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Targets of*®Ca have been bombarded witff-13%e beams as part of a search for long-lived, higktates
in well-deformed nuclei withA~180. Several known isomers were observed by off-laey detection, and
limits have been established for highisomer production in various isotopes of hafnium=(175-178),
tantalum A=177-181), and tungsterA\E& 177-181).

PACS numbds): 21.10.Tg, 27.70-q

[. INTRODUCTION as those considered above, neutron-rich targets and beams
. are needed. One suitable combination of stable beams and
The structure of nuclei in the Yb-H-W-OZ( 70-76) o 0o is55Ca and each of the xenon isotopgg’Xe and
region is characterized by the presence of high-angularise . -\ <onirast to in-beam measurements, where rate limi-
4 . ’

momentum intrinsic, i.e., noncollective states. Such states’. . o .

are favored over collective excitations because the proton&.lt.lo.nS apply dl.Je to Intense prompt rad|§t|ons, mcreased.sen—
. S _ . Sitivity to long-lived isomers can be achieved by performing

and neutron Fermi levels are among quasiparticle orbital

: = Bombardments with high beam intensities followed by peri-
with Iargg angulgr—momentu_m projection) on the sym- ods of off-line y-ray counting.
metry axis, allowing states with large valuesot %€ to be The background to the motivation for such a study is that
formed. These states may be long lived, with half-lives rangyne discovery of new isomers may be used to test a number
ing from a few nanoseconds to several years, one of the mogk nyclear structure phenomena such us configuration depen-
famous being th&”=16", 31 yr isomer in*"*Hf [1]. dent pairing effects, Coriolis effects, shape coexistence, tri-

There are several predictions concerning higisomers  axiality, etc.[5]. For example, it is well known that the
in the A~=180 region[2-5], and some of these isomers are nuclear pairing force is responsible for the reduction of the
possibly very long lived. In*’8 Jain et al. [3] predicted moment of inertia well below that of a rigid body. In a
among others a low-lying eight-quasiparticle isomer withK-isomeric state, the orbitals contributing to its configuration
K7™=30" which may decay to members of th&=23" or  are blocked, therefore an increased moment of inertia is ex-
K7™=25" rotational bands. Due to a possible high multipo-pected. The study of the several already identified tgh-
larity of its decay radiation, this state might be very longisomers confirms the increase of the moment of inertia, but
lived [6]. In '®Ta several isomers in the spin region of @lSO suggest that its maximum value~s30% lower than
20-28 are predicted, although the highest spin identified}at of a rigid body{10-12. This value is reached in some
multiquasiparticle state has a spin parity of 09[4,7]. A eight-quasiparticle stat¢$,11] but more experimental

22" six-quasiparticle state may be expected to decay via aﬂa$h?fe neEQed. t of id h to stud
M3 transition to a 19 state, resulting in a possible very IS WOrk IS part of a wider research program 1o study

long-lived isomel4]. The situation is very similar i’ Ta. high-K isomers, with a range of lifetimes in thie~ 180 re-

The highest spin known multiquasiparticle state has spin pargion’ 'using reaction; with differen_t popu_lation mechanisms,
. - i . o -e.g., incomplete fusiol3], deep-inelastid14], and frag-
ity of 49/2™ [8,9]. Among the predicted higher spin isomeric mentation[15] reactions.
stated 8] there is one with a spin-parity of 67/2which may
be expected to decay by d&3 transition of ~0.5 MeV,
leading to a long lifetime. However, it is extremely difficult
to predict lifetimes accurately, since they strongly depend on Isotopically enriched80%—90% 48Ca-oxide targets of
the deexcitation multipolaritied{-value changes and ener- thickness>10 mg/cnf have been bombarded witk 10
gies, and therefore on the fine details of the level schemesparticle-nA beams of3*Xe and *Xe. The beams were de-
The goal of the present work is to search for high-spinlivered by the 88-In. Cyclotron at the Lawrence Berkeley
isomers with half-lives longer timal h in the WTa-Hf nu-  National Laboratory. The incident beam energy was 535
clei. Since high angular momenta are needed the nuclé¥leV in the case of**Xe, and 535 MeV and 550 MeV in the
should ideally be populated in heavy-ion fusion-evaporatiorcase of3®Xe. The target consisted d¥Ca oxide pressed
reactions, but to gain access to the most favored nuclei, sudhto a tantalum mesh. The use of this chemical compound is

