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Abstract 

The spectra of total Y'-absorption in 
the decays of some Lutecium, Thulium and 
Cesium isotopes have been measured. The 
probabilities for level population in the 
decay of the isotopes have been determined. 
The deduced beta strength functions reveal 
pronounced structure. Calculations of the 
strength functions using the Saxon-V/oods 
potential and the residual Gamow-Teller 
interaction are presented. It is shown 
that in |?>+decay of light Thulium and 
Cesium isotopes the strength function 
comprises more than 70% of the Gamow-Tel
ler excitations with J i ^ s +1, This result 
is the first direct observation of the 
Gamov-Teller resonance in fi+ decay of 
nuclei with T 2 > 0. 

1. Introduction 

Beta decay of atomic nuclei is a 
charge-exchange process where the states 
with large components of charge-exchange 
excitations are populated most intensively. 
For the Gamow-Teller type of beta decay 
these states are the following; a proton 
particle - a neutron hole (in pT decay) 
and a proton hole - a neutron particle 
(in decay) coupled into 1* moment.The 
Gamow-Teller residual interaction causes 
collectivization of these states., which 
may be considered as elementary excita
tions with isospin % = 1 and isospin 
projection fa = +1 (in fi+ decay) or 
fa = -1 (in jT" decay) 1 \ These states 

reveal in the beta strength function as 
maxima which energies, intensities and 
widths can be calculated in terms of dif
ferent microscopic models. 

Institute of Physics, Leningrad State 
University, Leningrad, USSR. 

Not long ago there dominated an alter
native point of view which stated that the 
strength function is a smooth function of E f 

J* -decay is not sensitive to the nature 
of the final states and its probability is 
mainly determined by the density of the 

2 ) 
final states • Within this approach the 
strength functions for $~ decay do not 
differ qualitatively from that for jj+ de
cay (except for the Gamow-Teller resonance 
in j$~ strength function which was intro
duced in one version of the model) and they 
do not vary significantly for different 
nuclei. 

Within the microscopic approach there 
is a qualitative difference between the two 
functions. For transitions with fa = -1 two 
strong collective states should be obser
ved. They are the Gamow-Teller resonance 
and the states of core-polarization type-". 
However, in this case the Gamow-Teller re
sonance is above the analogue state and may 
not be populated in p" decay. The situa
tion is completely different for ft+ decay. 

A) j 

As show calculations ^ it is typical for 
many nuclei that for the Gamow-Teller tran
sitions with fa s +1,the main strength is 
below the ß + decay energy dp and so these 
collective states may be populated in ß + 

decay. Detection of such resonant states 
and evaluation of the quota from the total 
strength of the Gamow-Teller transitions 
inclosed in the energy interval from zero 
to would be of principal interest. 

Nonstatistical behaviour of the j3~ 
strength function was shown in a number of 
papers. Thus, the energy structure of the 

fi~ decay strength function was observed 
in the high-resolution investigations of 

5 ) 
delayed neutron spectra The states of 
the core-polarization type were obser
ved in the M1 X decay of 
analogue states The Gamow-Teller re
sonance with jû  = -1 was recently disco-
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vered in the (p,n) reaction on heavy-
nuclei 

Experimental data on the j?> decay 
strength function are more poor. No pro
nounced energy structure was observed for 
certain nuclei in the direct measurements 
which were performed using the total y ray 
absorption method The data on the 
strength functions derived from delayed 
proton spectra are discrepant. Energy 
structure was not observed in the majority 
of cases, though a pronounced maximum is 
seen for some nuclei 10) 

It should be noted that the available 
data refer to the spherical nuclei. As for 
the strength functions for the strongly 
deformed nuclei, there were no investiga
tions on the point. 

However, the knowledge of the energy 
structure of beta strength functions for 
j£ -decaying nuclei is important in dif

ferent areas of nuclear physics. Predic
tions of the halflives of nuclei far from 
stability and calculations of the inten
sities and spectra of delayed particles 
require definite assumptions on the struc
ture of the beta strength functions. Such 
information is also necessary to deduce 
the parameters of fission barriers for 
nuclei far from stability 1 1 ^ . In r e f . 1 2 ) 

it is pointed out that the energy structu
re of the strength functions of beta tran
sitions affects strongly the results of 
calculations of yields of elements in 
astrophysical processes, in thermonuclear 
reactions, etc. 

