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Excited states in°Ta have been identified using tHé%b(*'B, «3n)*°Ta and *"®vb("Li,3n)*®Ta reac-
tions and associated time-correlatgday spectroscopy, including partictecoincidences for channel selec-
tion. As well as identifying the rotational band based on thet®o-quasiparticle state at 75 keV, at least eight
other low-lying two-quasiparticle states and associated rotational bands have been established. Lifetimes in the
few nanosecond region were isolated using-time techniques. Most of the observed two-quasiparticle states
and some of the band members can be identified with states known from patrticle transfer studies. The prop-
erties of the observef},, = ), partners of I and 8" bands from the/9/2"[624] 77/2" [ 404] configuration
and the 0 and 9 pair from the»9/2"[624]® w9/27[514] configuration are discussed. High-structures
identified include the band based on the four-quasiparticleu45 15 isomer, a 32 ns, four-quasiparticle
187" isomer, and a six-quasiparticle T9 intrinsic state and its band. Configuration assignments are aided by
analysis of the in-band decay properties, which confirm, for example, a predomimaritigonfiguration for
the 15 isomer. The results are compared with multiquasiparticle calculations. A number of yrad( lsigh-
and eight-quasiparticle states which could be accessible in future studies are predicted.
[S0556-281®8)00109-5

PACS numbgs): 21.10.Tg, 23.20.Lv, 27.78.q, 21.10.Ky

[. INTRODUCTION Earlier we reported [13] the identification of a
45 us 15 isomer in%Ta and its decay through members
The odd-odd nuclide!®®Ta has the distinction of being of the 9~ rotational band. The isomer was observed in
both the least abundant naturally occurring isotope in the'!B-induced reactions, primarily aimed at the study'¥Re,
solar system, and the only one found as an isomer. The natbut in whicha emission leads to tantalum products, particu-
ral form is not the I ground state which lives for only 8 h, larly 8Ta and!®'Ta. The opportunity of studying the spec-
but rather the 75.3 keV 9 excited state which lives for troscopy of tantalum isotopes so close to stability, at moder-
longer than 1.X10% yr. Its production in nucleosynthesis ate angular momentum, has been pursued using
has been the subject of conjectuigee, for example, the coincidences to select the weaker channels. Complementary
summary by Schlegedt al. [1]). measurements usingLi-induced reactions to favor the
Early measurements on thé®™Ta (y,y’) reaction population of low spin states have also been carried out.
yielded large cross sections leading from the @omer to
the ground statéZ—_S] implying an interme.diatga excita_tion_ Il. EXPERIMENTAL TECHNIQUES
and decay path which would mitigate against its survival in
stellar processes. The additional implication that the inelastic Excited states in®°Ta were populated usiny'B and “Li
excitation through excited intermediate states requiked bombardments of 4.6 mg/énand 2.0 mg/crhmetallic tar-
mixing to allow for the change of 8 units K (the projection ~ gets of 2’°Yb. As detailed in Ref[13], some information
of the spin on the nuclear deformation axis pass from the was obtained ort®’Ta from y-y-time studies constrained to
isomer to the ground state, is one of the imperatives fothe time region between beam pulses, giving sensitivity to
studying the spectroscopy of°Ta, of which little was sStates populated through long-lived isomers. The present
known until recently. Measurements have now been reportetheasurements with'B were designed to select directly the
on photonuclear studies] and Coulomb excitatiofil,7].  weak a3n and a2n exit channels leading td®°Ta and
While we would not necessarily expect the same states in!®'Ta, by demanding coincidences withparticles. One set
volved in (y,y') excitations or Coulomb excitation to be of particlesy-y-time measurements was carried out at a beam
identified in the present measurements, some connectirgnergy of 55 MeV, with'B beams from the ANU 14UD
paths might be accessible. In any case, a comprehensiaecelerator, the energy optimum fon £vaporation. Excita-
level scheme is a prerequisite input to theoretical calculation functions were carried out, in coincidence withpar-
tions for 1®Ta, which will be required to understand the ticles, over a range of energies from 45 to 75 MeV to con-
processes involved. A second imperative relates to our sydirm the isotopic assignments. From these, peak energies for
tematic experimental and theoretical studies of multiquasichannels involvingx emission were found to be higher than
particle states in a range of tantalum isotop&s13. With  for channels involving only neutron emission, as expected
N=107, ¥Ta is at the edge of thid =108 subshell, so that and as discussed below. A second measurement was there-
the character of the neutron particle and hole orbitals whiclfore carried out at 65 MeV. A third set of measurements was
must be combined to make multiquasiparticle states, will dif-carried out using the’(ii,3n) reaction at an energy of 28
fer from that in the lighter isotopes. MeV, below the nominal Coulomb barrier to populate pref-
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erentially low-spin states, as an independent means of a$dree rings of detectors were recorded to allow selection be-
signment. tween the angles af emission. Under these conditions there

are limitations because of the limited granularity and coarse

angular resolution, and a reduction in efficiency occurs for

A. y-ray array low-energy« particles because of absorbers on the forward

All y-ray measurements were carried out with thedetectors.
CAESAR array which contains six Compton-suppressed de-
tectors when the particle-detector ball is included, and an D. Reaction mechanisms
additional two LEPS detectors when it is et was the case The peak energy for production of the nucletf8Ta in
for the ’Li induced reactions The Compton-suppressed de- the "8vh (7Li,3n)®Ta reaction is expected to be at about
tectors are arranged in the vertical plane containing the bea®2 MeV, close to the nominal Coulomb barrier of about 29
axis, with detectors at pairs of angles of approximatelyMeV and hence a low angular momentum input is expected.
+48°, £97°, and=145°. It is of particular importance for In the measurement carried out the energy was reduced even
the present measurements that both energy and time infofarther, to 28 MeV, which resulted in about equal yield of
mation is recorded for alf-ray detectors, allowing the iso- *’°Ta (4n) and !%°Ta and essentially no yield of
lation of isomers of a few nanoseconds and longer, and®Ta (2n).
therefore the temporal ordering of parts of the level scheme. Much higher spin input, and a different population pat-
It is also of importance that minimal absorbers are used antern, was achieved by exploiting the so-called “massive
appropriate care is taken with time restrictions, etc., so thaffansfer” or “incomplete fusion” fefllC“(_)fil57,1@ in which
all detectors in the array have useable efficiencies down to 36N simplified terms the breakup of B into ‘Li and ana

keV, extending to about 20 keV for the LEPS detectors.  Particle is followed by fusion of the'Li fragment with
176yh. The mechanism is more complicated than a simple

breakup, but the important point is that the angular momen-
tum input can be higher, being somewhere between that cor-
State lifetimes were extracted from a number of sourcesesponding to peripheral capture Y8, giving | .~ 254 at
including particley-time measurements and the various60 MeV, or of the ’Li fragment, giving | .~ 16%. The
combinations ofy-y-time data, which allowed isolation of breakup component may have a narrodistribution, corre-
specific levels by gating on transitions directly above andsponding to selection of grazing impact parameters.
below the states of interest. In the case of relatively low- The optimum™B beam energy required for such a pro-
energy transitions, it was possible in the lower-spin inputcess can be estimated by allowing for the/Li separation
"Li-induced reaction to choose between gating using th&nergy of 8.7 MeV and by assuming that the kinetic energy

HpGe detectors or the LEPS detectors, the latter of whictS Shared between the fragments, so that the optimum energy
have superior timing resolution. would be at~11/7(32+8.7)=63 MeV, as substantiated by

By gating on specific time regions depending on whethefhe excitation functions. Similarly, significant production of

181 : - : :
transitions are delayed or prompt, it is possible to identify,_ Ta Wh'i(;hi WIOUIdf nroéble\zotshsmge Wlltf;ntgétl).ﬂ,rZr:’l)r r%actlon i
unambiguously transitions feeding and following isomers. In ecause 1t 1S 0o far belo e “oulo armer, does occu

. 11 .
the analyses, a number of different conditions were used t ith the (B, a2n) reaction at 55 MeV.

[ o : . In the !B induced reactions, population of the tantalum
optimize _specmc ISOMETS. For states with _relatn_/ely .Shortisotopes can occur either via the evaporation @farticles or
lifetimes (in the region of 20 ns significant intensity will

ST - ) X . ) by the incomplete fusion processes discussed above. From
remain in the time regions notionally identified as y b b

. Y ) Id b lied wh statistical model calculations the former process is expected
prompt.” More stringent gates could be applied when us-, e weak, whereas the latter results in cross sections which

B. Lifetimes and time correlations

ing the LEPS detectors. are of the order of-10% of the mairxn evaporation chan-
nels. The former process also gives isotrapiparticle emis-
C. Particle-y coincidences sion in the center of mass, whereas the incomplete fusion is

dp general, more forward peaked. In detail, it is likely to be

Charged particles were detected in a compact array lated with th et ) | hich b
scintillators inserted inside CAESAR. The particle array con-torrelatea wi oe projectiie grazing angles which can be
backwards of 90° at the lowest beam energies, moving for-

tains 14 fast/slow plastic combinations for which the o : .
: . . : . ward to about 30° at the highest energies.
phoswich technique is used to separate fast signals in the thin " : .
; Under the conditions of the present experiments with
front element AE) from the thicker(slow) rear element - . )
lower efficiency for detection of lower-energy particles

(E), allowing particle identification to be performed. The _ . . . i
. emitted at forward angles, the yields of particular isotopes
array covers approximately 85% ofm and there are three . o
are also correlated with the angle of emission of the

rings of essentially equivalent particle detectors, four “for- a-particle. This allows a coarse differentiation between re-

ward,” six “middle,” and four “backward,” subtending an- . . .
. o o A o ction channels, the heavier prodifeiwer neutrons emitted
gular ranges of approximately 20° to 60°, 60° to 120°, and__. . . S ;
eing associated with more forwaed emission, with that

120° to 165°. For the present experiments, gold absorber ' .
foils of 82 mg/cnt were Fl)Jsed on thg four forwa?d detectors pattern moving progressively towards more forward angles

to reduce the flux from scattered beam particles. as the beam energy is raised, as discussed reddisly

Hardware gates were set to selecparticles and to dis-
criminate against protons and scattered boron ions. In the
later measurements time-filtereXE signals[14] were re- Strong transitions in'®Ta were identified initially by
corded for gating, and in some of these the signals from théheir coincidences with tantalum x rays, with due regard for

E. Assignment to *¥°Ta
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FIG. 1. Yields of transitions representative 8Ta and'"°Ta

observed in the''B-induced reactions separated into coincidences
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179Ta yields have different energy dependences, as shown in
Fig. 1. The yield into the middle and backward rings is more
constant, and the forward yield fdf°Ta increases more rap-
idly than that for1"°Ta, as the beam energy increases. The
other tantalum product®'Ta is essentially only observed at
the lowest energies, and only in coincidence witlparticles
in the forward ring.

