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In the work of Ament and Rado,! the effective
magnetic permeability pegs i8 calculated for a
ferromagnetic metal having an electric conductiv-
ity, and its influence on the width, shape, and po-
sition of the resonance line is estimated. For fer-
romagnetic conductors placed in a radio-frequency
field, the displacement and polarization currents
can be neglected, as was done in Ref. 1. For fer-
rites, this cannot be done in general, and therefore
Eq. (3) takes these currents into account.

Using the original system of equations to solve
the boundary problem for a half-space filled with
ferrite, in the case of a plane wave normally inci-
dent on the boundary, we obtain, in analogy with
the procedure given in Ref. 1, the impedance Z
= [ peff/€eff , Where according to (2) and (3)

Beff = ¢ ~ic" =1+ 4r Zigi (0F — 0?4+ iox;)) . (4)

Then
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(5)

Peff =

Here n and @ stand for the same quantities as
in Ref. 1, and the quantity a is denoted in Ref, 1
by A.

It follows from (5) that the electric polarization
of the ferrite is accounted for by a shift of the res-
onant frequency and to a broadening of the reso-
nance-absorption line.

The results by Ament and Rado are contained
in Eq. (5). In fact, the conduction current can be
taken into account by putting j =0 in (4), for the
case of the free electrons. Then w, =0, ¢, is
the frequency of collision between the electrons
and the lattice, and 4wg, is the square of the
Langmuir frequency. Now 0 = gy/a, is the static
value of the electron conductivity. In metals o/w
> 1, and w < ¢, and therefore (5) changes into
(31b) of Ref. 1.

1w. S. Ament and G. T. Rado, Phys. Rev. 97,
1558 (1955).

Translated by J. G. Adashko
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IN the optical model of the nucleus, scattering
and absorption of particles is described as the
.motion of these particles in the field of a complex
potential. A considerable part of the work done
on the optical model is devoted to a determination
of the complex potential or of uniquely-related
parameters which provide best agreement with
experimental data on the interaction of fast parti-
cles with nuclei. In a number of other analyses!:?
it was sought to relate these parameters, which
characterize the interaction of fast particles with
nuclei, to the scattering cross sections and am-
plitudes for elementary particles. In particular,
Frank, Gammel, and Watson! have obtained for-
mulas relating the complex potential of the optical
model to the amplitude of the forward scattering
of mesons against nucleons, averaged over the
protons and neutrons of a nucleus,* and have cal-

*The real part of the forward-scattering amplitude was
obtained in Ref. 1 from dispersion relations.3"

culated the values of the real and imaginary parts
of the potential, and thus of the mean free path A;
of mesons in nuclear matter at energies of 0 to
350 Mev. This data will be used in the present
article to calculate the total effective cross sec-
tions for elastic and inelastic interactions of 7
mesons with carbon nuclei in this energy region.
The computations are carried out according to the
formulas of the quasi-classical approximation.4-®
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where % =k is the wavelength of the incident
mesons; K =Af! is the absorption coefficient and
n is the index of refraction of nuclear matter; R
is the nuclear radius taken to be 1.4A1/3 x 10713
cm, which gives for carbon 3.2 % 103 ¢m. In
order to estimate the error of the quasi-classical
approximation, the cross sections were also cal-
culated according to the exact quantum mechanical
formulas:®
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where &y is the complex phase shift, obtained
from the continuity condition imposed at the nu-
clear surface on the logarithmic derivative of the
radial part of the wave function which satisfies the
Klein-Gordon equation. For a square well, By is
expressed in terms of Bessel functions of half-
integer order and arguments kR and kR where
k and k =k +k, + iK/2 denote the wave number
of the incident particles outside and inside the
well;