These are the reasons why the experi
mental study of beta strength functions 
for various nuclei (here, in the first 
place, are far-from-stability nuclei) is 
an important problem of today. 

Reported in this paper are the measu
rements of the ß + decay strength functions 
for a number of Lu, Tm and Cs isotopes. 
It has been found that more than 5 0 % of the 
total strength of Gamow-Teller transitions 
falls into the measured energy interval 
for some of these nuclei. 

2. Experimental method 

The radioactive sources were produced 
with the help of the IRIS - facility 1 3 ) , 
a mass-separator on-line with the 1 GeV 
synchrocyclotron proton beam. Tantalum tar
gets were used to get Lutecium and Thulium 
isotopes, and molted Lanthanum targets for 
Cesium isotopes. The measurements were car
ried out using a ¡f-ray total absorption 
spectrometer (Pig. 1 ) . 

Pig .1 Schematic diagram of the ft'-ray 
total absorption spectrometer. 
1 - casing of the tape-transport 
mechanism, 2 - magnetic tape, 
3 - casing of the vacuum inlet, 
4 - plexiglass absorber, 5 - po
sitron detector. 

It consists of three Nal crystals of 
the following dimensions : the main one -
¿200 mm x 200 mm (with a pit of 4> 40 mm x 
x 100 mm) and two minor crystals - ¿200mm x 
x 100 mm. The signals from the crystals are 
summed up. A beam of mass-separator ions is 
transplanted on a magnetic tape and trans
ported into the pit of the main detector. 
The transportation time is about 2 sec 
which allows to measure isotopes with the 
halflife down to some seconds. The plexi
glass shielding of the source was used to 
protect the detectors from the positrons. 
To take into account the annihilation ra
diation a thin Si(Li) detector was set up 
in front of the source. Its efficiency de
pends weakly on the positron energy and 
makes up 20-25% of the total positron num
ber. Simultaneous measurements of the 
spectra of total absorption of f rays and 
the spectra of coincidences with positrons 
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make i t p o s s i b l e t o t e l l b e t w e e n t h e p r o 
c e s s e s o f e - c a p t u r e and j i + - e m i s s i o n . The 
b i g g e s t e r r o r t o t h e c o r r e c t i o n o n ß + -
- e m i s s i o n t a k e s p l a c e i n a n a r r o w i n t e r v a l 
o f e n e r g i e s w h e r e t h e p r o b a b i l i t i e s f o r 
ß + - e m i s s i o n and f o r S - c a p t u r e a r e o f c l o 

se v a l u e . I n t h e a n a l y s i s , t h e sum o f t h e 
t w o p r o c e s s e s i s d e t e r m i n e d . 

The s p e c t r o m e t e r i s d e s c r i b e d i n d e 
t a i l i n R e f . The m a i n c h a r a c t e r i s t i c s 
o f t h e s p e c t r o m e t e r a r e a s f o l l o w s . 

1 . The s o l i d a n g l e o f 4oi - s t e r a d i a n 
i s p r a c t i c a l l y a v a i l a b l e , t h e e f f i c i e n c y 
i n t h e p e a k o f t h e t o t a l a b s o r p t i o n d e p e n d s 
e x p o n e n t i a l l y o n t h e e x c i t a t i o n e n e r g y and 
p r a c t i c a l l y i s i n d e p e n d e n t on t h e scheme 
o f d e - e x c i t a t i o n . The e f f i c i e n c y i s d e t e r 
m i n e d e x p e r i m e n t a l l y w i t h t h e e r r o r l e s s 
t h a n 5% and a t 4 MeV i t c o m p r i s e s ~ 1 7 % . 

2. The p r o b a b i l i t y f o r 1 - 3 MeV va
q u a n t a r e g i s t r a t i o n i s 8 0 - 9 0 % a n d t h e r e g i 
s t r a t i o n p r o b a b i l i t y f o r a c a s c a d e o f two 
o r more q u a n t a i s n e a r 1 0 0 % . T h a t a l l o w s 
t o d e t e r m i n e t h e a b s o l u t e i n t e n s i t y o f t h e 
m e a s u r e d s o u r c e s . 