II. EXPERIMENTAL MEASUREMENTS
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justified by previous experience which showed that calcium Since there are large uncertaintiesNp, o, |, and abso-
oxide can withstand intense beams. The Coulomb barrier ikite €, it is better to compare-ray line intensities to refer-
at a higher laboratory energy for oxygen than f8€a, so  ence transitions deexciting-unstable nuclei or known iso-
that the reaction cross sections for xenon on oxygen are relaners for which production is specific to the tar¢and not to
tively small at the beam energies chosen. The irradiationthe beam The functionF(7) is defined as
were performed in a separate high-intensity beam line to
avoid contamination of the measurement area. F(r)=r(1—e Tmd/m)(e"/7—g 12/7) 2

The reaction conditions populate mainly” 83 iso-
topes, after the evaporation from the compound nuclei ofind it gives the sensitivity of the measurement as a function
3-5 neutrons, while!”"18Ta and 17>~ 1784f isotopes are of the mean life of the isomeric decay. In the case when the
also reached, with Considerab|y lower cross Sectionp,xin y-ray transition which deexcites an isomer is not ObserVEd,
and axn channels, respectively. After irradiation, the targetthen one can say A ,<Ny2-background, where
was mounted in the center of ther8 y-ray detector array 2-background is the standard deviation of the area for an
[16] consisting of 20 Compton-suppressed germanium deteginobserved peak ardiis the number of standard deviations.
tors and a 70-element bismuth-germanate calorimetetimits for the lifetime can be deduced using the formula
Events were written to tape when at least one Comptonderived from Eqgs(1) and(2)
suppressed Ge detector and one BGO detector fired in coin-

cidence (which improves the discrimination against back- <NV2~background1+ @) efe,Br Tref
ground. Another measurement setup was also utilized,”\” ef oBRr Al+a)] o (Drer-
where spectra were taken with one well-shielded unsup- re 3

pressed Ge detector in a low-background environment. In
addition, for reference purposes an in-beam measurement of The strongesp decays observed were from nuclei popu-
3 h was also performed using a 535-Mé¥Xe beam, with  |ated in the particle-transfer channels. Consequently, the
the “®Ca-oxide target in the center of ther8etector array. y-ray spectra are dominated, in addition to the W-Ta-Hf de-
cay transitions, by the transitions following thedecay of
. DATA ANALYSIS the nuclei close ifN and Z to 3413%e and “8Ca. The 489
) ) and 808 keVry-ray transitions that follow the8 decay of
There are only few examples df isomers decaying 47c, T, .—4536 d[17] were chosen as reference lines.

throughB decay in theA~ 180 region[17], and all of them  1pq intensities of these transitions are related to the quantity
have spin less than 12. In the quantitative analysis of the; 48-5 in the target. ThéCa is produced fronf®Ca in

nuclei studied in the present work we assume that any NeWne-neutron knockout reactions and from the decaf’kt
isomer populated would decay throughray transitions.  hig |atter produced fronf%Ca by knocking out one proton.
Even if the first step of a high-isomer’s decay were b gjnce the half life of' 7K, T,,=17 s, is very short compared
emission, this would be followed by-ray emission. We it the time between the end of an irradiation and the start
have found no evidence for nerdecaying isomers and in - ot 5 measurement, it can be considered that the chosen ref-
this work it is theyy-ray emission that we quantify. erencey rays have the 4.5 d lifetime of’Ca. The consis-
_The number of counts from g-ray transition deexciting (ency of the results obtained was checked by using additional

(dweptly or_|nd|rectly an isomeric level populated in a beam (aference y-ray transitions, following the decay of
irradiation is described by 8Sc (T,,=43.67 h), YW (T,,=2.25 h) [17], and

Y4f (T,,=51 min, K=37/2 isomey [18]. It should be
M (1) noted that decays with-ray multiplicity of one cannot be
(1+a) ' used from the data collected with ther8pectrometer, due

to the coincidence requirement imposed.

