 31/2 35/2 39/2 B
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73 keV

FIG. 17. Experimentabyk values as a function of spin, com- . K 5 9/2_| | . | . |
pared with the predictions of the Nilsson modédhsh-dotted ling 0 100 200 300 400
and the geometric model of hau[34] (solid line) for the indicated
configurations. For th& ™= andi?* states, also shown are the J+D
calculatedgy values for an alternative?sr configuration, using the FIG. 18. Excitation energies versu¢J+1) with an arbitrary
Nilsson model(short-dashed lineand Daau formalism(long-  rigid-rotor reference subtracted for the indicated bands. The experi-
dashed ling The filled triangles in th&k™=3'* panel show the mental levels are shown by the filled symbols, and the results of
experimentaby values ifgr=0.39, instead of 0.29, is used. band-mixing calculationgsee Sec. VI Care shown by the short-

dashed lines and the solid lines, which are the loci of the unper-
predictions, but an increase in tigg value of 0.1(i.e., gr  turbed and perturbed levels, respectively. The calculations did not
=0.39) makes the experimental points coincide with the preinclude thek "= 42~ band.
dictions for 7> configuration. Such an increase could occur
as a result of reduced proton pairing in the 3-quasiprotorave significant out-of-band decay branches, the possibility
configuration due to blocking effects. The slow risgginas ~ Of an unobserved lower level being the bandhead cannot be
seen experimentally is also in accord with thé structure. ~ ruled out. However, the lower spin states which can be con-
Thus, even though the identification of the structure is amstructed from the available orbitals are expected to be ener-
biguous, the experimental evidence would seem to favor theetically unfavored compared with &~ intrinsic state,
> configuration. The calculations of Kondest al. [6] therefore theyl ~ level has been assumed to be the bandhead.
which examined the energies of the two configurations for a The high alignment of the band, shown in Fig.(15 is
range of tantalum nuclei show that the® configuration is only consistent with the configurationsy?{3[633],
energetically favored fot’“Ta, thus lending further support I-[514)e 7S [402)) or 12{S7[642), 17[514])

for that configuration. 174 :
® {5 "[404]} with gk values of 0.42 and 0.26, respec-

8. K™= level at 1602.7 keV (Fig. 2) tively, which with the inclusion of alignment effects give
val2u7es of 0.61-0.59 and 0.48-0.45 over the spin rangg of
i 7 : . to 5. The experimentajjx value of 0.384) does not match
and tentatively up t6; ~, has been identified. The Ba_ndhead’with the expectations of either of the configuratiof#sg.
and the lower members of the band decay toifie=; = and 1) 516,91 it appears to favor the latter which is, however,
the (171_) bands. The 797.8 keV transition from the band'expected to be energetica”y unfavored.
head to theyy - member of theK”=3" band is determined ~ The reason for this discrepancy could be due to mixing,
to beM1 in character from the measured conversion coeffimost likely with the band based on thg¢~ state at 1355.0
cient(Table I)), and has a negatiw, coefficient, indicating keV, as could be inferred from Fig. 18. Such mixing could
that the spin of the level is eithef ~ or ¥~. The £~ change the in-band properties of both the bands as indeed is
possibility is unlikely given the reasonably strong populationseen in the case éf ~ band(see Sec. VI ¢ which shows an
of the band. Consistent with this is the observation that theinexpectedly rapid increase in alignméRig. 15b)]. There
intensity of the 1016 keV depopulating transition toya& s also a chance near degeneracy of$he and2~ bands at
state of theK ™= 3~ band is much less than that of the 797.8 spin 2, leading to mixing of the two bands at higher spins as
keV transition indicating that 1016 keV is not &1 but is apparent from Fig. 18. No out-of-band transitions from
probably anE2 transition. Since the excited band memberseither of the bands were identified.

A 12~ state and its rotational band extending up3to
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9. K™=2* state at 1698.5 keV (Fig. 3) cient being negative indicates that the spin of the 2098.2 keV
T : 1,25 ;
This state and its rotational levels up to f¢ state were 1€Vel is likely to be eithery: or 2. The existence of a 572.9

known from previous worK21]. However, in the present KkeV transition from theK ™= (%)) * state at 2671.1 keV rules
study the 1834.6 keV level is assigned as#hé member of out the & assignment, leading to th& " assignment. A
the band, contrary to the previous assignni@di of it being  band based on this state, extending uplf=2* and

a K™=2" intrinsic state with the higher levels being the tentatively up tol™=3%* has been identified. The only

rotational band built on it. Observation of the 338.7 KE¥  |ikely Nilsson configuration is »2{% [514], $*[624]}
transition connecting thé' * to 2" level, and thegy —gr ®w1{3 7 [514]}. The Nilsson estimate of thg value is 0.46

values deduced from the intensities of the transitions deWhich changes to 0.56 with the inclusion of alianment ef-
populating thel "= %" state supports our assignment. The 9 : Y

rotational sequence extends up fo= 42+ and tentatively up fe_cts. The expe_nmenta_\I value of 0(38) compares W?”

P . . with the theoretical estimates and the band alignmenit of
to (3 7). The band head de-excites by a 343.5 keV transition_ 3#, shown in Fig. 18a), is consistent with the presence of
is assigned1 character from the measured electron conver-

sion coefficienl('!'gble . A _value (_)fA2= —0.25(4)_f0r the 11. K*=(2)* state at 2671.1 keV (Fig. 3)
343.5 keV transition, combined with tit€l nature, fixes the . ) i sg ]
spin and parity of the level a&*. Thel™=2"* rotational This state is mainly fed by thk™= =" isomer(see Fig.

