





exact Bragg resonance, y is the Lorentz factor of an
emitting electron, wj = wp(l — Ojcte(p/2)), o=
g/2sin(¢p/2) is the Bragg frequency, 6; =6, 6, = 6.

3. Results and implications

Let us analyze the emission characteristics on the
basis of Eq. (7). First of all it should be noted that
dynamical diffraction effects with enhanced 4, are only
manifest in the narrow vicinity of the Bragg frequency
wpg, where the resonance defect A satisfies the condition
|4 < /77 =g Indeed, outside this frequency range, the
amplitude 4, reduces to the traditional one
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describing the contribution of the ordinary transition
and Cherenkov radiation. The latter contribution is
relevant in the frequency range, where yj —y 2 — 6*>0.
Our interest is in describing the emission properties
under conditions when the Cherenkov and dynamical
diffraction effects contribute simultaneously to the
emission yield. As may be evident from (7), two
branches of the forward PXR waves (two first terms in
(7) correspond to the contribution of PXR branches, but
these terms include the contribution of transition
radiation as well) and the transition radiation determine
the total yield. With the fundamental aspect of the
problem being studied in mind we only consider the
contribution of two branches of PXR without taking
into account the transition radiation and interference
items which have no impact on the conclusions of this
work. Assuming xj<y~4o and using the limit
1/(x* + «®) = (n/)8(x), one can obtain from (7) the
following formula for the emission spectral-angular
distribution:
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where 4 and «/ are real parts of quantities Ay and «;.
The parameter J; describes the influence of the
anomalous photoabsorption on PXR and is given by
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It is easy to verify that the condition Ay+4=

Ky = /A% + 1o goc%, which determines the existence of

emission described by the first item in (9), can only be

fulfilled in the angular and frequency range, where Ay =
72—+ 6*>0 and the Cherenkov threshold is not
reached. On the other hand, the emission due to the
second term in (9) has the constraint Ay <0. Thus, this
branch of the forward PXR only manifests itself under
Cherenkov conditions.

It is of interest that the two terms in (9) can be
combined into a single one
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best suited for the study of the influence of anomalous
photoabsorption on the emission properties.

It should be noted that for frequencies far from the
B.ragg f.requency (141> /ahx" yoa), where ‘Fhe dynamical
diffraction effects are small, the obtained formula
reduces to
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describing ordinary Cherenkov radiation (this result
coincides with that following from the exact formula (7)
neglecting the contribution of transition radiation).
Summing over photon polarizations and integrating
over observation angles one can obtain from (12) the
classical Tamm-Frank formula for the spectrum of
Cherenkov radiation.

In the vicinity of Bragg frequency (|41< /%1 ,0)
the quantity y~2 — %o+ 6% cannot be equal to zero, and
the argument of the S-function in (11) reduces to the
wy/o—1 to 0(y~1), because wh/w—1~ wp/w—1—
8 ctg(p/2)~y~2. Emission properties in this frequency
range, where the contribution of dynamical diffraction
effects is substantial, strongly depend on the behavior of
the average dielectric susceptibility y;.

Returning to formula (11) let us elucidate the role of
anomalous photoabsorption in the emission process. It
is significant that this role strongly depends on the state
of the primary photon associated with the fast electron.
Traditionally, yj(w) = —w3/w* ~ —e}/wd (this is the
ordinary dielectric susceptibility of a medium in the
X-ray domain away from the photoabsorption edge)
and so the primary photon is the virtual photon of the
fast electron Coulomb field. Eq. (11) clearly shows that
the influence of anomalous photoabsorption is not very
substantial because [y,| is usually less than |yp|. Among
other things, the change in PXR yield is limited even
though 6, = 1. The physical nature of such a small role
of the anomalous photoabsorption in the PXR process
is the following. Exact Bragg resonance between the
primary virtual photon and the diffracted free photon of