Ay: T(l_ e_Tirrad/T)(e_tl/T— e—tz/’r)

wherer is the mean life of the isomeT;;,,q4 is the irradiation
time; t; is the time between the end of the irradiation and
start of the measuremertt; is the time between the end of
the irradiation and end of the measurements the electron The main characteristics of the measurements performed
conversion coefficient3g is the branching ratio of the tran- are listed in Table 1. It should be noted that target 3 received
sition; e is the y-ray efficiency;| is the beam intensityy is  the highest beam intensity for the longest period. Compared
the total production cross section of the nucleNs;is the  with target 2, however, we found that the reference lines are
number of target nuclei per unit area; afig is the cross weaker, probably because target 3 was partially damaged by
section of the isomer compared with the total cross section athe higher beam. Spectrum numbers 1 and 5 are shown in
the nucleus, multiplied with the percentage of the isomerFig. 1.

deexcitation passing through the level decaying by the tran- In order to place limits on the lifetimes of the possible
sition under analysis. In the case whereyday transition isomers, it is necessary to know the relative production cross
directly deexcites an isomef,, is simply the fraction of the sections of the nucldisee Eq.(3)]. These have been calcu-
production cross section of the isomeric state compared ttated using two different programsace [19] and CASCADE

the total.(All the quantities listed in the equation have to be[20]. The differences in the results obtained with the two
given in International System units. codes can be large, and as previous experience also shows,

IV. RESULTS
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TABLE |. Characteristics of the off-beam measurements.

Spectrum No. Beam Epegn(MeV)  lpeam(PNA)  Target No. Tiaq (h)  ty (h)  t, (h)  Detector

1 134 e 535 6 4 20 0.5 20.5 B
2 134 e 535 6 5 20 7 24 &
3 134%e 535 6 4 20 225 27 B
4 134%e 535 6 5 20 495 743 1Ge
5 136xe 550 6 1 2 0.5 12.5 8
6 136y e 550 8 2 10 1.7 3.2 8
7 136y @ 550 8 2 10 32 222 B
8 136xe 550 8 2 10 222 252 1Ge
9 36xe 535 15 3 22 54 70.8 1Ge

sometimes far from the measured values. Due to this, crossame for both thet**Xe and 36Xe beams and for the two
sections determined from the present experiment were usdskam energies'{®e), at least within the quoted uncertain-
where possible, and where it was not possible, the assumgies. The relative cross sections of other nuclei could not be
tions used will be discussed for the individual nuclei. determined from the off-beam experiment for different rea-
By determining the intensity of the rays and using Eq. sons: either the nucleus is stable, the lifetime is too short, the
(1), relative cross sections can be determined for some caseg.ray multiplicity is unity, or the nucleus is also produced in
From the in-beam measurement of ti€a+***Xe reaction  the decay of other nuclei. The relative cross-section values
at 535 MeV, the relative production cross sections obtainedsed are listed in Table IIl. These values will be discussed in
were o (W) = 45(13), o(*"8W),=100, anda(*’W),,  conjunction with the individual nuclei.
=39(5) for the tungsten isotopes. Analysis of tBeand The observation of the known 51 {,=37/2 isomer in
K-isomer decay spectra gave cross-section ratios of’'Hf [18] is of particular note. The 51 m half life is at the
a(*"W)/a(Y"®Ta)=85(15), o(}"W)/o(*®Sc)=75(11), lower end of the range of sensitivity of the present search.
a(*" W)/ o (*'Cat *’K) = 1.35(15) from the'*¥Xe irradiated ~ With its highK value of 37/2, and the requirement of an
targets; and o(*'Cat+*K)/o(*"Hf,K=37/2)=130(16),  «a-particle evaporation for its formation, this isomer serves as
a(Y'Cat*'K)/ o (*8Sc)=62(7) from the'**Xe irradiated tar-  a sensitive test for the validity of the present measurements.
gets. The yield of'®Ta refers to the population of the 7  In Fig. 1 (lower par} the y-ray transitions at 278, 295, 311,
ground statei.e., the population of the "L isomer, close to and 326 keV are clear evidence for its formation. It is also
the ground state but at unknown energy, is not incliided  notable that the'’®Ta 7 ground state can only be popu-
174f refers to the population of th&=37/2, T,,=51 m lated through the proton-evaporation chanfeid not from
state[18]. In all the other cases the ground-state populatiorthe 8 decay of'’8) so that the intensity of its decapy the
is the reference. Ther(*'Cat*’K)/o(*®Sc) value is the 213 and 326 keV transitions seen in the upper part of Big. 1
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FIG. 1. Spectrum numbers 1 and<ee Table)l In the upper spectrum the peaks labeled only by energy-aey transitions following
the 8 decay of "W, T,,=2.25 h.

034303-3



Zs. PODOLYAK et al. PHYSICAL REVIEW C 62 034303

TABLE Il. The relative cross-section values used in ti&e 10’
and **%e induced reactions.