. .. . __ 25 23 H
member has a strong in-band transition and it also decays @ and decays to th&”=%5" and 3" bands as shown in

theK™=22" state at 1625.9 keV by a 208.8 keV transition. Fig. 3. The associated band structure was not identified. The
The E1 nature of this transition deduced from the total con-155.2 keV transition from thé* * isomer to the )" level
version coefficientTable 1) further supports the spin and (Fig. 5), is assigned &M 1/E2 character from the total con-
parity assignment. This band is on the main decay route ofersion coefficient given in Table Il, hence the assignment of
theK™= 3+ isomer, the &) level and theK™=2* band  POsitive parity. The existence of various depopulating transi-

(Fig. 3. tions, restricts the spin to be eithé? or 3; the mixed

The band alignment shown in Fig. (B is consistent with M1/E2 character of 155.2 keV transition makes it unlikely
the presence of ain s, neutron. The likely Nilsson configu- to be the latter, leading to a tentative assignment%j {.
rations are listed in Table V. The experimenggl value of  The bandhead is likely to be a 5-quasiparticle structure as it
0.584) value favors the »?{£7[633], %7 [514] lies close to the other 5-quasiparticle bandheads and is much

® w13 [514]} configuration, and agrees very well with the higher than the i—gliasmarucl?e_ bandheagsﬁ The ~Nils-
expectations when alignment effects are includeee Fig. SON configuration v{z7[512], 3 [514]}®m>{; [404],

17). The first transition in the band has a low energy caused [514],5 "[541]} is a possible candidate, but in the ab-

probably by strong Coriolis mixing with members of the sence of an associated band, it is not possible to confirm it.
K™=2" pand obtained by replacing the'[633] neutron

by a2 *[624] neutron, which will lower all states except the 12. K*=3* state at 2826.4 keV (Fig. 4)

22+ pandhead. The compressed first rotational transition is
also observef9,42] in 178 for theK™=7" band, which is

related to the present™ band by the removal of the vt
$-[514] proton. The frequency dependence of the alignmenPranches go to the%) 17'2”'”3'0 state, and to the members

of the K™=7" band and thé2* band is almost identical ©f the 7 "[404] and the%' * bands, as shown in Fig. 5. The
[see Fig. 18)], the difference of about7l in magnitude ~Measured conversion coefficients for the 555.3 and 789.3
being attributable to the addition@I [514] proton. This ob- keV depopulating transitions to tt#¢* and%' * levels of the

servation lends further support to the configuration assignk”= %" band, given in Table II, clearly show these transi-
ment. tions to be ofM 1 andE2 character, respectively, leading to

» _ an unambiguous assignment of the spin and parity of the
10. K"=Z" level at 2098.2 keV (Fig. 3) state. The meanlife of this state is determined to be 33
This level was previously identified by Bamed et al. =6 ns as detailed in Sec. IV E. _
- 25— . The alignment obtained from the tentative band members
[21] as aK™=(% ") state, based on the large negative an-

S . . is ~2.51. Out of the possible Nilsson configurations given
gular'('j|str|but|on Coeff'c'e”F for ‘h‘? 399.'7 keVv deODUIat'ngin Table V, the low alignment favors the first or the second,
transition and an assumption of it beiigl, although the

bility of M1 nat t di ted. H . the third being discounted due to the presence of two aligned
possIbiiity 0 nature was not discounted. HOWEVEr, 1N\, ticjas The first configuration is expected to be energeti-

the present work the 399.7 keV transition has been assign lly favored, but a firm assignment is precluded in the ab-
M1 character, based on the measured conversion coefficients & ¢ info'rmation about other in-band properties

given in Table Il. The measured angular distribution coeffi-
cient isA,=—0.59(21), but this is a combined value for the a3 i
399.7 keV transition and the 399.8 keV transition from the 13- K'=7" state at 2852.6 keV (Fig. 4)

2671.1 keV to the 2271.2 keV levéFig. 3) which is prob- This state has a meanlife of 6 ns and decays to the
ably aJ—J transition. The total angular distribution coeffi- K™=%* level by a 26.2 keV transition, which from the total

This isomeric state has several decay routes, with the
strongest being to th&™=2" band members. The other
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conversion coefficient must be &1 character. Out of the unlikely on account of the weak but significant population of
possible spins of~ or £, the former is unlikely as the this band relative to th&™=2* band.

band built on this level is populated more strongly than the The band extends up = (%)~ and has a high align-
one built on the neighboring ™= 3 level (2826.4 keV.  ment of i~4%. The two likely Nilsson configurations are
Fusfsﬂle][. ifththetstpin tiszglgglémke%:t_o li‘é_' it SimP"\G/SCKj; given in Table V. The experimenta, value of 0.434)
=37 for the state a .8 keWFig. 4; see Sec. { 475 7+ 7- 9+

which would then be expected to have a decay route to th](‘aavolrsg _the vz [5,12]’ ? (633, z7[514], z7[624]}
K7=3+ level at 2826.4 keV. Such a transition is absent.® 7 1z [514]} configuration.

Combined, these observations lead to an assignmelt™of

=2~ for this state. The alignment obtained from the frag- 16. K"=3" state at 4329.4 keV (Fig. 4)

ment of the rotational band identified is low, indicating an A |evel which decays to th&* and %" members of the

absence of aligned particles. The Nilsson configuration i 7— 35+ pand has been identified but only a tentative iden-
likely to be v*37[512], 5 [514]}@7*{3'[404], tification of the first member of its rotational band was pos-

27[514],57[402]}. The g« value for this configuration is Sible. The 461.5 keV depopulating transition to @_é state
calculated to be 0.75, which is to be compared with the exhas been assignéd1 character from the conversion coeffi-
perimental value of 0.51%. All the other possible configu- Ci€nt given in Table II, but itg\; coefficient cannot be mea-
rations resulting ifK ™=~ or K™=~ have twoi 15/, neu- sur_ed directly since thSeie is another transition at 461.9 keV
trons and are not consistent with the observed alignment, Which occurs in the3"[402] band. A value of Ay=
—0.18(18) for the 461.5 keV transition has been deduced
- . from the known relative intensities of the 461.9 and 461.5
14. K*=7" state at 2956.8 keV (Fig. 4) keV transitions, combined with the knowledge of the average