3 . The l e v e l o f t h e b a c k g r o u n d i s 
r a t h e r l o w , e s p e c i a l l y i n t h e h i g h - e n e r g y 
r e g i o n w h i c h i s o f t h e g r e a t e s t i n t e r e s t . 
A t e n e r g i e s a b o v e 3*5 MeV t h e b a c k g r o u n d 
i s l e s s t h a n a p u l s e p e r 1 MeV i n a s e c o n d 
t h a t makes i t p o s s i b l e t o m e a s u r e t h e a c t i 
v i t i e s b e g i n n i n g f r o m 1 0 0 d e c a y s i n a s e 
c o n d . 

I n h a n d l i n g t h e a b s o r p t i o n s p e c t r a 
c o r r e c t i o n s a r e i n t r o d u c e d f o r t h e s p e c t r o 
m e t e r b a c k g r o u n d , f o r t h e d e a d t i m e o f t h e 
m e a s u r i n g s y s t e m , f o r r a n d o m c o i n c i d e n c e s 
o f t h e p u l s e s f r o m d e c a y o f d i f f e r e n t 
n u c l e i and f o r t h e a d m i x t u r e o f some o t h e r 
members o f i s o b a r i c c h a i n s . The c o n t r i b u 
t i o n o f c o n t i n u o u s d i s t r i b u t i o n i s t a k e n 
i n t o a c c o u n t by s i m u l a t i o n u s i n g s e v e r a l 
m e t h o d s . T h i s c o r r e c t i o n g i v e s t h e l a r g e s t 
u n c e r t a i n t y a t t h e e n e r g i e s b e l o w t h e m a i n 
maximum. W i t h i n t h e 10% r a n g e t h e p r o b a b i 
l i t i e s f o r p o p u l a t i o n o f t h e m a i n m a x i mum 
a n d o f t h e h i g h - e n e r g y l e v e l s do n o t d e p e n d 
o n t h e m e t h o d t h e c o n t i n u o u s d i s t r i b u t i o n 
i s t a k e n i n t o c o n s i d e r a t i o n . 

H a n d l i n g o f t h e e x p e r i m e n t a l s p e c t r a 
g i v e s t h e d e n s i t y o f t h e l e v e l p o p u l a t i o n 
1 ( E ) i n t h e d a u g h t e r n u c l e i . B e t a s t r e n g t h 
f u n c t i o n S ß ( E ) i s d e f i n e d b y t h e e x p r e s 
s i o n 

S # ) = T 1 / 2 - j % E ) ( 1 ) 

w h e r e d ^ - E i s t h e t r a n s i t i o n e n e r g y , T - j / 2 i s 

t h e h a l f l i f e a n d $ i s t h e P e r m i f u n c t i o n . 
N o t e , t h a t when E - ^ Q ß , t h e f u n c t i o n | ( Q ^ - E ) 
g o e s t o z e r o , and e x p r e s s i o n ( 1 ) l e a d s t o 
o v e r e s t i m a t i o n o f S * ( E ) i n t h e r e g i o n o f 
e n e r g y c l o s e t o b e c a u s e o f t h e l i m i t e d 
r e s o l u t i o n o f t h e s p e c t r o m e t e r . E s t i m a t i o n s 
show t h a t e x p r e s s i o n ( 1 ) i s v a l i d up t o t h e 
e n e r g y E = 0 . 9 0 , ^ . 

3 * E x p e r i m e n t a l d a t a 

L u ^ e c i u m _ i so t o £ e s . The l e v e l p o p u l a 
t i o n p r o b a b i l i t i e s i n b e t a d e c a y o f 11 L u 
t e c i u m i s o t o p e s w i t h A = 1 7 3 - 1 6 3 h a v e b e e n 
m e a s u r e d . The d e c a y s o f t h e A = 1 7 2 - 1 6 9 
l o n g l i v e d i s o t o p e s a r e s t u d i e d c a r e f u l l y 
and i t i s s t a t e d t h a t o u r d a t a a r e i n good 
a g r e e m e n t w i t h t h e r e s u l t s d e r i v e d f r o m t h e 