Once some transitions and states were established, such as
the 8" state at 176 keV seen in the decay'8#Hf [18], but
for which we have measured a lifetime of 101 ns, early de-
layed coincidences could be used to identify unambiguously
all transitions feeding it. In this context, the long lifetime of
the 15 isomer precludes easy identification of transitions
feeding it, but they were placed with reliability on the basis
of the excitation functions carried out in th€B induced
reactions, in coincidence withr particles.

lll. LEVEL SCHEME AND RESULTS

The level scheme deduced from the present work is given

with « particles detected in either the forward elements or the othefn three parts, in Figs. 2, 3, and 4. The transitions and their

elements of the particle-detector ball.

the transitions known to be ift’°Ta, for which we have
established a comprehensive schdil, and from the dif-

properties are listed in Table I, with indicative intensities
only since they are drawn from a number of measurements
with differing populations. In-bandy-ray branching ratios
are listed in Tables Il and Ill, and the lifetimes measured in

ferences in population obtained from the excitation functionghe present work, with corresponding transition strengths are
and cross bombardments. As well, when separated into c@iven in Table IV.

incidences witha particles in the forward detector ring, or

the sum of the middle and backward rings, tH&Ta and

In constructing the schemes, the information assumed
from previous work is the existence of the 75.3 keV 9
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FIG. 2. Part | of the'®Ta level scheme; transitions feeding to the ate through the 8 isomer.
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FIG. 3. Part Il of the'®Ta level scheme; transitions feeding the 8nd 15 isomers.

isomer and a 1 ground state. The energy of thé 9somer  total conversion coefficients, obtained mainly from intensity
given in the most recent compilati¢h7], has not been mea- balances.
sured directly but is deduced from mass differences with a
quoted error of 1.3 keV. A 100.7 keV transition known from
the 8%Hf B decay[18] was placed as feeding the dso-
mer, from an 8 state at 176 keV. Th&1 character of the A time spectrum gated on transitions feeding this isomer
same transition observed in the present in-beam study is eand stopping on the 100.7 keV transition is shown in Fig.
tablished by the total conversion coefficient deduced fronb(a), with a fit from which the lifetime was extracted. An
intensity balances. Most other prior information availableexample of a spectrum showing the transitions which pre-
was from particle-transfer reactions, as summarized in theede the 100.7 keV transition in time is given in Figa)ein
recent compilatio17] with consequent lower precision in this case from thé'B induced measurement at 55 MeV. The
energy and tentative spin assignments. As will be discussespectrum of transitions delayed with respect to those which
below, most of the intrinsic states identified here, and soméeed the 8 isomer is not shown but it confirms that the
of the rotational band members, have counterparts in statefecay proceeds by a single transition. Theays in Fig. a)
assigned previously. However the high level density meanare from the rotational band based on the isomer and from a
that some of the peaks observed in the particle-transfer reacumber of other states, some without apparent band struc-
tions are multiple. tures, others from well defined states and bands as shown in
Spin assignments have been made considering the decayse partial scheme in Fig. 2.
and interconnections, the anisotropies obtained for some The time correlated gate on the 286 transition, which
transitions in both the'Li induced reaction and in coinci- feeds the 176 keV isom¢Fig. 6(b)], selects transitions pre-
dence witha particles in thel’B-induced reaction, and the ceding thisy ray. The 286 keV transition itself depopulates a

A. States feeding through the & isomer at 176 keV
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FIG. 4. Part lIl of the'®%Ta level scheme; transitions associated with thegtound state and bands which feed it.

44 ns isomer as determined from the time spectrum in Fig. The lifetime of the 514 keV state must be short, as can be
5(b). The main transitions in Fig.(B) are the members of the seen, for example, from the intermediate time spectrum
band based on the 462 keV intrinsic state as well as the 11dhown in Fig. %c). The spectrum was obtained by gating on
keV transition which feeds from a 573 keV state. The 11lhigher transitions and the other main decay branch at 159
keV transition must b1 from its total conversion coeffi- keV which connects it to a state at 355 keV. That state de-
cient. The 286 keV transition which depopulates the 462 ke\tays via a 179 keV transition and has a 59 ns lifetime, as can
isomer has a negativR, coefficient suggesting a stretched pe seen from Fig.(8l) which shows the time spectrum analo-
dipole character, which, together with the low population ofgous to that in Fig. &), but with the 159 keV transition
the state and its band, suggests spin 7. The delayed intensitgplacing the 179 keV transition as “stop.”
balance favor€l character, although at 286 keV the total ~ Assignment of the 355 keV level as a spin 7 intrinsic state
conversion coefficients are small, being 0.02Edrand 0.23  is consistent with dipole character for the 179 keV transition
for M1. Negative parity has been assumed which also lead® the 8" 176 keV state. Conversion coefficient limits from
to negative parity for the 573 keV state. That state is unlikelyintensity balances suggestl for both the 159 and 179 keV
to be 7 or 8™ given its weak population. The intensity in transitions giving spin and parity of'7for the 355 keV state
the band based on this state drops rapidly, even in thand consistent with 8 (or 7*) for the 514 keV state.
’Li-induced reaction, making it difficult to assign higher  As can be seen from Fig(@® the 355 keV isomeric state
states and thus characterize the band, favoring the low spig fed by a number of transitions but these do not form a
(67) suggested. clear rotational band. In attempting to establish such a band,
The prompt gate on the 338 keV transition which con-a number of possibilities have been consider@lthat the
nects the 514 keV state to the 176 keV isomer exhibits &tates on the extreme left of Fig. 2 beginning with the 574
single rotational band, as shown in Figch Higher mem-  keV state could be the higher membédts, that the 514 keV
bers of the same band also have connecting transitions to thgate and the states above it form the bgopthat some of
8" band. The 338 keV transition has a positike coeffi-  the other transitions from a number of statésose in the
cient consistent with al—J or mixed AJ=1 (E2/M1) middle part of Fig. 2 are from band members.
transition.(Note that the value obtained is from tHei re- Considering possibilitya), except for the 574 keV state
action where the close-lying 340 keV transition from thé 15 which decays by the 218.8 keV transition to the 355 keV
band is not populated because of the low spin inplihe  state and also by the 398.3 keV transition to the 176 keV
514 keV state is suggested to bé 8lthough 7 remains a  state, the band is weakly populated and hence not well de-
less-likely possibility. The relatively strong population fa- fined. In favor of the proposition is the fact that the state
vors the higher spin which would make the states of the banénergies correspond to a regular sequence, and the fact that
relatively more yrast than those of thé band. Although it the 574 keV state does not exhibit a significant lifetime, so
is not shown on the level scheme, there is some evidence fahat it might not be an intrinsic state. On the other hand, its
a 439 keV transition connecting the 514 keV state and thapparently fast decay via a 398 keV transition to the 8
9~ 75 keV isomer, which if confirmed, would eliminate the intrinsic state at 176 keV is unexpected if it were a member
7" possibility. of the 355 keV band, given the retarded nature of the 179
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TABLE |. Transitions assigned t&*°Ta.

E, l, Ay A2 E; E; 7 K; J7 K
23 130.4 107.8 (1),0 0,0
39.6 9522) 39.6 0.0 21 171
40.6 11@20) 171.0 100.4 2,0 1,0
54.6 14@30) 478.2 423.6 (2).1 (1)1
(62) 486.0 423.6 D 11
(6 538.1 478.2 ) (27).1
63.2 ~15 171.0 107.8 2,0 0,0
63.5 36730) 234.1 171.0 3,0 27,0
66.4 ~70 554.6 478.2 3,1 (2H.1
71.4 22040) 111.0 39.6 31 2t 1
72.2 ~15 592.4 520.2 (5),5 407) 4
745 ~140 185.5 111.0 11 31
83.9 12@15) 318.1 234.1 Z,0 37,0
100.7 1300120 —0.06(5) 176.0 75.3 8,8 9-
101.5 20515) 419.6 318.1 5,0 47,0
105.2 6711) 416.8 312.0 6,1 571
107.8 1600120 —-0.01(3) 107.5 0.0 0,0 171
111.0 ~60 572.9 461.7 B 77,7
(114 538.1 423.6 i) 11
1145 7821) 669.1 554.6 (4) (37)
121.1 7012) 641.3 520.2 5(7).4 4) 4
126.1 9915) 312.0 185.5 5.1 4+ 1
127.8 24022) —0.31(13) 547.4 419.6 60 57,0
135.1 298) 736.0 600.8 8.1 71
138.0 23130) —0.19(9) 685.4 547.4 7.0 67,0
140.4 9%10) +0.2915) 732.8 592.4 (6),5 (57),5
142.4 307 1451.0 1308.7 15,15 14,9
145.3 588) 786.6 641.3 6(7)4 574
158.7 649) 513.7 355.0 (8).7 77
161.4 737) 894.2 732.8 (7).5 (67),5
163.6 214) 1141.6 978.0 10,1 971
169.1 265) 955.7 786.6 704 6(7) .4
171.2 25023) —-0.20(9) 856.4 685.4 8,0 77,0
1735 18819) —0.10(23) 1029.9 856.4 90 87,0
(178 732.6 554.6 @ (37)
179.0 16412) —0.14(3) 355.0 176.0 77 8"
182.0 12) 865.0 682.6 ) (6)
182.1 349) 1076.3 894.2 (8),5 (77).5
184.0 10116 [+0.21(12)] 600.8 416.8 7.1 67,1
185.3 375) 419.6 234.1 5,0 37,0
186.0 52) 1015.0 829.0 7 (6)
189.0 52) 761.9 572.9 7 6”
193.1 133) 1149.0 955.7 8(-) 4 794
196.3 26218) +0.027) 372.3 176.0 9.8 8,8
201.0 1%3) 1277.6 1076.3 (9),5 (87),5
203.0 21580) +0.207) 278.3 75.3 10,9 97,9
206.0 8%14) 1447.0 1240.7 11,0 10,0
207.8 6213 721.5 513.7 (9),7 (89,7
208.8 55%6) 520.2 311.6 47) 4 57,1
210.8 16Q15) —0.45(24) 1240.7 1029.9 100 97,0
214 ~6 1363.2 1149.0 9(7) 4 84
217.3 446) 679.0 461.7 8,7 77
218.0 516) 572.9 355.0 (6) 7t
218.8 243) 573.8 355.0 (8).8 77

221.0 82) 1499.1 1277.6 (10),5 (97),5
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TABLE I. (Continued.