The rotational band based on this new state extends up @ the A, coefficients for the otheE2 transitions in the
|7=42+ and tentatively to%*. The bandhead has a mean- 3 '[402] band. Spins of?*, 3, or ¥ are thus possible

life of 2.6=5 ns and decays to th&™=%" state by an buta% ™ value would require a quadrupole admixture which

104.2 keV transition. This transition is assigrietl character ~ can be excluded by the conversion coefficient. A spifFof

from the measured conversion coefficiefiable Il) and has for the bandhead is also unlikely given the population, thus

a negativeA,, giving spins of2™ or 27 for the state; the leading to an assignment Kf" = 2. This is consistent with

higher spin being favored by the relatively strong populationthe 818.3 keV branch to th§ * level of theK”= %" band

of the band. being relatively weak, due to its implied quadrupole charac-
The high alignment of the ban(Fig. 16, and a com- ter. The meanlife of the state has been measured to be 1.0

pressed spacing between the bandhead and the first rotatiorra0.3 ns.

level, both indicate the presence of Coriolis interactions and This state has been assigned the 7-quasiparticle Nilsson

hence the presence of,3, neutrons. The possible configuration of v»*37[521], 37[512], £ [514],

5-quasiparticle Nilsson configurations for the state are listed + 37+ 9 - 5+ ; ;

in Table V. The experimentaj, value of 0.824) derived [624]}® m*{; "[404], 3 [514], ; "[40]}. Itis uniikely

from the lower members of the band favors the first configu—t0 be the second configuration given in Table V which is

energetically unfavored.
ration v?{37[633], 5 [514)}®x>{57[404], $7[514], g Y

%*[{102]}, and agrees well with thgy value calculated in- 17. K=%~ state at 4570.2 keV (Fig. 4)
cluding the alignment effects as illustrated in Fig. 17. The _ o aa
lowering of thel "= ¥’ * level is likely to be caused by mix- ~ This state decays to th&"=>"" state by a 240.8 keV

ing with an (unobservedd ¥ * intrinsic state, obtained by transition which has been assignéd character from the
replacing thel*[633] neutron with a2*[624] neutron. Measured conversion coefficierable 1). The value of
(Such a mixing may also be responsible for the lowgr ~A2=0.01(20) deduced for the 240.8 keV transition, after
value obtained from the higher spin members of the band al§iking account of another 240.9 keM1 wransition in the
shown in Fig. 17. This situation is similar to that of the 3 [402] band, indicates that it is unlikely to beJa-J tran-
K™=2" band and indeed the frequency dependence and tHtion. Spins of 3~ or 2~ are possible, the higher spin
magnitude of the alignment of both bands is very similarbeing favored by weak but observable population of the first
[Figs. 15a) and 16a)]. few rotational members of the band. Furthermore, the Nils-

son configuration corresponding to the state is expected
to be higher in energy than tHg ~ level. The Nilsson con-

figuration assigned to this state i${3 [521], 3"[633],

This level decays by a 71.5 keV transition to th& 1-[514], $*[624' @ w3{1*[404], 3 [514], £ *[402]} and

=33~ |evel of theK™=32" band and by a 330.1 keV tran- ; - - -

sition to theK™= 2" state(Fig. 4). The 71.5 keV transition Is consistent with the observed alignméig. 16.
is assignedVl1 character from the total conversion coeffi-
cient obtained from intensity balance; tB&/M2 possibility

is ruled out by the absence of a significant bandhead lifetime. The isomeric state with a meanlife of 198 us identi-

Spins of 27, 2~ or ¥~ are possible, bu¥ ~ andZ®~ are  fied in this work, decays to th&~ state by an 86.1 keV

15. K™= ()~ state at 3287.0 keV (Fig. 4)

18. K"™=%" state at 4656.3 keV (Fig. 4)
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transition, whose measuradconversion and the total con- band, the rotation-aligned band pand, theK™= %" band
version coefficient characterize it B2 (Table Il). The level and the band based on the 1874.9 keV level was carried out
spin value could bé; = or 2~ but the absence of @&ray to reproduce the experimental energy levels aroufid
transition €,=327 keV) to the¥ * intrinsic state, despite =22~ The rotational states were calculated by assuming
the inhibited nature of the 86.1 keV transitiwhich leads  spin-independent interactions and moments of inertia which
to the extremely long meanlifeis only consistent with gefined the unperturbed bands. The perturbed levels, shown
the 3~ possibility. The 7-quasiparticle configuration jn Fig. 18 by the solid lines, reproduce well the experimental
vH57[512], 17[633], 3 [514], 37[624]}® m*{5*[404], levels and also the perturbation of tB&" and2’~ levels of
$7[514], $7[402]} is assigned to this state. The relatively the 2~ band and the band beginning at 1874.9 keV. The
strong population of the state and its subsequent decay palitanching ratios for these two bands were then calculated
through a sequence of high-isomers is consistent with its assuming differentix — g values depending on the assump-
highK value and its yrast nature. At this stage the long life-tions about their configurations as detailed in the next two
time has precluded identification of transitions above thesections.

bandheada 257 keVy ray is a candidade although from

the other bands one could anticipate population of states up 1. Structure of the =2~ band at 1355.0 keV

51 . . i . .
to~7. There are four possible Nilsson configurations for this

structure:

