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1.Introduction 

The a - decay of heavy atomic nuclei into excited states . (the fine 

structure of a -spectra) has been known a long time ago, The study of 

this phe'nomenoo for heavy ( A > 210) atomic nuclei appeared to b e one 

of the major sources of information about nuclear structure in this reg ion a nd 

permitted to obtain a lot of experimental data. 

It is natural that the a -decay into atomic nuclei excited s tates should 

take place for lighter nuclei too, for instance for rare earth nucle i. However, while 

a - decay is one of the main modes of disintegration of heavy e le me nts 

(nuclear decay with a -particle emission occurs in 5 0-100% o f nuclear d ecays), 

in the region of rare earths the main mode of decay is f3 -decay ; a-de-

cay is a part of a percent of all nuclear decays. The decay into nuc lear 

excited states should be weaker since the energy of a -particles is lowe r. 

The small intensity of a -decay forced experimentalists to use hig h-

transmission a -spectrometers; i.e. ionization chambers and semi-conductor a 

spectrometers, to study a -decay in the region of light nuclei, These in­

vestigations resulted in the observation of a -decay of a ml mbe r of lig ht nuclei, 

but because of a poor resolution of these devic es and a relatively hig h 

backg round, the phenomenon of fine structure of a -spectra was not observed. 

At our laboratory some methods have been developed in order to obtain 

very high total and specific activity neutron-deficient isotopes of ra re earths. 

This fact enabled us to use a high-resolution magnetic a -spectrog raph in 

inveetlgations of a -decay of rare earths. Previously magnetic spectrographs 

were not used to study a -decay in this region due to a low a ctivity of the 

sOt.trces. 

In the present paper the a -spectra of 
151

Tb , 
150

Tb, and 
149

Tb 

isotopes are studied, 
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2. The a -Spectrograp h. Preparation of Sources 

a The a -particle spectra were studied with the help of a magnetic 

spectrog raph simila r to that described by S..A. Baranov et ai./1/. The main 

parameters at which the studies were carried out were as follows: resolving 

power, i.e. the line width at a half-height, is • 5 keV ; the used solid angle 

0 -0.04% of 4tt ; the source area S • 2.5x35 mm
2

• The calibration of 
0 244 /~ the s pectrog r a ph by energies was made on the a

0 
-line of Cm (ref. ) • 

Tb ra dioactive is otopes were produced by irradiating a tantalum targ et 

with 660-MeV protons on the J1NR synchrocyclotron. Separation of rare earths 

was performed using the chromotographic method. The duration of target 

irradiation was varied in the range 2 to 10 hours. In the case of 2-4 hour 

irradiation chemical procedures were begun just alter the irradiation. The measu­

rements on a -spectrograph were initiated 3-5 hours after the in-adiation. In the 

case of 10 hour irradiation the separation o f terbiwn was made 7 hours 

after the irradiation. With three hours passed from the moment of serparation 

of terbiwn from the tar get irra diated during 10 hours, it was again separated from 

dysprosiwn and gadolinium impurities. In this case the meas urements on the 

a -spec trograph were initiated about 12 hours after the irradiation. 

The source for the a -spectrograph was prepared by means of evaporation 

in vacuum. a -particles were detected with the help of photograp hic plates 

type A-2 with emulsion layer 50pm thick. 

3. Results of Measure ments 

The a -spectum was studied in the ra nge 3070 to 3980 keV. The 

time of exposure was varied in the range 4 to 35 hours. The previously 

k nown a -lines wer e observed a t ener~ies 3409 kev (refs. /
3

•
4

•
5

/ ), 

3644 keV (ref/
5

/)1 a nd 3967 keV (refs. 
5

•
6

• 
7

/) attributed in the mentioned 

references to 
151

T b, 
150

Tb a nd 
149

Tb, respectively (see Figs. 1 a nd 3). 

