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ar in powers of k (relative momentum of the par- Professor Ya. A. Smorodinskii for interesting dis-
ticles in the initial state) are determined by the cussions. 
value of (ark) at k = 0, and that for small k the *ctg =cot 
cross section can be written as 

1 ( 1 ) o,=(o,.k)0 k l-'Iick(o,k)o+···, (1) 

where the subscript 0 indicates that the value at 
k = 0 has to be taken. This equation follows from 
the circumstance that for forces of finite range the 
expansion of k cot o ( o is the complex s-wave 
phase shift) in powers of k has the form 1•2 

k ctg 6 = b (k2) = b (0) + k2b' (0) +·. . . (2)* 

We now show that (2), together with unitarity, 
leads also to a similar form of the expansion of 
the elastic cross sections in powers of k. Here 
the first two terms of the series have the form 

(3) 

which means that up to terms linear in k the elas
tic scattering cross section is determined by the 
quantity (ark )0 and by the value of the scattering 
cross section at k = 0. 

Since the lowest power with which the partial 
waves contribute to the power series expansion 
is k4z, only s waves have to be considered. From 
(2) we have 

_ 4n _ 4:rt ( 1 2 Im b (0) 1 )' 

0 - \ b (k2) 12 + k2 - 2k Im b (k2) - I b (0) 12 l 1 k I b (0) 12 I· · · · 

(4) 
It is easy to see, for example from the optical 

theorem, that 

I b (0) \-2 • Im b (0) = - ( c;,k)0/4Jt. (5) 

From this we obtain Eq. (3). 
In the case where only elastic scattering occurs, 

i.e., when b ( k2 ) is real, the cross section has thus 
for small k the form 

(6) 

If, on the other hand, inelastic processes also occur 
at k = 0 then a term linear in k appears in the 
power series expansion, and owing to unitarity its 
coefficient is determined by the total inelastic 
cross section. The expressions (1) and (3) are ap
plicable for those cases where one can limit one
self to the first term in the expansion (2). We note 
that when (3) holds the cross section decreases 
with increasing k. We also note that (3) is correct 
even if only one of the initial particles has zero 
spin. Formula (3) can be used in the extrapolation 
of 1r-p and Kp scattering to zero energy. 
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AS was shown previously, 1 the total cross sec
tion of high energy inelastic and elastic scattering 
of electrons at large angles in the center-of-mass 
system (c.m.s.), calculated in a doubly logarithmic 
approximation, can be represented in the form 

do= do exp --In-In-. { 8e2 E E} 
o :n: m /!..E 

(1) 

Here da0 is the scattering cross section computed 
in the low-order perturbation theory, E the elec
tron energy, m the electron mass, and llE the 
maximum achievable energy of the quanta radiated 
in the collision process, which defines the thresh
old sensitivity of the detector of electrons. 

If llE = E (i.e., the detector records all elec
trons, independently of their energy), then the 
total cross section coincides with the cross sec
tion computed in the low-order perturbation theory 
approximation ( da = da0 ). As is known, 2 this is 
connected with the fact that in this approximation, 
the decrease of the cross section of the fundamen
tal process, without emission of additional quanta, 
due to taking the radiation corrections into account, 
is entirely compensated by the increase of the 
cross section of processes with multiple additional 
radiation of hard photons in the case of an arbitrary 
radiation ( llE = E ) . 

The same formula also holds for the scattering 
of electrons on positrons. 

In principle, another situation arises in the con
version of an electron-positron pair into a pair of 
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other charged particles with larger mass (for ex
ample, e+ + e- -11- + + 11-- ), inasmuch as in this 
case the maximum energy of the radiated photon 
cannot be larger than E -11- (!1- is the mass of the 
particle ) . Thus, in addition to the limitation im
posed by the sensitivity of the apparatus, there 
arises a physical limitation on the energy of the 
photon. In this case, the given compensation can
not take place and, independently of the sensitivity 
of the detector, an account of the radiative correc
tiom; seriously changes the character of the de
pendence of the cross section on energy. It is 
clear that the effect is greatest close to the 
threshold of particle production. 

As a qualitative example, we consider the pro
duction of a pair of fermions with mass 11- in the 
annihilation of an electron-positron pair with en
ergy E in the c.m.s. Calculation can be carried 
out the same as in reference 1, where it was 
shown that the contributions of diagrams contain
ing more than one staircase line are mutually 
compensated, so that it is sufficient to consider 
only the enveloping virtual lines. This means 
that we have two "overgrown" vertices, connected 
by a single virtual photon line. It is evident that 
for E » /)., the difference between fermions with 
mass 11- and electrons becomes insignificant, so 
that Eq. (1) remains valid, but the maximum D.E 
~ E -11-. With decrease in energy, the contribution 
from the virtual quanta with which the heavy fer
mions are exchanged decreases. As can be shown, 
at the threshold of the reaction for E ""11-. their 
contribution becomes negligible. This is connected 
with the fact that at threshold the momentum of 
the fermions produced is very small; therefore, 
for a description of the interaction between them, 
the lower orders of perturbation theory are suffi
cient. Thus, at threshold, only the electron ver-

tex makes a contribution; in this case the cross 
section of the reaction for arbitrary radiation has 
the form 

(2) 

(3) 

Here r 0 is the classical radius of the electron; 
y = E/m; q is the momentum of the fermion; (} is the 
angle of flight of fermions relative to the direction 
of motion of the electrons; F ( E2 ) is the form fac
tor of the electrons. 

For nonrelativistic fermions (close to threshold) 
Eq. (2) can also be written in the form 

do =do0P (£2) (q/V21!£)<se'fn) In (E/m). (4) 

For 11- mesons, the effect under consideration 
gives (close to threshold) the change in the char
acter of the dependence of the cross section on the 
momentum of the emerging particles: in place of 
dcr"" q, we have dcr"" qL 1 in the case of an arbi
trary radiation. The effect will be still greater 
if we record the energy of the emerging mesons 
in some energy range. 

The authors express their deep gratitude to 
Academician I. E. Tamm and to A. A. Abrikosov 
for discussions. 
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