15) 
b a l a n c e o f t h e d e c a y schemes , w h i c h i s 
one m o r e e v i d e n c e i n f a v o u r o f t h e a c c e p t e d 
m e t h o d . C o m p l e t e d a t a o n t h e l e v e l p o p u l a 
t i o n i n b e t a d e c a y o f o t h e r i s o t o p e s u n d e r 
i n v e s t i g a t i o n a r e o b t a i n e d f o r t h e f i r s t 
t i m e . T h e r e c a n b e d i s t i g u i s h e d s e v e r a l 
max ima i n t h e s p e c t r a a s a r u l e . P r e s e n t e d 
i n T a b l e 1 a r e t h e e n e r g i e s , p o p u l a t i o n 
p e r c e n t a g e and c o r r e s p o n d i n g v a l u e s o f t h e 
l o g t f t f o r some r e s o n a n c e s . F i g u r e 2 p r e s e n t s 
a n e x a m p l e o f t h e p r o b a b i l i t y c u r v e f o r l e -

166 
v e l p o p u l a t i o n i n t h e d e c a y o f t h e Lu 
i s o t o p e ( t h e u p p e r c u r v e ) . 

Prom p r e v i o u s d e c a y s t u d i e s i t c o u l d 
be d e r i v e d o n l y t h a t t h e 2 2 3 4 k e V l e v e l i s 
p o p u l a t e d i n t e n s i v e l y (log $ = 4 . 9 ) . Our 
r e s u l t s c o n f i r m t h e s e d a t a . T h e m a i n m a x i 
mum i n t h e p o p u l a t i o n p r o b a b i l i t y i s a t 
2 . 2 MeV, t h e i n t e n s i t y o f p o p u l a t i o n i s 
70% p e r a d e c a y a n d l o g f t = 4 * 6 . H o w e v e r , 
i t i s a c t u a l l y o n l y 50% o f t h e w h o l e 
s t r e n g t h i n t h e e x c i t a t i o n e n e r g y r e g i o n 
u p t o 5 MeV . A n u m b e r o f o t h e r p e a k s w i t h 
h a l f w i d t h s s l i g h t l y w i d e r t h a n t h e i n s t r u 
m e n t a l one a r e r a t h e r c l e a r l y s e e n i n t h e 
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spectrum. The experimental strength func
tion is shown in the middle of Pig.1. Si
milar spectra are observed for the rest of 
Lutecium isotopes 1 ^ \ though for some of 
them peaks are resolved worse. 