E, l, Ay A2 E; E; 7 K; J7 K
221.3 9@16) 593.6 372.3 10,8 9" 8
225.2 141890) +0.179) 503.5 278.3 11,9 10,9
229.4 324) 547.4 318.1 6,0 47,0
231.0 92) 804.8 573.8 (9).8 (8%).8
231.7 344) 416.8 185.5 6.1 4% 1
233.0 335) 954.5 7215 (10),7 (99,7
235 ~4 1734.2 1499.1 (11,5 (10),5
242.1 204) 921.1 679.0 9,7 8.7
242.1 486) 978.0 736.0 9.1 8 1
243.0 ~30 1942.0 1699.0 130 12°,0
245.7 243) 839.1 593.6 11,8 10,8
247.2 67040) +0.209) 750.7 503.5 12,9 11,9
250.5 ~8 1055.3 804.8 (10),8 (9%).8
252.0 4Q6) 1699.0 1447.0 12,0 11,0
252.5 13617) [—0.18(4)] 423.6 171.0 (1)1 2°.0
256.0 124) 829.0 573.0 (6) 6"
256.1 1%3) 1210.7 954.5 (11,7 (10,7
258.5 12@30) [—0.18(15) 1596.5 1337.8 (13),13 (11)
265.2 348) 685.4 419.6 7,0 5,0
266.3 1@2) 1187.3 921.1 10,7 97
267.0 183) 786.6 520.2 6(7).4 47) 4
268.6 48025) +0.105) 1019.3 750.7 13,9 12,9
269.5 2@3) 1108.4 839.1 12,8 11,8
270.0 ~5 1326.0 1055.3 (11,8 (10,8
2775 143) 1488.8 1210.7 (12),7 (11,7
283.1 6010) 1879.5 1596.5 (12),13 (13),13
285.7 16822) -0.13(4) 461.7 176.0 7.7 8.8
289.4 20425) 1308.7 1019.3 14,9 13,9
289.5 579) 600.8 312.0 71 571
289.8 42) 1477.1 1187.3 11,7 10°,7
291.5 62) 1400.0 1108.4 13,8 12,8
295 256) 1437.0 1141.6 1M1 10,1
298.0 51) 1786.8 1488.8 (13),7 (12,7
300.2 173) 761.9 461.7 7 777
302.1 204) 894.2 592.4 (7).5 (57),5
303 ~15 21825 1879.5 (19,13 (14),13
307.5 ~30 1904.6 1596.5 13 (137),13
309.2 10915) 1617.8 1308.7 15,9 149
309.9 6311) 856.4 547.4 8,0 6,0
311.7 11015 [—0.40(17) 2899.6 2587.9 19,19 181) 18
312 ~4 1789.0 1477.1 127 11,7
315.2 206) 955.7 641.3 7.4 57) .4
315.8 26820) -0.11(3) 423.6 107.8 11 0,0
317 ~2 2104.3 1786.8 (18,7 (13,7
317 52) 890.0 572.9 (7) (67)
319.0 397) 736.0 416.8 8.1 67,1
321 ~10 2503.5 21825 (19,13 (15),13
3255 ~35 1904.6 1579.1 13 (12
327.6 2%3) 682.6 355.0 (6) (7%)
328.3 6210) 1946.7 1617.8 16,9 15,9
332 62) 905.0 572.9 7 (67)
333 246) 1671.0 1338.0 (12 (117)
335 ~2 2122.0 1789.0 137 1277
335.3 689) 520.2 185.5 407) 4 471
337 ~5 1774.0 1437.0 121 1171
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TABLE I. (Continued.

E, l, Ay A2 E; E; 7 K; J7 K
338.0 19215) +0.355) 513.7 176.0 (8),7 8.8
340.2 22119 +0.2812) 1791.2 1451.0 16,15 15,15
343.9 528) 1076.3 732.8 (8),5 (67).,5
344.0 8015) 1940.5 1596.5 (14) (137),13
3443 ~54(10) 1029.9 685.4 9,0 7°,0
347.8 388) 478.2 130.4 (2).1 1,0
348 247) 2295.4 1946.7 17,9 16°,9
350.0 287) 7215 372.3 (9),7 97,8
(361 954.5 593.6 (10),7 10,8
362.4 173) 1149.0 786.6 874 67,4
364 ~10 2658.0 2295.4 189 17,9
365.2 11616) —0.06(4) 2156.4 1791.2 1715 167,15
366.7 g2) 7215 355.0 (9),7 77
3735 365) 554.6 171.0 (3).1 27,0
377.2 245) 978.0 600.8 9.1 71
(379 486.0 107.8 (1) 07,0
380.0 4@9) 2320.5 1940.5 (15),14 (14),14
383.4 253) 1277.6 894.2 (9),5 (77),5
384.0 ~10 423.6 39.6 (1)1 21
384.6 388) 1240.7 856.4 10,0 87,0
388.0 223) 2544.4 2156.4 18,15 17,15
397.3 887) 2985.2 2587.9 (19),18 (18,18
398.3 567) 573.8 176.0 (8).8 8.8
401.0 ~30 27215 2320.5 (19,14 (15,14
(402 865.0 461.7 7 7"
406.4 3@6) 1141.6 736.0 10,1 81
407.5 ~8 1363.2 955.7 9(-) 4 74
409.1 448120 —0.16(5) 520.2 111.0 (2),4 31
409.5 ~15 2953.9 2544.4 1915 18,15
410 ~22 3309.6 2899.6 (20,19 197),19
4155 51) 3400.7 2985.2 (20),18 (195,18
416.6 327) 1447.0 1029.9 11,0 97,0
417.7 15013 +0.247) 593.6 176.0 10,8 8.8
422.8 144) 1499.1 1076.3 (10),5 (87),5
(424.0 423.6 0.0 (1)1 11
428.2 36%30) +0.3310) 503.5 75.3 11,9 9,9
430 ~30 3739.6 3309.6 (21,19 (207,19
4315 22915) —0.20(6) 2587.9 2156.4 181),18 177,15
431.7 400 1451.0 1019.3 1585 13,9
(433.9) ~10 804.8 372.3 (9).8 9.8
440.8 183) 954.5 513.7 (10),7 (89,7
450 ~4 804.8 355.0 (9) 7t
458 ~10 1734.2 1277.6 (11,5 (97),5
(458.0 1699.0 1240.7 12,0 10°,0
459 ~15 1437.0 978.0 11,1 971
459.2 133) 921.1 461.7 9,7 77
(462 4201.6 3739.6 (22),19 (21),19
(462.4 1055.3 593.6 (10),8 10,8
466.8 13018) 839.1 372.3 11,8 978
4725 41220) +0.177) 750.7 278.3 12,9 10,9
4745 1%3) 829.0 355.0 (6) 7t
4815 163) 1055.3 573.8 (10),8 (84),8
489.2 183) 1210.7 7215 (11,7 (9,7
508.7 1G3) 1187.3 679.0 10,7 8,7
514.7 11015 1108.4 593.6 12,8 10,8
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TABLE I. (Continued.

PRC 58

E, I, AylAy2 E, E; 7 K; 7 K
515.8 50035) +0.1914) 1019.3 503.5 13,9 11,9
(521 1326.0 804.8 (11) (9M)
(532 1774.0 1141.6 12,1 10,1
(539 2942.0 2408.0 (18) (16%)
534.3 143) 1488.8 954.5 (12),7 (10,7
535 123) 890.0 355.0 (7 7"
556.4 112) 1477.1 921.1 11,7 97,7
557.7 33722 +0.3713 1308.7 750.7 14,9 1279
560.8 619) 1400.0 839.1 13,8 11,8
576.1 93) 1786.8 1210.7 (13),7 (11,7
586 ~40 2182.5 1596.5 (19,13 (13),13
593 1a3) 2994.0 2401.0 18,8 16,8
598.5 22020) 1617.8 1019.3 15,9 13,9
601 ~7 1789.0 1187.3 127 10,7
605.7 569) 1714.0 1108.4 14,8 12°.8
615.5 92) 2104.3 1488.8 (19),7 (12,7
623 283) 2503.5 1879.5 (18),13 (14),13
638.0 12015 1946.7 1308.7 16,9 149
645.0 ~4 2122.0 1477.1 137 11,7
649 2a4) 2049.0 1400.0 15,8 13,8
651 q2) 2437.8 1786.8 (15),7 (13,7
668 ~10 775.8 107.8 2 07,0
676 ~20 2859.0 2182.5 (19,13 (15),13
677.6 11018 2295.4 1617.8 17,9 15,9
678 142) 1033.0 355.0 7 7"
683 51) 2787.0 2104.3 (16),7 (14,7
687 153) 2401.0 1714.0 16,8 14" .8
694 234) 2408.0 1714.0 (18B) 14" 8
696.0 31) 3134.0 2437.8 an,7 (15,7
(699 3203.0 2503.5 (18),13 (16),13
705.0 142) 2156.4 1451.0 17,15 15,15
711 ~60 2658.0 1946.7 189 16,9
731 102) 2780.0 2049.0 17,8 15,8
748 4510) 3042.0 2295.4 19,9 17,9
754 q2) 2544.4 1791.2 18,15 16,15
779 ~25 3437.0 2658.0 209 18,9
797 51) 2953.9 2156.4 19,15 17,15
805 ~5 3585.0 2780.0 (19,8 17°.8
812.7 61) 3400.7 2587.9 (20),18 (18,18
814 ~20 3856.0 3042.0 219 19,9
846 7418 1596.5 750.7 (13),13 12,9
847 ~7 3832.0 2985.2 (21),18 (19,18
896 ~80 1174.0 278.3 (11 10,9
1090 ~60 1841.0 750.7 (13 12,9
1093 26025) +0.239) 1596.5 503.5 (13),13 12,9
1262 22030) 1337.8 75.3 (11) 9-,9
1300.8 ~100 1579.1 278.3 (12 10,9
1337 ~60 1841.0 503.5 (13 11,9

