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THE cross section for resonance scattering of y 
rays by nuclei is very sensitive to the density of 
the source medium and to the lifetime of the level. 
To reduce the effect of collisions of recoil nuclei 
with surrounding molecules one usually uses 
sources in the gaseous state .1•2 If the lifetime T y 
of the level is less than 10-12 - 10-13 sec, investi
gation of the resonance effect with a liquid source 
can give some information concerning the nature 
of the interaction of the recoil nuclei with the sur
rounding atoms, and, in particular, concerning the 
mean free path of the recoil atom in the medium. 

We have investigated the resonance scattering 
of y rays with an energy of 1330 kev by Ni60 nu
clei, using gaseous and liquid sources of Co60 in 
the compound CoC12• Earlier,3 for a gaseous 
source, a value of ( 17.1 ± 3) •10-27 cm2 was ob
tained for the average cross section for the reso
nance scattering. 

A strong effect was also observed in using a 
liquid source (solution of CoC12 in HCl) with 
an activity "'40 mC. This enabled us to deter
mine Ty by self-absorption to be ( 1.14 ± 0.37) 
x 10-12 sec, which is in good agreement with the 
data of other authors. 4•5 The cross section for 
resonance scattering for the liquid source was 
found to be ( 1. 73 ± 0.2) x 10-27 cm2• 

The lifetime of the level T y and the average 
cross section for resonance scattering u are 
connected by the well-known relation 

- 1 
a= 2-a0 rthP (Ep). 

'ty 

Here a0 is the cross section at resonance and 

(1) 

P ( Ep) is the energy distribution of the y quanta. 
The slowing down of the recoil nuclei can be 

taken into account by introducing in (1) a factor 
1 - exp ( - Z /vr y), where v is the velocity of the 

recoil nucleus and Z the mean free path of the re
coil nucleus before collision. For a gaseous 
source tcoll » T y• and the factor is equal to 1. 
Using (1), we write the ratio of the cross section 
0'1 for the gaseous source to the cross section 0'2 

for the liquid source: 

crtfa2 = [l-exp(-lfv•y}r1 • (2) 

The value of Ty has been determined by vari
ous authors with sufficient accuracy to be ( 1.1 
± 0.1) x 10-12 sec. Using for v the value 7.2 x 105 

em/sec, which is the velocity of the recoil nucleus 
for exact resonance, and noting that O't/0'2 = 9.9, 
we obtain for l the value 8 x 10-8 em. It should 
be mentioned that the width of the resonance line 
is very small ("' 1 ev ), and the change in l be
cause of the spread in recoil velocity is extremely 
small. 

The value of l is determined both by the dis
tance between molecules in the source and by the 
nature of the interaction of the recoil nucleus with 
the surrounding molecules. To get a picture of 
the effect of interaction, it is necessary to carry 
out similar experiments for different isotopes of 
Co. It should be mentioned that the contradiction 
in the determination of the lifetime of the 1.60-Mev 
level of Ce140 in references 6 and 7 is due to the 
neglect in reference 6 of the effect of collisions 
on the resonance scattering cross section. 

The authors thank 0. Suyarov for help in the 
measurements. 
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