Table 1 
Intensities of the level population 

in the beta decay of Lu isotopes 

E, 
MeV I,% log^t A MeV 1,56 logffc 

1 7 2 1 . 2 

1.6 
1 . 8 

2 . 0 5 

2 . 2 

2 . 5 

8 

1 0 

8 

64 
9 

0.4 

8.3 
8 . 0 

7.8 
6.7 
7.3 
7.8 

1 7 1 0 . 8 4 9 2 

1.35 0.3 
6.5 
7.5 

1 7 0 1 . 4 5 7 8 . 3 

2 - 1 5 \ 

2 . 4 J 
4 1 

7 . 6 

3 . 0 4 5 5 . 9 

1 6 9 0 . 6 6 . 5 8 . 0 

0 . 9 4 2 8 7 . 2 

1 . 4 3 2 6 . 7 -

1 . 6 5 2 2 6 . 7 

1 . 9 9 6 . 7 

2 . 1 2 6 . 9 

2 . 3 0 . 3 7 . 0 

1 6 8 m 1 . 3 4 0 5 . 2 

2 . 3 5 4 4 . 7 

2 . 9 2 6 . 0 

3 . 7 4 5 . 0 -

1 6 7 0 . 1 5 3 1 6 . 2 

1 . 2 5 5 6 . 5 

1 . 9 4 7 5 . 1 

2 . 2 1 3 5 . 5 

2 . 4 4 5 . 6 

2 . 8 0 . 2 5 . 0 

166 0 . 7 2 6 . 2 

1.6 6 5 . 6 

2 . 2 7 0 4 . 6 

2 . 9 16 5 . 1 

3 . 6 3 . 3 5 . 4 

4 . 1 3 . 7 5 . 0 

4 . 7 1 . 0 5 . 1 

5 . 1 0 . 2 5 . 4 

1 6 5 ^ 1 ~ 6 -
1 . 3 9 5 . 8 

1 . 7 2 2 5 . 4 

2 . 0 6 4 8 4 . 9 

2 . 8 1 2 5 . 0 

3 . 2 3 5 . 3 

3 . 6 0 . 6 5 . 4 

1 6 4 1 . 6 2 0 5 . 9 

2 . 2 6 6 . 2 

3 . 1 1 2 5 . 5 

3 . 8 4 5 4 . 7 

4 . 5 7 5 . 1 

5 . 0 7 4 . 9 

5 . 5 2 . 4 5 . 0 

6 . 0 0 . 7 4 . 8 

- 1 6 3 < 1 . 8 2 5 -
2 . 3 5 2 4 . 4 

3 . 1 1 6 4 . 7 

3 . 6 5 4 . 9 

4 . 1 1 . 5 4 . 9 

Thulium isotopes . The probabilities 
for level population in beta decay of A « 
s 163-157 Thulium isotopes have been deter
mined. On the whole the picture is similar 
to that of Lutecium. In all cases there 
emerge pronounced maxima in the population 
probabilities, often with an unresolved 
structure which can be conventionally de
composed. The results of such decomposition 
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Pig.2 Probabilities of the level popula
tion and the strength function for 
l 6 6 L u . 

are presented in Table 2 . Quite natural 
that these results are only estimations for 
the level population in the region of cor
responding energies. 

Figure 3 presents the level population 
probabilities and the strength function for 
159 
-^Tm, beta decay of which was studied ra

ther poorly before. The half life of 1 ^ T m 
is found to be 9 . 1 5 ( 1 7 ) min. and the decay 
energy GL^a 3 » 8 5 MeV is determined as the 
boundary of the total absorption spectrum. 
The main maximum of the strength function 
corresponds to the energy of approximately 
2 . 5 MeV and it is fed nearly in 60% of de
cays. 

It should be noted that in the region 
of the main maximum and at higher energies 
the uncertainty of the strength function, 
connected with an uncertainty of the Q-va-
lue, in many cases exceeds considerably the 
proper experimental errors which are pre
sent in the population data. Thus the chan-
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ge of value for ' ^ T m by 0.2 MeV brings 
about distortions of the strength function 
(in the region of the main maximum) by 20%, 
whereas the pure experimental errors do 
not exceed 10%. 

Table 2 
Intensities of the level population 
in the beta decay of Tm isotopes 

A E, 
MeV i log<ft A E, 

MeV \ logjt 

157 0 . 1 12 6 . 0 160 1.6 18 6 . 2 
0 . 7 12 5 . 7 2 . 2 12 6 . 1 
1 .5 4 5 . 8 3 . 0 18 5.6 
2 . 2 24 4 . 7 3 . 8 20 5 . 2 
2.6 34 4 . 5 4 . 1 17 5 .1 
3 . 0 7 4 . 9 4 . 7 7 5 . 2 
3 . 4 5 4 . 7 5 . 0 8 4 . 8 
4 . 0 2 4 . 2 161 0 . 3 22 6 . 0 

158 0 . 1 20 6.6 0 . 5 5 6.6 
0 . 5 5 7 . 0 0 . 9 6 6 . 2 
0 . 9 4 7 . 0 1 . 7 24 5 . 9 
1 . 4 12 6 . 3 2 . 0 31 4 . 9 
2 . 3 2 6 . 8 2.6 12 4 . 7 
3 . 1 10 5 . 7 162 0 . 1 4 7 . 4 
3 . 7 7 5.6 1.6 10 6 .4 
4 . 1 2 6 . 0 2 . 0 - 3 . 0 32 -4 . 5 16 4 . 9 3 . 5 50 4 . 8 
5 . 0 16 4.6 4 . 3 4 5 .1 
5 . 8 4 4 . 5 -
6 .1 2 4 . 3 163 0 . 4 15 6 . 3 

0.6 11 6 . 3 
159 0 . 3 31 5.6 0 . 8 - 1 . 1 6 

0 . 8 7 6 .1 1 .3 12 5 . 8 
1 . 1 - 1 . 8 6 — 1.6 24 5 . 3 
2 . 1 11 5 . 2 1 .8 21 5 . 0 
2 . 5 30 4.6 2 . 1 2 5 . 4 
2 . 8 12 4 . 7 
3 . 3 3 4 . 8 

Even when the decay schemes are cons
tructed, from their balance one often 
determines essentially incorrect level 
population and beta decay strength func
tion. For example, in the decay scheme of 
1 5 8 T m 1 5 ) all 10095 of decays go to the le
vels lower than 3 MeV, meanwhile it is seen 
from Table 2 that more than 50% of decays 
populate the levels of higher energies, 
and that these decays contribute to the 
strength function most substantially. The 
level population in beta decay of 1^°Tm 

Fig.3 Probabilities of the level popula
tion and the strength function for 

and *Tm given by do not correspond 
to our experimental data either. Detailed 
information on the strength functions of 
beta decay of Thulium isotopes is presented 
in Ref. 1 7 ) . 

