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Short note

Rotational bands in 81 Ta
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Abstract. High-spin states in ' Ta have been studied via the 176Yb(“B,onn) reaction at 52 MeV using
the PEX array and at 57 MeV using the NORDBALL array, with a-particle detection. The previously
known, K™ = z+ ground state band and K™ %_ band have been extended to spins %4' and 3—21_,

2
respectively. Two new one-quasiparticle bands, the K™ %+ band built on the known %+

a K™ = (3 ) band have been observed. Two other rotational bands with three-quasiparticle structure,

isomer and

K™ — 15—

2

and (§+) with 72[404]v°1[510]5[624] and w2[514]v>1[510]2[624] configurations, respectively,

have been newly observed. The half-life of the K™ = (%Jr) bandhead which decays to the head of the 12~

band has been measured to be 140(36) ns. However, transitions from the (

not been observed.

19+
2

) state to the 227 band have

PACS. 21.10.Re Collective levels — 21.10.Tg Lifetimes — 23.20.En Angular distribution and correlation
measurements — 23.20.Lv Gamma transitions and level energies — 27.70.4+q 150 < A < 189

Information on '3'Ta has been limited in part because
this nucleus lies on the beta-stability line and few fusion-
evaporation reactions can populate it to high-spin. The
structure of '®Ta has been studied by Coulomb excita-
tion experiments [1], 18THf 3~ decay experiments [2,3,4],
and 180Ta(n,y) experiments [5]. In the present work,
high-spin states of '®'Ta have been populated via the
176Ybh(11B,a2n) reaction at 52 MeV using the PEX array
and at 57 MeV using the NORDBALL array in the Niels
Bohr Institute, Denmark. The PEX array consisted of four
EUROBALL cluster detectors and one clover detector.
The NORDBALL array consisted of 18 Ge-detectors and
two planar Ge-detectors (LEP). Since the cross section of
the a2n channel was calculated approximately to be 0.2
% of the total fusion-evaporation cross section, the Si-ball
[6], which consisted of 25 Si-detectors for the PEX array
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and 30 elements for the NORDBALL array, was used to
detect charged particles in coincidence with ~-rays. The
coincidence window between ~y-rays was set to 472 ns us-
ing the PEX array and 552 ns in the experiment with the
NORDBALL array. Data corresponding to the detection
of two «-rays and one a-particle were sorted offline into
two-dimensional v — y-matrices with different time condi-
tions.

Figure 1 shows the proposed level scheme of '8'Ta
constructed in the present work. The ground state band
with a 72[404] Nilsson configuration [1,2,3,4,5] and the
K™ =2 band with a 72[514] configuration [2,3,4,5] have

2
been extended to 2—29+

tional band, assigned to the %[402] configuration, has been
observed on the known %+ isomer at 482 keV [2,3,4,5],

to a spin of 12—9+. The configuration assignment is sup-
ported by the good agreement between the experimental
B(M1)/B(E2) ratios and the theoretical values for the
21402] configuration, as shown in Fig. 2a. The half-life of

and %_, respectively. A new rota-



198 T.R. Saitoh et al.: Rotational bands in ! Ta
3020 2 g6y 29/2*
2641 29/2"
(27/2%) 2393+x 2533 25/2" T 2579 ____ 758 27/2°
| 28
- 25/2 2275 27/2
(25/2) 2261 (25/2%) 549 2MM2+x 2263 51923/2 70— 27/2" 50 Sy 25/2¢
60 248
474 (23/2%) 496 1852+x 2014 4754_*» 21/27 050 343 25
668 1862 23/2%
(2/27) y 1786 (21/2%) 450236 BBex 1787 2/ 119/27 o 671 23/ 1815 19/2+
213 ; 1 - 268
. (19/2%) 14034x 1983 1 17/27 1807 gog 23/27 1sag oa__y 21/2F 1547 oy 17/2*
(177/27) y 1419 140 ns x o 14@; W 15/2- 301 243
AN 1306 580 227 a0 e 19720 1304 463141 15/2*
13/2)7y 1163 .
s =) 141 1027 219 19/2~ 274 1085 2@41 13/2*
(5/27)(9/22) 11 1022994 s34y 1 19/ g, s 17/2+ 93
oes 2 = 892 350y v 11/2*
772 ¥485 7/ L4 | 248470 1520 727 16630 9/2*
230 _ 590 137 y 7/2%
221
N W W S 243541 /7 495 I { v 15/2" 482 0B _5/2*
205 _
rrrrrrrrrrrr WA N oea W2 om0y Pslg /2 ol 109 ns
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 18 WOy /2 e 165§ g2t f 4F?
B B2 9/2m 0 6 7/28 /
BAND 1 BAND 3 BAND 2 9/2- 7/2+ 5/2+
Fig. 1. Proposed level scheme of ¥ Ta
30 5.0 T T T
(@)
20 E . —_
[ . [} £ 40 VX//)/KX BAND 1 i
w0 — & @ 1 =
£
= =2
0.0 T 30| .
g 40 (o) 5 BAND 3 BAND 2
& 30F 1 E
= ©
g 20 r 1 Ta 20 F 4
& 1.0+ \.\. 1 S N
912
0.0 s
30 L (© | 2 10 1
. = + +
ol ] 5/§ 712
10 E s ] 0.0 1 1 1
: = 0 0.1 0.2 0.3 0.4

