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Excited states in®'Ta have been identified using time-correlateday spectroscopy and particietech-
niques following the incomplete fusion reactidf®yb(*'B,a2n)®Ta. As well as observing the rotational
band based on the 11 ns isomer at 482 keV from thé[#@2] proton configuration, which is found to be
essentially identical to that associated with its */204] pseudospin partner, several multi-quasiparticle iso-
mers are observed including a 33s state, of probable spin and parity 21/2at 1483 keV. Experimental
states are compared with multi-quasiparticle calculatipB8556-28188)02909-4

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

Collective and intrinsic states of high or even mediumfoils were used on the four forward detectors to reduce the
spins in nuclei close to stability are at present of limitedflux from scattered beam particles. There are three rings of
accessibility via fusion-evaporation reactions. Incomplete fuessentially —equivalent detectors, four “forward,” six
sion reactions, in which the projectile breaks up intocan Middle,” and four “backward” subtending angles of ap-
particle which continues with the beam velocity and a moreProximately 20%-60°, 60°-120°, and 120*165°. Time-

massive fragment which fuses with the target nucleus, profllteréd AE signals[6] concatinated into three groups were
gcorded for gating.

vide a means of reaching some such cases. The cross sé : . C
The event-by-event data, including all relative time infor-

tions are larger than expected on the basis of evaporation of i ith time diff tor 856 d
an « particle from the compound system and the reactior]ation With ime ditrerences up ns, were arrange

. e . into matrices for gating on individuay rays with different
retains some of the characteristics of fusion, neutron evapQ[i—me conditions. Chopped beam measurements tailored for
ration for the component of the reaction involving the frag ' bp

ment “the measurement of long lifetimes were also perforfigd

1 The level scheme obtained is summarized in Fig. 1.
The results here for the stable nucletSTa, were ob- One-quasiparticle stateskotational bands based on the

tla8|ned from mee}surements congentrated on the'study e,f/2+[404] and 9/2[514] one-quasiparticle states are con-

°ra[1,2] for which we have carried out studies with both firmed and extended in spin by a few units from those known
the *"%b(’Li,3n)**Ta reaction which is essentially sub- from previous work(see Ref[7]), predominantly Coulomb
barrier, and where no significant yield df'Ta was ob-  excitation. The 5/2[402] isomeric state at 482 keV was
served, and the'’®b(*'B,a3n)'®Ta reaction where the known but its rotational band had not been observed. A spec-
competinge2n channel leads t0®'Ta. Beams were pro- trum of y rays in coincidence with the 482 keV transition
vided by the 14UD Pelletron accelerator and were incidenthat depopulates the bandhead is shown in Fig. 2nalysis
on metal targets of thickness 4.6 mg cfrenriched to 97%  of the measured in-bang-ray branching ratios using stan-
in 1’5vb. In the latter bombardment, the pura dvaporation dard rotational model formulas give a value gik-gg
channel leading t0'®3Re is optimum at a beam energy of =1.25+0.11, which is consistent with the expected value of
about 55 MeV. At that energy, approximately 10% of thegy of 1.57 for the 5/2[402] configuration andjg~ +0.3.
yield goes into the channels involving emission, mainly to It is noteworthy that the in-band 9/2-7/2", 11/2*
180Ta (3n) but partly to *¥Ta (@2n), which is much —9/2", 13/2"—11/2", and 15/2 —13/2" transitions are
larger than the proportion expected for evaporatiopar-  very close in energy to transitions in the 7[204] band.
ticles. The optimum energy fot®Ta is higher, about 65 The 5/2'[402] and 7/2 [404] configurations are pseudospin
MeV and as discussed recenfl§], the product involving partners whose excited states usually mix when the bands lie
fewer neutrons emitted is correlated with the emission oflose together, resulting in perturbation of the transition en-
more-forward anglex particles, allowing partial selection of ergies. The similarity of the 5/ 402] and 7/2 [ 404] bands
1813, in the series of lutetium isotope¥>">"[u where these