8Parentheses indicate possible residual contaminant.

keV transition to the 176 keV state. fast branch via the 338 keV transition to thé Bandhead, in
Possibility (b) was also considered since the 514 keVcontrast to the retarded nature of the 179 keV transition to

state is not isomeric hence it also might not be an intrinsidhe same state. Also, if this were the correct assignment the

state. Again this possibility has the problem ofralatively) 8%t =77 transition energy of 159 keV is low, implying dis-
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TABLE II. Branching ratios anddy —ggr)/Q, values for bands ift®°Ta.

J E,(Al=1) E,(Al=2) \E |9k —grl °
(keV) (keV) exp. theory
K™=9" 75 keV +0.27
15 309.2 598.5 2.3 0.27023)
14 289.4 557.7 1.282) 0.30516)
13 268.6 515.8 0.94.0) 0.29418)
12 247.2 472.5 0.4®) 0.34512)
11° 225.2 428.2 0.2@) 0.28112)
KT=8" 176 keV - 0.08
13* 291.5 560.8 5.28) 0.12560)
12* 269.5 514.7 5.0) 0.07536)
11* 245.7 466.8 749 0.098 35
10" 221.3 417.7 2.8 0.063 78
KT=7* 514 keV as § + 0.20
13* 298.0 576.1 1.74@8) 0.397° 35
12* 277.5 534.3 1.4@9) 0.383 3
11* 256.1 489.2 1.2a4) 0.340°35
10° 233.0 440.8 0.58) 0.393 23
9* 208.0 (366.7 ° 0.598) [0.18623)]
T=8" 514 keV as 8§ +0.58 or+0.30
13* 298.0 576.1 1.748) 0.306" 32
12* 277.5 534.3 1.4@9) 0.283 2%
11+ 256.1 489.2 1.204) 0.229°%
10° 233.0 440.8 0.5%) 0.22214)
K7=7" 462 keV +0.19
11° 289.8 556.4 2.0 0.227° 73
10 266.3 508.7 1.6@) 0.231(45)
9~ 242.0 459.2 1.1®) 0.16526)
K™=(5") 592 keV +0.34
10 221.0 422.8 1.9) 0.397" 323
9~ 201.0 383.4 1.8} 0.358 55
8~ 182.1 343.9 1.8) 0.274°3]
7" 161.4 302.1 0.28) 0.165 53
K™=4() 520 keV +0.44
8~ 193.1 362.4 1.8 0.487° 22
7" 169.1 315.2 0.7@.6) 0.490'$3
6~ 145.3 267.0 0.3B) 0.519°8
KT=1* g.s. -33
10 163.6 406.4 1.4) 4177
9F 242.1 377.2 0.5@) 3.2°89
8" 135.1 319.0 1.3B5) 3.0°2
7" 184.0 289.5 0.5@.1) 233
6" 105.2 231.7 0.5a3 3.2°3
K"=15" 1451 keV +0.46
20~ 409.5 797 0.268) 0.54" 32
19” 388.0 754 0.2a2) 0.42'33
18 365.2 705 0.18% 0.5172°
K7=18") 2588 keV +0.03
20° 415.5 812.7 1.8 0.046"2

®Branching ratios\=1,(1—1-2)/l (I—1-1).

bTaking Qu=6.79(3) andyg=0.26.
°If the 355 keV state were the bandhead.

tortion of the level spacing. The large number of transitiondead to a higher, rather than a lower, transition energy.

connecting the bands in this region could indicate mixing The balance of the arguments therefore favors possibility
and therefore perturbations are possible but the conceivable). That is, that some of the other transitions which feed the
scenarios with the present ordering of spins would usually855 keV state are in fact part of its band, such as those from
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TABLE lIl. Experimental and calculated branching ratios for the fand in *8°Ta.

J7 E/(Al=1) E,(Al=2) A2 AP
(keV) (keV) exp. theory
K7™=0" 108 keV
117 206.0 416.6 0.8 0.324
10~ 210.8 384.6 0.30) 0.201
9~ 173.5 344.3 0.1%) 0.203
8~ 171.2 309.9 0.1(6) 0.124
7" 138.0 265.2 <0.12(4) 0.110
6~ 127.8 229.4 <0.14(5) 0.064
5~ 101.5 185.3 <0.16(3) 0.043
4~ 83.9 (147.49 0.023
3" 63.5 (104.2 0.009

®Branching ratios\=1,(1—1—-2)/l (I—1-1).
bTaking Qu=6.793).

the states at 573 and 829 keV. Their spins and parities arfeeding into the lower members of the %and, which is
mostly tentative since only fragmentary band structure is obidentified to about spin 21. We have placed a collection of
served, presumably because of their nonyrast nature. Thatates above the 4fs isomer; thex-gated excitation func-
leaves both the 574 and 514 keV states as other bandhead®ns for the associated 340 and 365 keV transitions, are
shown in Fig. 8. These confirm assignment of those transi-
B. States feeding through the 9 and 15~ isomers tions to *8%Ta, and suggest also that they arise from states of

Observation of the 15 45 us isomer at 1451 keV and _relatively. high spin, a dgduction supported by their absence
its corresponding decay to the 9and was covered in a in the "Li-induced reactiona-y-y coincidence gates asso-
previous publication13], from the results of 4'B bombard- ~ ciated with that isolated group of levels are shown in Fig. 9.
ment but without particle gatingy-y coincidence spectra The states include a 32 ns isomer, decaying via a 431.5 keV
restricted to transitions occurring between beam pulses frorffansition, as shown in Fig. 3, coincidentally nearly the same
that measurement are shown in Fig. 7. The present measurenergy as the 431.7 keV transition which depopulates the
ments confirm those results and, as shown in part Il of thd5™ isomer itself, hence the presence of the 340 and 365 keV
level schemgFig. 3), also allow the identification of states transitions in the delayed spectrum of Figc)7 which was

TABLE IV. Measured lifetimes and transition rates ifTa.

E, Mult. I, ar TP Strength
(keV) (rel.) (ng) (W.u.)
07, 107.8 keV

107.8 E1l 100 0.304 20) 6.9(3)x10°©
407, 520.2 keV

409.1 E1l 792) 0.0107 533) 6.6(4)x 108
335.3 E1l 122) 0.017 1.8(4x10°8
208.8 El 92) 0.055 5.6(12x 1078
(57), 592 keV

72.2 M1 100 3.2 243) 8(1)x10°*
8", 176.0 keV

100.7 El 100 0.362 100@) 2.18(4)x 1078
7%, 355.0 keV

179.0 M1 100 0.869 5%4) 5.0(4)x10°°
77, 461.7 keV

285.7 E1l 100 0.025 4) 2.9(2)x 1077
(137), 1597 keV

1093 E2 77(5) 0.0036 <3.5(5) ns =1.9(3)x 1073
846 M1 235) 0.014 =3.2(9)x10°®
187), 2588 keV

4315 El 100 0.010 3®) 1.2(1)x1077

¥ xperimental meanlifeT ) =To(Zi1,i(1+ ay))/1, .
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" ‘ LT 3 "Li-induced reaction except for
g0 [y B ol I 1y (h) which is from the''B-induced
5 £ (o) {208,233,256}/159 (g) {128,138,171}/108 3 reaction. The code in each panel
102 L T 27 ns J indicates thestart/stoptransitions
8 m- with the “stop” detector in the
ol b J ’Li induced reaction being the
il 1 | | H h‘ E LEPS detector which has a better
100 b1l rlll bl gy 1 i ofk AR LY M i ﬂnl I timing response.
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10! . i “FM“‘\J‘H\ .
: IR d ot ]
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obtained with a gate on 432 keY rays. The lifetime of 32 C. Structures associated with the T ground state
ns for the 2588 keV state is evident in the time spectrum and its band

obtained by gating on transitions above and below that state, Figure 4 shows part Ill of the level scheme involving
as shown in Fig. @). ... decays to the ground-state band.
Regarding spin assignments, the angular distribution
given in Table Il for the 431.5 keV transition connecting that 1. 0" band
isomer to the 17 member of the 15 band is consistent with

a stretched dipole, suggesting spin and parity.1Bhe fact . A relati\_/ely strongly populated sequence feeds a 27 ns
that the 432 keV transition in Figs.(& and 9b) is more isomer which decays by a 107.8 keV transition, as shown on

