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New level schemes of odd-1°>1971%¢ are proposed based on tf&Cf spontaneous-fission-gamma data
taken with Gammasphere in 2000. Bands of levels are considerably extended and expanded to show rich
spectroscopic information. Spin/parity and configuration assignments are made based on determinations of
multipolarities of low-lying transitions and the level analogies to the previously reported levels, and to those of
the neighboring Rh isotopes. A non-yrast negative-parity band built on thé 31 orbital is observed for the
first time in 1%°Tc. A positive-parity band built on the 17@431] intruder orbital originating from the
7(gy,,/ ds1) subshells and having a strong deformation-driving effect is observed for the first ti& & and
assigned in°Tc. A positive-parity band built on the excited 11/®vel, which has rather low excitation
energy and predominantly decays into the 9l¥el of the ground state band, provides evidence of triaxiality
in 19710 ¢ and probably also if%Tc. Rotational constants are calculated and discussed foK thk/2
intruder bands using the Bohr-Mottelson formula. Level systematics are discussed in terms of the locations of
proton Fermi levels and deformations. The band crossings of yrast positive-parity bands are observed, most
likely related toh;y,, neutron alignment. Triaxial-rotor-plus-particle model calculations performed with
=0.32 andy=-22.5° on the prolate side of maximum triaxiality yielded the best reproduction of the excitation
energies, signature splittings, and branching ratios of the positive-parity baxckpt for the intruder banyls
of these Tc isotopes. The significant discrepancies between the triaxial-rotor-plus-particle model calculations
and experiment for th&=1/2 intruder bands it°>*°7c need further theoretical studies.

DOI: 10.1103/PhysRevC.70.044310 PACS nuner23.20.Lv, 21.10.Re, 25.85.Ca, 27.60.

I. INTRODUCTION and may play a role in the odd-nuclei. Rotational bands
built on 7ggs, P12, and w(gy,/ds,) subshells have been
_ _The @ntrinsic configurations, shape coexistence, and trargpserved int®”1°Rh [5], and *** 1 Rh with Z=45 [6,7]. In
sitions in the neutron-rich nuclei witd~40, N>58 have  oyr previous work on Rh isotopes, calculations with a
drawn much attention. Proton orbitals originating from theyayia|-rotor-plus-quasiparticle model give a reasonable fit to
7Qg/» SUbshell closest to the Fermi level are affected in SPesycitation energies and signature splitting of the 742/,

cial ways by triaxial nuclear shape(ssz,;_/) (L '\"?‘4”0”_ bands, as well as collective yrare bands and to transition
states from thevh;q» subshell strongly drive nuclei in this robabilities at near-maximum triaxiality with=—28° for

region to prolate deformation, since the neutron Fermi leve LKA [7]. Yrare bands built on the excited 11/3tates
is below or near the bottom of thehy, subshell. A large ) provided evidence of triaxiality. Intruder 1']231]

prolate-deformation driving effect is also expected for the . 11111 ;
intruder 71/2[431] orbital originating from ther(gs,/ ds ) b'ands'are identified ift***Rh [7] but there are discrepan-
cies with theory.

subshells, which are located above #ve50 major shell gap. ) L _
Shape coexistence and transitions in the even-even nuclei l@5lﬂ)7 our work _mvestlggtlon of the od2- isotopes
this region have been intensively studig3]. In contrastto Tc with Z=43, which are odd neighbors of Rh
the sharp shape transitions and coexistence observed in r 11'“1‘12:45 are carrlelglk_)%J?t.l Olee the neutron-rich isotopes
clei of Z<40, the appearance of triaxiality and soft shape " Rh(Z=45) [6,7), '%>*%"1%t¢ are several protons below
transitions were found in nuclei &> 40 [4]. the 50-proton closed shell and midway in the 50—82 neutron
Not much is known about the odéineutron-rich nucleiin  shell, a region of nuclei characterized by differing deforma-
this region. Because of the deformations drivenNby>60  tions, includingy softness or rigid triaxiality. In view of the
neutrons, various proton subshells are near the Fermi levetfifference of proton number by two, the Tc isotopes are ex-
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pected to exhibit some differences in structure and shapédsave rechecked with a special version recently supplied by

from the Rh isotopes. Dr. Radford, which has about a third less compression, and
Low-lying transitions of Tc isotopes were obtained from consequently requires more memory on hard disk. The less-

B-decay work[8]. The lowest transitions of°°Tc from 8 compressed cube was found to be useful in clarifications of

decay of'®Mo and of 1°“Tc from B decay of'®Mo were  ambiguities related to peak overlapping, in identifications of

reported[8]. However, nothing has been known for the low- weak transitions and bands smeared by contaminating strong

lying states of°°Tc from g decay of!®Mo. The first high- transitions in the coincidence spectra, and in least-squares

spin level schemes df**%"1% ¢ were proposed by Hwang fitting of transition energies with higher precisions.

et al. [9] of our collaboration using spontaneous fission of Figures 1a), 1(b), and Xc) shows a typical double-gated,

252Cf at Gammasphere. High-spin states'firc were stud-  triple-coincidence gamma spectrum &%Tc, °*Tc, and

ied by Hoellingeret al. using fusion-fission reactions at '°°Tc, respectively, based on the less-compressed cube. See

EUROGAM2 [10]. Similar studies for’"Tc and®*Tc were  details in the figure caption.

reported by Aslaret al. [11] and by Croweet al. [12], re-

spectively. Recently, Bauchet al. [13] reported on the high- . NEW LEVEL SCHEMES AND SPIN/PARITY/
spin states of\®Tc also using fusion-fission reactions at CONFIGURATION ASSIGNMENTS
Euroball 111.

In this paper we propose new level schemes of The new level schemes 8f°1°1%¢ pased on our high
10510710 ¢ phased on the compressed and less-compressetatistics>2Cf fission data are displayed in Figs. 2, 3, and 4,
cubes of our 1995 and 2000 high-statistics fission-gammeespectively. The numbering of bands follows that used in
data taken at Gammasphere. Spin/parity and configuratioriRef. [7]. Tables I, II, and Ill show energies, relative intensi-
involved in1%%1%71%¢ are assigned. Level-structure system-ties, initial levels, and half-livesif any) determined for all
atics of the Tc isotopes are discussed. Rigid-triaxial-rotorthe transitions of®Tc, *°*T¢, and'°®Tc, respectively. There
plus-particle model calculations for the Tc isotopes are perare several levels with lifetimes determined in R@f5] by
formed and compared with the data. This comparison favorucker, and these half-lives are noted in Table I, as well as in
a triaxial shape,s,=0.32, and y=-22.5° for the main the Table of Isotopefs].
positive-parity bands if®"Tc. We have put two decimal places on our energies in col-
umn 1 in order to facilitate testing sum relationships in the
decay scheme and for determining signature splitting. We do
not believe the absolute transition energies are accurate to

It has been shown that the combination of spontaneous- dretter than 0.1 keV. We list the statistical standard deviations
induced-fission reactions with multi-gamma-detector arraysounded to nearest 0.01 keV, as returned by the gf3 fitting
provide a powerful method for the population and identifica-Program on the expande’hDWARE cube, but we state that
tion of energy levels of neutron-rich nuclg]. For two runs,  Systematic standard deviation is about 0.1 keV. The compari-

Il. EXPERIMENT AND DATA ANALYSIS

each taking two weeks in 2000,%3°Cf source of 62uCi,  son with work of others as shown in the tables bears this out.
sandwiched between two 10 mg/¢fFe foils, was placed in
an 8-cm polyethylene ball centered in the Gammasphere, A, 1057

which had 102 active Compton-suppressed Ge detectors. . )
Over 5.7x 10 triple and higher-fold events were accumu-  The level scheme of®*Tc is considerably extended and

lated. This number of events considerably exceeded those ﬁ;f(_palradec(see Fig. 2 The@=-1/2 signature branch of band
our 1995 run, and the efficiency for low-energy100 ke\) 1 in 1%°Tc reported in Ref[9] is extended from the 1177.7-
gamma rays was considerably improved over that in 1995<€V (15/2) level, up to a 3348.2-keV27/2") level (so the
The high statistics and high quality data make it possible t@nd crossing is now observed, see beloand the «
observe the weakly populated bands and to extend bands fo+1/2 branch from the 2118.9-ke\21/2") up to the

higher spins and excitations than could be identified from ouB716.2-keV(29/2") level. New cross-linking transitions of
1995 data alone. 4951 keV, 249.8keV, 503.3keV, 309.7keV, and