Cesium_isotO£es. The total absorption 
spectra for the A « 128-119 Cesium isotopes 
have been measured. These nuclei are trea
ted sometimes in teams of spherical and 
sometimes in terms of deformed nuclear mo
dels, so there is a possibility to compare 
the experimental values of the strength 
functions with different predictions. Ground 
states of even Cesium isotopes have I 3 1 a 1 + 

and the decay proceeds mainly to the ground 
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and first excited levels of the daughter 
xenon isotopes. However, when the decay 
energy is over 5 MeV (A = 122, 124), a 
considerable population of the 3-5 MeV le
vels takes place contributing substantial
ly to the beta strength function* The main 
maximum is observed at E a 4-5 MeV. For 
odd Cesium isotopes strong transitions are 
also observed onto the ground and the 
neighbouring states, however the maximum 
of the strength function is at E = 3-4 MeV. 

Figure 4 presents the population pro
babilities and the strength function of 
the 1 2 3 C s beta decay. In spite of 5656 of 
transitions to the ground or near-to-ground 
states of 1 2 3 X e (E< 50 keV) with log =5.3, 
the main contribution of the strength func
tion is due to the transitions onto the 
3-3#5 MeV levels. The maximum with the mean 
energy of 3.3 MeV, the halfwidth of 0.5 MeV 
and the log value of 4#0 is observed 
in the strength function in this case. 

The analysis of the data for the other 
measured Cesium isotopes is on progress. 

4. Calculations and discussion 

Evidently seen in the figures are the 
pronounced peaks both in the population 
probabilities and in the beta decay 
strength functions. Similar pictures are 
observed for nearly all the isotopes we ha
ve investigated, though the shape and posi
tions of maxima are different even for the 
neighbour isotopes. The strength functions 
are of the resonant character. Clear, that 
the statistical theory of beta decay based 
on the structureless assumptions concerning 
the strength function is not able to 
describe beta strength function behaviour 
properly. 

In this work we have performed calcu
lations of the beta strength functions on 
the basis of the microscopic description 
of the Gamow-Teller excitations using the 
Saxon-Woods potential and the residual in
teraction H 9 T * ^ ( r U 1

i C 2 ) ( e l 0 2 ^ * F o r t h e Lu"fce-
cium isotopes the calculations in the 
Tamm-Dankov approximation are carried out. 
The comparison of the calculations with 
the experiment shows that the method 

describes the behaviour of the strength 
function fairly well. 

E,MeV 

Fig.4 Probabilities of the level popula
tion and the strength function for 
1 2 3 Cs. 

In the bottom of Fig.2 the results of 
1 6 6 

the calculations for the Lu strength 
function are presented. It is obvious that 
the calculations make it possible to inter
pret the structure of the strength func
tions linking the maxima of the strength 
functions with the excitations of neutron 
particle-proton hole type. The main maxi
mum corresponds to the p[523]t n[523|+ 
transition onto the two-quasuparticle 
state p[404]i + p[523|» , but not to the p[51^-
n(5l̂ i as given by 1 8 ^ . The calculations 

in this approximation, however, do not 
describe the transition probabilities pro
perly, since the interlinking of the 
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fa = +1 and jic= -1 charge exchange modes 
of excitations is not taken into account. 

To include this effect, the random 
phase approximation (RPA) has been used in 
the calculations of the strength functions 
for beta decay of Thulium isotopes. The 
energies and the wave functions of the 
single particle states are treated in the 
calculations as the solutions of the Schro-
dinger equation for the deformed Saxon
s-Woods potential. The parameters for the 
one-particle potential and for the defor
mation parameters are chosen from the data 
of Refs. and 2 0 \ respectively. The 
constant of the Gamow-Teller interaction 
is assumed to be G r GT 50/A MeV. The deri-

17) 
vation of the equations is given in Ref. '; 
Solutions of the secular equations describe 
two branches of excitations with J¿<c= +1 
and fa ~ -1. The reduced probabilities of 
the Gamow-Teller transitions (Bq T) are related 1) with the ft-values as 

= 6 2 5 0 sec. (2) 

Por V 1/2 
ßCT= KJI^VM^ | r < W kf-Ml*l<>|M|2 (3) 

where 
M = < k f i p i k i > 

ment of the beta decay, 
tor X 

is the matrix ele-
The f ac-

is responsible for the renormali-
21 ) 

zation of the nuclear spin current . 
According to the calculations, the 

main strength of excitations with fa = -1 
for rare earth elements is to be found in 
the 17-20 MeV energy region, the sum 
being equal to 30-40. As for fa « +1 exci
tations, the main strength is to be located 
in the interval of energies 2-5 MeV, the 
sum Z | M | being equal to 1-5« The fi> 
strength function is of a giant resonance 
character with the width of 1-1.5 MeV. 