intense than the 388 ke ray, which is assigned as the the right-hand side of Fig. 4. No subsequent transitions are
18~ —17 member of the 15 band, could be an argument observe_d hence |t_has been _placed on tf‘ieglpund state.
for higher spin than 18 for the 2588 keV state(The short The .rap|d_chang.e in conversion coefficient with energy and
lifetime precludes multipolarities higher than quadrupole andnultipolarity, which is a help in assignment, but also a se-
of those, theM 2 alternative can also be eliminatptHow-  Vere hindrance to the observation of low-energy transitions,
ever, the higher population could also be explained by thds apparent in Fig. 1@ which shows a combination of gates
favored path feeding through the next bafad 2900 key  on cascade transitions in that band. The theoretical conver-
which becomes yrast. The suggested spin df 18nplies  sion coefficients foM1 transitions are 2.2, 4.3, 7.5, 2.96,
E1 character for the 431.5 keV transition. The alternative ofand 10.5 for energies of 128, 102, 84, 64, and 41 keV, con-
18 is less favored given the absence of a possible  sistent with the drop iny-ray intensities observed in that
branch to the 16 state of the 15 band. spectrum. Conversion for the 64 keV transition is less be-
The spectrum of transitions which precede the 2588 ke\tause it falls below th& edge, and the higl-ray intensity
isomer[Fig. 9c)] shows mainly a 312 keV transition which of the 108 keV transition implies low conversion and defines
has been placed as a transition from another intrifsit it therefore a€€1. The dominance of cascatiel transitions
short-lived state at 2900 keV, and the first two members ofover the crossoveE?2 transitions is a feature discussed later
each of the bands. The anisotropy of the 312 keWfay in the configuration assignment.
suggests stretched dipole character and the absence of a mea-The 40.6 keV transition, which is the lowest energy tran-
surable lifetime(implying a limit of < 8 ns) is consistent sition clearly observed in this band, is close to the base of the
with E1 or M1 multipolarity and spin and parity of 19 sequence, as will be discussed below. Although we cannot
These assignments are also consistent with the relativdiscount the possibility that we have missed other very low-
populations and the likely spin input in the reaction. A num-energy cascade transitions or crossover transiti&s ¢on-
ber of weakly populated nonyrast states with decays to thgersion especially becomes very largie population of the
9~ band are shown on the left of Fig. 3, including two sug-band would not be consistent with anything but a marginal
gested intrinsic states at 1597 and 1941 keV, also with somiacrease in spin. The suggested spin and parity ofi®
(limited) band structure. consistent with that argument, with the absence of any



1456 G. D. DRACOULISet al. PRC 58

LN R N B S B S R B B S B [ S B B e I S B B S S B B S B R N R S R |

500 | (a) © preceding 100.5 kev
—
lO\\‘ .
i e contaminants
300 i
w
g <
100 f PNV, o TETIP OB WO Wt
200 F E preceding 286 keV
100 m

counts
o

(c) § 338 kev A

576
616

s ot s A g0

preceding 179 keV (Li)

energy [keV]

FIG. 6. Time correlated-y spectra(a) y rays preceding the 100.7 keV transition which depopulates the 176 keV, 101 ns igbmer.
v rays preceding the 286 keV transitige) y rays in prompt coincidence with the 338 keV transiti¢d). y rays preceding the 179 keV
transition.

branch M2) to the 2" state at 39.6 keV, and also with the the HpGe detectors, and with the 108 keV depopulating tran-
perturbed structure which will be discussed later. The 10&ition observed in the LEPS detector as shown in Fi¢S. 5
keV transition is essentially isotropic, as expected for spirand Fg). In comparison, no lifetime is apparefffig. 5€)]
zero. when the 102 keV in-band transition is substituted as
Feeding from states through the 252.5, 315.8, and 373.5stop.”
keV vy rays, none of which show measurable lifetimes, oc-
curs into the bandhead and slightly above. These states are
relatively more strongly populated in tha.i induced reac-
tion, consistent with being nonyrast, and they are tentatively A 39.5 keV transition which is placed as the first member
placed in a (I) band. The feeding via these transitions is of the 1" ground-state band is clearly resolved in the LEPS
part of the argument for the placement of an unobserved 2d8etectors(and partially resolved in the Ge detectofsom
keV cascade transition and a 63.2 keV-20~ crossover the 40.6 keV transition at the base of the Band. Spectra
transition at the base of the Oband, although there are obtained in the’Li bombardment, projecting the LEPS de-
inherent difficulties in reaching this solution because thatector with gates on the 108 keV transition depopulating the
energy difference also corresponds to that of the strongp3 0~ band and a 409 keV transition which feeds the Sate
2~ cascade transition. of the ground-state band, are compared in Fig. 11. The latter
The lifetime of 27 ns is obtained for the Gstate from the  spectrum isolates the 71.4 and 39.6 keV cascade transitions
analysis of a number of intermediate time spectra includingn the 1" band which, from other coincidence spectra, is
those with gates on transitions within the band observed imdentified up to about spin 12.

2. 1* band
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FIG. 7. y-ray coincidence spectra gated on the 516, 269, and
432 keV transitions, in the out-of-beam region in th8-induced
reaction. Note that the relative y-time condition of+=10 ns(used
in this analysis onlyreduces the efficiency at low energy. The inset
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3. Intrinsic states at 520 and 592 keVi{2, (57) bands

The 409 keV transition mentioned above is delayed, es-
tablishing another isomer at 520 keV. It has several branches
to higher members of the™lband as shown in Fig. 4 and
from these decays its spin and parities can be restricted to 4
or 5*. Spin 4 is favored by the anisotropy of the 409 keV
transition. Positive parity, however, is unlikely, given the
absence of a branctEQ) to the 2" state.
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FIG. 11. Coincidence-ray spectra obtained in the LEPS detec- keV transition as start and on transitions in each of the two bands
tor with gates(a) on the 108 keV transition which depopulates the which feed it, observed in the LEPS detector.
0~ band, from data obtained in tHéi-induced reaction(b) on the

At + 7+
409 keV transition which feeds the"1band. recent compilatioi17]. For example, the 2, 3%, 4™, and

5* states of the 1 band identified at 39.6, 111.0, 185.5, and
Transitions feeding the 409 keV transition are evident in312.0 kev agree W'th the energies of(&p 1.1](.2)’ 1872),
and 3092) given in the compilation. A similar level of

Fig. 11. These transitions, confirmed in bothi and 'B ) >
induced measurements, form into at least two rotationzggreement is found for the’8 97, and 10" states of the 8

bands, which are not connected except at the bandhe and basedkat 176 keV and for thilstate ofthe 9 baqd. h
(Several other transitions in this spectrum are not firmly!N€ 107.8 keV O state does not have a counterpart in the

placed) The presence of two intrinsic states, as inferred byP2rticle reactions but the'3 47, and 5 band members at

the presence of two bands, is supported by the lifetime in234:1, 318.1, and 419.6 keV agree with the J3(4 ), and

formation extracted from the-y-time spectra obtained by (° ) States proposed at 2@}, 320, and 426 keV, the last
gating on transitions in each of the bands and the 409 keWV© Without specified errors(Note, incidentally that this
transition. The corresponding spectra from the induced match would not have occurred without insertion of the 23
measurement are shown in Fig. 12. Also shown are lifetim&€V transition at the base of the band, as required by the
curves calculated with a single isomer to fit the spectrunfoincidence dataHowever, the compilation also lists a state
obtained when gating on the band beginning with the 122t 4142) keV, without a spin assignment and presumably
keV transition, Fig. 123, and with a sequence of two iso- °"€ of _theséthe 4142) or 426 keV statgshould be associ-
mers, Fig. 1%), when the gate is on the band beginning a}teq Wlth. the (1) s.tate' we have placed at 423.6 keV. Con-
with the 140 keV transition. That analysis also implies thatlinuing with states in Fig. 4, of the 520 keV'4and the 592
the latter band is highefSimilar results were obtained in the K€Y (57) bandheads, only the former has a partner in a
118 induced measuremeht. 5153) keV st_ate(wnhout spin aSS|gn_edn the compilation.
The only candidate we have for a transition connecting®ther states in part | of the scheme include the 461. afd
the two isomers is the 72.2 kelray indicated tentatively in  6/9 8 states of our assigned 7band which agree with the
the level scheme. From its low intensfisee Fig. 1tb)] and ~ 4653) and 6716) keV states of the same spin and parity in
the associated intensity balance, it must have a conversidh® compilation. _ .
coefficient of~10 and therefore cannot be a pWveL tran- The compilers, Brownet al.[17], list a 6~ intrinsic state
sition, but must have a substant®2 admixture. This leads 2t 5712) keV which coincides with our 573 keV (9 state

to a suggested assignmenttof=(5") or (67) for the 592 aIthou_gh the existenpe of an B state at 574 keV could
keV state. The lower of the spin possibilities for the 592 kevcomplicate the reaction studies because of the presence of

state has been marginally preferred because of the similari§everal unresolved states. The only notable absence in the
in population of both bands. present scheme is a partner for the @3&eV state listed in

the compilation and observed only in tH&'Ta(y,n) reac-
tion.

From the point of view of extra intrinsic states, while the
(7%) intrinsic state we have at 355 keV does not have a firm
Many of the states assigned here have counterparts in tressignment in the compilations, a 361 keV'{7state was

states observed in other reactions, as contained in the mosbserved in proton transfer reactions dfiHf [20], a reac-

D. Comparison with states assigned from particle-transfer and
other studies
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tion which should populate states related to the*p&24] mum couplingkK=Q,+Q,), are given in Table VI. For
ground state oft’*Hf. Adjustment of the approximate ener- completeness the most favored highstates predicted are
gies obtained in that study so that the energy of 75 keV 9 alsc_) included even though they are out of reach of this ex-
state is matched would also place their obser(@gl ke\) ~ Periment. _ _ _ _ _
state at about 355 keV. In fact, Wardeal.[20] made a firm The residual interactions which play an important role in

. . + + determining the lowest states are also given in the table.
ESSlgﬁmzm of this stclats as thg ?%24]@;:‘:/2 [b402]’ Zd fThese are calculated using the generalized form given by
andhead, on several bases, including the observation ol 5 et 51, [23] for summing the two-quasiparticle contribu-

=2 transfer. tions for each combination using the observed Gallagher-
Moszkowski energies. The values listed differ slightly in
IV. MULTIQUASIPARTICLE CALCULATIONS some cases from those which would follow from the compi-

lation of Ref.[23] because of a reevaluation of some of the

Calculation of the expected multiquasiparticle spectrungmpirical values. They follow the expectations for proton-
was carried out using the approach outlined in our recenf€utron spin-spin interactions which favir=,+Q, for
publications(see, for example, Ref11]). The procedure in- Parallel intrinsic spins an&=0,—Q if antiparallel. The
volves a choice of single-particle levels and the pairingf'”a| calculated state energies have been shiftexteased by

strength, and in order to avoid the limitations which causeb® k&) so that the T state falls at 0 keV, after addition of

collapse of the BCS solutions in regions of low and non-the attractive residual interaction.

