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IN studies of radiative processes, use is made of 
ordinary perturbation theory, and also of the im
pact-parameter method ( Weizsiicker-Williams 
method). The opinion is sometimes expressed 
that the latter gives insufficiently accurate results.1 

But let us compare the results given by these 
methods. 

We consider deceleration radiation in collisions 
with atoms. 

Following Uberall1 we write the bremsstrahlung 
cross section in the form 

{ 
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Here E1o E2 are the initial and final energies of 
the electron, E is the energy of the photon (de
noted by k in reference 1 ), {j = E/2€1€2, n = m = 
c = 1. On the other hand, the impact-parameter 
method gives2•3 

(2) 
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here k2 = k~ + k~ ( E is the energy of the photon ) . 
In Eq. (1) let us replace the variable qz by q~ = 
qz- ql/2E1 and expand the expression in square 
brackets in powers of ( ql /me )2: 

(3) 

Comparing Eqs. (3) and (2) we see that the first 
term of the expansion of the exact formula gives 
the result of the impact-parameter method (we 
have here q~ = k1, qi = k2 ), and the second term 
is only a correction if qi « 1. Consequently, 
Eq. (2) agrees with the exact formula (1) only in 
the region q]_ « 1 (which corresponds to values 
of the impact parameter larger than n/mc). A 
similar treatment can be given for pair production. 

Let us now turn our attention to radiation and 
pair production in periodic structures. In refer
ence 1 a problem of this sort is solved for a chain 
of atoms [Eqs. (33) and (23)]. These formulas dif
fer from the corresponding formulas for collisions 
with a single atom (for example, Eq. (1)) by the 
factor: 

which gives the effect of interference in radiation 
or pair production in collisions with a chain of 
atoms. It is easy to obtain analogous formulas 
by the impact-parameter method. To do this we 
set ri = ha in Eq. (4) of reference 2, where h 
is an integer and a is the direction vector of the 
chain of atoms. Integrating the crystalline factor 
with respect to l/J [Eq. (4) of reference 2] we get 
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where we have set k1a 1 + k2a2 + k3a3 = k1a cos J. + 
k sin J. cos cp. We see that the factor obtained is 
similar. It must be noted that after the changes 
of variables q~ = qz- qi/2E1 or q~ = qz- ql/2E, 
for bremsstrahlung and pair production, respec
tively, the factors (4) and (5) differ somewhat, but 
not to any important degree if o » qi/2El> o « 
qi/2E2, and o « qi/2E_, o « qi/2E+ for the 
two respective cases. 

We remark that when one takes into account 
thermal vibrations in the interference factor of 
the _£_adiation these_make the contribution2 q1 < 
h/ ( u2) 112, where u2 is the mean square deviation 
of the atoms from their equilibrium positions. Fur
thermore, on inserting the factor (5) under the in
tegral in Eq. (2) (or in the corresponding formula 
for the case of pair production) we arrive at a 
formula for radiation or pair production in colli
sions with a chain of atoms obtained by the impact
parameter method (when thermal vibrations are 
included there is an additional factor exp {- ( k2 + 
ki)u2} ). 
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REFERENCE 1 treated the processes of diffrac
tive interaction of deuterons with nuclei. Obviously, 
diffraction processes (scattering, disintegration, 
and stripping) can also occur in the collision of 
other loosely bound light nuclei with heavy nuclei. 
The possible occurrence of diffraction phenomena 
must be taken into account in studying the interac
tion with heavy nuclei of beams of light nuclei 
which have been accelerated to high energy. 

There are several light nuclei whose binding 
energies against two-particle breakup are small. 
Thus, for example, Li6 may be regarded as being 
made up of a deuteron and an a particle (with 
binding energy E = 1.53 Mev), Li7 is a triton 
plus an a particle ( E = 2.52 Mev), Be9 is Be8 

plus a neutron ( E = 1.64 Mev), B10 is Li6 plus 
an a particle ( E = 4.36 Mev), etc. Diffraction 
processes in the interaction with heavy nuclei of 

If we now compare these formulas with the for
mulas for the inteference radiation obtained by per
turbation theory [Eqs. (41) and (42) of reference 1], 
we see that they are completely identical. An anal
ogous argument can also be carried through for the 
case of collisions of charged particles with atomic 
electrons (ionization losses). Here it can be 
shown that the exact quantum mechanical formulas 
go over into those obtained by the impact-param
eter method when they are expanded in powers of 
the parameter q1 R, where R is the radius of the 
atom and q1 is the change of momentum in the 
direction perpendicular to the motion. 
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light nuclei which are made up of two relatively 
weakly bound particles can obviously be described 
in the same way as the diffractive interaction of 
deuterons with nuclei. However, the results of 
reference 1 cannot be used without change, since 
it was assumed in reference 1 that the deuteron 
radius Rd is considerably smaller than the nu
clear radius R. 

In the present note we calculate the total cross 
sections for various processes of diffractive inter
action of a deuteron with a black nucleus, assum
ing an arbitrary ratio of the radii Rd and R. The 
Coulomb interaction is neglected. 

To simplify the calculations, the wave function 
of the deuteron ground state is chosen to be Gaus
sian 

(1) 

in which the constants are determined from the 

conditions J cp~ ( r) dr = 1 and J rep~ ( r) dr =Rd. 

Using the general formulas of reference 1, one 
easily obtains the following expressions for the 
total cross section for all processes at, the cross 
section an for stripping off a neutron, the cross 
section <Jp for stripping off a proton, and the 
elastic scattering cross section ae: 