The evaluations of the half-lives of the indicated lines were in agreement 

with the known half-liVes of these isotopes. The values of the a -lines 

energies wer e in good agreement with the values listed in ref. /
5

/. Two new 

lines with energ ies 3183!.._5 keV and 3492±_5 keV were also observed arising 

fro111 the decay of Tb isotopes. The energies and half-lives of the observed 

a -lines were determined. The partial half-life o f 
150

Tb d ecay was estimated. The 

res ults of our measurements a re presented in table 1. 
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:>.If-lives of the observed 

decay was estimated. The 

Now we shall consider the problem of assigning the observed 

to Tb Isotopes. 

a -lines 

~1 . ~ 
~ : 3409 keV a -particles were observed 1n works by Rasmussen et al. , 

Toth et d 4
/, Gromov et al.Jrsf. Toth and Rasmussen/

4
/ attributed the a -activity 

with an 19 h hall-life to 
151

Tb. We have observed a new weak a -line with an 

energy 3183-t._ 5 keV (Fig. 1). In studying this line It was determined that at fist 

its Intensity decreases with the half-life about 18 h and then It practically 

does not vary. The long-lived comp<nent of this group should be attributed 

to the a -<iecay of 
148

Gd ( T~ • 84 years) resulting from the f3 -<ie-

cay of 
148

Tb ( T)l- 70 min). The energy of 
148

Gd a -particles was 

measured by Sllvold
8

/ to be 3180 .:t.10 keV. The portion of 
148

Gd. a -parti­

cles In the a -lines of energy 3183 keV was about 20o/o. The evaluations of 

half-lives of the rest part of this a -line (16-52 h), make it possible to attri-

bute it to 
151

Tb, 
152

Tb or 
154

Tb. The assumption that the new line belongs to 
~2 . 

Tb does not agree with the latest data concerrung the a - f3 -<iecay cycle of 
152

Tb -
148

sm (Fig. 2). It has been calculated from this cycle that the total 

energy of 
152

Tb a -<iecay Oa is equal to 2940 .:!:.. 110 keV, the ener gy of 
152

Tb a -particles being 2844 .:!:.. 110 keV. The energy of a -particles arising 

from the a -<iecay of Tb Isotopes with A .? 153 should be still lower. Thus 

we think that the new a -lines should be attributed to the 
151

T b decay, being 

thea -<iecay Into an 
147

E u excited state witth an energy 232±.5 keV. The 

229 keV 
147 

Eu level became known from the studies of the f3 -<iecay of 
147 

Gd. Evidently the a -<iecay of 
151

Tb populates this particular level. 

149 150 . 150 149 . 
Tb and Tb • The half-lives of Tb and Tb are most prectsel y 

determined In the work by Toth et al./
7

/: 3.1 .:!:.. 0 . 2 h a nd 4~0 .:!:.. 0 . 05 h , 

respectively. We observed the intensity decrease of the a -lines with energies 

3492 keV, 3644 keV and 3967 keV for about 24 hours. In order to determine the 

half- life of the 364'1 keV a -line, in one of the experiments a semi-conductor 

a -<ietector was used instead of a photopla te. The obtained values of the half­

lives enable us to make the following conclusions : a) the 3967 keV a -line 

a ppears as a result of the a -<iecay of 
149

Tb. The a -<iecay of 
1 4 9

Tb was 

observed In works by Toth et al./6
•
7

/ a nd Gromov et al./
5
/. The obtained in 

the present paper value of the energy of 
149

Tb a -particles a g rees, w ithin 

the experimental e rrors , with the values listed in r e ferences/
5

•
6

•
7

/ . The accura ­

cy of detennining the energies is twice as high as tha t in r e f/
5

/ . b) The 
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.'31544 keV a -line has been originally observed by Gromov et all 51• Using the 

a pproximate value of the haU-Ufe ( T~ ·3-7 h) and the data a bout the a- {3 d e­

cay cycle of 
1 5 0

Tb , the authors have expressed the ass umption that this 
15 0 

line belong s to Tb. 

The measured in the present paper value of the half-life 4,1 :!:. 0.1 h 

permits us to state that 3 644 keV a -partic les arise from the a -decay of 
149 1 4 5 

Tb • This decay results in the excited level of Eu with an energy 

of 3 31±_5 keV (Fig. 3) • c) the 3492 keV a -line (Fig. 3) arises from the decay 

of 
1 50

Th. This assumption is in good agreement with the d ata about the 

a -f3 decay c y cle of 
150

Tb into 
146

sm ( Fig. 4), The lines of the fine struc­

ture of 
150

Tb a -decay have not been observed, Their intensity is less than 

one tenth of the intensity of the line with Ea • 3492 keV. 