kA4 k= nk =

E—Revo[1
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E is the total energy of the meson outside the nu-
cleus and p is the mass of the T meson. The re-
sults of the computation are presented in Figs. 1
and 2. The energy dependence calculated by Stern-
heimer? is also shown for purpose of comparison.
In addition, the corresponding experimental values
obtained from Refs. 6 — 15 are also shown on the
figures. It may be seen from the figures that at
large energies, the cross section calculated from
formulas (1) and (2) is about 20 —25% higher than
that computed from (3) and (4). The curve show-
ing the energy dependence of the inelastic cross
section, as calculated by formulas (4), is in sat-
isfactory agreement with experimental data. On
the other hand, the elastic cross section which we
have computed is considerably higher than the ex-
perimental data at meson energies below 100 Mev.
Since the elastic scattering cross section increases
rapidly with the depth of the potential well |Re V|
at these energies, the presence of a sharp maxi-
mum in the cross section around 65 Mev, which
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FIG. 1. Cross section for elastic scattering of 7 mesons
by carbon nuclei as a function of energy. Curve 1 was calcu-
lated according to formula (1), Curve 2 according to formula (3),
Curve 3 is taken from Ref. 2. O-Refs. 6 and 7; 0 =Ref. 9; x~
Ref. 13; A-Ref. 15,
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FIG. 2 Cross section for inelastic interaction of # mesons
with carbon nuclei as a function of energy. Cutrve 1 was calcu-
lated according to formula (2), Curve 3 according to formula(4),
Curve 2 is taken from Ref. 2 0 -Ref. 8; # - Ref. 9; O-Ref. 6
and 7. m=Ref. 10; A-Ref. 11; A~Ref. 12; x = Ref. 13; +=Ref.
14.

does not agree with experiment, attests to the fact
that the potential well depth used in the computa-
tions is too large in this energy region. A com-
parison of empirical estimates of Re V, with
values computed in Ref. 1 is similarly not opposed
to such a conclusion.

Lack of experimental data on elastic scattering
does not allow any more definite conclusions on
the agreement between experimental and calculated
results. In computing the cross sections it was
also assumed that the nucleus is a sphere of con-
stant density with a sharp surface. This is a crude
approximation, at least for light nuclei. It has
been shown?’ that the charge density decreases
from the center to the surface. Calculations of the
angular distribution of 62-Mev T mesons elas-
tically scattered by carbon nuclei using a diffuse
surface model?! are in satisfactory agreement with
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FIG. 3. Energy dependence of the real part Re V, of the
optical-model potential for interaction of # mesons with com-
plex nuclei according to Ref. 1 (solid curve). The estimates of
the potential depth were obtained from experiments with carbon
nuclei: 0-Refs. 6 and 7; #=Ref. 9; x - Ref. 13; with aluminum
nuclei: m-Ref. 16; with helium nuclei: A-Ref. 17; + - Ref. 18;
with photoemulsion nuclei: A-Ref. 19. The symbol 0 denotes
the maximum and minimum values of the potential obtained in
Ref. 2.
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experiment.7 We therefore believe that computa-
tions of the total cross section for a diffuse sur-
face nucleus is of definite interest.

In conclusion we take this opportunity to thank
1. A. Kropin and B. F. Chumakov for carrying out
a large part of the numerical calculations.
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FEYNMAN’S method,! which is usually used to
obtain radiative corrections, cannot be applied in
practice to bremsstrahlung because of the much
greater calculational difficulties than those en-
countered, for instance, in the application to the
corrections to Compton scat’cering.2 In the pres-
ent work, we use the so-called mass-operator
method,?* which has many advantages over the
Feynman method.

The expression for the renormalized mass op-
erator to the necessary order in e? has been ob-
tained by Newton.! Not only the mass operator,
but also vacuum polarization contributes to the
radiative corrections to bremsstrahlung. In order
to avoid the infrared catastrophe, as usual, we
make use of the fictitious photon mass A. We
eliminate A from the final expression by adding
to the usual bremsstrahlung cross section the
cross section for double bremsstrahlung, when
two photons are emitted simultaneously and the
energy of one of these photons is less than some
quantity AE determined by the accuracy of the
measurement.

The total cross section is conveniently written
in the form

ds = ds, [l — (e2/ =) (3r + 3p)], €= 1/137,

where doj is the cross section for the basic
process and is given by the Bethe-Heitler for-
mula,?-8 O0r gives the radiative corrections, and
6p gives the double bremsstrahlung.

Exact expressions for ég and dp, together
with a description of the method by which they
have been calculated, will be presented in a de-
tailed article. Here we shall give only some lim-
iting values of 6p and 6p. We choose units in
which i =c¢ =m =1, and make use of the follow-
ing notation: p; and €; are the initial, and p,
and €, are the final electron momentum and en-
ergy; k and w = €¢; — € are the momentum and
energy of the emitted photon;

o
By = kpy;
T=2w(s, —pycosb), 6, = (61;

o = X + T,

% = — 20 (g — P2 €O 0,),