0.04.5 55 65 75 85 95 105115125135 145

Spin [hbar]
Fig. 2. B(M1)/B(E2) ratios in units of u% /e*b?. Experimen-
tal values (filled circles) and theoretical calculations of the pro-
posed configuration (solid lines) for a the K™ = %+ band, b the
157 pand (BAND 2), ¢ the (227) band (BAND 3). Qo = 7.0

2 2
eb and gr = 0.3 are assumed

the %Jr state is measured to be 10.9(6) ns, which is in good
agreement with the previous value of 10.8 ns [2,3,4]. Re-
markably, the band structure is nearly identical to that of
the ground state band.

A weakly populated band labeled by BAND 1 in Fig.
1 has been observed for the first time. The large energies
of the in-band ~-rays suggest that they are likely to have
E2 multipolarity, and the band is interpreted as a part of

-

the favoured signature of the K™ = 5 rotational band

Rotational frequency [MeV]

Fig. 3. Aligned angular momenta as a function of rotational
frequency, with reference parameters So = 31.5 MeV~'#2 and
$1 = 32.0 MeV—?R*

associated with a m3[541] configuration. Since the levels
at 994 keV and 1022 keV decay to the  and 4~
in the K™ = %7 band, respectively, it is proposed that the
level at 994 keV has I™ = (27) and the state at 1022 keV
has I™ = (3 ). The 3 level is not observed in the present
work. The excitation energy of the bandhead, near 1 MeV,
is in line with systematics from lighter Ta nuclei [7,8,9],

where the excitation energy of the %_, W%[541], level in-
creases systematically with increasing neutron number.
Figure 3 shows the aligned angular momentum of this

states
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band, which ranges from 3.5 to 4.0 h, consistent with the
systematics of the w1[541] bands [7,8,9].

A state at 1403 keV and ~v-rays from this state to lev-
els in the %7 band had been previously reported in the
180Ta(n,y) experiment [5]. In the present work, a rota-
tional band built on this state, BAND 2, has been ob-
served. The spin assignment for the state at 1403 keV has
been made using the DCO ratio for the 152 keV Al =1

transition in the %7 band in coincidence with the 1244
keV ~-ray. The 152 keV is a mixed E2/M1 transition - the
mixing ratio was taken to be 0.17(2), being the average

mixing ratio of the A = 1 transitions in the 3 band,
deduced from in-band branching ratios using rotational
model formulae. The experimental DCO ratio, 1.23(30),
is in good agreement with the calculated DCO ratio for
a stretched E2 transition (1.35(4)). Therefore, the spin of
the state at 1403 keV is proposed to be %

The excitation energies of all possible intrinsic states
in '81Ta have been calculated by the BCS theory with
blocking, BBCS, with residual interactions described in
[10]. The calculation indicates that the lowest K = 12
bandhead lies at 1537 keV and is a 7 [404]v?1[510]2[624]
configuration. This assignment is supported by the good
agreement between the experimental B(M1)/B(E2) ratios
of BAND 2 and the theoretical values for this configura-
tion, shown in Fig. 2b.

A new rotational band, BAND 3, has been observed
for the first time. The «-rays in this band and the ~-rays

below the %7 state at 1403 keV are in coincidence within
the time acceptance window between v-rays for both Ge-
detector arrays (approximately 500 ns, see above). How-
ever, the v-ray linking the heads of BAND 3 and BAND
2, which is labeled by ’x’ in Fig. 1, has not been observed.
Its energy is likely to be lower than 50 keV, although it
may be of higher energy if it were obscured by contami-
nating X-rays, or it is a highly converted transition. The
half-life of the bandhead has been deduced to be 140(36)
ns by fitting the time-difference spectra between the 213
keV and the 1244 keV ~-rays and between the 213 keV and
the 1066 keV ~-rays. BAND 3 is populated with a higher

199

intensity than BAND 2, which indicates that BAND 3
lies closer to the yrast line. Therefore, the K value of this

band is likely to be either % or 12—9. The BBCS calcu-

lation indicates bandheads of %Jr, 12—97 and 12—9+ in this
energy region. From g factors and B(M1)/B(E2) ratios
of BAND 3 deduced from in-band transition branching ra-
tios, the first and the second possibilities were excluded.
Fig. 2c shows the good agreement between the experimen-
tal B(M1)/B(E2) ratios and the theoretical calculations
for the K™ = 1—29+ 75[514]125[510]5[624] configuration.
Therefore, it is proposed that BAND 3, the K™ = (§+)
band, consists of this configuration.

Figure 3 shows that the aligned angular momenta of
BAND 2 and BAND 3 are consistent with their proposed
configurations. The difference between the bands is
understood by the existence of a 2[514] proton in the
configuration of BAND 3 instead of the I[404] proton of
the configuration of BAND 2.
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