The coincidence data analysis used tewARE soft-  416.3 keV are observed among the newly identified levels of

ware packagél4]. Double-gating on the known transitions band 1. Anew band 5 reaching up to 2759.3 K&@/2") for
and cross-checking by gating on Tc transitions and its fissioffs @=—1/2 member and to 1396.9 ke\t3/2") for its a
partner Cs transitions, new transitions were identified, ane +1/2branch was observed for the first time in our work. It
bands of'?>171% ¢ were extended and expanded. We paidwas very difficult to identify band 5 when using the standard
close attention to the corresponding partner transitions, coircompresse®@ADWARE cube because of serious peak overlap-
cidence relationships and balance of relative intensitiesping (for example, the 507.3-keV transition in band 5 lies
Background subtractions were carefully made in the gate#ext to the 511-keV transitignand weak populations
spectra by shifting gates off the peaks. The adopted transitioBmeared by stronger contaminating peaks. However, this
energies and relative intensities were determined with specidland clearly shows up when using the less-compressed new
care by peak-fitting using the gf3 program, and the formeRADWARE cube for analysis. The band is found to be built on
were weighted-averaged over several gated spectra. the low-lying 304.0-keM3/2"), 322.2-keV(1/2"), 530.2-

We have used first the regul®abpwARE cube with its  keV (5/2%), and 491.8-keM7/2") levels, which are also re-
standard compression of 8192 channels ové& MeV. We  ported by beta-decay wor8]. Another new band, band 6,
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consisting of only two levels, is observed, with one of the160.5 keVM1, and 204.1 ke\WW 1. This then led to the as-
transitions, 531.1 keV, also reported by decay stufgs signments of the following low-lying levels: 85.6 keV 572
The a=-1/2 branch of band 9 is extended from the 150.1 keV 7/2, 279.3 keV 9/2, 76.8 keV 5/2,
1236.2-keV(15/2) up to 3252.0-keM27/2), and thea  237.3 keV 7/2, and 441.3 keV 9/2 In our work, the total
=+1/2 branch from the 951.6-ke¥13/2") up to 2283.0- internal conversion coefficientdCC) of some low-lying
keV (21/2°) level. New 284.5-keV, 340.6-keV, 321.9-key, transitions were determined based on the intensity balance

i ) i rnicorrected for the total ICC as well as detection efficiency.
?h8e4.:e\l/<vel\</a'vglnsdo?;4b7&.1z dkgv transitions are found to cross-lin ating at the 157.0- and 623.4-keV transitions, the ICC of

) the 129.2-keV transition was derived to be @®tbased on

3/ 9 n\?vvﬁlictilar::%n%‘i?ni czgzeg/fgl Ot-)lilz\e}d77c‘)2nle;[\r/]§ %:r?(;lJ nt?neStat&e intensity balance between 314.2- and 129.2-keV transi-

147 ,7-k V and 198.3-keV t t ted bv d tions. Then gating at 'ghe 471.1/623.4-keV transitions and

[-Kev an ->-KeV Iransitions reported by decay meazq 4 5157 0-keV transitions, the ICC of the 85.6-keV and

surements[8]. Band 10 was extended up to a 838.8-g4 5. keV transitions are deduced to be @82nd 1.1810),

keV (11/2) level by observing a new 493.0-keV transition. respectively, using the above-determined ICC of the 129.2-

The identification of band 10 starting from the ground statekeV transition[0.269)]. The derived ICC were compared to

3/2 indicates that differing from the previous reports, bandHager-Seltzer theoretical values to derive the multipolarities:

9 has the 5/2state as the band head, the band head of bang5.6-keV transition E1, 64.5-keV transition M1 (+E2),

10 is 3/2Z, and the two bands have different configurations129.2-keV transitiorM1+E2, the former two being also re-

(see discussion belgwThe lower part in the level scheme of ported in Ref.[8]. Using the same method, gating on the

105T¢ (see Fig. 2 shows the transitions emitted from the 129.2- and 623.4-keV transitions, the ICC value of the

levels identified in our prompt-fission-gamma work and re-157.0-keV transition is determined to be Q9 implying a

ported in beta-decay studi¢8], but not identifiable directly M1 (+E2) transition with a predominant component dfl.

in our fission data. The determined ICC values and derived multipolarities of
The assignment of 3/2to ground state of%Tc was low-lying transitions in'%Tc are indicated in Table IV,

given in Ref.[8]. The spin/parity assignments for the low- which supports the spin/parity assignments for the lowest-

lying levels of 1®*Tc were based on the determinations of lying levels of*°°Tc (see Fig. 2

multipolarities of the lowest-lying transitions[8,9]: The spin/parity assignments of the extended parts of

85.6 keVE1, 64.5 keVM1, 129.2 keVM1, 76.8 keVM1, bands 1 and 9 are based on reasonable assumptions of rota-
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FIG. 2. New level scheme dP°Tc proposed in this work. The widths of the arrows are roughly representative of the relative intensities
of the transitions. Refer to Table | for measured values.

tional character and analo%ous level patterns to those renore sophisticated analysis. The ground 3éfate was as-
ported in Ref.[9] and to9" 10911118 [5_7]. For the new  signed 1/2[301] orbital [9]. The configuration 7/2413]
band 10, we felt it reasonable to assign I1{@ the 838.8- was assigned to the yrast positive-parity band 1, though our
keV level and the E2 multipolarity to the newly observed model calculations below show nearly equal admixtures of
493.0-keV transition. In the new band 5, similar to those of7/2[413] and 5/2[422] in most level§9]. The observation
107.11L1kh0 [5-7], we follow the same assignments with of the new non-yrast, negative-parity band 10 built on the
7/2* assigned to the 491.8-keV level, so that band 5 als®/2 ground state suggests a new interpretation for the yrast
consists of two signature partners, as was observed inegative-parity band 9 differing from that given in Rg9).
HLI1RK [7]. Band 6 is assumed to be built on the excitedAssuming a prolate deformatiof~ 0.25, 5/2[303] is as-
11/2" level, an assignment which is supported by the levekigned to band 9, and 37[801] to new band 10. Band 6 is
systematics and decay patterns of the corresponding bandsdéonsidered aK+2 satellite band originating from the
107.19r¢ and those itY"109111138h [7] (see below:. 7/2*[413)] band(see discussion below faPTc).

The band assignments of asymptotic Nilsson quantum Of particular interest is the interpretation of the new band
numbers)™[Nn,A] is attempted here, mainly for the purpose 5. Lhersonneawet al. [16] measured lifetimes of the band
of labeling, since the triaxiality of most of the bands will heads in the analogous bands'fi'*Rh. These data imply
bring about considerable configuration mixing. In a later secstrong retardations for thE2 transitions to the ground 772
tion we apply a triaxial-rotor-plus-particle model to make astates and suggest that the bands originate frdn2*[431]
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TABLE |. Energies and relative intensities of the transitions observedic.

E, (keV) Statistical std. dews (keV) Relative intensitie Ey[g] (keV) Eyﬁ[s] (keV) Initial level (keV) Half-life (ns)
18.41) 322.2 9.911)
64.49 0.01 72.5 64.1 642) 150.1
71.12) 147.7
76.81 0.01 ~110 76.5 76.6L) 76.8 0.934)
85.60 0.01 100.0 85.4 83%Y 85.6 20.86)
{5.3 89.011) 237.3
95.1(2) 441.3
108.62) 346.0 -
129.19 0.01 44.0 129 129D 279.3
147.72 0.01 147.8 1478 147.7
{0.2 156.02) 304.0
157.04 0.01 6.3 157.2 750.5
160.47 0.01 33.1 160.5 16Q1 237.3
187.68 0.01 3.1 187(2) 491.8
193.30 0.10 1.4 193(2) 279.3
196.20 0.02 2.6 196.2 1374.0
198.34 0.03 197.9 19719 346.0
204.06 0.01 13.9 204.2 2039 441.3 -
208.0 0.1 2.1 207(@) 530.2 0.1786)
218.48 0.01 5.3 218(3) 304.0 6.810)
226.18 0.04 1.3 226(3) 530.2 0.1786)
231.24 0.01 5.6 2315 672.5
237.33 0.07 3.6 236.9 2369 237.3 -
249.78 0.04 0.9 2118.9
269.11) 346.0
279.14 0.02 3.0 278.3 951.6
279.24 0.10 0.3 1089.7
284.48 0.05 2.6 1236.2
{2.8 303.81) 304.0
309.72 0.08 0.3 2931.8
314.34 0.01 14.8 314.4 593.6
321.94 0.06 1.7 1898.6
322.19 0.06 5.1 322(2) 322.2
340.56 0.02 2.4 1576.7
341.84 0.06 (1.1} 341.82) 491.8
345.9 345.83) 346.0
347.74 0.25 0.6 2630.8
350.05 0.01 1.7 841.8
361.19 0.02 1.2 361.5 891.5
364.50 0.01 13.9 364.7 36413 441.3
380.20 0.02 380(@) 530.2 0.1786)
384.40 0.04 1.2 2283.0
416.3 0.1 3348.2
427.16 0.02 4.3 427.5 1177.7
435.18 0.01 14.1 435.7 672.5
443.35 0.03 1.7 443.4 593.6
444.52) 530.2 0.1786)
471.07 0.01 12.3 471.2 750.5
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TABLE I. (Continued)