(i) m*(37[514], 7[404], 3 *[402]},
Ach g & 25 for these two band (i) v*{37[514], 37 [512}={3[514]},

chance near degeneracyldt= 3~ for these two bands Lo pr7 o 7+ 17+

(see Fig. 3 gives rise to mixing and therefore out-of-band (!") V2{$7[514]’92+ [633]}@)71 {52+ [404]},
transitions. The spin assignments are discussed first, fol- (V) ¥z [514],537[624]}@ 7{3 "[402]}.
lowed by band-mixing calculations performed to understand Similar three-quasiparticlg' ~ isomers and bands based
their structure. on them are known in"°Ta, where the&:~ band has ar®
structure, and in""°Ta where the structure is proposed to be
a mixture of configurations$), (ii), and(iv). In Ref.[7] the
evolution of these configurations was studied for a series of

The K™=% " isomeric state was known from previous tantalum isotopes and it was seen that while configuration
work [23] and has been the subject of some investigations favored in*"°Ta, all four configurations listed above are
[20,2] due to theK-forbidden nature of its decay. The con- predicted to be closéenergetically in "’Ta. Indeed, in a
version coefficients given in Table Il confirfd 1 and E2 previous work[21] the 2 ~ state in'""Ta was thought to be
multipolarities for the 311.3 and 549.9 keV transitions, re-an admixture of configurations) and ii).

spectively. The rotational sequence based on this level ex- The experimental branching ratios yield a value ggf

VI. THE BANDS BASED ON STATES AT 1355.0
AND 1874.9 keV

A. K™=2Z state at 1355.0 ke\(Fig. 3)

tends up to¥ ~ and possibly up té;’ . —gr~0.45 at low spins and-0.36 at higher spins, neither
of which match well with expectations for any of the above
B. The band based on the 1874.9 keV levéFig. 3) four configurationgTable V), though they are closest to that

This level and its associated rotational band extending uﬁf. configurgtion (ii), WhiCh. hqwever does not have. an
to 2~ are new. The 248.9 keV transition from the 1874.9"’“'9”(3d particle. As shown in Fig. #5), the band starts with
keV to the £~ level of theK™=2" band, has been as- a low alignment of~ 14 which rises rapidly to-6#4. A gain

signedM 1 multipolarity from its total conversion coefficient In allgn_ment W.OU|d be e>_<pected if mixing with co_nflgu_ra-.
(see Table ). This, combined with the existence of the tions with an aligned particle occur, but such a rapid gain is

crossover transitions to and from the= 2~ band at 1355 difficult to explain. The band-mixing analysis that follows,
keV, fixes the spin and parity of the 187% keV levelZs reproduces the branching intensities at the lower spins, but

Since the lower band members have significant out of bangOes not resolve the problem of explaining te-gr val-

o N ues and the alignment.
ggicn%y}htgeb;):;r?;lzgt)éacﬁni? bin?ut;zgr\éi% or 7 level The calculations were performed with two differemg

—gr values for theK™=2'" band, the first assumingy
—gr=0.8 consistent withz® configuration and the second
taking gx —gr=0.34. The latter is an empirical value ob-
The experimental level energies of the two bafwish an  tained from the branching of tH€= 2~ level where mixing
arbitrary rigid rotor reference removeslersusl(l+1) are  with other bands is not expectésee Fig. 18 This approach
shown in Fig. 18 by the filled symbols, along with those of was preferred rather than the assumption of a value corre-
the nearby3 [514] band (at 73.3 keV, Fig. 1 and K™  sponding to one of the above foufs configurations. In
=2~ band(at 1602.7 keV, Fig. 2 In the figure perturba- both calculations, the band beginning at 1874.9 keV was
tions are evident in the energy levels of &=% " band at assumed to hav&”=2!" with g«—gr=0.17, obtained
spin 2, and in theK™=35"~ band at higher spins, with the from the experimental branching ratios from it&=32"
latter possibly due to mixing with th&™=%"~ band. A level. The experimental and calculated dipole intensity for
band-mixing analysis including states from ti&™=35" the in-band and out-of-band transitions for the two bands are

C. Band-mixing calculations
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FIG. 19. Experimental and calculated dipole intensities for in- 4 _ ___.__.--"": .e® __

band(left panel$ and out-of-band transitiongight panel$ for the I o---- ’.' _
K7=2l~ band at 1355.0 keV and the band above the 1874.9 keV ) | i 1875 (21/2) |
state[K”:(%)’]. The experimental values are shown by filled L7 T8y .

symbols and the calculated intensities assuming diffeggnt gg L I L L L L L |

values, as indicated, are shown by hollow symbols. 0 100 200 300 400
ho (keV)
plotted in Fig. 19. While the calculation assumigg—gr FIG. 20. Alignments as a function of rotational frequency with

=0.8 (lower panels agrees with the experimental values up reference parametefs=35 MeV 2 andZ;=70 MeV 34 for

to spin%', it disagrees at higher spin values where a value ofhe 1874.9 keV band assuming different values<aés indicated.

gk —9r="0.34 explains the data better, indicating a change irrhe alignments of selected bands in neighboring nuclei are shown
structure of thed ~ band from am® configuration at lower for comparison.

spins to av?r configuration at higher spins. o ) ) )