In the bottom, Pig.3 presents the 
strength function calculated according to 
the formula 

6250sec (4) 

where Í\ (E^) is the Gaussian distribution 
with the maximum at E n and the halfwidth of 
0.15E n which somewhat exceeds the experi
mental resolution. It is seen that the 
calculation describes the shape of the ex
perimental strength function for 1^^Tm be
ta decay good enough. The same quality of 
description of experimental strength func
tions is typical for the rest of Thulium 
isotopes. 

Comparison of the experiment with the 
theory allows to estimate the value of the 
coefficient for renoxmalization of the 
nuclear spin current. The results for Thu
lium isotopes are presented in Table 3 . In 
the second column of the Table is the sum 
of the reduced probabilities (B q T) deduced 
from the data of Table 2. The third column 
is the sum of the squares of the transition 
matrix elements taken from the theory wi
thin the same energy interval. The ratio of 
6 A / g v obtained using the second and the 
third columns is given in the fourth column. 
The average value of the <? A/g v ratio 
equals to 0.63 which is in excellent agree
ment with the 0.69 given by 2 1 K The fifth 
column of the Table presents the theoreti
cal estimate of the quota of the total 
strength of the Gamow-Teller transitions 
which belongs to the excitation energy in
terval from zero to Û A . 

Table 3 
A comparison of the experimental strength 

of Gamow-Teller transitions with 
the experiment for Tm isotopes 

A ^ ^exp V 9 v 
S (E-cQ) rf 

163 0.13 0.22 0.77 21 
162 0.15 0.60 0.50 49 
161 0.22 0.53 0.64 25 
159 0.43 1.24 0.59 82 
158 0.80 2.37 0.58 96 
157 0.94 2.03 0.68 91 

It is evident that the main strength 
of transitions for A ̂  159 Tm isotopes is 
found in the energy interval below the 
value. For example, experimental strength 

157 
function for -̂ 'Tm beta decay should con-
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quer 70-90% of the total strength of the 
Gamow-Teller transitions. The structure in 
the strength functions may be interpreted, 
therefore, as a direct experimental obser
vation of the Gamow-Teller resonance in 
Ç>+ decay (JLLt » +1) of T^> 0 nuclei. 

Experimental data on Cesium confiim 
the predictions of ^ concerning the exis
tence of low-energy maximum in beta decay 
strength function for A ̂ 119 isotopes. 
RPA calculations supposing Cs nuclei to be 
deforaied describe the form of the beta 
strength functions quite well. The lower 
part of Fig.4 presents the strength func-
tion calculated for ^Cs beta decay. De
formation parameters ĵo 5 8 0.25, $>^Q = 
= 0.02 and p(420]f ground state configuration 
for *̂ Cs nuclei are assumed. A very good 
agreement of the theory with the experiment 
is seen in this case too. The main maximum 
in the beta strength function with the 
width of about 0.5 MeV is due to p|404jf-«-

r$0$\ transition. The strength function 
in the zero to Q^energy interval comprises 
about 80% of the total sum of the Gamow-
-Teller excitations. So this is one more 
experimental observation of the Gamow-Tel
ler resonance in j?>+ decay of T 2> 0 nuclei. 
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DISCUSSION 

P.G. Hansen: Maybe a few words can c l a r i f y the s i t u 
a t i o n . The s o - c a l l e d " resonances" d i s cu s sed here 
are not c o l l e c t i v e ; they are s t a t e s of t w o - p a r t i c l e 
nature and have as f a r as I could see from your num
bers something l i k e 1/6 'th of the s i n g l e - p a r t i c l e 
s t r e n g t h . Th i s agrees well with the usual s p i n - i s o -
s p i n reduct ion of 1/8 ' th f o r the GT matr ix elements 
( see Z y l i c z et a l . , Lysek i l Conf. 1966). The onset 
o f the s t reng th a t 2 MeV corresponds s imply to the 
p a i r i n g gap 2A. 