E, (keV) Statistical std. dews (keV) Relative intensitie Ey[g] (keV) Eyﬁ[s] (keV) Initial level (keV) Half-life (ns)

493.04 0.04 838.8
495.11 0.02 1.4 1869.1
496.13 0.11 1089.7
503.27 0.07 0.5 2622.1
505.46 0.07 0.3 1396.9
507.28 0.01 0.6 1349.1
510.4 0.1 951.6
531.14 0.02 1.8 810.1
563.69 0.01 7.2 563.7 1236.1
584.19 0.03 1.2 584.2 1177.6
621.20 0.10 0.4 3252.0
623.43 0.01 5.5 623.5 1374.0
625.18 0.05 4.6 1576.7
653.54 0.02 0.4 2002.6
660.42 0.11 0.2 810.4
662.41 0.02 4.3 1898.6
691.35 0.07 0.8 1869.1
706.25 0.13 1.4 2283.0
726.05 0.10 0.1 3348.2
732.24 0.05 1.6 2630.8
744.95 0.14 2.8 744.7 2118.9
753.01 0.11 0.3 2622.1
756.68 0.02 2759.3
784.4 0.1 0.1 3716.2
812.99 0.17 0.8 2931.8

*The relative intensities given in curly brackets are those determinggl dgcay measuremenis].

from the major shell above, probably with a different shape3351.0 keV(27/2") (so the band crossing is now observed,
from the ground band. With the above interpretations, thesee below, the a=+1/2 branch from 3586.5 keVW29/2")
analogous new positive-parity band 5 is interpreted as fronup to 4320.0 keM33/2"). The dashed cross-linking 216.5-
an intruder orbital 71/2[431] originating from the keV transition given in Refl9] is confirmed, and new cross-
w(g7./ds;,) subshells, which exert a strong prolate- linking transitions in band 1, namely, 548.2-, 240.4-, 505.7-,
deformation-driving effect. It is also of interest to note theand 235.4-keV transitions, are observed in our work.
“anomalous” level spacing characteristickof 1/2 bands in The transition of 766.0 keV in band 5 tentatively given in
the level sequence of the newly observetl/2[431] rota-  Ref. [9] is confirmed(measured to be 766.6 kgVand the
tional band. Here the 372level lies just below the 172 Pand is tentatively eXt?QgTed by one Ievg#olhls band is very
level, and the 7/2level below the 5/2 level, forming two ~ Similar to the band 5 of ™Tc except that in™"Tc no transi-
doubiets. T reqr evel sequence was also obseve 9% COTECINg b 5 o thr bance o e orunc s
Rh'[5] and ""-*"Rh [7], which was explained by the de- energy for us to observe with any efficiency or the 3band
coupling parametes, betweeﬂ —1 and -@iso see Sec. I/ head decays out with a lifetime long compared to thke us
Band 6, built on the excited 1172state with a strong  oqqying time of our data set. So the excitation energies of
decay-out transition of 531.1 keM.1/2)¢,— 9/21 and &  pand 5 given in the level scheme are not absolute values.
very weak one, 660.4 keV11/2)ex— 7/2";, provides evi- The 850.8-, 549.4-, 496.0-, and 466.1-keV levels reported
dence of triaxiality (see discussions below fdf"%c).  in the decay measuremerij are identified in our work, and
However, no further information could be obtained sincethey form several new sequences observed for the first time
only two levels are observed in this band. There are severah 1°“Tc using fission data. The transitions with asterisks in
levels with lifetimes by Rickefl5], and these half-lives are the level scheméFig. 3) are those reported in Ref8] but

noted in Table I. not identified with fission data.
107 Two new levels at 1731.1keWl7/2) and
B. ™'Tc 2095.0 keV(19/2") are added to band 6. New transitions,

The a=-1/2 signature branch of band 13#Tc reported  339.3 and 363.8 keV, are observed between the two signa-
in Ref. [9] is extended from 1840.1 ke¥19/2") up to  ture partners of band 6.
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TABLE Il. Energies and relative intensities of the transitions observeldirc.

E, (keV) Statistical std. dews (keV) Relative intensitie Ey[g] (keV) Eyﬁ[s] (keV) Initial level (keV) Half-life (ns)

20.0 65.8
45.83 0.03 (78.8 45.6 45.8
53.7 549.4
65.77 0.01 100 65.7 65.7 65.8 184
71.72 0.01 78.8 717 717 137.5
83.3 549.4
138.40 0.01 61.5 138.6 275.9
159.58 0.01 15.1 160.1 728.1
172.34 0.01 18.8 172.6 172.3+
187.01 0.01 4.9 187.4 1330.4
210.1 0.1 0.3 275.9
216.54 0.04 4.1 (217.2 2056.7
235.39 0.12 3586.5
240.41 0.04 1 2845.3
292.58 0.01 20.6 292.8 568.5
301.42 0.03 (2.4 301.3 850.8
303.93 0.02 1.6 304.1 1391.8
321.56 0.01 2.1 321.9 1087.8
329.00 0.01 14.1 329.1 501.3+
339.28 0.03 0.6 1731.1
354.74 0.04 0.8 354.8 354.8 850.8
358.51 0.04 7.2 358.9 358.5 496.0
359.86 0.09 359.6 1087.8
363.82 0.07 0.3 2095.0
384.37 0.06 (7.2 384.4 850.8
400.38 0.05 (7.2 400.3 466.1
411.9 549.4
415.40 0.01 6.3 415.3 1143.5
430.14 0.03 (3.4 430.1 496.0
430.96 0.01 3.1 431.3 568.5
452.23 0.01 20.5 452.4 728.1
0.2} 465.8 466.1
482.55 0.01 8.9 482.7 983.5+
483.64 0.02 (7.2 483.6 549.4
490.29 0.01 6.6 490.3 766.2
505.70 0.07 0.5 3351.0
509.69 0.02 46 509.5 1840.1
519.34 0.02 2.8 1087.8
548.23 0.03 1.2 2604.9
(1.4 549.4 549.4
574.92 0.02 1.6 574.9 1143.5
602.28 0.01 14.9 602.4 1330.4
625.68 0.01 43 625.8 1391.8
628.56 0.02 0.9 766.2
629.05 0.02 4.2 629.1 1612.9+
643.15 0.06 0.2 1731.1
696.59 0.02 0.9 696.9 1840.1
703.16 0.08 0.9 2095.0
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TABLE Il. (Continued)

E, (keV) Statistical std. dews (keV) Relative intensitie Ey[g] (keV) Eyﬁ[s] (keV) Initial level (keV) Half-life (ns)

{0.3 713.5 850.8
726.24 0.01 7.9 726.7 2056.7
733.46 0.09 0.2 4320.0
741.23 0.06 0.9 742 3586.5
746.01 0.12 0.1 3351.0
764.58 0.04 0.3 2604.9
766.63 0.06 2.0 2379.6¢

3.4 785.0 850.8
788.74 0.03 18 789.5 2845.3
846.5 0.1 3226.1#

*The relative intensities given in curly brackets are those determinggl dscay measurement8).

