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As the atomic number of the presently synthe­
sized and investigated far-transuranic elements 
increases, it becomes more and more important 
to "tie-in" the investigated new isotope to the pre­
viously identified daughter product of its decay: 
since the daughter isotope and the type of decay 
of the parent isotope are known, an investigation 
of a genetic connection between the two makes it 
possible to identify the parent isotope. 

We propose here a new method for establishing 
a genetic connection between the parent isotope A 
and a longer-lived daughter isotope B, based on 
the measurement of the duration of the intervals 
( TBB ) between two neighboring decays ( B and B ) 
and the intervals TAB between the decays A and 
the neighboring decays B. If the decays of A and 
B are independent of each other, then the mean 
duration 7 AB (of the interyal between the neigh­
boring decays A and B should be the equal to the 
mean duration TBB •( of the interval between two 
neighboring decays of A). However, if some part 
of the observed decays of B is due to preceding 
decays of A, then TAB should be less than TBB· 
This is the basis of the proposed method .. 

It is assumed that the decays of A and B are 
always distinguishable (for example, they are reg­
istered in different channels of a multi -channel a -
particle analyzer), and that in the general case the 
nuclei B can appear both as the result of the decay 
of A, and as the primary product of target bom­
bardment. For the sake of simplicity, the intensity 
of the continuous or pulsed flux of bombarding par­
ticles is assumed to be constant over the entire 
experiment. The decays of A and B are registered 
either continuously (for example, in the intervals 
between pulses of the accelerator of the bombard­
ing particles), or during counting-time intervals 
alternating with the intervals of irradiation time. 
Many other variants of the experiment are possible. 
It is clear that when working witl1 very short-lived 
daughter isotopes A, the first method is more ef­
fective but is fraught with greater experimental 
difficulties. As long as the lifetime of A can be 

measured at least in seconds, the realization of 
the second method is more feasible. 

It is easy to derive equations that establish the 
existence of a connection between the decays of A 
and B. Let n be the mean frequency of the de­
cays of B, A. the radioactive decay constant of B, 
and g the efficiency of registration of the decays 
of B. Let, furthermore, (M + 1) decays of B be 
observed during the entire experiment (i.e., M 
intervals BB) and let the number of observed de­
cays of A be N (i.e., N intervals AB ). Then, for 
the case of continuous observation of decays A and 
B we obtain 

X= (~BB-~AB)f~B = g),j[gn + (J-g)f..j, (1) 

where the quantity K characterizes the mu1Jual 
relation between the A and B decays and can be 
called a correlation coefficient; if the A and B 
decays are completely independent (i.e., when 
A./n - 0 ) , then K = 0; if g = 1, we have K = 
A./n. 

For an experiment in which M intervals BB 
and N intervals AB are observed (we assume 
for simplicity M » N) we obtain the following 
expression for the absolute error in the deter­
mination of K: 

Ax~ gn + t.. [_!_ +_!_{I _ gt.. (gt-+2Rn) }]'/• (2) 
~ gn + (1-g)f- M N (gn+ /..) 2 • 

When g = 1, Eq. (2) becomes 

Ax= [(1 +x)2/M + I;N]'I•. (3) 

Going now to the case where the irradiation and the 
observation of the A and B decays alternate we 
assume for simplicity that the duration of the alter­
nating intervals of irradiation and registration of 
A and B decays has a constant value T, with 
nT « 1. Thus, irradiation continues during one­
half of the experiment, while registration of the 
decays continues during the second half. Then 
the only difference from the version where the 
observation is continuous lies in the fact that to 
observe a given number of intervals BB and AB 
it is necessary to double the overall length of the 
experiment. 

We give a simple numerical example for the 
version where the irradiation and count alternate. 
Assume that 100 BB intervals (i.e., 101 decays 
of B nuclei) and 10 AB intervals (i.e., 10 decays 
of A nuclei) are observed in a series of experi­
ments which lasts a total of 104 minutes. Then at 
g=1, weget n=0.02min-1• Assume A.f'::Jn, 
which corresponds to a mean lifetime of the B 
nuclei of TB = 1/A. =50 min. In this case K = 1, 
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and .6.K = 0.37, which is quite satisfactory for 
such poor statistics. It is expected that different 
versions of the proposed method will find use in 
the investigation of new transuranic elements. 

Translated by J. G. Adashko 
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WE have measured the total cross section of 
photoproduction of neutral pions, from the thresh­
old energy of the primary y quanta to 245 Mev. 
The measurements were made with the synchro­
tron of the Physics Institute of the U.S.S.R. Acad­
emy of Sciences at 265 Mev, using a liquid-hydro­
gen target. Using a method described previously, 1 

in which a gamma telescope is placed at goo to the 
direction of the primary photon beam, we meas­
ured simultaneously the entire curve of the yield 
of decay y quanta, from threshold energy of pri­
mary photons to 250 Mev (in steps of 10 Mev). 
The smearing in the maximum energy of the 
bremsstrahlung y spectrum amounted to ± 1 Mev. 
The yield of the decay photons was plotted with a 
statistical accuracy of 2 - 3%. The background 
produced by an empty target was 8 - 1 O% of the 
count produced by a hydrogen-filled target. A 
detailed description of the measurement proced­
ure and of the absolutization of the results obtained 
was given previously.1•2 

The dependence of the cross sections of pro­
duction of decay y quanta on the photon energy 
was calculated from the yield curve by the "pho­
ton difference" method. As shown by Koester 
and Mills, 3 the measured yields of the decay y 
quanta per photon, at an angle close to goo in the 
laboratory system, is connected with a total cross 
seetion of photoproduction of 1r0 mesons. Thus, 
if the photoproduction cross section has the follow­
ing form in the center-of-mass system 

d~/d12 =~A+ Bcos e + Ccos2 0, 

where 8 is the angle of emission of the meson, 
then the total cross section can be obtained from 

~~ = 4d (90°) (A-~ 113 C)/(aA + [J,B + rC), (1) 

where J (goo) is the yield of decay y quanta 
(per photon) at goo, while a, {3, and y are 
functions that vary smoothly with the energy of 
the primary photon, and are calculated from kine­
matic considerations and from the y telescope 
efficiency curve. Both the quantity (3 and the 
coefficient B are small in the energy range con­
sidered here, and the term (3B in Eq. (1) can 
therefore be neglected. Measurements of the an­
gular distributions2 show that the ratio CIA does 
not change greatly with energy of the primary pho­
tons and is close to -0.6 in the investigated en­
ergy range. 

The calculated experimental values of O"t, as 
functions of the primary-photon energies, are com­
pared in the diagram with the theoretical curve, 
calculated for the photoproduction amplitudes ob­
tained by solving the dispersion relations of Chew 
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The total cross section at of 77°-l!leson photoproduction in 
hydrogen; 0- data of this paper, D- data from reference 5. 

et al.4 The calculations were carried out for f2 = 
0.08 and wr = 2.1. We neglected in these calcula­
tions the contributions made to the total cross sec­
tion by the amplitudes of the electric-dipole E1 and 
electric -quadrupole E2 transitions. As can be 
seen, good agreement is observed between the theo­
retical curve (which is estimated by the authors of 
reference 4 to be accurate to ~ 10%) and the ob­
tained results; this agreement is due in final anal­
ysis to the fact that the principal contribution to 