In the main measurements charged particles were detectenlbitals also have energy separations-0f00 keV because
in a compact array of scintillators inserted inside theay  of the lower proton Fermi surface, has been noted in the
array CAESAR[4] which has six Compton suppressed Gereview of identical bands presented by Baktash, Haas,
detectors arranged in a plane. The particle-detector §ffay and NazarewicZ8]. The 994 keV state which feeds the
contains 14 fast/slow combined plastic scintillators for which5/2*[402] bandhead does not have an associated rotational
the phoswich technique is used to separate the fast signals lband defined but it could be an intrinsic state, possibly from
the thin front element AE) from the thicker(slow) rear the 3/2" [411] orbital which arises from the same spherical
element E). The array covers approximately 85% ofr4 parent s, and which, on the basis of calculations de-
and for the experiments, various gold or aluminum absorbescribed below, is expected at about 1060 keV.
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FIG. 1. Level scheme fol®'Ta observed in the present study. The widths of the transitions correspond approximately to the relative
y-ray intensity observed at the 55 MeV beam energy.

Three-quasiparticle intrinsic state#\ long-lived state at

A delayed gate on the 455 keV transition is shown in Fig.

1483 keV feeds in to the 972514] band, predominantly via 2(b). The time curve shown in Fig. 3, obtained from chopped

the 455 keV transition to the 19/2state (a 72% y-ray
branch and also via a 711 keV transition to the 17/&8tate.
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beam measuremenits] gives a meanlife of 333'8 uS.
On the basis of the decay branches and the possible tran-

sition strengths, the likely spins and parities are 21(#
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FIG. 2. Coincidencey-ray spectra(a) Spectrum in coincidence

with a-particles and also the 482 keV transition in the time interval
+120 ns.(b) Spectrum in prompt coincidence with the 455 keV
transition, with the condition that all transitions occur between
beam pulses. The relative time condition here#®0 ns which

reduces the efficiency in the x-ray regidis) Spectrum in prompt
coincidence witha particles and the 152 keV transition.

23/2*, but consideration of the reducédhindrance factors
per degree ofK forbiddenness for the 455 and 711 keV
transitions leads to elimination of most of these alternatives.
This factorf,, defined for transitions of multipole order
and forbiddenness'=AK-\, is given by f,=(T"/TW)¥
=(f)¥ , with TV being the Weisskopf single particle esti-
mate andf the corresponding hindrance factor. Consider-
ation of the values so obtained means that spin and parity
21/2" can be eliminated on the basis of the extreme hin-
drance implied for the 455 keV transitigwhich would be
E1, with f,=107); 23/2 leads to abnormally stroniyl2

and E3 values for the the 455 and 711 keV transitions, and
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FIG. 3. Time spectrum for the 455 keV transition in the chopped
beam experiment, fitted to obtain the meanlife indicated.
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23/2~ would imply an enhanced, 711 keM3 transition. TABLE I. Selected three- and five-quasiparticle states®fTa.

This leaves only the 2172 alternative withf, values of 42

and 36 for the 455 and 711 keV transitions, respectivelyK” Configuratiorf! Egp  Eres Ecac  Eexpt

There is also evidence of delayed feeding to the 25tate v m (keV)

via a 295 keV transition, from a state tentatively assigned a o +

29/2" (multipolarities higher tharE2 would hav)(/e progibi— 1512 7212 2 1660 —265 1395 (1404

tively large conversion coefficientbut a definitive lifetime ) .

could not be obtained because of low population, although it 72 9/2" 1/2- 2 1307 +265 1572 (1473

is possibly in the region of many microseconds. 1712 7127 12’ 9/2” 1663 —210 1453 1403
Several other states are observed near 1404 keV, at least

one of which has a short lifetime'5 ns. Two close states 19/2~ 9/2" 3/2~ 712t 1525 —138 1387

are shown in the scheme at 1403 and 1404 keV, both decayg/2t g+ 172" 9/2~ 1311 +8 1319

ing by 1066 and 1245 keV transitions to the 13@nd 11/2

states of t_he 9/2 bar_1d, but_with diff_erent branching rat_ios, 21/2F  9/2* 3/2- 0/~ 1529 —145 1384

implying dlffer.en'F spins. This comphcatlon was ngcessﬂa’gedzllz 9/~ 7/2F 5/2* 1673 —77 1596 1483