The spin/parity assignments of the bands were based aer with predominant component &1 (see Table 1V.
the determinations of multipolarities of the lowest-lying tran-  There are no spin/parity assignments of low-lying levels
sitions, on the assumption of rotational sequence and on the Ref. [8] for °Tc. Now, with 3/2 being assigned to the
level patterns analogous to reported levels and neighboringround state following the assignment forTc, 5/2" is as-
Rh isotopes. In Ref.[8] the lowest-lying 65.8- and signed to the 65.8-keV level based on the above determina-
71.7-keV transitions were reported by Otemal. [8] to have tions of multipolarities of 65.8- and of 71.7-keV transitions.
M1+E2 andD (dipole) character, respectively. Their results t_can be seen that now the yrast 5/27/2" |?V95 of
of ICC determinations and the deduced multipolarities are Tc follow the same level pattern as seen'ffi**Tc
indicated in Table IV. In Table IV we have substituted the @hd smooth level evolution is also seen in the isotopic chain
slightly different theoretical values calculated from the inter-(also see the next sectipiThe smooth level systematics and
polation program on the website of the National Nucleardecay pattern support the above determinations of multipo-
Data Center at Brookhaven National Laboratory. larities of the 65.8- and 71.7-keV transitions and the spin/

The determinations of total ICC of the 65.8- and Parity assignments for the lowest levels'8fTc.
71.7-keV transitions in our work, and consequently the de- The assignments of spin/parity for the extended parts of
duced multipolarities, differ from those reported by Oktn  band 1 are based on the rotational sequence and analogous
al. [8]. By gating on 159.3-keV and 602.3-keV transitions level pattern. The spin/parity assignments for bands 5 and 6
the total ICC of the 138.4-keV transition was determined to2€ also based on the similarity of level patterns with those of
be 0.168) from intensity balances between the 292.6-keV %Tc and'"19911114%n [5-7].
and 138.4-keV transitions corrected for ICC, as mentioned Positive-parity band 1 was assigned a 7423] configu-
above for'®Tc. Then by gating above the 138.4-keV transi- ration. The negative-parity band 10, interpreted as B3]
tion (with either the 292.6-keV or 452.5-keV transition al- in *°°Tc, is not observed in°Tc. Band 6, built on the ex-
ways involved on several pairs of transitions, the total ICC cited 11/2 state, has rather low excitation energy and deex-
deductions for multipolarities of the 65.8- and 71.7-keV tran-cites to thegy,, band (predominantly feeding the 972and
sitions are determined to be1.06 and 0.68) (see Table very weakly the 7/2 state$ as seen i1 11410 For
IV), respectively. A 45.6-keV ground transition and a 20-the rhodiums this low-lying 11/2band was interpreted in
keV transition between the 65.8-keV level and ground stat@ur previous paper as evidence of triaxiali#y. The quench-
were reported in decay work8]. The 20-keV transition, ing of the 11/2,.— 7/2; transition was explained by exam-
however, was not observed in our work because the detectioning the wave functions. The main core component in the
cutoff was~35 keV, so only an upper limit of the total ICC wave functions of both the initial and final states is the first
of the 65.8-keV transition was given. In comparison with the2* core state; thus thE2 transition strength is mainly dic-
theoretical values of the ICGee Table IV the multipolari-  tated by the diagond2 reduced matrix element, which van-
ties of the 65.8-, 71.7-, and 138.4-keV transitions were deishes fory=-30°. However, the main core component of the
termined to beE1, pureM1, andM1(+E2), respectively. The 9/2; state is the 0 state of the core, resulting in a large
one-page report of Ohret al. [8] does not give sufficiently B(E2;11/2,.—9/2;). Based on the analogies of level struc-
specific information to decide how they might overestimateture and decay patterns, band 6, observedffic and in
the total ICC of the 65.8-keV transition. If the experimental *°Tc, provides the strong evidence of triaxiality in these Tc
total ICC of the 65.8-keV transition is actually greater thanisotopes. The analogous 11/Bands in'®"'°Rh were also
the theoreticaE1l value, it may be that there is somd2  interpreted as coupling of the 77213] and the 2 y phonon
admixture or it is another case of anomaldtk conversion of the core by Venkovat al. [5], but we think the phonon
coefficients. In a similar way, gating on the 138.4- andinterpretation is misleading and should be superseded by the
602.3-keV transitions, the total ICC of the 159.6-keV transi-fixed-shape triaxial-rotor model used in our present work.
tion is determined to be 0.0®), implying M1(+E2) charac- For one thing the 11/2band head is too low in energy to be
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TABLE IIl. Energies and relative intensities observed-fiTc.

E, (keV) Standard deviations (keV) Relative intensities E, Lol (keV) Initial level (keV)

69.43 0.01 69.1 69.3
137.26 0.01 100 137.6 206.6
139.63 0.01 23.3 139.6 644.3
147.49 0.01 2.9 147.7 1231.9
155.13 0.01 1.6 19515
201.1 0.1 0.4 2753.9
206.54 0.11 <1.5 206.6
221.49 0.21 3439.4
238.58 0.09 0.4 2376.2
267.41 0.11 0.2 2643.6
297.91 0.01 3.6 1262.9
298.08 0.01 28.0 298.3 504.7
332.09 0.01 7.8 332 964.9
373.62 0.07 0.3 1635.9
426.53 0.01 9.9 426.6 633.1
435.51 0.01 2.8 435.9 504.7
437.58 0.01 22.4 437.9 644.3
440.12 0.02 5.7 440 1084.3
460.44 0.08 1.2 964.9
464.10 0.09 3217.9
505.89 0.06 0.5 2643.6
563.9 0.1 0.9 633.1
564.70 0.01 1.9 1796.4
579.56 0.02 1.8 579.6 1084.3
587.59 0.01 17.9 587.7 1231.9
601.33 0.21 0.8 2552.6
630.08 0.02 2.1 1262.9
665.01 0.20 0.3 3217.9
671.57 0.04 0.7 1635.9
685.46 0.04 1.6 685.6 3439.4
691.55 0.15 0.2 2643.6
712.43 0.05 11 1796.4
719.57 0.01 7.9 719.8 1951.5
756.40 0.11 0.4 2552.6
761.37 0.06 0.4 4201.1
802.33 0.02 2.8 802.6 2753.9
905.51 0.09 1.4 2137.3
1053.0 0.5 2137.3

a gamma-phonon band, and the near vanishing ofBke analogous odd\:rhodium isotopes we have also clearly seen
transition from 11/2 band head to 7/2band head of band what we would call a K-2 satellite band.” That is, there is
1 is uncharacteristic of a gamma vibration and is a signature low-lying band with band head 372hat decays by en-
of substantial triaxiality. If one were to consider gamma vi- hancedE2 transitions to band 1. That such a 34and is not
brations, they should be fluctuations about a triaxial shapeobserved in the Tc isotopes experimentally and is not evident
Our model calculations do not incorporate such a refinemenin the theory may be due to the lower proton Fermi energy in
and we feel it is not important for the lower-lying bands Tc compared to Rh. In Tc we see a low-lying 5 Kate. Any
considered here. K-2 satellite band may be spoiled by excessive mixing of
We have struggled to come up with a term denoting ban&=1/2 and 3/2components.
6, which is clearly in the collective family of band 1. We  Also of interest is the identification of thel/27431]
suggest the termK+2 satellite band.” In our paper on the intruder band, band 5, i’“Tc. Assignment of a configura-
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TABLE IV. Determinations of total internal conversion coefficients and multipolarities of low-lying transitioH® " 1% c.