C.-O. Wene: Let me f i r s t cong ra tu l a te you f o r those 
beaut i fu l spec t ra . I do not th ink tha t the systema
t i c a l l y occurr ing r e s o n a n t - l i k e s t r u c t u r e s i n your 
S3 can be expla ined by f l u c t u a t i o n s , e s p e c i a l l y as 
they seem to be well co r re l a ted with c a l c u l a t e d 
s t a t e s . Have you been ab le to make d i r e c t compar i 
sons wi th the e a r l i e r CERN data f o r i n d i v i d u a l 
n u c l e i ? 

G. Alkhazov: We have performed a conpar i son of our 
measurements f o r 1 1 8 I (G.D. Alkhazov et a l . , P i s 'ma 
Zh .Ek sp .Teor .F i z . No. 1, 68-70 (1980)) wi th the o ld 
CERN measurements. In our data a very pronounced 
s t r u c t u r e i s seen. In the CERN data t h i s s t r u c t u r e 
i s a l s o seen; however, i t seems to be much l e s s de
ve loped. We suppose tha t t h i s d i f f e rence in the ex
perimental r e s u l t s i s due to better c h a r a c t e r i s t i c s 
of our spectrometer. 

J.C. Hardy: I t i s perhaps worth not ing tha t there i s 
no e s s e n t i a l disagreement between the r e s u l t s and 
the delayed proton da ta , f o r example. Here you ob
serve most s t ruc tu re a t low ene rg i e s , e i the r below 
the p a i r i n g gap where " s t a t i s t i c a l " behaviour i s not 
expected, or j u s t above i t , where the level d e n s i t y 
i s s t i l l low. Beyond t h a t , there i s l i t t l e d i f f e r 
ence in the appearance of S^ between your r e s u l t s 
and the " s t reng th f u n c t i o n " I showed f o r 6 9 A s . Where 

we d i f f e r i s in our a n a l y s i s . You choose to i n ve s 
t i g a t e the de ta i l ed anatomy of S $ ; I am content with 
i t s average behaviour. A c t u a l l y the "Gross theory" 
would, I t h i nk , do very well i n exp l a i n i ng the trends 
of your data j u s t as i t d i d . 

C. Gaarde: I s the measurement g i v i n g on an abso lute 
s c a l e the g/\/gy? I s i t not only a model dependent 
quant i t y you are quot ing? 

G. Alkhazov: The r a t i o of g/\/gy i s obta ined from a 
comparison of the c a l c u l a t e d 3 - s t reng th func t i on 
with the abso lu te va lues of the s t reng th func t i on 
measured in the experiment. Of cour se , the deduced 
va lue of gA/gv 1 S sub ject to some in f luence of the 
approximations invo lved in the c a l c u l a t i o n s . 

K.K. Seth: I am somewhat confused about your c l a im 
that you see 80% of the GT s t reng th expected theo-
r e t i c a l l y . As you probably know, in recent (p,n) 
experiments at Ind iana at medium energ ies i t has been 
c l e a r l y demonstrated that on ly ^ 30% of the GT sum 
ru le s t rength i s observed below say 10 MeV. Bohr 
and Mot te l son , among others have recen t l y wr i t ten 
papers on how the m i s s i n g s t reng th i s most l i k e l y 
sapped by the (3,3) resonance 300 MeV away. Con
s i d e r i n g a l l t h i s how can you c l a im seeing 80% in 
your experiments? I t i s 80% of what? 

G. Alkhazov: Our r e s u l t s are in good agreement with 
the GT s t rength func t ion reduct ion a t low energ ies you 
s a i d about. Th i s reduct ion i s taken in to account in 
the c a l c u l a t i o n s o f the present work by the f a c t o r y . 
When we c la im tha t we observe about 80% o f the GT 
s t rength in 3+ decay we mean tha t we see 80% from 
the low energy par t o f the GT s t reng th func t ion 
(below say 30 MeV). Th i s conc lu s i on i s drawn on the 
b a s i s of the c a l c u l a t e d beta s t reng th func t ion and 
from the good agreement of the c a l c u l a t e d s t rength 
funct ion with the experimental one a t E < Q. 
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