uniform level densities, the use of the Lipkin-Nogami formu- Note, however, that addition of the residual interactions
lation for calculation of the pairing. deduced predominantly from the empirical values for two-

The calculations use the prescription given by Nazarewiczqu"’lsIpartICIe cases is more approximate for the multiquasi-

etal. [21] to treat the Fermi level and pairing gaps self- particle states since account is not taken of the possible re-
g i : P 9 gap distribution of particle and hole amplitudes in estimating the
consistently, to include particle-number conservation, and t

h blocked df i varticl 6 igher seniority cases. A more complete treatment would
ave blocked states removed for multiquasiparticle configuzeqyire the interaction to include explicitly the dependence
rations. For these calculations a space of 3 oscillator shell

- levels(12 ith ab ) ic| on occupation probabilities, as given, for example, for two-
giving 64 levels(128 statepwith about 34 active particles . asinarticle cases, by Massmanal. [24]. These would

was used, taken initially from the Nilsson scheme. The rey, d to be generalized to the multiparticle case to use

sults are sensitive to the choice of neutron S'_ngle'_part'd%locked wave functions calculated self-consistently for each
levels in this casémore so than for our calculations in the configuration

lighter isotopesbecause of the proximity to tHé=108 sub-

shell and because some of the energies change rapidly in this V. DISCUSSION
region, and therefore are difficult to define experimentally. S o
Small deformation changeincluding hexadecapoleffect, The distribution of the 70 calculated two-quasiparticle

for example, the ordering of the 7/p503] and 7/2[514] states withK from zero to 9, that can be formed from the
particle and hole states which compete in a number of théuperposition of the low-lying neutron and proton orbitals is
yrast configurations. shown in Fig. 14. Each neutron-proton pair gives rise to a
The calculated deformations fdf°Ta lie between those doublet withK==[Q,=Q,| with the triplet state(parallel
for 1*Hf and 8% [22] and values ofe,=0.237 ande, 2n and %) lying lower in energy according to the
=0.056 have been used to give the initial set of single-Gallagher-Moszkowski rule.
particle states. Subsequently, the single-particle neutron en- A Selection of the calculated states is listed in Table V
ergies for levels close to the Fermi surface used in the catogether with the residual interactions and the suggested as-
culations were adjusted to reproduce approximately théociations with observed states, to be discussed below. The
average of the observet*Hf and 8\ one-quasineutron Main difficulties arise in identifying related states with
levels. The calculated deformations &°Ta and 18Ta are  intermediateK values, of which there are a relatively large

very similar, hence the experimental one-quasiproton spedlumber expected in the same energy redibiy. 13. As
trum from 181Ta was used to adjust the theoretical single-hinted at earlier, the experimental problem is that such states

proton levels near the Fermi surface. (nonyrast withK=<6) are populated, some even strongly in

Note that we have neither corrected the one-quasiparticlhe ’Li-induced reaction, but higher states in their bands are
energies for the rotational contribution to the bandhead enBot, making their characterization difficult.
ergy, a correction of the order ofi€/23)K, nor added it to
the predicted energies. This may introduce a mismatch in
comparing states withK =(,+ €, in which that contribu-
tion is included to the extent that the multiquasiparticle en- Table VI lists theoreticagy values for selected configu-
ergies are a linear sum of the one-quasiparticle energies, amdtions which will be discussed below. Experimental values
those withK=0Q,—Q, in which the contribution tends to of gx-gr for most of the bands as deduced from the observed
zero. If theQ),— ), state is correctly predicted, the energy y-ray branching ratios are listed in Table Il. Note that in
of the(),+ (), state may be underestimated, as occurs occasome cases of ambiguous spin assignments, several possibili-
sionally in the following comparisons. ties are listed since the results depend both on the assumed

The two-quasiparticle states witK™=[Q,+Q,| pre- spins and values df.
dicted to be lowest are listed in Table V while the predicted Aligned angular momenta derived from the experimental
four- and six-quasiparticle statésnly those with the maxi- data using a common reference for all bands are shown in

A. Configuration assignments, alignments,
and magnetic properties
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TABLE V. Selected two-quasiparticle states {#Ta.

K™ KT Configuratior? Eqp E'es Ecac” Eexpt

v w ) (+) ©) (+)
0 9 9/2" 9/2~ 7 -71 143 -6 108 75
1t 8+ 9/2* 7/12° 0 +65 ) 130 0 176
2" 7" 9/2* 5/2* 357 -104 526 318 355
4+ 5+ 9/2* 1/2* 554 +70 549 689
4- 5” 9/2" 1/2” 643 +36 672 744
1" 8" s 92~ 318 +50 333 433 (574
0 7 7127 712% 311 -128 504 248 462
1 6~ 7127 5/2" 668 +59 674 792 683
3” 4~ ra 1/2* 865 -60 990 870
3* 4% ra 1/2° 954 -75 1094 944
1t 8" 712~ 9/2~ 776 -107 948 734 514
0~ 7 712~ 7/12¢ 769 +62 772 896
1- 6~ 712~ 5/2% 668 -97 830 636 (683
3” 4~ 72~ 1/2* 865 +81 849 1011
2" 7" 512~ 92~ 449 -84 598 430 (355
1 6~ 52~ 712% 442 +56 451 563 (573
0 5” 52~ 5/2* 799 -68 932 796
4+ 5* 1/2° 9/2” 514 +76 496 655
3 4~ 1/2° 712¢ 508 -39 612 534 519
2 3~ 1/2- 5/2* 865 +48 882 978
4* 5% 12’ 9/2” 471 -72 608 464
3~ 4~ 12’ 7/12¢ 465 +51 479 581
2 3” 12~ 5/2° 821 -55 941 831
3" 6" 3/12” 9/2” 710 +77 698 852
2 5” 3/12” 712% 704 -52 821 717 (592

aConfigurations. ¢) 9/27:9/27[514]; 7/2":7/2*[404]; 5/2" :5/27[402]; 1/2*:1/2"[411]; 1/27:1/27[541].
(v) 1/27:1/2°7[521];  9/2+:9/2°[624);  5/2:5/27[512];  7/2:7/2°[514];  7/2, :7/2°[503);
1/27":1/27[510]; 3/27:3/27[512)].

PAll shifted by +65 keV to match ground state.

Fig. 14. These provide some signature of the configurations K2
involved, through approximate additivity. For example, 929R+(9K—9R)m,
bands involving the 9/2(624] neutron should exhibit an

alignment of 1.5-2#, while an additional amount of about it the weighted mean of the values from Table Il for the

~0.7h _Wou_ld come from the 9/2[5_14] proton. In the final 9™ band ofgg-gr=0.30/1), giving gr=0.261). This value

analysis, distinctions made on this basis are less effectivgjtfers slightly from that given in our earlier publicati§f3]

than in the lighter isotopes because of the relatively lowhecayse at that stage we were unaware of the availability of

alignments. the measured quadrupole moment of 637® b [26]. Using

that value ofgy for the 9~ band and assuming the theoretical

value of +1.28 for the 9/2[514] component, allows
Confirmation of the association of the State at 75 keV  the extraction of an empirical value af«(9/27[624])

with the v9/2*[624]® 79/2 [514] configuration was given =—0.152), not far from the expected Nilsson value of

in our earlier publication[13] where the in-bandy-ray = —0.20.

branching ratios\ were used to deduceyg-gr)/Qq values Antiparallel coupling of the 9/2[624] and 9/2 [514] or-

for comparison with the values expected from the Nilssorbitals should give rise to &"=0" band which we have

configurations, additivity, and the rotational model. The val-associated with the structure built on the 107.8 keV state. As

ues in Table Il provide independent confirmation. will be discussed in a following section, such a structure
For the theoretical estimates it is useful to extract a valuavould not be regular, with some separation of even and odd-

of the rotational valugr and an empirical value afx for  spin members.

the 9/2'[624] neutron. Since the magnetic moment of the As well as its perturbed character, a striking feature of the

9™~ isomer has been measured independe(@aty4.77(5ky 0~ band is the dominance of cascade transitions, all cross-

[25] corresponding to a gyromagnetic ratio of 0.530(6)  over (E2) transitions being weak, even at relatively high

can be used in the formula spins, as indicated by the branching ratios given in Table IlII.

1. Two-quasiparticle states
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TABLE VI. Selected four-, six-, and eight-quasiparticle states#a.

K™ Configuratior? Eqp Eres Ecalc Eexpt
v T (keV)

12+ 7/2-9/2t1/2~' 7/2* 1564 —144 1420

12 5/2-9/2v1/2~" 9/2~ 1700 +258 1958

13* 7/279/1273/2° 7/2* 1789 —-170 1619

13- 7/2-9/2v1/2~' 9/2~ 1570 —224 1346 1597
14+ 712 7/2*9/275/2F 2004 —-95 1909 1941
14~ 7/279/273/2° 9/2~ 1796 0 1796 (1905
15" 7/2-9/2+ 712~ 712" 1859 -19 1840

15~ 9/2* 7/2+9/275/2F 1693 —186 1507 1451
16~ 7/2-9/2v 712~ 9/2~ 1866 —146 1719

18" 7/279/2711/2F 9/2~ 2483 —150 2333 2588
19 21279127 1/2~" 71279127 5/2* 3257 —412 2845 2900
20° 7/1279/2"3/2- 7/2*9/275/2* 3483 —158 3225

22 212-9/2* 712~ 71279127 5/2* 3552 —364 3188

24" 7/279/2711/2F 7/2+9/275/2F 4170 —395 3775

26~ 5/2-9/273/2°7/2"7/2" 7/2+9/275/2F 5406 —602 4804

27" 5/279/2711/2 712" 1/2~" 7/2+9/275/2F 5802 - 64 5738

28" 5/279/2711/2°7/273/2” 7/2*9/275/2F 6038 —448 5590

30" 5/2-9/2711/2 712" 712~ 7/2*9/275/2* 6108 -95 6013

aConfigurations. ¢) 9/2 :9/27[514]; 7/2":7/2*[404]; 5/2*:5/2*[402]; 1/2*:1/2*[411]; 1/27:1/27[541].