The structure of the band at higher spins, however, reSther limit being indeterminate ai’z is negative, compared
mains an enigma since as indicated previously, the calculd¥ith the theoretical Nilsson estimate gf<_=0.3;%. The ex-
tions, while successful in reproducing the branchings of thd€rimental alignment calculated assumikg-= 2 IS com-
lower spin members, do not explain the experimental alignPared in Fig. 20e) with the alignment of th&” =3~ band
ment or thegy — g values. The situation is made more com-[8] in **'Re, which has the same conﬁgurgnon as that pro-
plex since mixing of configuratiofi) with all the others, i.e., Posed. The low alignment of the band i'Ta combined
(ii)—(iv) is likely in Y Ta[7]. The large gain in alignment with its different frequency dependence compared with that

could arise from Coriolis mixing between configuratiow) ~ ©f the 181Re band, argues against identification of the 1874.9
and the band based on th¥ state(as could be implied by keV §tate as &~ bandhead. Fur.thermore, the expenme_ntal
the loci of the two bands in Fig. 18the latter obtained by levelis much lower ¢-400 keV) in energy than the predic-
replacing theZ *[633] neutron by a2*[624] neutron. A tions of the multiquasiparticle calculations for the intrin-
quantitative comparison may be possible with a more comSic State(see Table Vil and Sec. VI B

plex band-mixing calculation, including thé™= 2~ band, The alternatives are that the bandhead is a lower lying but
but has not been pursued as yet due to the inherent ambigHnobservedy ~ or 5~ level. The configurations consistent
ities. with the relatively high alignment of the band are
(i) KT=3": v¥{37[514], 3 [624]} w'{] *[404]},
2. The 1874.9 keV state and its band (i) K™=2": VZ{%*[51AQ, 3*[624]} @ w1{537[402]},
If the 32~ level at 1874.9 keV is assumed to be the band- (i) K™=% ": »?{17[514], 5[633]}® 7'{3 "[404]}.
head then the only likely configuration i8%{%*[633], The first two involve the/?{% "[514],3 *[624]} combina-

9+[624]}@ {2 [514]}. The experimental in-bang-ray tion, which also occurs in neighborin°Ta and **Re nu-
branching ratio for théz_g state, assuming: %’ ylelds an clei [7,8] The third Conﬁguration inVOlVing the
imaginary value for the mixing rati@, indicating either too {3 [514],5 "[633]} pair occurs in thek"=%3" and K™
high aK value orK mixing. The experimentagyx value =7~ band[9,42] in Y"&V. The alignments for these bands is
determined from the higher spin members is 03%the plotted in Figs. 2(b) and 2(dc) along with the alignment for
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TABLE VI. K-forbidden decays it "Ta.

E, Mult. l, ar T2 v f,°
(keV) (rel.) (s)
K™=+ E=1522.9 keV;r,=8(2) ns
479.5 E1l 101) 0.008 5.5¢10°8 3 3P
718.0 E1l 152) 0.003 3.%x10°8 3 40°
718.0 M2 152) 0.003 3.%x10°8 3 40
935.9 E1l 42(3) 0.002 1.%10°8 3 37
621.4 M1 5(1) 0.031 1.x10°7 4 33
847.2 M1 8(1) 0.014 6.%10°8 4 37
1052.3 E2 6(2) 0.004 9.%x10°8 3 23
889.8 E2 3(1) 0.006 1.8<10°7 4 10
283.5 E1l 103) 0.026 5.5¢10°8 2 170
K™=2'" E=1355.0 keV;7,=8.6(3) us
53 M1 0.31) 5 1.1x10°8 5 23
311.3 M1 394) 0.190 8.4<10°° 5 26
549.9 E2 5(1) 0.016 6.6<10°° 4 24
K7=3+ E=2826.4 keV;7,,=33(6) ns
296.5 M1 7(1) 0.217 4.%10°7 3 79
555.3 M1 60(5) 0.041 4.%10°8 3 72
789.3 E2 57(5) 0.007 5.1x1078 2 41
256.5 M1 2.46) 0.322 1.210°6 6 10
502.2 E2 3.35) 0.020 9.81077 5 5
552.2 E2 2.05) 0.016 1.5¢10°6 10 3
K™=4" E=4329.4 keV;7,=1.0(3) ns
461.5 M1 12(1) 0.067 7.8¢10° 10 3 15
818.3 E2 0.712) 0.007 1.3x10°8 2 23

aTy=Texp2i|M-(l+ati)/|7.
®For E1 transitions theT,, value was multiplied by 19 before calculating , .

the band in question assuming eitiér=% or K=% as bandhead to be K™=2" state at 1874 ke\tthe possibility
appropriate. Whether the band has a configuration involvingliscussed in the previous sectionith g« —gg=0; the g

the v2{1~, 2*} component is ambiguous, since its alignment— gr Value in each case was obtained from tfie 3~ level
does not match with that of thé¢™=22~ band[7] of 1°Ta  of the band. A value oK™= %"~ andgyx—gg=0.8 (* con-

with a configuration the same &8, but is close to that of the figuration) was used for the band at 1355 keV. The experi-
K™=2l" band[8] of '®'Re which has the same configura- mental branching ratios are compared to the two sets of cal-

tion as(ii). The band however closely follows the trends of culations in Fig. 21. Experiment corresponds closely with the

those involving ther®{Z~[514], 27[633]} pair. Its align-  calculations assuming"=%" as the bandhead. If the
ment matches that of the 7band[9] in 2’8 and thek”  bandhead i&"=%" (or K"™=%" at 1673 keV then the
=2* pand inY""Ta, the difference of- 1% compared to the 2~ 2~ E2 transition would be expected to be visible
latter being due to the addition of tHe [514] proton. The according to the calculationéFig. 21 bottom pangl as
experimentalgy — gg of 0.17 (or 0.13 assuming =2 (or  would the out-of-band transition from thg "~ level to the
Z) js closer to that of configuratiofii) (see Table ¥, once K™=3% "~ bandhead. These transitions were not identified ex-
the alignment effects are included. Thus the band alignmererimentally, though the possibility could not be ruled out
favors configuratioriii ), while the gx —gg favors configu- completely due to complexity of the-ray spectrum.
ration (ii), although configuratioii) cannot be ruled out ex- In summary, the assignment Kf"= 2~ as the bandhead
perimentally. However, configuratidiii ) is energetically fa- is supported by the observed branchings in the region of the
vored according to the multiquasiparticle calculations giveri ~ state where there are perturbations, but the low align-
in Table VII, and predicted to lie-365 and 436 keV below ment of the band and the results of the multiquasiparticle
configurationd(i) and(ii), respectively. calculations which predict this state to be much higher argue
The possibility of the bandhead being an unobsedfed  against it. The scenario of an unobserwe@i=3% "~ or 3~
level was investigated utilizing the phenomenological bandstate being the bandhead is still possible from the analysis of
mixing calculations using two sets of calculations; one asthe branching ratios, and the band alignment and ghe
suming the bandhead to bekd =3~ state at 1494 keV —gg values could support either of the assignments. In the
with gk — gg=0.17 for the band and the second assuming thebsence of any further information, this band has been asso-
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TABLE VII. Calculated and experimental energies of multiquasiparticle staté&'Tra.