136
7 Xe beam
13%e beam 136 e beam ,
0

z N N -
103 104 105 106 105 106 107 108 5 °
74 45 100 39 100 39 107 8
73 024 053 021 053 021
72 1.06 0.42 1.06 0.42
107

pry

F(7)

o

gives a reliable measure of the relative proton-channel cros: \
section.

The F(7) values, as a function of the mean life, are plot- g U - - . . N .
ted in Fig. 2 for the first four measurements“Ke beam 10 10 10 “m;?hour) 10 10 10

and in Fig. 3 for spectrum numbers 5-5%e bean).
Transitions from the lower parts of the known level FIG. 3. F(7) as a function of the mean life for spectrum num-

schemes were searched for in the spectra, since any pusers 5-9. For the definition d¢f(7) and the spectra properties, see

ported, high-lying isomer should decay through these levelsext and Table 1, respectively.

This is comparatively simple in the case of the even-even ) _ ) .

nuclei, where there are not many paths available, but is mucfharged particles. In order to obtain .relllable Ilmlts,.we used

more complicated in the case of the odd and odd-odd nuclelN=5 for the number of standard deviations. This high value

Low-lying high& isomers are known in many nuclei of this COrresponds to the probability 6f99% that there is no iso-

region, and it is very probable that any new isomers withMer with a Ilfgtlme within the expluded region, even in the

lifetimes in the region of hours would decay through theCase of an unlikely error of 50% in the cross-section assump-

known isomers. For this reason the presence-ody transi- 10N _ , _

tions from the decay of known isomers was also checked. |f one were to take an isomer population different from
Table Il gives the limits of the deduce®(r) values and 1% (fex=0.01) relative to a tungsten ground stébe 10%

the corresponding mean-life limits for transitions which werefor tantalum and hafniuinthe newF () limit would be cal-

considered to be significant. The lack of a limit for certain culated asF(7)=(F(7))p.s/(100*fey for tungsten, and

spectra is due to contaminant lines. The low-energy transif (7) = (F(7))wb3/(10*fe) for tantalum and hafnium. The

tions have the difficulty of low intensity because of high corresponding mean-life limits can be obtained using Figs. 2

electron conversion coefficients, and low detector efficienc;ﬁnd 3. _ ) ) ) ]

in the measurements with ther8spectrometer due to the use !N the following sections we discuss the nuclei studied

of absorbers. Thé&(7) and 7 limits were obtained taking individually, starting with those populated in thé*xe in-

f.,—0.01 for the tungsten isotopes, afig=0.1 for the tan- duced reaction and following with the nuclei populated in the

talum and hafnium nuclei populated after the evaporation oﬁ 6?<e. induced reaction. In some cases, the lower lifetime
limit is already excluded by in-beam measuremelisle-

10' ' ' . ' ' pendent of the present worland it is the upper limits on
Ny lifetimes that are of principal interest.
*Xe beam

A. 178y

0 The nucleus®W is the main product in the'®*Xe
1 +48Ca reaction. The relative cross section has been deter-
2
3

pry

F(7)

mined from the experiment. From Table Il one can establish
that if an isomer had been populated with an intensity of 1%
of the total population of the nucleus, and it decayed through
4 the 106 keV, 2 —07 transition, its mean life would have to
R be less than 1.3 h or more than 120080 d). If such an
isomer had decayed into the yrast band at tHesgate or
higher, its mean life cannot be between 0.5 h and 350 d. If it
decays into other bands which depopulate through the 2
> - - . —2% 939-keV transition, the isomer mean life cannot be
“m;?hour) 10 10 10 betwea 6 h and 200 d. Assuming a population of only 0.1%,
the mean life of an isomer which decays to the higher part of
FIG. 2. F(7) as function of the mean life for spectrum numbers the yrast band could not be betwe2 h and 30 d. In contrast,
1-4. For the definition oF (7) and the spectra properties, see text considering such an isomer with a population of 10%, the
and Table I, respectively. mean life cannot be between 15 min and 97 yr.

10

1

10° 10
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TABLE Ill. The deduced mean-life limits considerirg=5 and f,,=0.01 for tungsten isotopes and
fe,=0.1 for tantalum and hafnium isotopes. The first and second parts of the table refer to the nuclei
produced with the!**Xe and **%Xe beams, respectively. For further explanations see the text.