105

Transitions oral(€XPY toral(theory) oral(€XPY Multipolarity

(keV) Ref. [15] E1l E2 M1 M2 This work Ref.[15] This work

64.5 1.0824) 0.48 6.24 0.99 15.6 1.180) M1 M1(+E2)

85.6 0.226) 0.21 2.23 0.44 5.25 0.29 E1l E1l

129.2 0.06 0.50 0.14 1.15 0.3 M1 M1+E2

157.0 0.04 0.25 0.08 0.58 0@ M1(+E2)
107-|-C

Transitions otal(€XPY oral(theory) oral €XPY Multipolarity

(kev) Ref. [8] E1l E2 M1 M2 This work Ref.[8] This work

53 1.q4) 0.79 11.7 1.65 30.7 E1

65.8 1.3%7) 0.45 5.68 0.92 14.1 <1.06 M1+E2 E1l

717 0.529) 0.35 4.18 0.72 10.1 0.68) D(M1 or E1) M1

83 0.4228) 0.23 2.50 0.47 5.80 M1

138.4 0.05 0.39 0.11 0.90 0B M1(+E2)

159.6 0.03 0.23 0.08 0.54 0.® M1(+E2)
109y

Transitions oral( EXPD ora(theory) oral EXPY Multipolarity

(keV) Other work E2 M1 M2 This work Other work This work

69.4 0.37 4.52 0.78 11.9 0.8 M1

137.3 0.05 0.44 0.12 0.96 0. M1(+E2)

tion was not made for band 5 in R¢€]. As discussed above, keV (27/2") level so that the band crossing is observed. The
the 71/2"[431] rotational band is identified and assigned in a=+1/2 branch of band 1 is extended from the 3439.4-
105T¢ in our work as well as it 1111Rh [5-7], and there  keV (29/2") up to 4200.8-keM33/2") level. New transi-
is an obvious analogy of level patterns among band 5 ofions of 564.7, 155.1, 601.3, 201.1, 464.1, and 221.5 keV
197T¢ and thew1/2431] bands of'%Tc and**"*1Rh.  were found to cross-link the signature partners of band 1.
Therefore, band 5 of'°®Tc is reasonably assigned a Band 2 is extended from 2137.4-kg¥9/2") up to
71/2[431] configuration originating from ther(g;;,/ds,)  2643.3-keV(23/2") level. New 238.6- and 267.4-keV tran-
subshells, which possess large prolate deformations. HKitions were observed as linking transitions in band 2. A
should be noted that in comparison with the analogous inweak new decay-out transition of 1053.0 keV of band 2 is
truder bands int®Tc and those in'®"****1&h, band 5 in identified.
19%T¢ is surprisingly much more strongly populatese the Band 6, consisting of only one level reported in R&j,
intensities indicated in Table)ll However, all the intruder is expanded with the lowest members of signature partners
bands observed in these Tc and Rh isotopes show the corobserved. This progress is achieved thanks to the clarifica-
mon feature that the relative intensities of the bands decreas®n of the confusing ambiguity in determination of the feed-
much more slowly with increasing excitation energies andng point of the 426.5-keV decay-out transition of band 6.
spins than the normal bands. The intensity pattern may peAfter intensive checks of coincidence relationships using the
haps be accounted for by the lower state density and ledess-compressed cube an overlapping transition of
rotational damping in the potential well corresponding to the297.9 keV, which has almost the same energy as the
larger prolate deformation possessed by the intruder orbitaR98.1-keV transition in band 1, is identified and found to
belong to band 6. Based on coincidence relationship and
C. 1007, relative intensities of the 297.9-keV and the 332.1-keV tran-
: sitions, and the identification of the 630.1-keV crossover
Another significant extension and expansion of the levetransition, the 426.5-keV decay-out transition is believed to
scheme are achieved °Tc (see Fig. 4 Thea=-1/2 sig- feed the 9/2level of band 1, instead of the 117&vel. This
nature branch of band 1 is extended from the 1084.4-ke\tonclusion is supported by the observations of the decay-out
level 15/2 reported in Ref.[9] up to the 3218.0- 563.9-keV and 460.4-keV transitions feeding the 7 4hd
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TABLE V. Rotational constants in thik=1/2 intruder band.

Nucleus A(keV) This work A(keV) This work A(keV) Ref. [18] A;(keV) Ref.[18]
1051¢ 19.9 -25.4

07¢ 20.1 -28.5

=l 20.0 -33.7 19.6 -33.6
URh 20.0 -26.8 20.0 -26.8

11/2" levels of band 1, respectively. The level systematicscients above using the three lowest known levels in the in-
and decay pattern of band 6 &f°Tc are now obviously truder band(Actually, they made a fit with one degree of
similar to that in'®Tc and those %7109 111118 freedom for'*'Rh, where they knew the energies of four
No beta-decay data on gamma transitions have been reavels. Their notation for the rotational parameters is some-
ported for *®Tc so far as we know. By gating on the what different; they use, for our A andAu for our A,.) We
579.6- and 147.5-keV transitions in band 1, which is the onlyrecalculated also the rhodium cases using our best values of
possible gate for ICC determinations for the 137.3-keV tranenergies from Ref[7]. Even though we know many higher
sition because of serious peak contaminations especially thgye|s of these bands, it is evident that the moment of inertia
137.3- and 139.6-keV transitions overlapping each over, thg jncreasing as one goes higher in the band, so that higher-
ICC of the 137.3-keV transition was determined t0 begjor terms would be required for fitting. By subtracting the

O.r]ldﬁ(%;)gssdvotr: tr?eitimrgens'tyd balﬁrt‘)c% biwi//e‘f%rthe nzd98. inal state from the initial state in the above equation, the
a ~o-KEV ransitions as described above [ofrc a constantE, is eliminated, leaving two simultaneous equa-

107 . _ _ .
Tc. Then gating on the 437.6- and 587.6-keV transmons[ions for two transition energies. These are solved for the

the ICC of the 69.4-keV transition was determined to be ;
0.809). So the 69.4- and 137.3-keV transitions are found toUnknown rotational constangsandA;. For three of the four

- lei treated, we use the 7/2-3/2 transition energy and the
be of M1 and M1(+E2) character, respectivelgsee Table nuc ’ 07 -
V). The spin/parity assignments for the low-lying levels of5/2'3/2’ and for thé”"Tc levels where one of the signature

band 1 in1%Tc are thus made, 572being assigned to the partners is unknown, so we used the 11/2-7/2 transition

lowest level observed. The assignments for the upper part (ﬁ‘}n?ggycii;?:;:3%?3,;??3&?2'V\é\r/]ee: c:;]eed;tzmggi\zﬁt?/\:gnce
band 1 are madénd also supportedy the reasonable as-

; . ransitions were used and made a small correction to the
sumptions of rotational character and the analogy of Ieveinc rotational constants. Table V summarizes our values

patterns in comparison to those8fTc and®“Tc. Since the . >
2137.4-keV level of band 2 is found to be deexcited by theWlth those of Kurpeteet al. [18]. We also note Ruckefl5)

; — i 10! —
905.5-keV transition to the 1231.9-keV 17/@vel of band 9"V v_alues for th&=1/2 band in*®Tc Of.A_ 19.'59 keVv
1 and by the very weak 1053.0-keV transition to theand Al__25'97 keV. These parameters @ffer 'sllghtly from
1084.4-keV 15/2level of band 1, band 2 is most probably a O values, since Ricker made a best fit of five levels, in-

o . S ! cluding the 9/2.
Phos';qg?pg_r;g \? ?;\;jél and it is reasonable to assign 1362 We note that rotational constaAtis remarkably constant

As for 19Tc and!%Tc, 7/2[413] is assigned to band 1 in among the four nuclei, indicating that the deformation and
. . 10 . : degree of pairing are quite similar. The staggering coefficient
1097¢, Like band 6 in'%Tc, band 6 in'°Tc built on the . ,
excited 11/2 level and deexciting to the yrast band and 101511|§7rsome\1/\{hat more negative fof"Rh com_pared to
. , . ; ¢ and'®Rh. The ratioA;/A is usually designated as
predominantly feeding th€9/2"), level also provide evi- the decoupling constant
dence of triaxiality in'%Tc, although this band is not well P

developed. The level pattern of band e very similar Rucker makes use of hi?}gg?asurement of 0.175 ns half
to band 2 inl"11Rn [5,7]. The 5/2[303], 3/2[301], or life for the 530.2-keV level i ¢ to calculate the quadru-

pole deformation parameter of tike=1/2 intruder band. He

1/2'[431] bands are not observed 1f’Tc. derives a value o8=0.354) which corresponds te=0.32.
IV. ANALYSIS OF THE K=1/2 INTRUDER BANDS Of course, the formulas he uses are fqr axially symmetric
shapes. We have not yet fully explored in our model calcu-

As discussed in the preceding section, we see evidence ftions the effect of triaxiality on energy level spacings and
the K=1/2 intruder band coming down from the proton or- transition probabilities ik =1/2 bands.

