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I correct typographical errors in the paper Weise (2014).
These errors have no effect on the results presented in the
paper. I have taken this opportunity to discuss a controversy
concerning different frequency factors that appear in the ex-
pressions for the cross sections: in Weise (2014) there is a
factor (w/w')?, whereas in Daugherty and Harding (1986),
Herold (1979) and Gonthier et al. (2000) the corresponding
factor is w/w’.

1 Typographical errors

There are three equations in Sect. 2.3 which have typograph-
ical errors. The first equation is Eq. (24), the left hand side
of which should have the subscript M M’ in the same man-
ner that Eq. (22) does. Consequently, Eq. (24) should read
as follows:
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The second is in the second lines of D;, D and D3 in
Eq. (28). The w symbols in the denominators should be o’
symbols so that Eq. (28) should read as follows:
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The third is in the second equation of Eq. (29) for the modes
L'|| and ||'||. Note also that Eq. (29) is explicitly written for
0’ = 180°. Equation (29) should read:
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2 Frequency factor

The different frequency factor between my work (Weise
2014) and notably that of Gonthier et al. (2000) arises when
the Compton scattering probability is expressed as a differ-
ential cross section. A check on which of these factors is
correct is provided by considering the Klein-Nishina limit,
which involves taking the weak field limit, B — 0, and con-
sidering scattering by an electron initially at rest.

The approach used in Weise (2014), to obtain the dif-
ferential cross section, follows Stoneham (1980) and Mel-
rose and Sy (1972), viz the conversion formula of Eq. (22).
Stoneham, using this conversion formula, evaluated the
Compton scattering cross section for eB/m < ' using
the proper time technique and correctly obtained the Klein-
Nishina cross section for low frequency photons. While this
justifies the factor used in Weise (2014), it would be de-
sirable to demonstrate explicitly that the S-matrix approach
with this factor reproduces the Klein-Nishina cross section.
The main practical difference between the proper-time and
S-matrix approaches is in the form of the electron propaga-
tor. The propagator in the proper-time approach involves an
integral over proper time (effectively the gyrophase angle),
and in the S-matrix approach an expansion in orthogonal
polynomials is made and the integral over proper time is car-
ried out explicitly. As a result, the S-matrix formula includes
an exponential coefficient with argument —(x + x’), with
x =k%/2¢B and x' = k/i/ZeB, and J-functions (general-
ized Laguerre functions), with integer orders, related to the
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Landau quantum numbers (2, n’, n”’) of the initial, final and
intermediate (virtual) electron states, and with arguments x
and x’. Reproducing the Klein-Nishina limit is then prob-
lematic, due to the implicitly assumed azimuthal symmetry
about the magnetic field being artificial in the limit B — 0.

One approach is to set n = n’ = n” = 0 and then take the
limit B — 0. This corresponds to assuming that the electron
is always in its ground (Landau) state. Such an assumption
can be justified physically for sufficiently large B, but this
is incompatible with B — 0. This approach does not allow
one to derive the Klein-Nishina limit.

A second approach requires that the initial electron not
be at rest. The initial electron then has a (quantized) perpen-
dicular momentum p,; o 4/n, with n its Landau quantum
number. The classical (non-quantum) limit corresponds to
n — oo (Melrose and Parle 1983). The sum over n, n’, n” is
replaced by an integral over p’/, say, together with infinite
sums over a =n —n” and b =n’ — n”, and with the J-
functions replaced with Bessel functions. However, the next
step in an attempt to derive the Klein-Nishina limit leads to
inconsistency. One needs either to expand the Bessel func-
tions in terms of z =k, p/| /eB < 1 and 2’ =k’ p| JeB K
1, or expand the original J-functions in terms of x < 1 and
x" <« 1. Both of these expansions compromise any B — 0
limit that is necessary to ultimately obtain the low frequency
Klein-Nishina cross section. One requires eB/m < ' in
taking the limit B — 0, whereas the approximations to the
S-matrix formalism require o’ < eB/m < m. No such in-
consistency arises when the proper-time approach is used
(Stoneham 1980; Milton et al. 1974), as B — 0 is consistent
with e B/m <« o' used in the proper-time formalism.

There seems to be no simple way of deriving the Klein-
Nishina limit from the S-matrix formalism, in its usual form,
by taking B — 0 and assuming the initial electron to be
at rest. The justification for the factor (w /a)’)2 in the cross
section is that it is required for the derivation of the Klein-
Nishina limit using the proper-time approach.
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