by the y-y coincidence data which are not consistent with

the decay of a single state. Neither were the intensities of th p— 712+ 1592 +310 1902

transitions above these states, specifically the 189 and 2

keV vy rays, consistent with a single cascade, or decay into g32 712 712" 9/2 1931 —166 1765
single state. Unfortunately because of limited population we

have not been able to precisely define the level scheme i#85/2" 9/2* 7/2°' 9/2” 1595 +6 1601

this region. The situation is further complicated by self co-29/2~ 9/2* 11/2* 9/12” 2204 —14 2185 2228

incidences which indicate the presence of at least two 212
keV transitions and also a 69 keV line in this part of the37/2" g0+ 7/2-' 9/2~ 7/2" 5/2° 3365 —144 3220
scheme, possibly aftl transition from another intrinsic

state. aConfigurations:  ¢):  9/27:9/27[514];  7/2":7/2*[404];

The maximum spins consistent with the short lifetimes areb/2":5/2°[402];  1/2":1/27[411];  1/27:1/27[541].  (v):
17/2" for the state that decays mainly to the 13/&ate and 1/27:1/27[521]; 9/2":9/2*[624]; 5/27:5/27[512];
15/2 for the other. Th&2 strength in the former case would 7/27:7/27[514]; 71277127 [503]; 1/27':1/27[510];

be 2.1(5)x10 % W.u. corresponding to af, value of 22,  3/27:3/27[512].
reasonable for such a state.

Multi-quasiparticle calculationsSelected intrinsic states
predicted from multi-quasiparticle calculations are listed in
Table I. These were carried out using the methods describ
in detail in Ref.[9] which treats the systematics of the odd
tantalum isotopes fromt’°Ta to *"°Ta. The calculations be-

The configuration for the 21/2state given in Table | and
esumably to be identified with the observed isomer at 1483
keV is 73, involving the three proton orbitals closest to the

gin with the Nilsson levels at the calculated equilibrium de-':erml surface. Its rotational band WO.UId pe d|st|n<_:t|ve
Hecause of the larggy for such a configuration, leading

formations[ 10], to produce a set of basis states. For a chose : . .
pairing interaction, the calculated levels near the Fermi surl0 dominance of cascade transitions, in contrast to the bands

face are first adjusted to approximately reproduce the Obasso;:lated with the other three-quasiparticle stéatesrly
served one-quasiparticle stat@s the present case the aver- all v“7) predicted. The 19/2, 19/2" states predicted be-
age of the observed one-quasineutron stated’$if and ~ tween 1300 and 1400 keV would be unlikely to result in
183y and no further adjustments are made. The Lipkin_isomers, however, a state which is yrast and could be popu-
Nogami prescription is used with blocking and particle num-lated is the 25/2 state calculated near 1600 keV, as yet not
ber conservation, as in the formalism described by Nazargdentified.
wicz et al. [11]. Residual interactions in the multiparticle A favored three-quasiparticle state wkh=29/2" state is
states are subsequently added to the predicted energies. Timedicted at about 2185 keV, clear from any others and a
results are particularly sensitive to the position of the singlecandidate for the observed isomer at 2228 keV. The energy
neutron levels because, in this region the Fermi level fallsmatch may be fortuitous although equivalent calculations
between the 7/2514] and 7/2 [ 503] neutron states whose also correctly predict the energy of the"1&Bomer in 18w,
energies change rapidly with deformation. observed at 2230 keM 3], which has the same configuration

A number of configurations likely to produce intrinsic except for the additional 972514 proton. Although out of
states which could compete with the collective states thafeach of these kind of experiments, a five-quasiparticle state,

form the one-quasiparticle bands are predicted, but each {g;in K=37/2, is predicted to be yrast and is likely to be
affected significantly by the effect of residual interactions|ong lived.

deduced using the prescriptions of Relf2], which are also
listed in the table. For example the predicted ordering of the The academic and technical staff of the ANU 14UD ac-
two lowest 23/2 states(from v?m configuration is in-  celerator facility are thanked for their support. Dr. G. J. Lane
verted by the addition of a large repulsive interaction to oneand Mr T. McGoram contributed to some parts of the data
and an attractive interaction to the other. collection and analysis.
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