bital 1/2[431] above thez=50 major shell gap. IH°*Tc we
see five members of the negative-signature partner and three \, | EVEL SYSTEMATICS AND BAND CROSSINGS

members of the positive-signature partne_zr.l%'c we think OF THE Te ISOTOPES

we see six members of the negative-signature partner. To

analyze theK=1/2 intruder bands of®°Tc we use the The systematics and evolution of the yrast positive parity
notation in Eq.(4-61) of Bohr and Mottelsor17]: bands in'9310%107.1%¢ are shown in Fig. @). An evolution

from a weak-coupling scheme towards a strong-coupling
— _ 1\1+1/2

Bi=Bot Alll+ 1)+ Ay(= )71 + 1/2) 8K, 1/2). scheme fron?’Tc to % Tc was reported in Ref{13]. The
Similar to the work of Kurpetat al. [18] on beta decay into higher-spin states observed #°Tc and the new data for
rhodium isotopes, we calculate the three unknown coeffi*®“Tc and'®Tc obtained in this work show more clearly the
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(a) (b) 0.8
T7/2%[413] band T5/2°[303] band
06 Z=43
—~—33/2" =
@ 04 -
T 2
—_ £ 02 ,
— E \ 1057¢
—_ T —ogpt o
272" —(23/2)) ® 02
33— 2
RN S .04
252t —(2112)) D
— e - e 23/27F o -06 -
S| — () 08 E—
s . — ) 8 10 12 14 16 18 20 22 24 26 28 30 32 34
= — e 21/2 ~—(17/27)
Q —_——— 92t T 21
oL _ S (15/20)
_ Th—. 132) FIG. 6. Signature splitting of the yrast positive-parity bands in
" — e — +  — . .
—\ — 172 — 105,107.108¢ ¢ representd®Tc, M is for 1°“Tc, andaA is for 1°°Tc.
1 — 152 e (11/2)
——— g o with increasing neutron number in Tc isotopes are similar to
h—e—— it 12 those of isotones®’1°Rh, although an opposite tendency is
gt T T observed in the highest spin states'iMRh and possibly
b == starting from the low levels if**Rh.
—_— : H H 105107,10
A 103 105 107 109 101 103 105 Indicated in Fig. 8 are the trends of band 6'%#°7 1% ¢

built on the excited 11/2states, with those of Rh isotopes
FIG. 5. Level systematics of the yrast positive- and negative-2lso shown in the figure. As seen in Fig. 8, the lowering of
parity bands, 7/9413] in 10310510710¢¢ a) and #5/27[303]  excitations of the excited 117tates when going to heavier
bands in'‘°*%31%¢ (b). The #7/27413] bands are adjusted to the isotopes is even more pronounced in Tc. As mentioned in the
7/2* level of 1%Tc, and ther5/27303] bands to the 3/2level of  preceding section, the appearance of band 6 built on the ex-

1037¢. Data of'*+1%¢c are taken from Refg10,13. cited 11/2 state with rather low excitation energies, and
strong-coupling scheme and the remaining large signature
splitting in 1°>1%7:1%¢ [see Figs. &) and §. This evolution T 17271431} intruder band
of coupling schemes can be interpreted as the changing of a=-12
deformations. The proton Fermi level, being close to*1/2 55l @2 (23/2%)
and 3/2 of the gy, subshell for”*°Tc with small defor- RN—
mation, approaches the 572of the same subshell for
103-10%r¢ with larger deformations. In Fig.(8) it can also be
seen that in the higher-spin states of the positive-parity bands 21
of 10519710 ¢ there is a tendency to deviate from the strong-

. . . ; (19/2%) -
coupling schemes when going to heavier isotopes, which e (192h),
may be interpreted again by the changing deformation: de- —
formations may slightly become smaller with increasing neu- L5
tron number foN> 62 probably due to the neutron subshell %
atN=64. =

The evolutions of negative-parity bands i%Tc are 9 L asy. . S (152

indicated in Fig. Bb) for band 9 built on the intrinsic state P —
5/27[303]. Smooth evolutions and similarities of the level
patterns are seen in the figure. Large signature splitting in the (11724 .
5/27[303] yrast negative-parity bands was reported in osk - o v
97-9%r¢ [11-13, which was explained by the decoupling pa-
rameter of thewr1/27[301] orbit from the p;;, subshell,« 7io+ 7/0+
~ 1. However, almost no signature splitting in these bands is . R
seen in the yrast negative-parity bands®%f%Tc [see Figs. ob 22 22
5(b) and §. We can draw no conclusions about possible tri- 107, 109gn 111Rp 113 1057 107T¢
axiality because no model calculations have been done for
the more complicated odd-parity orbital system. FIG. 7. Level systematics of thel/2*[431] intruder bands of

Level systematics of therl/27[431] intruder bands of 10510%¢ Also shown in the figure are those &f71091111Rp
105.10%r¢ are shown in Fig. 7 together with that ¥ *Rh  [5,7]. The bands of Rh isotopes are adjusted to the*3égel of
[5-7]. The smoothness and decreasing excitation energie§’Rh, and that of°“Tc to the 3/2 of %°Tc.
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3F Band 6 built on the excited 11/2+ state e
50
(23/2%) = 45 - ngc
25 (21/2%) > 40 - 107,
s [+
. N,r:\ 35 105Tc
(17/2+) % g
2k T (19/2%) .- £ %
(72t g B
(15/21) T— 20
%l ST S— (15/2%) 15 :
= . S—— 0.25 0.3 0.35 0.4 0.45
~ (asz2h)
g ~ . ey hw/2n (MeV)
UJQ) 1= . .
" iy . FIG. 9. Kinetic moments of inertia vs rotational frequencies of
e . the @=+1/2 member oband 1 in*0>1071%q¢,
0.5 —
can be found Ref.19] by Larssoret al. By “rigid” we mean
that the shape, as defined by the deformation parameters, is
0 the same for all states. We use the hydrodynamic irrotational

flow formula for the ratios of the moments of inertia along
17Rn 199K "MRK 18Rh 195T¢  107T¢ 1%T¢ the principal axes, which depend only on the deformation
parametery. We normalize them with a scaling factor, which
FIG. 8. Level systematics of the bandsand § built on the  \yas fitted to the excitation energies. As a matter of fact, this
excited 11/2 states in'%>19"1%¢. Also shown in the figure are g achieved by giving an effective value Bf2*) of the core.
those of "% HRA 5,7, The single-particle Hamiltonian contains an anisotropic os-
cillator potential, which depends on the deformation param-
with a dominant decay feeding to the yrast 9/ate and eterse andy. The quadrupole deformation paramegemay
very weak one to the yrast 772tate of band 1, provides be related to parameterby Eq.(9) of Appendix H-4 of Ref.
evidence of triaxiality. [8]. Only quadrupole deformation is considered; that is, we
The variations of the kinematic moment of inerti  do not introduce hexadecapole or higher deformation param-
with rotational frequencies for the=+1/2 branch of the eters. We use the Lund convention fp20] for which the
yrast positive parity bands df>*%"*%tc are shown in Fig. interval 0=y=-60° corresponds to the collective rotation.
9. It can be seen in Fig. 9 that the band-crossing frequenciggaximum triaxiality is achieved ay=-30°.
of the a=+1/2 branch of band 1 decrease with increasing In our work the model is employed to calculate the ener-
neutron number, following the same trend as'ih™"Rh[7].  gies and wave functions of yrast and a few yrare states of
In 199HLHR0, thea=+1/2 branch of band 1 exhibits band 1°%rc. SeveraE2 andM1 transition strengths have also been
crossing at rotational frequenciesw~0.38, 0.37, and calculated. Although the model program allows the use of
0.35 MeV, respectively, with crossing frequencies decreasvariable moments of inertia, we used constant moments of
ing with increasing neutron numbg]. It should also be inertia in order to reduce the number of free parameters. The
noted that theN=64 (and N=66) isotones,}°"Tc and'*Rh fitting parameters then aee y andE(2"). It is also possible
(and *®Tc and*"'Rh), have almost the same band-crossingto reduce the strength of the Coriolis force by an attenuation
frequencies ~0.38 MeV_for *°Tc and 'Rh (and factor [21]. In the case of%"Tc the fitted parameters aee
~0.37 MeV for*®°Tc and**'Rh). Moreover, the correspond- =0.32,y=-22.5°, andE(2*)=0.35 MeV.(To third order ine
ing band of odd-odd*’Rh does not show any band crossing the corresponding quadrupole deformation paramgtes
well past the rotational frequencies where the odd-everhen B=0.38) A Coriolis attenuation parametg=0.8 has
neighbors*****11Rh exhibit band crossindg]. So, like the  been used throughout the calculatipfi. The parametet
5%51%7% the Rh isotopes, the band crossings observed {as not a free parameter. Since the signature splitting func-
1071% ¢ are most likely related to th®,,, neutrons align-  tion S(1) is very sensitive toy, its fit received special atten-
ments. The high-spin parts of band 1 after band crossinggon. The above shape is on the prolate side of maximum
have three-quasiparticle configurations with a broken pair ofriaxiality. There is also a triaxial solution witly on the

