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INTRODUCTION
•

When a charged particle crosses the entrance surface of the crystal plate the transition radiation arises (TR) [1 ],
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which then is diffracted by a system of parallel atomic planes of the crystal, forming the diffracted transition radiation DTR [2-4].
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At the same time a charged particle Coulomb field is scattered by a system of parallel atomic planes of the crystal, creating a parametric X-ray radiation (PXR) [5-7].
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In the scheme of a symmetric reflection when the system of diffracting atomic planes perpendicular (in the case of Laue scattering geometry) or parallel (in the case of Bragg scattering)
to the surface of the crystal plate, the radiation mechanisms in the two-wave approximation of dynamic diffraction theory were considered in [8-11].
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In the general case of asymmetric reflection of radiation from the plate when the diffracted atomic planes make an arbitrary angle with the surface of the plate, the dynamic effects of
PXR and DTR are considered in [12-15],
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which shown that by changing the asymmetry of reflection, we can significantly increase the radiation yield.
Traditionally, the radiation of a relativistic particle in a
periodically layered structure was considered in the Bragg scattering geometry for the case where the reflecting layers are p arallel to the entrance surface, i.e. for the case of symmetric
reflection. The radiation in a periodic layered structure is usually viewed as resonant transition radiation [5.16].
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the radiation from an artificial periodic structure was represented as the sum of diffracted transition radiation (DTR) and param etric X-ray radiation (PXR).
In the cited works the radiation of relativistic particles in an artificial periodic structure was considered only in the Bragg scattering geometry for the special case of symmetric reflection
of the particle field with respect to the target surface, when the diffracted layers are parallel to the target surface.
In the present paper we consider the relativistic electron coherent X-ray radiation scattering in the direction of Bragg crossing the artificial periodic structure in the Laue scattering
geometry. By analogy with the crystalline environment the coherent radiation is considered as the sum of PXR and DTR contribu tions. On the basis of two-wave approximation of dynamic
diffraction theory [18]
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the expressions describing the spectral and angular characteristics of radiation are derived.

• Fig. 1 Geometry of the radiation process and the
system of the using parameters notations, and are
the radiation angles, is Bragg angle, and are wave
vectors of incident and diffracted photons.

• Fig.2. Schema of the radiation reflection off
the crystal plate. The case (
) corresponds
to the symmetric reflection.

• Fig.2a.

L=Le*cos(d-qb)

• Since two X-ray waves determine the DTR
yield, so for the analysis of their contributions
to the radiation spectral density it is
convenient to write the expression for R(s)DTR
in such a form:

(*)

is the path of the electron in the
target

• Next we write the expression (*) in a more
demonstrable form:
• Where
•
•

is the path of a photon in a crystal
is the length of the X-waves
extinction in a periodic medium.

• We have carried out a numerical analysis for each of
the waves and for their interference term separately:

• Fig.3. The contributions of two the fields, and
and of their interference term
to the total
spectral density of DTR:

• Fig. 4. The same as Fig.3 for a bigger target
thickness

• Fig.5. The same as in Fig.4 for bigger target
thickness

• Fig.6. The spectral density of the relativistic
electron DTR for different values of the target
thickness L= b* (Lext/2) .

Comparison of DTR from crystal …

• Fig.7. Angular density of DTR of a relativistic
electron crossing a plate of tungsten single
crystal (W)

…and multilayered target

• Fig.8. The DTR angular density of the relativistic
electron crossing the artificial periodic structure (BE-W)
under the conditions similar to the ones which
presented in Fig.7.

• Fig.9. The spectra of the PXR at different
observation angles q^.

• Fig.10. The spectra of DTR at different
observation angles q^

• Fig.11. Same as fig.8 but for another value of
asymmetry parameter .

• Fig.12. Same as fig.10 but for other value of
asymmetry parameter .

• Fig.13. The dependence of the DTR angular
density on the target thickness for a fixed
observation angle q^ .

• Fig.14. The comparison of the DTR and PXR
densities for the target thickness optimal for DTR.

CONCLUSION
•

•

•
•

A theory for the coherent radiation of the relativistic electron crossing an artificial
periodic structure is constructed for case of Laue scattering geometry. The
expressions for spectral-angular characteristics of the radiation in Bragg direction
are derived and investigated.
The contributions to the DTR yield of two X-ray waves, which are responsible for
DTR formation, are studied. It is shown that with increasing of the target thickness,
one of these waves is absorbed anomalously strongly and the other wave
abnormally weakly, i.e. the Borrmann effect is manifested in DTR in an artificial
periodic structure in the Laue geometry
Based on these expression it is shown that the angular density of diffracted
transition radiation in layered target are more than one order higher than the
density in single crystal radiator under similar conditions.
It was found, that DTR in artificial periodic structure is more monochromatic than
parametric X-radiation (PXR). In this connection, DTR mechanism may be more
promising in terms of the building of a new intense tunable X-ray source on basis
of the relativistic electron interaction with artificial multilayer structure. It is
shown, that DTR yield in an artificial periodic structure in the direction of
maximum angular density increases as a function of target thickness up to some
optimal value of thickness and then decreases because of the photoabsorption in
the target substance.
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