Nucleus/Referencs) E, (keV) Spectrum No? F(7) 7 limits (h) °
8 [6] 106 (2T —07) 9.0x107* <1.3 or>430
401071 <16 or>1200
237 (4% —2%) 5.8<10 2 <10 or>8500
351(67—4™) 1.7x107% <0.5 or>2300
939(27—2") 7.9<102 <6.2 or>1100
1.0x10t <11 or>4800
Ty [22] 197 (712~ —3/27) 4.0x1071 <0.8 or>990
85 (7/2+—5/27) 2.3x10° <2.8 or>150
2.4x107% <14 or>2000
131(9/2-—7/2) 1.0x10° <4.7 or>310

5.3x10°t <0.9 or>730
1.8x1071 <13 or>2700

256 (11/2° —7/27)

79 [23] 189(9/27—9/2) 1.4x10° <1.9 or>260
1.2x1071 <12 or>4000

253(11/27—9/27) 8.9x10°* <1.3 or>430

7.0x1071 <4.0 or>460

204 (7/2—3/27) 1.0x10° <1.5 or>370

1.0x10°* <11 or>4800
9.5x1072 <6.5 or>920
1.7x1071 <13 or>2900
2.8x1071 <0.6 or>1400
2.8x10°1 <0.6 or>1400
9.4x107? <6.4 or>930
1.6x107 1t <12 or>3000
9.3x1072 <6.4 or>930
1.3x10°* <12 or>3700

215(9/2” —5/27)

402 (17/2~ —13/2)
442 (19/2~ —15/2°)
313(13/2 —9/2°)

359 (15/2 —11/27)

A BANEP PO ONEPAAONENMNNMNEBMAN BNRPMMNOPMOPPOPRPPRPPMNOPDAEAENPERPEPRARPMAEREPENPAPPRPERPRAOPR,BAMDMPRE

1 Tars] 312 (21/2-—19/2°) 1.7x10° —
3.2x10° —
218(17/2~ —15/2°) 1.5x10! —
8.8x10° —
6.0x10° .
7®Ta [24] 198(8~—7") 1.4x10° <5.4 or>220
219(9°—8"7) 1.5x10° <29 or>250
289(6"—77) 2.7x10° <3.2 or>120
1.4x10° <5.4 or>220
194(9°—8") 3.3x10° <9.50r>73
392(9°—77) 6.2<10° <7.7 or>39
4.0x10° <12 or>52
220(8T—77) 5.4x10°1 <13 or>130
7.3x10°1 <20 or>600
9Ta[21] 232(21/2-—19/2°) 1.5x10! —
8.3x10° —
475 (21/2~ —17/2°) 8.9x10° _
17t [25] 104 (9/2-—7/27) 9.0x10°?! <24 or>51
127 (11/2=—9/27) 2.1x10° <39 or>150
231(11/2=—7/27) 1.3x10" —
6.8x10° —
3.8x10° —
126 (712" —=7/27) 5.4x10° —
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TABLE lll. (Continued.

Nucleus/Referencgs) E, (keV) Spectrum No? F(7) 7 limits (h) °
176t [26] 307 (6T —4%) 3 7.8x10°1 <18 or>71
1.2x10° <25 or>330
401 (8" —6") 3.4x10° <4.0 or>94
2.3x10° <7.2 or>120
1043 (6" —4™) 7.6<10° <12 or>22
B8O [27] 104 (2" —07) 5.4x10°*1 <1.0 or>37
1.3x10° <3.5 or>130
234 (47 —27) 4.4x1072 <0.7 or>330
7.5x1072 <1.2 or>2500
351 (67 —4") 1.2x10°*1 < 0.4 or> 190
1.3x10°?! <1.4 or>1400
By [289] 113(11/2* —9/2") 6.6x10°1 <3.1o0r>13
2.8x10° <6.1 or>48
137 (13/27—11/2") 3.3x10°* < 1.6 0r> 37
6.7x10°1 < 23 or> 470
301 (15/2"—11/2%) 4.4x1071 <0.9 or>46
4.5x10°1 <2.1 or>400
348(17/2"—13/2%) 4.3x10°* < 0.9 or> 48
5.4x10°1 <20 or>610
119(9/2-—7/27) 5.6x10°! <2.50r>18
266 (11/2-—7/27) 5.5x10°! <1.0 or>35
1.2x10° <32 or>220