hy1/, neutrons involved. oblate side, but it gives a poor fit for the yrare band.
The positive-parity bands in the investigated three iso-
P, 0
VI. TRIAXIAL-ROTOR-PLUS-PARTICLE CALCULATIONS topes are very similar, so that we can expect #1at*Tc

have very similar structures. The comparison of the experi-
The rigid triaxial-rotor-plus-particle model was used in mental and calculated yrast excitation energies is shown in
the paper of Lucet al. [7], where calculations based on this Fig. 10. Above the 19/2level the comparison becomes ir-
model were carried out fdt>*Rh. The details of the model relevant, because the model can describe only one quasipar-
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Yrast band Band 6 built on the excited 11/2+
3.5 Theory for 197Tc  Experiments for 197Tc and 105, 109T¢ 2.5 Theory for 197Tc  Experiments for 107T¢ and 105, 109T¢
25/2+
30 —232" . —lzi2*
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o5 —2 o 1o
2.0
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FIG. 12. Comparison of triaxial-rotor-plus-particle model calcu-
A 107 107 105 109 lation for band 6 built on the excited 1172tate of*°*'Tc with
experimental excitation energies of the band$®h®"1%c.

FIG. 10. Comparison of triaxial-rotor-plus-particle model calcu- . .
lations for the yrast band 1 df*Tc with experimental excitation OUt- The two Harris parameters were fitted to the 9/2, 13/2,

energies of the bands #75107:10%¢ 17/2 states. The 5/tate clearly deviates from the extrapo-
lated plot, thus suggesting that its intrinsic structure may be

ticle coupled to a core. A similar behavior has been observedifférent from the rest of the ground band. In our calculation,
[7] in Rh. The backbending iH11Rh has been attributed to "€ 5/2 state is dominated by a component wit5/2.

an hyy, neutron pair alignment. As discussed in the preced-. 1he model reproduction for the signature splitting func-
ing section, this seems to be the likely explanation fo tions of the positive parity yrast band 8¥Tc is illustrated in

10510710 {50, The most obvious disagreement of theF9: 11. The agreement between theory and experiment can

model calculation with experiment is the position of the 5/2 P€ clearly seen. . . :
state, which lies below the 7/2state. In the calculation it __The calculated excitation energies in band 6 are shown in
has an excitation enerds,=32.7 keV, while the lowest state ©19- 12 As discussed above, the s_|debg$ﬁdr based on arf 11/2
of the yrast band is the 772As a matter of fact, the relation Staté moves downwards when going frormrc to =“Tc and

of the 5/2 state to band 1 is not clear. A Harris pl@2] of *Tc. The states belonging to this band have a wave function

the favored-signature band starting from 9ARas carried dominated t.)yK=1(1)42, with & strongk=9/2 component.
The calculation for°“Tc also predicts a 9/2state located at

~60 keV below the 11/2 state. It is dominated by compo-

= 0.8 - nents withK=9/2. Even if this state exists, it will hardly be
o 06 171¢ populated, so that a further discussion would be meaningless.
9 4 This sideband has interesting properties. As mentioned in the
= previous sections, we first notice that the 115fate decays
£ 02 mainly to the 9/2 state of the ground band, while the inten-
8‘ 0.0 sity of the 11/2-7/2 transition is nearly an order of mag-
® oo nitude smaller. The explanation can be found if we look at
> 04 the core wave functions of these three states. The dominant
c 04
51 -0.6 TABLE VI. Gamma-ray branching ratios itf*Tc.
(7))
LR ‘ ‘ ‘ ‘ Intensity Ratio Theory Expt.
4 5 6 7 8 9 10 11 12 18 14
Spin (I) 1(11/2—9/2)/1(11/2—7/2) 2.2 6.6
1(13/2—11/2)/1(13/2—9/2) 0.47 0.74
FIG. 11. Signature-splitting function comparison betweenl|(15/2—13/2)/1(15/2—11/2) 0.91 3.9
theory and experiment for band 11Tc. Experiment, dashed line; |(11/2,.9/2)/1(11/2,—7/2) 8.0 73

triaxial theory, solid line.
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TABLE VII. Model calculation: Energies and other properties of states.

E (keV) 2l 2K (3 9] &) ) (- (R) (R (RD) (R-D/IR]

0 7 7 -0.96 6.88 7.66 9.04 3.71 4.28 5.34 0.25 -2.82
32.7 3 1 0.43 6.47 5.43 0.35 1.73 3.94 5.21 0.16 -2.92
77.3 5 5 2.09 7.69 9.71 5.61 2.71 6.37 8.97 0.35 -3.78
142.7 9 7 -0.48 6.92 8.22 8.31 3.79 3.88 6.27 0.32 -1.42
212.6 7 1 0.34 7.3 5.14 0.46 2.12 3.93 7.62 0.25 -1.3
223.6 1 1 0.48 5.23 5.58 0.33 -0.57 6.19 6.59 0.1 -3.24
431.3 11 7 -0.57 7.11 7.69 8.8 3.57 6.57 9.72 0.36 -0.55
473.1 7 5 -0.64 7.15 8 8.2 2.03 8.05 14.26 0.65 -3.19
496.8 5 1 0.19 6.03 6.72 4.47 2.02 4.43 7.21 2.37 -3
511.7 5 1 0.16 5.64 8.52 2.96 1.61 4.1 10.01 2.21 -3.05
520.7 1 1 1.95 5.59 11.68 4.94 2.32 5.03 10.68 3.24 -4.64
539.7 3 3 -0.9 6.57 7.63 8.87 3.16 5.03 5.88 3.67 -4.44
624.3 13 5 -0.16 6.17 9.78 7.18 3.76 4.9 13.56 0.89 0.71
691.5 11 1 0.3 7.37 5.24 0.53 2.21 6.6 15.57 0.35 0.01
692.5 9 9 0.15 7.6 8.46 7.2 2.4 6.01 16.15 1.97 -2.3
753.1 11 11 -1.02 7.42 7.04 9.34 3.72 3.75 7.03 4.24 -0.4
766.9 3 3 0.43 5.45 6.66 0.67 0.11 5.25 7.12 3.74 -3.13
843.7 9 3 0.35 7.86 5.29 0.91 1.75 3.91 14.48 3.05 -1.16
1062.6 11 3 -0.88 8.19 7.24 8.12 2.61 6.7 18.8 2.6 -15
1076 15 5 -0.49 6.76 8.04 8.76 3.43 8.27 22.93 1.32 0.67
1083.6 13 11 -0.61 7.93 6.72 9.23 3.82 6.27 9.1 3.95 0.63
1263.9 17 5 -0.03 5.43 11.05 6.38 3.78 5.78 28.29 1.56 1.86
1369 13 7 -1.41 7.15 7.67 7.52 2.46 8.23 26.64 1.81 -0.85
1391.7 15 1 0.3 6.84 5.71 0.58 2.15 8.42 33.16 0.94 0.62
1500.3 15 9 -0.27 8.5 6.89 8.25 3.69 8.22 16.5 3.71 1.1
1558.4 1 1 -0.23 7.86 4.19 1.21 0.13 8.49 3.61 1.69 -3.54
1891.9 19 5 -0.39 6.72 8.15 8.7 3.33 9.84 44,91 1.96 1.29
2043.5 17 9 -0.3 9.12 6.11 8.66 3.31 11.59 30.11 3.44 0.87
2081.2 21 5 0.04 4.9 12.04 5.73 3.81 7.17 50.43 2.08 2.49
2162.1 17 11 -15 6.47 8.35 8.16 2.98 13.09 345 2.65 0.53
2254 19 1 0.31 6.36 6.15 0.52 2.16 9.52 58.56 1.61 1.02
2890.4 23 5 -0.31 6.78 8.22 8.58 3.26 11.37 75.29 2.49 1.64
3054.3 21 7 -1.14 9.32 5.79 8.65 2.59 9.06 75.96 2.53 0.5
3081.3 25 5 0.06 4.5 12.81 5.2 3.84 8.78 80.21 2.57 2.86
3286.2 23 1 0.29 6.01 6.49 0.51 2.22 10.91 90.5 2.18 1.33
4072.6 27 5 -0.25 6.84 8.3 8.45 3.21 12.88 113.6 3.01 1.88
4180.1 25 7 -1.18 9.2 5.82 8.75 2.58 10.93 111.7 2.93 0.87
4265.5 29 5 0.07 4.2 13.42 4.77 3.86 10.49 117.8 3.06 3.1
5440 31 5 -0.2 6.89 8.39 8.31 3.18 14.43 159.7 3.54 2.04

components in both the 7/2 and 11/2 states have a cor@ee Table V), while the experimental value is 8.0. This is a

angular momenturR=2. This means that the2 strength of  simplified qualitative explanation. If we look at the core
the 11/2—7/2 transition is mainly determined by the diag- wave functions of yrare states, we notice also contributions
onal matrix element of the quadrupole operator, which isfrom the coreK+2 satellite band.