An A p Eqp Eresb Ecal Eexpt

K™ Configuratioft (keV) (keV) (keV) (keV) (keV) (keV)
I+ m[%7] 742 866 0 0 0
3+ w1 [37] 742 860 63 63 70
2- w1 37] 742 861 66 66 73
3 73] 742 865 208 208 217
B %] 742 908 1540 1540 (899

* V(37,37 10w 5] 540 866 1655 —133 1522

- m[3,3%,21] 742 598 1731 -212 1519

* v 37, I 19w 5] 531 866 1417 -16 1401

* v 37, I 19w 3] 533 860 1544  —65 1479

" 73 .33 742 598 1736 -120 1616 1523

* V(3 2 10w 1] 533 866 1481 -128 1353

- VI I 10w 2] 538 860 1682 —-75 1607 1603

- V3 i e [17] 551 866 1938 -155 1783

- 737,537,371 742 597 1536 -132 1404 1355

- v 37, I 19w 2] 533 861 1547  —99 1448

- v i I e [7] 538 866 1619 —152 1467 < 1875

- v 9 10w 2] 550 860 2042 -138 1903

* VI I 19w 3] 538 861 1685  —99 1586 1699

- L7 3 er (4] 550 866 1979 -147 1832

" V5 M en (3] 550 861 2045 —99 1946 2098

- V9 e [27] 552 861 2201 +71 2272

- v 37,2 19w3, 17,2 540 597 3191 -266 2925

" 35 1en 5 .51.37] 533 598 3218 269 2949 (2671

- V“[;—,i—,%—,?]@wl[g—] 399 861 3206 -107 3099 2826

+

V3 i 1ewd3, 533 597 3017 -305 2712 2853
3 I 1ewd3t, 538 597 3155 -322 2833 2957
v I 9 e md 2 550 597 3515 -380 3135

3,5 S len 3] 400 861 3414 173 3587 (3287

+

+

+
N[© N[© N[©
\
—_—

+

B P M ead[3t, 5,2 552 597 3671 -159 3512
B VL M emdL, 11,27 550 673 4457 —282 4175
B V5 5 lemd 5T, ‘,1—1‘] 538 635 4837 —287 4550

+

1-5-7-9
137573 ,2+]®773[

JATL- T+ 1- 9 3
[37.55.5 .53 1en% 5",
5 57— 9 54+

V3" s lem (37,

399 597 4677 382 4295 4329
400 597 4813 345 4468 4570
408 597 5219 -93 5126
400 597 4884 132 4752 4656
436 673 5827 -129 5698

+

+

12 12 12
5- 7+ 7—- 9 5+
vz e,

5. 7+ 7- 9 7
V37555 3 e,

+

+ +
© NI© N[© N© N[O N[O N
\
L N S Ry B R B

SIS A AR R AR AR S A RS RS A el el A K RS RS S SRS RS R B P S S S S N SN el N N

T en s Y37 57,37] 400 454 6959 —327 6632
oA I M eRd it 2 8 400 635 6566  —93 6473
R L AR =T e ke +,%—,§+,%-] 400 454 7030 -185 6845
- I M en (3T 5373871 400 441 6959 327 6632
ML) R o [ 5[“,”,%*,2*,%*] 400 457 8179 -324 7855
W M len 529758 ] 400 454 8718 -196 8522
- i I e s it 27 57 7] 400 457 8434 +277 8711

044321-29



M. DASGUPTA et al. PHYSICAL REVIEW C61 044321

TABLE VII. (Continued.

Aq A p Eqp Eresb Ecal Eexpt

K™ Configuratioft (keV) (keV) (keV) (keV) (keV) (keV)
S AN en L5858 ] 400 463 9203 384 8819
- I e iT 87,2 8] 408 457 8840 +168 9008
§ AT EPlesTd 238 E ) 400 45T ss0s 48 8553
Configurationsneutrons(v): 3 [521]; 37[633]; 2[642]; 3 [512]; 5 [514]; 37[624]. protons (m):
27[514]; 2*[404]; 57[402); 37[541); 37[505]; 57[523]; 37[532]; 3*[411]. Boldface indicates Cori-

olis mixed orbital.
bReferencq 46].

ciated tentatively with the energetically favorésee Table (M) are, in principle, forbidden, although in practice they are

VII) configuration(iii) and is labeled wittk "= (%)~ inthe ~ Observed but hindered. A measure of the amount of retarda-

level scheme. tion is provided by theK hindrance per degree &f forbid-
dennesd,, defined as

VII. DISCUSSION fVZ(Ty/TW)l/V, 3

A. K-forbidden y-ray transitions ) ] ) ]
. . ) , where T, is the partial y-ray halflife and andT, is the
Electromagnetic transitions for which changes in the Weisskopf single-particle estimate.

quantum number are larger than the transition multipolarity |, 4qdition to the well-knowrk "= 21~ isomer at 1355.0

keV, the present study reveals the presence of several new

et isomers which decay bi{-forbidden transitions, as listed in

31/27

29/27 — 29/2- + 1 Table VI with theirf, values. Note that foE1 transitions,
e the Ty, value is multiplied by 18 before calculating , to
2117 — 2L take account of the fact that normal transitions are already
25/27 — 5/ ¥ 1874 usually hindered. The values for transitions from tKé&
=" and3 "~ isomers closely correspond with those*f

23— and %~ states in'"*Ta[6] which are structurally identical.