(v):1/27:1/27[521];

9/2+:9/2+[624);

1/27":1/27[510]; 3/2 :3/27[512).

5/27:5/27[512];

7/27:7/27[514); 7127 :7/27[503];

As will be shown below, this is a strong argument for thewith the signs of(), and (), taken as irK=0Q,+Q,,.
proposed assignment.

Kern and Strublg27] write the expression for thif1l
transition in the odd-odd case as

3
B(M1;l;K—1{K)= EMﬁ,(lilKoufK)Z(GKK)Z,

where
KK _—
G™=[Qp(90,~9r)+ (90, ~9R)],
T T T T T T T T T T T T
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ForK=0 GKK=Qp(gnp—gnn), which is independent of
gr. For the present case with=9/2, gg =1.28 andgq_
~—0.15, GKK(07)=6.4, compared tGK'g(9’)=2.7(with
gr= +0.26). Insertion of the value fdK=0 in the expres-
sion above, leads to the favoring of cascade transitions ob-
served. Note also that fdf =0, cascade transitions will be
pure M1 since the Clebsch-Gordan coefficients for 2
component vanish.

The B(E2) is given by

5
B(E2;l K—1K)= E(|i2|<o||f|<)2(er)2

and the crossover-to-cascagleay branching ratioa. then
reduce to

~ 5 E5 (I-1) (Qp)?
)\_0.693><§XE_2(2|—_1)(GK—K)2,

with the crossover and cascade energieaandE; in MeV.
The calculated values for the Gband agree reasonably well
with the observed values as shown in Table III.

Of the other two-quasiparticle bands for which in-band
branching ratios were obtained, the magnitudegQfgg
given in Table Il for the band based on thé 876 keV state
is in agreement with the value expected for tH#2" [ 624]

FIG. 13. Calculated two-quasiparticle states combining the low-® w7/2°[404] configuration, the partner to the"1ground
est single-particle neutron and proton levels.

state. However, the theoretical value is negative0(08),
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TABLE VII. Values of gk for selected two-, four-, and six-quasiparticle states.

K™ Configuratior? Ok
14 v

7" 9/2* 5/2* +0.46
7 5/2~ 9/2~ +0.68
1* 9/2* 7/2* +3.4

8+ 9/2* 712* +0.19
8* 712 9/2" +0.84
8" 7/~ 9/2” +0.56
7" 712 7/2* +0.46
4~ 1/27 712" +0.71
4- 172~ 7/2* +0.33
4% 1/27 9/2~ +1.28
4% 9/2* 1/2* -0.04

5* 1/2- 9/2~ +0.98
57 3/27 712° +0.61
12 71279127127 712* +0.13
127 5/2-9/271/2~" 9/2~ +0.27
13* 7/279/273/2° 712" +0.20
13~ 7/279/2t1/2~ 9/2~ +0.40
14* 712 7/2+9/275/2* +0.92
14~ 7/279/273/2° 9/2~ +0.49
15~ 9/2* 7/2+9/275/2* +0.73
18" 7/279/2711/2F 9/2~ +0.28
19° 7/2-9/271/2~' 7/2+9/275/2* +0.59
20 7/279/2*3/2~ 7/2t9/275/2F +0.65
22" 7/2-9/2+ 712~ 7/279/275/2F +0.43

Configurations. fr) 9/2:9/2 [514]; 7/2":7/2'[404]; 5/2" :5/2"[402]; 1/2":1/2"[411]; 1/2~:1/2 [541].
(v)1/27:1/27[521]; 9/2+:9/2+[624]; 5/27:5/27[512]; 7/2 :7/27[514]; 7/2~":7/27 [503]; 1/2”":1/2 [510];
3/27:3/27[512].

which should result in dipole transitions with negative mix- which would affect the observegk values. However, mix-

ing ratios and therefore large negativ®, values. The ing with the 8" band should result in a smallgg value than

slightly positive value given in Table | for the 196.3 keV 9 expected, whereas the discrepancy is in the other direction.

to 8" transition implies a positive mixing ratio, implying in Configuration (ii) is calculated to lie at a low energy

turn, a largegy value than expected. This could be evidence(~433 ke\) and the alignment observddee Fig. 14)]

for mixing with the states of the9/2*[624]® 75/27[402] could be roughly consistent with the contribution from the

band which has a larger value gf . 9/27[514] proton. That contribution would be approximately
Three possibilities are available for the character of thegiven by thedifferencein alignment between the '8(176

8% 514 keV state and its associated band. These are keV) band and the 9 band. However, the measurgd-gg

value is smaller than the expected value of 0.58.

(i) K=7, v9/2"[624]® w5/2"[402], Configuration (iii) also contains the 974514] proton,
hence the same alignment argument applies and in this case,

(i) K=8, v7/27[514|® 7w9/27[514], the measuregjk-gg values are in good agreement with the
expected value of 0.30 deduced from Table VII. While this is

(iii) K=8, v7/27[503]® 79/27[514]. the only one of the possibilities which gives the correct

Ok-Og Value, the calculated energy given in Table V for this

Possibility (i) was discussed earlier in the context of iden-configuration is 220 keV higher than the observed state. This
tifying a band to be associated with the 355 keV iBomer.  could imply that the 7/2[503] single-neutron energy used
In this case the alignmefifig. 14(b)] can be attributed to the in the calculations is overestimated, a suggestion which is
i 132 Neutron but the observegk-gg value(Table Il) is larger  consistent with a comparableinderestimation of the
than the expected value of 0.2Table VII). It should be 7/27[514] energy deduced from the results for the Band
noted that this band would differ from the"8band at 176 (discussed belowand which would in turn give rise to an
keV only by the exchange of the 5/p402] and 7/2[404] artificially low energy(433 ke\) for configuration(ii).
protons. In'8'Ta the one-quasiparticle states are knaqué2 Returning to the other states, both the lack of alignment
keV and the ground statand have identical band28], but  (Flg. 14 and thegk-gg values of the 7 band at 462 keV
their closer proximity here means they are likely to mix, agree with thev7/2 [514]® w7/2"[ 404] configuration. The
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FIG. 14. Alignment curves for bands if®°Ta as indicated. A common reference with paramefiys 31 MeV %2 and J;
=70 MeV 34* has been subtracted.

energy of the 7 configuration is underestimated by nearly from the same configuration, but at 712 and 785 keV, respec-
200 keV, suggesting an underestimation of th&#2 [514] tively [29]. The only resolution we can offer to the apparent
energy in the single-particle spectrum. conflict that arises if our suggested assignment is correct, is
Several states are calculated to be candidates for the ithat the states observed in thd,t) reaction are from the
trinsic states at 520 and 592 keV but the former is possibl\l/2 [510]® 7/2°[404] configuration. The 1/2[510] neu-
from the 1/2[521]®7/2*[404] configuration which would tron orbital was not considered in the calculations of Ref.
have agk-gr value of 0.41, in reasonable agreement with the[29] but it is now known to be at a low energy as is the
observed value of-0.49, which is sufficient to eliminate the 1/27[512] orbital in both neighbouring odd neutron nuclei
alternative 1/2[510]® 7/2"[404] which would havegc-gr ~ "°Hf and 8% and was considered in other studj@s.
=0.03, although it should be noted that ipe value for the
v1/27[510] orbital is sensitive to the deformation. The 592
keV state could then be from the 3f512|®7/2"[404] 15" isomer The argument was made in R¢fL3] that
configuration, in agreement again with the measwged)r ~ Wwhile the 15 45 us isomer in*®Ta had similarities to the
value. Although its energy is calculated to be lower, the 5 15 isomer in1"®Ta ( which has a much longer partigtray
state from the 1/2[521]®9/27[514] would have a much half life of 101 ms[30,10), the difference in decay strengths
largergg-gg than that observed. of the transition to the 9 band was evidence of a difference
Another alternative for the 520 keV state is thein the 15 configuration.
4% 9/2%[624]®1/2*[411] configuration which would have For a transition of multipole ordem, the reduced
gk-9r= —0.31. The magnitude would agree with experimentK-hindrance factor per degree kéfforbiddenness,, where
but the negative sign would lead to dipole transitions withv=AK—\, is defined ag,= (T?/TY)"=(f)*, whereTW
negativeA, values. The experimental values are not wellis the Weisskopf single particle estimate and the corre-
determined because of contaminants, but on balance they dponding hindrance factor. For the present interband transi-
not favor this option, while the observed alignmdRig. tion, the degree of forbiddenness=4 and the lifetime in
14(a)] is ambiguous. 178Ta corresponds to a2 hindrance,f=4.4x10°, and
These arguments therefore favor the 1/221] therefore a reduced hindrance fof=46. While the shorter
®7/27[404] configuration discussed above, but lead to ondifetime in ®Ta arises partly because 2 transition is
other difficulty. From the results of thel(t) reaction on the higher in energy, the partial-ray lifetime for the 431.7 keV
7/2"[404] ground state of8'Ta, two strong peaks populated transition in *°Ta corresponds té=6.7x10* and f ,= 16,
by I=1 transfer were identified with the 4and 3~ state  much lower than in*"®Ta.

2. Four- and six-quasiparticle states
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6000 — L L L e e e e isomer. Unfortunately a number of the transitions which
gt would show evidence that such a state had been populated by
. 1 exhibiting a long lifetime component, are already contami-
267 nated by long-lived components, the 431.5 keV transition by
4 the 431.7 keV transition from the 4s isomer and the 365

"2 and 340 keV transitions by activity lines.

One possible absence in the experimental spectrum is the
predicted 16 intrinsic state which would be likely to di-
rectly feed the 15 isomer.

Also shown in Table VI are several eight-quasiparticle
states, particularly the 26and 28 states which are de-
pressed substantially by residual interactions. While out of

reach of the present measurements, if they could be popu-
0 100 20 0 0 500 60 700 200 lated their decays would be likely to produce a cascade
I(1+1) through the sequence of states both observed and predicted
here.

