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Energy and Angle Distribution of Electrons in Bremsstrahlung*
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The cross section 0.(E,o,) for an electron of incident energy Eo to radiate in the presence of a nucleus with
atomic number Z and to come out with energy E, at the angle o, has been recalculated, checking the result
of Racah. 0 (E,n) has been tabulated for various outgoing energies and angles of the electron corresponding
to incident momenta of 2m', 4mc, 6mc, 10mc and 20mc. For the case of large n, and large incident and final
energies, 0 (E,n) may be represented by a simple expression and the coeKcients in this expression have been
tabulated. This paper also collects the various formulas which are involved in this particular aspect of
bremsstrahlung and which do not seem to be conveniently available in the literature.

TABLE I. Values of R for electrons of incident energy corre-
sponding to momentum 2mc and for various scattering angles
and energies of the electron. R is defined in Eq. (2). o. gives the
direction of the scattered electron. y= p jpo, where p is the out-
going momentum and po is the incident momentum.
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I. INTRODUCTION

HE cross section for an electron of energy Ep to
radiate in the presence of a nucleus of atomic

number Z and to come out with energy E at the angle o.
has been calculated by Racah, ' who integrated the
Bethe-Heitler' formula over the directions of the radi-
ated photon. We have repeated the calculations of
Racah and have checked his result. We have tabulated
this cross section for various outgoing energies and
angles of the electron corresponding to incident mo-
menta of 2mc, 4mt, 6nsc, 10mc, and 20nsc. In the case of
very large incident energies (Es))mc'), there exist
simpler expressions for large o, and for small n. For
the case of large n (n))mc'/E for an unscreened nucleus)
and for large incident energies, we have tabulated the
coeScients in the expression for the cross section. As
we have not included the eGect of screening, the results
have not been computed for the very small angles and
the formulas given are not applicable at the small

angles.
The results for this particular aspect of bremsstrah-

lung, the distribution in energy and angle of the elec-
tron, do not seem to be conveniently available in the
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TABLE III. Values of R for electrons of incident energy corre-
sponding to momentum 6mc and for various scattering angles
and energies of the electron.
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TABLE IV. Values of R for electrons of incident energy corre-
sponding to momentum 10mc and for various scattering angles
and energies of the electron.

literature and we hope that this paper will collect them
and present them in a usable form.

II. RESULTS FOR INTERMEDIATE ENERGIES

Let o (E,n)dEdQ be the cross section for the electron
with incident energy Ep to undergo bremsstrahlung
and to come out with energy E, at the angle n with the
incident direction and in the solid angle dQ. The expres-
sion for o (E,rr) was obtained by Racah by integrating
the Bethe-Heitler formula over the directions of the
radiated photon. We repeated his calculations and

TABLE II. Values of R for electrons of incident energy corre-
sponding to momentum 4m' and for various scattering angles
and energies of the electrons.
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In Eqs. (3) to (6), it has been assumed that both Ep
and E are large compared to mc2.

In Tables VI and VII we have tabulated A(y, n) and

TABLE VI. Values of A (r,oo) defined in Eq. (5).

0.2
0.4
0.6
0.8
1.0

30

14056
2186
890.2
546.1
415.8

60'

811.2
126.2
51.38
31.52
24.00

90

135.2
21.02
8.563
5.253
4.000

120

30.04
4.672
1.903
1.167
0.8889

150

5.202
0.8090
0.3295
0.2021
0.1539

TABLE VII. Values of B(r,oo) defined in Eq. (6).

depend on the energy Ep only through p= p/p„so that
they can be easily tabulated for all Ep and E. A and 8
are given by,
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FIG. 2. (po/ooo)oR and (po/ooo)oR' plotted against logpo, r and oo

being held fixed at various values. The dotted straight lines corre-
spond to R', the approximate high-energy large-angle result. o. is
90' for each curve. y=p/po, where p and po are the outgoing and
incident momenta of the electron.

result so obtained4 does not seem to have any region of
application as screening has not been included. For this
reason no numerical results were computed. We would
nevertheless like to give this result for the sake of com-
pleteness. In this limit, o.(E,n) is given by
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B(y,u). In order to get some idea of how the exact
result, Eqs. (1) and (2), and the approximate result,
Eqs. (3) and (4) compare, we have plotted (Pp/m)sR
and (pp/m)' R' in Fig. 2. If we plot (pp/m)sR' against
log(pp/m) for a fixed n and a fixed y= p/pp, we should
get a straight line. In Fig. 2 the straight lines repre-
senting (pp/m)' R' are dotted; the solid lines are the
exact R calculated from Eqs. (1) and (2). n was fixed
at 90' and we have drawn curves for various y= p/po.

IV. HIGH-ENERGY SMALL-ANGLE RESULT
where
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For the case of small angles (n«mc'/Ep) and for large
X

incident and final energies (Ep, E)&mes), the general
result Eqs. (1) and (2) can again be simplified. The and y=(EoE/mk)n.
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