The 257 and 502 keV transitiorioth to theK ™= % * band

K= 21/2” and the 552 keV transitiofto theK™= %" band depopulat-
31/2 ing theK™=%" isomer, are anomalously fast, witl val-

ues lower than systematics would suggest. For the 257 and
502 keV transitions, this can be attributed at least partly to
local mixing with the 3" member of theK™=4* band
which is within 14 keV. Further, thK™= %" band alignment
Ep——— (see Fig. 1#shows a gain at arourid= 3" corresponding

to the alignment ofi 3, neutrons, which would lead to a
mixed K for the higher spin states. This, combined with the
—— mixing of the Z* band withK”=/" band(the 3 states

A s Al are within 12 keV, leads to a smallef, value for the 552.2
2665 keV transition which connects th€™= 3 * isomeric state to
theZ’* member of the "= 2" band. A similar local-mixing
situation, leading to small, values, has been reported for

2 —f—3 217 the 5-quasiparticle isomer i°Hf [43].

In addition to the states listed in Table VI, tie= (%)
state at 1476.9 keVFig. 2) and theK =12~ state at 1602.7
keV (Fig. 2), also decay byK-forbidden transitions. Thé,

2/ - values for the transitions depopulating these two states are in
K" = 21/27 theory with K¥ = 21/2" agreement with the systematics.

theory with K® = 25/2°

21/27

29/27 —
29/2°

21/27 —

27/27 —

25/27 —¥ 25/2

23/27 —

21/27

29/27 — 2474

29/27 ¥ —2381
21/27 — — 2193

25/27 — —1919 1873

23/27 — 1673
21/27 1494

23/27 — 1628

FIG. 21. The experimental relative branching ratios for e

B. Multiquasiparticle calculations
=2~ pand at 1355.0 keV and the band above the 1874.9 keV state a P

are compared with the results of band-mixing calculati@es Sec. In our earlier work{4] good agreement was obtained be-
VI C) assumingK = &t (bottom panelor K= 22 (top panel for the  tween the experimental energies and those from BCS calcu-
latter band. lations, with the inclusion of blocking for multiquasiparticle
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1500

. . . . . - states. It is of note that almost all the states which are pre-
I °s o 1 dicted to lie in close proximity to the yrast line have been
1000 - 23,0 0 “a ] observed.
g s | . Agan ‘. 0o | Even though the overall agreement is good, there are dis-
= 8 s o ] agreements which need comment. The calculafed state
g opre—g " e with a configurationw?{3~, 2 Y@ m{% "} is predicted to be
2 i ‘ © I significantly lower than any corresponding observed state.
B o0 . i Experimentally, only a?~ state (1603 ke\j is observed
T el expt. +/- a/e . ] with no plausible candidate for 8 © state. Considering the
I cale. +/- a/o component configurations among the neighboring even-even
~1500 o nuclei, av?{32~,2 7} configuration forming a 6 state, oc-

172 172 212 312 41/2 51/2 . .
- curs[9] in Y& at an excitation energy of 1666 keV. Thus

the 3 state formed by the addition of{%*}, which is the

FIG. 22. Comparison between experimerfélled points and ground-state configuration of 'Ta, is expected to have an

calculated(hollow pointg yrast and near-yrast multiquasiparticle o ;
states in'’"Ta relative to the; “[541] band. For th& "= 3~ state, excitation energy of-1670 keV. However, it may not com-

. 197 . . .
two experimental points are shown, one for the 1355.0 keV stat&g)e'[e favorably with the3" " configuration which has an

. . . . "
and the other at 1467 keV which is the predicted energy from théa“gned particle, thus possibly accounting for ﬂ?qe state

band-mixing calculatiorisee Sec. VI G of the 2~ bandhead as- not being observed. However, it also indicates that the

sociated with the 1874.9 keV band. present calculations underpredict the excitation energy of the
v?{37, 57} combination. This deduction is also supported

states. However, this agreement could be fortuitous due tBY the fact that thek "= %~ state, assigned a*(3~, 77}

the inherent limitationg44—44 of the BCS theory, which ®#3{3", £, 27} configuration, has an excitation energy
results in an artificial collapse of pairing for low values of higher than predicted, even though the predicted energy for
the pairing-force strength, as seen in our previous calculathe 7> component, resulting in &~ state, matches very
tions [4]. These limitations can partly be overcome if the well with experiment.
pairing correlations are treated using the Lipkin-Nogami for- The 2% state at 2098 keV interacts with tHg* level
malism[47]. In this section we present such calculations. (1835 keVj of the 3" band leading to the compression of
The single-particle energies required as inputs to the cakhe first rotational excitation of the lattésee Fig. 3. Since
culations, were obtained from the Nilsson model using théhe lowerZ ™" state is pushed down by 35 keV due to the
deformation parameters given in Sec. V A. The energies ofteraction, the experimentglippe) K™=2%" state is ex-
the states close to the Fermi surface were subsequently agected be pushed up by a similar amount. This reduces the
justed to reproduce approximately the experimental onediscrepancy between the calculated and observed state to
quasiparticle energies, itf"Ta in the case of protons, and an ~117 keV. The calculations predict ™ configuration to

average of'”’Hf and 7AW energies in the case of neutrons. P& ~400 keV lower than theX! = configuration, but the

Pairing force strengths ofG,=20.7A MeV and G, Lorlmer Eas nlot Ibeeg idlentifiedTartl)(lj t(\ﬁ Ie_T_trt]er lies 22? keV
=18.3/A MeV were used for the calculations, yielding he %_%t ;atcaCLf[zte. vabuéseeda e;d b]. d etreagoU Or'th
ground-state pairing gaps of 866 and 742 keV, respectiveb} €% ~ slale nolbeing o servew °23+ € due to mixing wi
: . : Lo . “the closely related structure &"= %", which also results
Following this procedure, the multiquasiparticle energies ) 37+ 354
. . In lowering of the ™ member of the3*™ band as seen
were calculated without further adjustment of parameters, . .
experimentally(Fig. 4).

