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AN ALPHA-EMITTING ISOMERIC STATE OF Tb-'*S

Ronald D. Macfarlane

Lawrence Radiation Leboratory
University of California
Berkeley, California

September 29, 1961

As a part of a study of rare esrth alpha emitters produced by heavy-

6vsystem giving rise to isotopes up to terbium

wes investigated. In addition to the 4.i-hr Tblh9 previously reportedla

ion reactions, the Lal59 + ol

new alpha activity was observed with an alpha-particle energy of 3.99:0.02 Mev
énéla half-1ife of 4.0%0.2 min. Additional experiments haveeestablished that
the activity is due to an isomeric state of Tblhg. ‘

Netural lanthamum oxide targets (~2mg/cm2) vere bombarded with 0%°
ions at energies ranging from- 80 to 140 Mev from the Berkéley heavy-ion linear
accelerator (Hilac). Recoils ejected from the target were slowed down in.a
helium atmésphere and collected on a charged platinum plate.e Alpha-particle
spectra of the activity on tbe plates were obtained within 2 min from the eha
of the bombardment by using e Frisch-grid ionization chamber connected to
stahdard amplifiérs and & 100-channel pulse-height analyzér.

Figure 1(a) shows an alpha-particle spectrum of a sample obtained at
& bomberding eneigy of 10& Mev, where the intensities of the b.3-hr Tbll*9 and
the new alpha group are comparable. Excitetion functions were obtained for
both activities and are shown in Fig. 1(b). ‘The 4-min activity was assigned

149

to an igomeric state of Tb from the following expérimental observations:

 (a) Ba + 016 bombardments did not produce the actifity; 80 it must be due to

an isotope of Tb. (b) It was possible to show»that the b.l-hr Tblh9 Vas a

daughter of the 4-min activity by a recoil-milking experiment.e Recoils from
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decay were elecirostatically collected in vacuuwm from a plate containing the
k-min and 4.1-hr activities onto a second plate at two different time intervals.
Alpha-pulse analysis. of the collectlng plates showed only the presence of

the 4.1-nr Toih9

and that it was the daughter of an activ1ty with a half-life
of a few minutes,

No alpha groups of an energy higher thean 3.99 Mev were found, so that
alpha decay prdbgbly proceeds‘ts the ground state of Eulu5.l S0
That the ratio of the b-min to the 4.l-hr activity increases with bomberding
energy, suggests that the h-min activity is the high spin state; A proposed

decay scheme for Tblh9

is shown in FPig. 2.

Terbiwn-149, with 84 neutrons, lies close to the 82;ﬁeutron closed
shell end mosﬁ likely-possessea a stable spherical shape; The existence of
a long-lived isoméric state can possible be explained, then, by & consideration
of shell-model ﬁratonnstates with zero deformation Above the 50~proton closed
shell, the proton-level sequence suggested by Mottelson and I\Iilsson5 is
g7/2, d5/2, Q11/2, d 5/p7 and- 8 /’?fhIfiiecxﬂercﬁ‘filling is accordiqg to this
sequence, the siyty~f1fth proton (Tb) should begin the Filling of the hll/e
level. If the ”11/2 level is only filled by pairs of nucleons es i6 observed
with the nll/2 neutron shell in the reglon around z=5o,“ then the ground state

159

of Tb would prbbably e & /2 and the isomeric state h This would gilve

5 11/2°
rise to an E iscmer. Terbium-149 is probably not & unique cese in this region.
The other spherical isotopes of Tb aﬁd higher mémbers in the rare earth region
waich £111 the hll/” state may &laO show the seme kind of isomerism.

Ihe peak of the excitation function for Tblkgm is shif'ted uwpward approxi-
mately 15 Mev relative to Tblh9. Thig shift is probably because the high spin

isomer is formed'primarily from compound nuclei heving a large angular momentum,

where deexcitation by gamme emission is known to compete with nucleon e,vaporation'5
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The low spin iéomer is formed From the fraction of compound nuclei having
low angulay mmenﬁm » Where de-excitation by gamma emission is comparatively
emall.” | |

The é,uthor would like to thank Drs. Frenk Asaro and John Alexander
for helpful discussions. The assistance and patience of the Hilac personnel

is gratefully acknowledged.
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Figure Legends
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1. (a) Alpha particle spectrum of Tb149 and Tb149M, (b) Excitation

functions for Tb 49(0) and ’I‘b“gm(A). Counting rates are corrected

for decay and length of bombardment but not for alpha branching

ratios.

2. Proposed alpha decay scheme of Tb

149
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