1.2x10°1t <0.9 or>120
3.6x10°1 <1.9 or>510

320 (13/2°—9/27)

OO NOUOL O NONOTOOoOONOUOOoOUuNONOOQOONNOO O ONO OO agNOUOOoOOONONOONOONOOEFEDNERE B~

18013 (29,30 203(107—9") 4.8<10° —
3.2x10° —
225(11"—107) 7.5x10°1 <4.10r>95
269(13°—12") 4.0<10° <11 or>23
516 (13" —11") 3.5<10° <7.9o0r>33
432 (15" —13") 4.7x10° —
18173 [28,4] 136 (9/27 —7/2") 2.9x10! —
2.2x10" —
302 (11/2F —=7/2) 6.7x10° —
2.0x10* —
415 (15/2" —11/2%) 9.4x10° —
8.59<10° —
152 (11/2-—9/27) 1.9x 10" —
179 (13/2~—11/27) 7.4x10° —
7.9x10° —
205(17/2-—15/27) 2.6x10° —
6.3x10° —
4t [13] 366 (39/2" —37/2°) 6.4x10°1 <1.2 or>29
6.5x10°1 <2.4 or>270
401 (39/2”—37/2°) 3.4x107% <1.6 or>36
8.1x1071 <2.7 or>220
360 (41/2" —39/2") 1.2x10° <31 or>230
421 (41/2”—39/2°) 9.3x107* <1.8o0r>17
9.5x10°1 <2.9 or>180
1784 [31,37 93 (2*—0%) 1.2x10! —
5.9x10° —
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TABLE lll. (Continued.

Nucleus/Referencgs) E, (keV) Spectrum No? F(7) 7 limits (h) °
213(47—2%) 9 2.1x10° —
326(6"—4") 8 4.6x10°1 —
426 (8" —6") 8 5.7x10°1 —
580 (127 —10") 6 6.7x107% <3.20r>13
7 1.9x10° <4.4 or>81
921 (6% —6") 7 3.7x10° <9.0 or>28
357 (17t —16") 9 3.1x10° —
377 (18" —17") 7 2.1x10° <4.8 or>69

8 or the characterization of the spectra see Table II.
®The lifetime of the isomer cannot be between the given two values under the applied considerations.

B. "W E. ®Ta

The level schemes of the odd nuclei are more complex The production cross section was determined from the
than those of the even-even nuclei, therefore the presence ekperiment: o(*"®Ta)= o((*’%W)/183(32), without taking
several transitions in the spectra was sought in these casefto account the population of the"lisomer in 1"®Ta. Due
Since the discussion for every-ray transition would be o the fact that'’®Ta is the tantalum nucleus with the highest

lengthy, and the information is contained in Table Ill and hopylation, the obtained lifetime limits cover a higher range
Figs. 2 and 3, only a brief comment on the lifetime limits is compared to thé”717ra isotopes.

made here. Fot”"W no isomer with a mean life between 3 h
and 41 d can be present under our assumptions. The relative F 17974
cross sections are from the experiment. )
The *Ta nucleus, like!™W, is populated in botH**Xe
c. 17y and ¥Xe irradiations. According to the calculations, the

cross sections are very close to each other in the two reac-

The relative cross sections are from the experiment. NQions. Since the results from th&%Xe beam are more reli-
isomer with mean life betwee6 h and 19 d can be i9W. able, only these are given in Table III.

As can be seen from Table Ill, the half-life limits are in the The case of thé"’*Ta isotope is very similar to that of
7 17 17 H
same range for"W, "4, and "W, since the cross sec- 177, Only the transitions depopulating the low-lying

tions are similar. . . K=21/2 isomer[21] at 1252 keV are listed in Table IlI. It
According to the calculations,"W was also populated in <" cciumed that(1"W)/ o (17°Ta) = o-(17AW)/ o (V70T a) .
the 1*®Xe induced reaction with a similar cross section.