4,Conclusions 

Thus, the use of the high-resolution alpha-spectrogra ph has permitted to 

observe a -lines of very low intensity, For instance, the observed decay of 
151

Tb into a 229-keV level of 
147

Eu is about 3x10-
8 

of the total number of 
151

Tb decays. 

Two cases of the a -desay of 
151

Tb and 
1 4 9

Tb isotopes into the 

excited levels of daug hter nuclei have been observed, 

According to the theoretical evaluations using the formulae of Taag epera 

and Nurmia/14/ 
fog T = 1,61 [ ~ - £{ d ] - 28 9 

lo El\ • 
a 

the ratio of the intensity of a -decay into 
147 

Eu 229 keV and 
145

Eu 331 keV 

levels to the intensity of decay into the ground state of these nuclei are 

1.1 x 1 0-
2 

and 6.2 x 10-
3

, respectively. 

as follows: 1x10-3 a nd 3x10-4 (see the 

The obtained experimental ratios are 

table I), I.e. about 10 time s less 

than the calculated ones, The mentioned formula takes into account the 

dependence of a -decay probability on a -particle energy only, The differe nces 

between the experimental and calculated ratios might be caused by a la r g e 

variation of the spin in a -transitions to excited states, 

In conclusion the authors take pleasure in thanking Prof. B.S. D z helepov 

and Prof. V.P. Dzhelepov for their interest and suppori in c ompleting the 

prese nt work. We are g reatly thrankful to Prof. S.A. Bara nov a nd A.G. Z e­

lenkov for valuable discussion on the construction and operation of the hig h­

resolution mag netic a -spec trog raph. 
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a -particle 
energy 
(ke'l/) 

3183±_ 5 

3409±_5 

3492±_5 

3644±_5 

3967"!_3 

Table 

Total 
hall-life 
(Hours) 

18z..2 

3,15 ±_0.20 

4.1 ±_0,1 

4,10±_0.05 

Partlcal 
Identlf. a -period 

(years) 
Notes 

x) In evaluating Ta we have used the data from ref/
15

/ about rela tive 

yields of Tb Isotopes and the value of 
15~b half-life time of 

6~ 22 years 5) 
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1s2 TG . 3Bq0t30 [fOJ t52G 
fl+ . d 

0( 12940tf10 0( 12220 t30 [9] 

tLfBEu ~· ~8 
3~0t~~v Sm 

. ~2 MB 
Fig. 2. 'l'he a -{3 - decay cycle for 'l'b 4 Sm. 
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rf Vl 1\) \.eJ 
.::J 1\) tl... 

f-' 1\J .. 
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(Jl .... 
il <..u 

<:::) 

~ 
<.o 
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_, 

£01.=3644 keV t49TG Eoc =3967 keV 
f'l9 (3h+} 149 

N o<, To CX0 TG N 
8 ~ ·/0 8 ~·10 2 ft 

33i 
EO(. =3492 keV 

6r II 0 (5f2+) ~18 6r 
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" ~ rx.o TG 
i "I I \ t 1 ~ 12 
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21- I \ 21- I l J ' -16 

- \ 
0 l...oaao9oOOJ' <A>oo0opaoo oJ.f 0 [ aonooooooonaoJ \apnaoooano (( oonaoaooggngg,( ~oEd. 

Fig. 3. The a-spectrum of 
150

Tb and 
149

Tb. In the right corner the decay 
scheme for 149Tb is shown. The ordinates give the number of 

a -tracks counted in the band 0.4 x 50 mm2 in area • The exposure 
duration is 12 hours. 



1soTc 474o t6o !t2l 1soG 
p+ • d 

CXI3597t 5 oe 12830 t fO [8] 

146 Eu j3 + 14-6 
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Fig. 4. The a - f3 - decay cycle for 
150

Tb ~ 146sm. 
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