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The problem of the transition radiation from an electron with a nonequilibrium self-field appearing in view
of the sharp scattering of the electron has been considered. It has been shown that the state of the electron
with the nonequilibrium field is manifested in the suppression of transition radiation and in the oscillatory
dependence of its characteristics on the distance from a plate on which radiation occurs to the scattering
point. The problem of the measurement of the characteristics of bremsstrahlung under the conditions when
macroscopic transverse distances are responsible for the scattering process has been considered. It has been
shown that the results of the measurement in this case significantly depend on the size of the detector and on

its position with respect to the scattering point.

1. The scattering of an electron is accompanied by
the rearrangement of the field around it, leading to the
radiation of electromagnetic waves. Radiation from an
ultrarelativistic particle is formed at lengths along the
momentum of the particle that are much larger than
the wavelength of the radiated wave. Such lengths are
called the coherence lengths of the radiation process
[1-3]. The field around the electron within these
lengths is strongly different from a Coulomb field.
Such a state of the electron with the nonequilibrium
field is manifested in the next scattering events, lead-
ing to various effects of the suppression of the
bremsstrahlung in the process of the motion of the
electron in matter, in particular, the Landau—Pomer-
anchuk—Migdal effect [4, 5] and the effect of the sup-
pression of radiation in a thin matter layer (TSF effect
[6, 7]). Recent detailed experimental investigations of
these effects at ultrahigh energies of particles acceler-
ated at the SLAC [8] and CERN [9] confirm the main
predictions of the theory. These investigations were
carried out in X- and gamma-ray ranges of radiated
photons.

In this work, we emphasize that the state of the
electron with the nonequilibrium field can be mani-
fested not only at ultrahigh energies of the electron,
but also when the energy of the electron is 10—
100 MeV in a millimeter range of radiated waves. The
coherence length of the radiation process can be mac-
roscopic in this case, so that it covers not only the tar-
get, but also detecting instruments. In this case, new
manifestations of the state of the electron with the

nonequilibrium field are possible in view of the pres-
ence of not only larger longitudinal sizes, but also
transverse sizes responsible for the radiation process.
We show that the characteristics of bremsstrahlung in
the case under consideration can strongly depend both
on the size of a detector and on its position with
respect to the scattering point. The effects appearing
in bremsstrahlung in this case are close to similar
effects in transition radiation in the prewave zone [10—
13]. We also show that the state of the electron with the
nonequilibrium field is strongly manifested in the pro-
cess of the subsequent radiation of transition radiation
from such an electron. In this case, both the suppres-
sion of transition radiation and the oscillatory depen-
dence of the characteristics of radiation on the dis-
tance between the plate on which transition radiation
appears and the electron scattering point are possible.
The causes of such effects are discussed.

2. If the velocity of the electron sharply changes at
the time ¢ = 0 from the initial direction v to the final
direction v', the retarded solution for the scalar poten-
tial of the electromagnetic field at f > 0 has the form
[14, 15]

(P(r: t) = e(}"— t)(pv(r’ t) + e(t_ r)(Pv'(r: t)a (1)

where ¢, and ¢, are the Coulomb potentials of the
electrons uniformly moving along the z and 7' axes,
respectively (see Fig. 1). The speed oflight ¢ is taken to
be unity.

The first term in Eq. (1) describes the field “escap-
ing” from the particle in the process of scattering. It is






tions to transition radiation from the electron self-
field reflected from the plate and the bremsstrahlung
field in this direction. The contributions from these
fields are identical; for this reason, a factor of 2
appears in front of the brace in Eq. (4). Note that this
result is valid for the plate with sufficiently large trans-
verse sizes covering the entire bremsstrahlung of the
scattered electron. Thus, Eq. (4) shows that the possi-
bility of the long-term existence of the electron in the
state with the nonequilibrium field should be mani-
fested in the process of the radiation of transition radi-
ation from the electron.

3. For the considered energies of the electron in the
millimeter range of wavelengths, not only the longitu-
dinal lengths of the formation of radiation (/- =

2v%/®), but also the characteristic transverse distances
responsible for the radiation process (I = y/w) are
macroscopic. Let us demonstrate that under these
conditions, the results of the measurement of the
characteristics of bremsstrahlung appearing under the
sharp deflection of the electron at a large angle signif-
icantly depend on the size of the used detector and on
its position with respect to the scattering point. To this
end, we consider the problem of the detection of the
field escaping from the electron by the point detector.
This field is a free wave packet, which moves in the
direction of the initial velocity of the electron v and is
continuously rearranged to the bremsstrahlung field
[16]. The scalar potential of this field is determined by
the first term in Eq. (1). Its Fourier expansion has the
form
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where k= ki + ki and K, and K, are the components

of the vector k parallel and perpendicular to the veloc-
ity v, respectively. The Fourier expansion similar to
Eq. (7) can also be obtained for the vector potential of
the escaping field.

The point detector in the problem under consider-
ation is a detector whose sizes are much smaller than
the transverse length Ap ~ v/® within which the Fou-
rier components with the frequency © (k = |o|) in the
wave packet given by Eq. (7) are located at r = 0. Such
a detector records electromagnetic radiation with the
frequency © that falls into a small spatial region in
which the detector is located (see Fig. 1). The spec-
tral—angular density of this radiation can be calculated
using the Fourier expansion of the scalar, ¢, and vec-
tor, Af, potentials of the escaping field.

For the characteristic radiation angles in the rela-
tivistic case 9 ~ 1/y, we expand the expressions for ¢f
and A'in the small parameter k| /k and retain terms up
to the second order. In the framework of the used

approximation, |A£)| = |(p£)| and the spectral—angular

density of bremsstrahlung at the detector location
point r = (p, z) is given by the expression
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where £ = ©z. Thls expression for the spectral—angular
density of radiation is valid both in the wave (z > /)
and prewave (z < /) zones.

If z > [, the integral in Eq. (8) can be calculated
using the stationary phase method. Then, this formula

gives the known result of the theory of bremsstrahlung
[17],
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The situation with the emission of bremsstrahlung
at small distances from the scattering point z <€ /- is
different. In this spatial region, Eq. (8) gives the fol-
lowing spectral—angular distribution of radiation:
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According to this expression, radiation in the prewave
zone is primarily concentrated in the region of the

characteristic angles 9 = 1/ A/oo_z, which exceed the
characteristic angles of radiation in the wave zone (3 =
1/y). This means that the angular distribution of
bremsstrahlung detected by the point-like detector in
the prewave zone (z < /) is wider than the distribution
recorded by this detector in the wave zone (z > /).
Moreover, as follows from Eq. (10), the spectrum of
bremsstrahlung at small distances from the scattering
point depends on the frequency of radiated waves.

The above results correspond to the case where
measurements are performed by the point-like detec-
tors at various distances from the scattering point.
However, measurements can be carried out by a detec-
tor much larger than the characteristic transverse
lengths of the radiation process Ap = y/®. In contrast
to the point-like detector, such a detector records all
waves with the frequency o radiated in the direction of
the wave vector k by the scattered electron. In order to
calculate the spectral-angular distribution of
bremsstrahlung detected by a long detector with a
large area, it is necessary to integrate Eq. (8) over the
entire considered area and to represent the result as
the integral over the directions of the wave vectors of
radiated waves. In this case, the integrand is the
desired distribution. In this case, this distribution is
given by Eq. (9), which is independent of the distance
from the detecting plane to the scattering point.
Therefore, the angular distribution of radiated waves
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