However, since there is not an experimentally determined 17
) . G. 1™Hf
cross section for this case and the calculated values have
large uncertainties, half-life limits have not been evaluated. An « particle has to be emitted by the compound nucleus
to lead to the hafnium isotopes. The emission probability of
D. "Ta an « particle is usually somewhat higher than that of a pro-

Th | lei lated af h . ton. Hence, based on the cross-section calculations, an
e tantalum nuclei were populated atter the evaporatlorEv/proton emission ratio of 2 was adopted. Since the cross

of one protonand some neutrofsso their cross sections are section of 77Hf (K=37/2 was determined experimentally,

T#Ch lower than those leading to the tungsten nuclei. Fofq ape assumption can be checked and it was found to be
Ta experimental cross sections could not be obtained, so }Easonablésee Sec. IVM

17 177 _ 17 17
was assumed thatr(*"W)/o (' Ta)=o("W)/o(1"Ta). It has to be noted that some transitions from the lower

This assumption seems to be reasonable, but since the &g,e| of the 1754f nucleus are present in the spectra due to
tracted lifetime limits are very sensitive to the cross sectlonstheﬁ decay of'7*Ta (T,,=10.5 h) probably produced as a
the results obtained have to be treated with caution. consequence of the pré/szence‘.‘éﬂ:a and*Ca isotopes in the

In the Ta nucleus, a low-lyingk=21/2 isomer is - - :
known[8] with a level energy of 1355 keV. In Table Il only :?c:r?i rII:C())trlitQtI:dniar? s_;a;bltgﬁulowest lying 81 keMay transi

the y-ray transitions depopulating this isomer are listed.
However, lifetime limits for higher lying isomers cannot be H. 1764
given with the present assumptions. Considering a higher '

value, i.e., stronger isomer population, useful results can The same cross-section assumption was adopted as for the
nevertheless be obtained based on the listeg) limits. For ~ 1"*Hf nucleus. The lowest lying 88 and 202 keyrays are
example, the mean life of an isomeriA’Ta populated at the not listed in Table I, since they can originate from tj§e

level of f .= 0.3, cannot be between 11 h and 16 d, otherwisalecay of 1’°Ta (T,,=8.1 h), produced in the reaction on

it would have been detected. the #4Ca- and*®Ca-contaminating isotopes in the target.
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. 18w to possible long-lived isomers. Predictions for new high-
The 80 nucleus is the main product of thé&xe  States near the yrastline have been made byetaah[3]. In

+48Ca reaction and according to the calculations its cros§ recent work by Purrgt al. [6] many of the predicted iso-
section is similar to that of”®W in the 3%Xe induced reac- meric levels were found, with half-lives up to 220 ns. How-
tion. Based on these calculations it was assumed thatver, the experiment was not sensitive to very long-lived
o (YBW) / o (Y'Ca)1sexe.peam= o (1'W) / o (¥'Ca)13s¢epeamr  iSOMers, and indeed several of the predicted geomers
The lifetime limits determined are in the same range as thgvere not found. These levels are predicted to Ha¥€6—30

values obtained for the other tungsten isotopes. and the bandheads are thought to have excitation energies
between 7 and 8 MeV. According toASCADE calculations
J. 1w the states with spin higher than 30 should take about 50% of

It was assumed that the production cross section is equéte total cross section. Since these isomers are predicted to
to that of the production of”*W with the 13*Xe beam. The be close to the yrast line, they would be expected to be
obtained lifetime limits are in the same range as for all thepopulated in the present experiment. Assuming that only 1%

other tungsten isotopes. of the intensity in this spin region passes through such iso-
meric levels:F(7)=(F(7))ap 2/ (100X 0.5X0.01), one can
K. 1873 conclude that the mean life of these isomers, if they exist,
The cross-section ratio ofr(*8°Ta)/o(*’Ca)isskepeam ~ MUS be less than 0.7 h or more than 170 d. A recent in-beam
= (18T a) /o (*’Ca)134¢e.peamWas considered. measuremenfll] has identifiedK=29, 30, and 34 band-
heads, all with lifetimes less than 1 ns.
L. 18ty Similar considerations could apply to the other tungsten

isotopes. However, the nuclei populated after the evaporation
of charged particles, namely the tantalum and hafnium nu-
tions of 1¥Ta are present in the spectra which are sensitiv&l€l, have much smaller cross sections, and usually their val-

to the long half-lives, due to the decay of ¥3W which has ~ UeS are not known accurately. For these reasons, half-life
a half-life of 121 d. limits usually can be obtained only if we assuiing>0.1.

