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The spectrum of electrons emitted from heavy atoms as a result of proton impact is calculated. The
number of electrons expelled with an energy € varies as de/ €,

WE calculate in this paper the cross section for in-
elastic scattering of a proton by a heavy atom, result-
ing in the emission of fast electrons with energy

€ > mv%/2, where m is the electron mass and v is
the proton velocity. These electrons appear when a
proton moves in the internal part of the atom, where
the electron density is high enough, so that the classi-
cal Thomas-Fermi model can be used to describe the
electrons. As the bombarding particle we choose &
light nucleus (proton or helium ion), which does not
produce a bound state with the electrons and therefore
does not disturb the internal distribution of the elec-
trons in this region.

In the case of the Thomas-Fermi model, the connec-
tion of the electron density n at a given point of space
with the Fermi momentum p, and the potential ¢ of the
self-consistent field is given by the relations*!
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where r is the distance to the nucleus with charge z,
e is the electron charge, and a, is the Bohr radius.
The function x(x) is well approximated in the region
X ~ 1 by the relation

x(z) ~ 045/ z,

so that here (r ~ apz™?) p, = 0.89 hiz"¥/r.

If it is assumed that the quantity p, does not change
when r shifts by an amount equal to the characteristic
distance, then the problem reduces to the scattering of
a proton in a degenerate electron gas. This problem
was considered in a number of calculations of the de-
celerating ability of charged particles.[?®), The proton
energy loss was determined by the elastic scattering of
the electrons from the proton, and at small proton
velocities v (compared with p,/m) the only electrons
that could take part in the scattering were those near
the Fermi surface.

Let us employ the approach used in the cited papers
to find the electron spectrum. The potential of interac-
tion between the proton and the electron V = e%~kP/p,
where p is the distance from the electron to the proton,
and the Debye screening parameter k at large values
of the Fermi momentum peao/h > 1 is given by[a]

k =2Vpo/mha,. The amplitude of elastic scattering of
the electron by the atom is f = -=2/a,(q® + k%), where
q is the change of the wave vector of the electron upon
scattering; pair scattering takes place here, since the
number of electrons taking part in the transitions is
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small. The probability of emission of an electron with
energy € per unit time when a proton moves in a de-
generate electron gas with Fermi momentum p,, when
v < po/m, and € = 2pyv, is equal to
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where p is the electron momentum and do is the
cross section for the elastic scattering of the electron
by the proton, leading to a final electron energy
pa/2m + €,

Using this result, we obtain for the cross section
for the scattering of the proton by the atom with emis-
sion of an electron having an energy €:
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The maximum energy of the released electron is
equal to 2pev, so that the maximum distance to the
nucleus, at which emission of an electron with a given
energy it is possible, as determined by the relation
2po(Ro) = €/v. Integrating the obtained expression, we
obtain finally
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This expression is valid when mv << po(R,) and ao/z
<K Ro X ao, leading to the following conditions for the
applicability of the result:
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These results are of practical interest when v ~ e7h.
They are valid if the distance over which the electron-
proton scattering takes place (~me?/ps) is small com-
pared with the characteristic dimensions (r ~ z"/°h/p,),
as is indeed the case.
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