FIG. 15. Observed bands it°Ta compared to predicted yrast A number of interconnected nonyrast states are shown on
multiquasiparticle states, indicated by the stars. the left of Fig. 3, for example, those at 1338, 1579, 1597,

. . . o . . 1905, and 1941 keV with likely spins in the range 11 to 14.

In analogy with a correlation with similar differences in ony fragmentary band structures are observed and a number
strengths in decays of the"6isomers in the core hafnium f four quasiparticle are expected in this region, as listed in
isotopes(the 15 states correspond to a coupling betweentaple vI. Nevertheless, only one of those calculated states,
the 6" configuration and the 9 v state the state in'’®Ta e 14" state expected at about 1900 keV hasr struc-
was suggested to be a mixture of the two alternative configur,re. Such a configuration would lead to a dominance of
rations cascade dipoles, as is observed for the band based on the

30/t _ _ _ 1941 keV state. This is the only one in the region which does
v9I27[624]7127[514]5/2°[512) @ w92 [ 514] not contain the 9/2[624] neutron, in agreement with the
low aligned angular momenturFig. 14(d)] for the 1941
keV band. As well, although the calculated and observed
v9/21[624]® w39/27[514]7/27 [ 404]5/27[ 402], energies are not as in good agreement as in tHech4e, the
1597 keV state has been associated with the &taite pre-
with the former(which we abbreviate ta®*7) dominant, dicted at 1346 keV, consistent with its observed band align-
whereas the state itf°Ta was likely to be predominantly the ment and observation of crossover transitions consistent
latter (v7r°) configuration. That view is supported by the (qualitatively with a 3= structure.
present multiquasiparticle calculations which confirm that
the v7r3 alternative will be favored because of the change in
the Fermi level, but more definitive evidence is provided by B. Alignments and signature splitting
the properties of its rotational band now assigned. The domi- Ty examples oK=0,=Q, partners are found in this
nance of the cascade transitions indicate a lgigealue and  \ork, the 1* and 8" states from the »9/2"[624]]

therefpre_ mainly a protqn configuratigsee TabI.e Il for the_ ® w7/2*[404| ] configuration and the Dand 9" states from
quantitative analysjs This can be seen essentially from vi- e 19127 [624] |® w9/27[5141 | configuration(with the in-

sual inspection of Fig. 9 where the crossover transitions arginsic spin directions shown explicifly The experimental
very weak—in complete contrast to thé°Ta case where sjgnature splitting is evident in the alignment curves of Fig.

they are relatively intensesee Fig. 2 of Ref[8]). 14 and is shown in the form off|—E,_,)/I againsti? in
18(*) isomer and higher stateShe calculations shown in Fig. 16. Even spins are favored in thé band. The splitting
Table VI and schematically in Fig. 15 also predict a rela-js much larger than that in the Oband and the splitting in

tively low-lying 1,8+ state from a four-quasiparticle configu- (he |atter is also irregular near the bandhead, only developing
ration, above which the six-quasiparticle states compete. Thf%lvoring of the odd-spin states at higher spin.

v3ar structure of the calculated 18state leads to a predicted It should be remembered that except for cases whetle

gk value of +0.28, in good agreement with the measuredygion and neutron orbitals hawe=1/2, there is no diago-
dk-gr 0f 0.053) (Table I). The cascade dipoles dominate in ng| contribution from Coriolis coupling equivalent to that
the 2900 keV (19) band, consistent with its suggested as-yhich gives rise to signature splitting in oddnuclei. The
sociation with the six-quasiparticle state which is predictedspift petween odd and even spin levelskn=0 bands in

at a similar energy and which would have a Iarge_predicteq)dd_odd nuclei is the so-called Newby splittif@L] which

gk of +0.59. Note the very large residual interacti@ver  pas peen discussed in considerable detail, for example by
400 keV) which pushes that state close to the yrast line. Boisson, Piepenbring, and Odla2].

A 22" six-quasiparticle state is also expected at about Thjs spin-dependent part of the residual proton-neutron
3200 keV but has not been observed yet. While this is aboyhteraction gives an odd-even contribution in a rotational
the limit of the spin input, it could also be missed if it fell g equivalent to
sufficiently low to be forced to decay via &3 transition to
the 19 state at 2900 keV, resulting in a very long-lived [(—1)"*V]8¢ EnXP,

4000

2000

excitation energy [keV]
y

and
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U 16840) of ~—32 keV and if a similar value were active,
even spin states would be favored in the l@and. That could
contradict the present assignment which has odd spins fa-
vored but as stated earlier, there is some uncertainty in the
placement of transitions at the base of the band and the ap-
L?\ parent spin favoring is irregular, pointing perhaps to more

A A /A A subtle mixing effects.
o PR
A
As stated in the Introduction, a keen interest has been

e A shown in the possibility of the presence of intermediate
states which could be important for the understanding of the
survival of ®Ta in the stellar medium. The present study
has not identified any states which have a clear path which
would allow both excitation from the Qisomer and decay to
the 1* ground state. This is indicated by the separation of the
level scheme into distinct parts leaving part (Hig. 4) with
i connections from the L ground state only to its band and to
other lowK and intermediatéc states.
With respect to Coulomb excitation from the 9somer
[1], a state that has been identified here which may have
Ty ETT some relevance is that at 1338 keV, possibly 1Whose
12 main decay is the 1262 keV transition to the State, estab-
_ . ) lished through the path from the 1597 keV state. Another is
FIG. 16. Signature splitting observed in the &nd 8" bands  ha 1174 keV state shown in Fig. 3 as feeding the $tate
and the 0" and 9~ bands. of the 9 band. We have not been able to establish with
. . . . certainty a direct transition to the 9state(because of the
whereP is the_ parity ancEy is the Newby energy(This absence of feeding transitions on which to gdtet both
foIIowg the definition of Ref[32].) . . states are candidates for vibrational excitations based on the
Unlike the Gallagher-Moszkowski terms which are attrac-g- configuration. The energy of the 1174 keV state espe-
tive for (17) coupling and repulsive fori(|) coupling, the a1y i probably too low to be identified with predicted

Newby terms are described by both central and tensor tem]%ur—quasiparticle states. A*2vibration based on the 9
in the residual interaction, and depend in detail on orbits an%onfiguration would give two states witi"=11" and 7~

configurations. The role of the tensor component in the forc?analogous to the 7/2523]© 2" states in'6®Ho which give
Y

has been emphasized recerftda]. ; X L
The Newby splitting present iK=0 bands can be trans- rse to. |sor?pectra_l bgndss]). Severaj sta_tesF,.poséswt)JIy 7"?“6
ferred toK#0 bands by successivdAK=1) Coriolis cou- seen In this excitation energy region in Fig. 2, but in any
lina. This is exemolified in the present cases by K@ CoSe strong population would be unlikely in the present re-
ping. P P y actions. Nevertheless, such a stéded its band members

=17 band whose rotational structure is perturbed mainly by : : -

L . L would have the prospect of decaying through the intermedi-
the mixing between the bands obtained by combining th : + . -
7/2°[404] orbital with the seven members of thgy, neu- ate spin states of the 1band and possibly the 0 4 -, and

. : _ e (57) bands identified in Fig. 4, although the last three all
tron orb|t_al .Ieadmg _to 14 bandsk| =0,20y) W'th. signifi- involve paths which proceed through isomers so that the ab-
cant Coriolis coupling between the neutron orbitals. ®he

0" band based on the 7/p633]@7/2*[404] configura- solute transition rates for excitation connecting through the

o . 1" band are still small.

tion is expectec{32]_ to have ENN’.LA'O kev .Wh'Ch leads A final comment on the structure of the level scheme of
'”S"rec“y to_ a favoring of even spin stftes in the _observedlsoTa is appropriate; a peculiarity of the level scheme which
1 band with _the relat_ed 972624 7/2"[ 404] conﬂgura- arises from position of the Fermi levels among particular
tion. (Calculations which shqw hPW t.he pertqrpaﬂong aréNilsson orbitals is the relatively large number of states of
transferred _td(#O bands, using S_'mp"f'ed Coriolis MIXING gimilar spin, occurring at relatively low excitation energies.
will be carried out elsewhere, using an approach similar t

2 ) . ne consequence is the presence of interconneddrg

Egii[ )used for two-neutron bands in the osmium ISOtOPe$ 2 nsitions as shown in Fig. 2. This situation is to be con-

The expected Newby splitting in the unperturbed ttand &i?éﬁdd:gs iﬁn;l?l)?;v \t/;?gt] ftehaetulreevel scheme 6fTa [12]
from the 9/2[624]®9/2"[514] combination was not calcu- '
lated by Boisson, Piepenbring, and O¢&2] but the value
they give for the 0 band from the related orbital pair
7/127[633|®7/27[523] is near zero £ 0 keV is listed. The In summary, a comprehensive study has been carried out
small value is due partly to a cancellation between a numbeof 18°Ta utilizing a number of different techniques to isolate
of terms of different sign, hence it is not obvious what signintrinsic states and their rotational bands, whose properties
of splitting to expect. There is an experimental va{frem  serve to characterize their configurations. The remaining un-

L 0" and 97 bands

12 - 4

C. Candidates for intermediate states

E(I)-E(I-1)/21 (keV)

12

10

D. Concluding remarks
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certainties in the scheme result from the very low energy ohot been identified but a number of four- and six-
transitions which are necessarily involved in very lBw- quasiparticle states have been observed and characterized,
bands, and in this nucleus, the relatively high density ofand yrast six- and eight-quasiparticle states at slightly higher
intermediatek states whose associated bands cannot bepins than currently accessible have been predicted.
populated over a large enough spin range to clearly identify

their bands. Ambiguities also remain regarding assignments ACKNOWLEDGEMENTS
to several of the two-quasiparticle bands, particularly the 7
isomer at 355 keV, and possibly th&4 isomer at 520 keV. We would like to thank the academic and technical staff

At this stage, clear candidates for strong excitations whiclof the ANU Heavy lon facility for their continuing support in
could connect the 1 ground state and the 9isomer have these studies.
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