reduced due to triaxiality. Foy=-30° this matrix element Another interesting aspect can be noticed if we look at the
simply vanishes. On the contrary, the core wave function oparticle wave functions. The intrinsic particle wave function
the 9/2 state is dominated bR=0, so that the matrix ele- ©of the 11/2 band head of band 6 differs very little from that
ment of the quadrupole operator can be large. This propert9f the 7/2 state, namely, it is a mixing of thg413JQ)

is directly related to the triaxial deformati¢@3]. The calcu- =7/2 and[422](0=5/2 asymptotic wave functions. As far as
lated intensity ratio isl(11/2—9/2)/1(11/2—7/2)=7.3  the amplitudes of components with go#dare concerned,
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the 11/2 state is dominated by a mixture &=11/2 and 1/2+[431] intruder band

9/2, while the main components of the lowest 7 s2ate are Theory for 197Tc Experiments for 107Tc

K=7/2 and 5/2. Waemind the reader tha? is the projec- and 105T¢

tion of the particle angular momentujron the quantization 2.5F 19/2*

z axis, whileK is the projection of the total angular momen-

tum 1. In a triaxially deformed nucleus, these two quantum

numbers need not be equal. According to Larssoal.[19],

in each basis functiolK—{) must be an even integer. This 20k

increase ofK) shows that part of the core angular momen-

tum R has been transferred from tleaxis, with the largest 1o/t

moment of inertia, to the axis. This feature has been ob-

served[7] in oddA Rh too. This transfer of core angular

momentum is considered to be the main reason for the ap-

pearance of wobbling band24]. So far wobbling motion

has been found only in odd-nuclei that display alignment.

The question of the possible manifestation of wobbling mo-

tion in oddA Rh and Tc should be studied separately. 1.0
The calculatedy-ray branching ratios in the yrast cascade 110+

of °Tc have been compared with the experiment. The g2+

agreement is not as good as*f"**Rh, but the main trends 52 112t TRt

can be reproduce(able VI). 0.5
Some expectation values of observables are shown in 12+ 20+ 5/2*

Table VII; it constitutes the final part of the diagonalization 72t 72t

output for positive-parity states. It is instructive to have a 32* 32* 2

look at some characteristic features. The first column con- 0.0l 82

tains the calculated excitation energies. The second and third .A 107 107 105

columns contain Rand X, i.e., twice the spin and the domi-

nant projection quantum number, respectively. The quantiza- rig. 13. Comparison of triaxial-rotor-plus-particle model calcu-

tion axis is thez axis, as usual. The axis has the interme- |ation for the intruder band 5 df"Tc with experimental excitation

diate length and, as deduced from the hydrodynamicainergies of the bands ##>1°":1%¢. Significant discrepancies be-

model, it has the largest moment of inertia. #—-30° the  tween the theory and experiment can be seen.

moments of inertia along thg and z axes are equal, while

the one along the axis is four times larger. This means that ¢ 1o pang, large discrepancies are found between theory
the rotational energy of the core has its minimum value if theand experiment. These discrepancies need further study, par-

projectio.n ofR on thex axig has its maximu.m value. ticularly of the admixture ofg;, and dg;, character in the
The fifth column contains the expectation value of thegi iag

projection of the particle angular momentuif). The fol-
lowing four columns give the expectation values of its
squared projections on the three axes and the particle align-
ment along the total angular momentum. They are followed Based on the high-statistics triple-coincidence data from
by the expectation values of the squared core angular m@@ammasphere, level schemes '8#1°"1%¢ are consider-
menta along the three axes. The last column represents tlgﬂmy extended and expanded. New level schemes are pro-
alignment along the rotational angular momentum directionposed and level systematics show trends in level patterns in
We will not discuss at length the content of this table, but wethis region of triaxial shape tendencies. Careful determina-
want to examine a few properties. tions of internal conversion coefficientsCC) of low-lying

For instance, we will have a look at the distribution of the |ow-energy transitions allow, or confirm, the spin/parity as-
projections ofR for yrast states. In the case of the 13/2 signments of some low-lying levels. In the three Tc isotopes,
state,(R)=13.56, while the corresponding expectation val-bands with configurations of7/2'[413], 75/27{303], and
ues of (R?) and (R?) are 4.9 and 0.89, respectively. If we 73/27301] are identified, anck=1/2 1/2[431] intruder
examine a state with unfavored signature, e.g., ,1/&%e  bands are analyzed in terms of rotational constants. The band
notice a similar distribution, but with a somewhat reducedcrossing of the yrast bands of the Tc isotopes are most likely
dominance ofR% If we now look at the 11/2 state at related toh,y,, neutron alignment. A principal feature, analo-
753.1 keV(calculated energy we notice that some core an- gous to neighboring isotopes in Rh, is the appearance of a
gular momentum has been transferred toztexis, as men- collective family of positive-parity bands. Triaxial-rotor-
tioned in the discussion of band 6. plus-particle model calculations are carried out and provide a

Shown in Fig. 13 are the model calculations for thebasis for understanding the positive-parity bands. The model
1/2'[431] intruder band of°"Tc and the experimental levels calculations gave the best fit to excitations, signature split-
of this band in'®Tc and*®Tc. It can be seen in the figure tings, and branching ratios of the positive-parity bands of
that except for the lowest two levels of the=—1/2 branch  *°"Tc (and also in agreement with the experimental values of

1972+

1.5 15/2%F

Egxc (MeV)

13/2%
—152t 1572+

VIl. SUMMARY
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105.1097¢) at £=0.32 andy=-22.5° on prolate side of maxi- ported by its members, University of Tennessee, Vanderbilt,
mum triaxiality. The large discrepancies between the theonand the U.S. DOE. The authors are indebted for the use of
and experiment for th&=1/2intruder bands in thé®>°Tc  %°Cf to the office of Basic Energy Sciences, U.S. Depart-
isotopes need further theoretical study. ment of Energy, through the transplutonium element produc-
tion facilities at the Oak Ridge National Laboratory. Dr. Au-
gusto Macchiavelli provided valuable help in setting up the
Gammasphere electronics for data taking. Dr. Ken Gregorich

The work at Vanderbilt University, Lawrence Berkeley was instrumental in design of the source mounting and plas-
National Laboratory, Lawrence Livermore National Labora-tic absorber ball and in mounting the source. The authors
tory, and Idaho National Engineering and Environmentalwould also like to acknowledge the essential help of I. Ah-
Laboratory are supported by U.S. Department of Energy unmad, J. Greene, and R.V.F. Janssens in preparing and lending
der Grant No. DE-FGO05-88ER40407 and Contract Nosthe 2°Cf source we used in the year 2000 runs. We greatly
W-7405-ENG48, DE-AC03-76SF00098, and DE-ACO7-appreciate Dr. David Radford’s developing and providing the
99ID13727. The work at Tsinghua University in Beijing is new less-compressathDWARE cube programs. The authors
supported by the Major State Basic Research Developmentould like to thank Professor I. Ragnarsson and Professor P.
Program under Contract No. G2000077400 and the Chineseemmes for kindly providing the computer codes and for
National Natural Science Foundation under Grant Nostimulating discussions. Ms. I. Stefanescu’s valuable help is
19775028. The Joint Institute for Heavy lon Research is supacknowledged with thanks.
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