In 1®Ta a long-livedk "=22" isomer was predicted but
M. 177Hf not observed4]. A parallel work by Saitohet al. [7] also
missed the identification of this state either because of the
fow spin input of thel!B induced reaction or the long life-
time. However, in our heavy-ion induced reaction the cross
§ection for states with Spig 22 is around 65% compared to

It was assumed that o(*®'Ta)/o(*'Ca)isexepeam
= o (}"°Ta) /o (*"Ca)134epeam The 152- and 136-keV transi-

As stated in Sec. IV G we assumed, taking the mean valu
from the calculations, that the emission of anparticle is
two times more probable than the emission of a proton. Sinc

H — — H inl77)
the cross section of thi€=37/2,T,,=51 min state in""'Hf the total production cross section of the nucleus. Assuming

. . 47 -
hﬁs lt()een dc;a_termr:ned relatlve_ tCa+ K, .th's flc:)rms ‘:]‘ that 50% of the intensity in this spin region passes through
check regarding the cross-section assumptions. From the e, predicted isomeric levelE (7)=(F (7)) 4/ (10X 0.65

periment ‘7(47(:3)/((’(%77"”’K:37/2)” 130. According to % 0.5), one can conclude that the mean life of this isomer
our adopted assumptions, i.e., the population of the (1.4 s¢’he |ess than 1.2 h or more than 11 d. We note that
channel is similar for the two beams, and the ratio of theK:22 and 24 isomers have since been discovered by Whel-
alproton  evaporation probability is 2, the ratio yo,atal [33], with microsecond half-lives.
o(*'Ca)/(o(}"Hf,K=37/2) should be 165 if the isomer In 77Ta a long-livedk "=67/2" isomer is predicted8].
population were 30% of the population of the whole nucleusry, oo 1cylations indicate a cross section of about 20% for
The good agreement provides some support for the validityis ghin However, it is difficult to give an accurate estimate
of the assumptions. . since this high spin is relatively close to the highest spin
Although severaly-ray transitions have been checked for ., ¢ sing the calculated value we conclude that the mean
evidence of new isomers il 'Hf, only those populating the |ie of the predicted 67/2 nine-quasiparticle state cannot be

5_1 f_“i” isomer{13] are listed i_n the table. It _is worth MEN- hetween 1 and 9 d. The identification of this state remains an
tioning that the spectra contain some low-lyihgHf transi- experimental challenge.

H H 177
tions, coming from theg decay of *"Ta. The lower limits of the lifetime are summarized in Table
- IV. In each case it was assumed that any new isomer formed
N. *7Hf would decay through the already known isomeric states or

In the case of'7®Hf, both the low-lying bands and that the upper part of the corresponding yrast band, and that the
built on the 31 yr isomef32] have been checked. The re- isomer population cross section compared with the total one

corded spectra contain some low-lying®f transitions, Of the nucleus is either 1%, 10%, or 30%. _
originating from theg decay of 7®Ta. The nonobservation of an isomer does not necessarily

mean that the searched-for multiquasiparticle state is not iso-
meric. It indicates only that the respective multiquasiparticle
state does not have a lifetime in the range of the sensitivity

In our reactions, the nucleu¥’®W is one of the most of the experiment and/or it was not populated with sufficient
strongly populated, and it is of particular interest with regardcross section.

V. DISCUSSION
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TABLE IV. The deduced lower mean lives considering isomer population of 1%, 10%, and 30% com-
pared to the production of the nucleus. For further explanation see the text.

7 limit (h)
Nucleus E, keV) (I— 1) fex=0.01 fex=0.1 fex=0.3
iy 256 (11/2~—7/27) 2700 27000 83000
1ray 237 (47 —2%) 8500 85000 260000
1w 359 (15/2”—11/2") 3700 32000 94000
180y 234 (47 —2") 2500 25000 76 000
18lyy 348 (17/2 —13/2") 610 6800 21000
1Ta 312 (21/2 —19/2°) — — 390
178Ta 219 (9 —87) — 250 940
179Ta 232 (21/2 —19/2") — — 94
180T 269 (13 —127) — 23 120
18T 179 (13/2 -11/2) — — 51
175t 127 (11/2 —9/27) — 150 640
176t 307 (67 —4") — 330 1200
i 366 (39/2" —37/2°) — 270 860
178t 377 (18" —17") — 69 240

Since the search for multiquasiparticle isomers in #he high-K isomer production in tungsten, tantalum, and hafnium
~180 region will continue, the results of the present experiisotopes. While no new isomers have been established in the
ment, i.e., the extracted lifetime limits, can be used to plarpresent work, the limits observed may be helpful in planning
further investigations. future experiments. The predicted™=67/2" nine-

In summary, limits have been established for long-livedquasiparticle isomer it’"Ta remains of particular interest.
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