[T;]esi calculfltl?n? in general afgree \g?” V\g'ih_those Of. ITEf‘ Predicted states with spins higher thgrare also listed in
» where calculations were performed to obtain a Consistent e v The 9-quasiparticl& ™= %~ state, at an excita-

picture of the multiquasiparticle states in a series of Ta isos.

: tion energy of 8553 keV, is predicted to be an yrast trap,
topes, bu_t the para1r7neters in the present case ha\_/e b‘?e” Qﬁiich is consistent with the expectations of calculations by
justed slightly for 1'“Ta. As a result, the 7-quasiparticle A

. . berg [17]. This state could decay either by a low ener
states, all of which contain &*[624] neutron, are repro- g[17] ! " y o y W 9y

. . SR . (~30 keV) M2 transition to the22* state(the £ state is
duced better in the present calculation and it is likely that in : _
: expected to be lower in energy than tie state due to the
the calculations of Ref.7], the 3 7[624] level was taken to b 9y

’ resi | interacti r nE3 transition of~7 keV
be too close to the Fermi surface. esidual interactionsor by anE3 transition o 00 ke

. . . . . _to the & * state. In either case the transition will be slow,
The resulting comparison with experiment is presented "]eading to a long lifetime for thél ~ state

Table VII along with the values for the pairing energies for
protons and neutrons and the residual interact[d6$ For
ease of comparison, the excitation energies relative to the
37 [541] band members, as a function of spin, are shown in The competition between the intrinsic highstates and
Fig. 22. The calculations, with the inclusion of residual in- their collective structures in forming the yrast line in the
teraction energies, are in good agreement with the excitatioadd-even Ta isotopes is determined primarily by the position
energies of the experimentally observed multiquasiparticlef the neutron Fermi surface. For the lighter isotopes like

C. Formation of the yrast line
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173Ta and1"°Ta, the Fermi surface lies around the[521]  meanlife of 62 us and decays to a 20state by a 97 ke\E2
and3 [512] low-Q orbitals and thus the higk-configura-  transition.
tions with 2 "[633] and 2 *[624] neutrons are higher in en-

ergy. Consequently, ther'{3 [541]} rotational band re- VIIl. CONCLUSIONS

mains yras{7] up to very high spins. On the other hand, in  The nycleust’"Ta, with its neutron and proton Fermi sur-
the heavier*"*Ta isotope the neutron Fermi level lies be- faces lying close to orbitals with large values®@f is ideal
tween the; "[514] and 3 "[624] orbitals, and the yrast line for investigating the hight multiquasiparticle states, their
is formed by highk multiquasiparticle states and the collec- rotational structure and structural changes which occur due
tive structures associated with their rotation. to competing configurations. The study reveals a multitude
In Y""Ta, the neutron Fermi surface lies between theof high-seniority states, some of which are isomeric. Time-
57[512] and £ [514] orbitals, which is approximately in correlated y-ray data were essential in order to identify
the middle of thel*[633] and 2"[624] high-) orbitals. weakly populated isomeric states and the associated rota-
Consequently, higli two- and four-quasineutron configura- tional bands.
tions occur at low energies and the situation is similar for the = Configurations for the observed intrinsic states were as-
one- or three-quasiproton configurations, with the result tha¢igned on the basis of their decay and the properties of their

many competing multiquasiparticle states can be formed. Agotational bands. While most of the bands are well under-
illustrated in Fig. 22, the yrast line is formed by the[541] stood, the behavior of some of the bands, most notably the

. m_ 21_ . . . . . .
band up tol ~ 2, after which high states each with con- "€ built on theK™= 5" 3-quasiparticle isomer, is difficult

figurations involving large orbitals and their collective ro- to explam. Such anomalqus beha}‘"‘" IS p055|bl3_/ due to mix-
tation become yrast. ing with several competing configurations at high spins in

177 StrinG ;
Although the three-quasiparticle configurations all lie Ta. Nevertheless, almost all the intrinsic states which are

above the vrast line. the occurrence of manv closelv relate redicted by multiquasiparticle calculations to lie close to the
y ' y y 5rast line, have been observed experimentally.

highK structures gives rise to complex mixing and thus to The K™=2~ and 2~ states are very long lived (8.6
features in the rotational structurésee Sec. V| which are g 3 s and 192-6 ;s respectivelyas a result of Sub-

not yet fully understood. The five-quasipartick”™= 3" giantialK hindrance in the former but of spin trapping in the

band at 2956.8 keV becomes yrastlat 7, with further  |atter. The calculations predict the existence df &= 5.~
changes occurring dt= % and %, where theK"="%"and  yrast isomer at an excitation energy of about 8.5 MeV. Ex-
theK™=7%" states become yrast, respectively. These statgserimentally, it is difficult to form such high angular mo-
decay by transitions minimizing the changeKnto the ro-  mentum states using stable beams except through low cross-
tational band members built on highbandheads or directly section reactions involving charged particle emission.

to highK intrinsic states, thus enabling many quasiparticle

states and their rotational bands to be identified. ACKNOWLEDGMENTS
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