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The radiation of charged particle, moving rectilinearly and uniformly through a medium with a periodically varying permittivity, were first predicted in [1]. Later, the radiation in X-ray band of charged particles moving through a crystal was considered in [2]. This radiation was investigated in many papers (for example [3,4]), where several variants of theoretical description of parametric X-ray radiation properties (PXR) were suggested. PXR were first observed experimentally at Tomsk [5,6]. In end of 80s the experimental investigations of PXR properties has been provided in the USSR in Tomsk [7] and Kharkov [8].      In 90s the investigations of this phenomenon were begun in the USA [9,10], in Japan [11]], Canada [12],  and Germany [13]. The reviews about investigations of the PXR properties were published recently in refs. [15,16]. In this paper we shall show briefly some of our results on investigations of PXR differential properties and discuss some fields of possible applications of PXR as new source of X- and (-ray beams.


The measurements of X-spectra was provided in KIPT on accelerator LUE-40 at electron energies 15.7 - 25.7 MeV by Si(Li) detector at angle 305.9 mrad versus the crystal rotation angle � EMBED Equation.2  ���. The silicon crystal of 17 (m thickness was placed in the vacuum goniometer so that reciprocal lattice vector � EMBED Equation.2  ���= <111>  is in registration plane at any angle � EMBED Equation.2  ���.   


The results of measurements of PXR spectral peaks energies [15] at electron energy 25.7 MeV are shown in fig. 1. Curves C, D, E shown the calculation of spectral peaks energies by formula [8]


� EMBED Equation.2  ���       (1)


where � EMBED Equation.2  ���- is the average permittivity of crystal, � EMBED Equation.2  ���- is the particle velocity, � EMBED Equation.2  ���- is the unite vector in registration direction. Curve D shows the radiation energy in the vicinity of reflection center, associated with reciprocal lattice vector � EMBED Equation.2  ���= <111>. Curves C, E shows the energies of weak spectral peaks from PXR reflections, placed at large angles to detector [14]. For comparison, the dashed lines B, A in fig.1 show the calculation of Bragg energies � EMBED Equation.2  ��� in registration direction for  � EMBED Equation.2  ���= <111>  and for  � EMBED Equation.2  ���= <220>  


� EMBED Equation.2  ���           (2)





The energy � EMBED Equation.2  ��� should have the bremsstrahlung, which may to hit into detector as a result of diffraction in target. However, separate spectral peaks with energies � EMBED Equation.2  ��� were not observed in the experiment. From fig. 1 one can see, that measured energies are in good agreement to calculations by formula (1) for coherent PXR.
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The results of measurements of PXR absolute differential yield [15] at electron energy 25.7 MeV is shown in fig. 2. The calculation were provided by formula, derived in ref. [8] from the kinematical theory [2]


� EMBED Equation.2  ���         


where dN - is the number of PXR quanta with frequency � EMBED Equation.2  ��� , emitted in the solid angle � EMBED Equation.2  ���, as n particles with the charge e pass through a crystal of thickness L, � EMBED Equation.2  ��� - is the Fourier component of the permittivity, � EMBED Equation.2  ��� - are the components of vectors � EMBED Equation.2  ���, perpendicular to � EMBED Equation.2  ���, � EMBED Equation.2  ���- is relativistic factor. From fig. 2 one can see, that PXR yield in the vicinity of reflection center are in good agreement with calculations by formula (3) with taking into account attenuation of radiation in the target  (solid line).  In paper [14] was shown, what PXR at significant distance from reflection center can be described by formulae (1,3) too. 


Thus, spectral-angle and some other PXR properties [15] are  described by theory satisfactory. Let us consider for some of possibilities PXR applications in science and technologies.


The PXR may be used as a new source of monochromatic, polarized X-ray beam, with possibility of the smooth tuning of radiation direction, direction of line polarization and radiation energy. The angular divergence of PXR beam is of about  � EMBED Equation.2  ���. The 5-400 keV frequency band, observed earlier in experiments may be extended. 


The properties of a PXR beam depend on the charge, energy, divergence of incident particles beam  and also on properties of a crystal. Therefor, PXR may be used for investigation of particle beam and crystal properties [15,16].


PXR may be used in many areas as alternative to synchrotron radiation source. In paper [9] were shown advantages of PXR for generation of X-ray beam with energy more than tens keV. Using of relatively cheap linac for X-ray beam production instead of bulky  electron’s storage ring may be more convenient in many cases. 


Real crystals have the set of crystallographic planes. Therefore corresponding set of X-ray beams is going at different angles from a crystal placed in the electron beam. This X-ray beams may be utilized simultaneously similar that as are used beams of synchrotron radiation, generated in different parts of electron’s  storage ring  [15,16].


	A collimated tunable monochromatic polarized PXR beam is excellent source for  arrangement and precision calibration of spectral, polarization, angular characteristics of new generation of X-ray and gamma-ray space telescopes and other optics and detectors in energy band, at least, 5-500 keV [15,16]. Namely, knowledge of the differential PXR properties, investigated in our works [8,14-16], is important for providing of X-ray beam for calibration of telescopes and other  X-ray devices.


The possibility of scanning of PXR beam energy around the K- L- and M-  absorption edges of elements in investigated objects open a possibility for remote diagnostic of the object’s elementary composition. This may be applied in medicine diagnostics for obtaining of vessels imagine with using K-edge absorption of  I (� EMBED Equation.2  ��� keV), introduced in the blood [10]. The PXR, with the energy tunable around the  absorption edge, is convenient for search and measurement quantity of investigated object’s  admixtures. The PXR have a good perspective for heavy elements tomography [16]. The scanning of PXR beam energy may be realized by simple rotation of the crystal.


Let us consider a possibility for creation the X-ray locator for control of nuclear materials nonproliferation, based on PXR. In this locator the the  monochromatic PXR beam with energy above the K-edge energy Ek (for U � EMBED Equation.2  ��� keV, for Pu � EMBED Equation.2  ��� keV) is used to irradiate the unknown object. If the nuclear material is in the object, its K-shell will be ionized by incident X-ray beam and the spectrometric detector will observe the corresponding lines of nuclear materials characteristic radiation from the object [15].


	The PXR is a perspective source for generation of  powerful X-ray pulses. In the paper [17] was shown, that power in the monochromatic polarized PXR beam, excited by subpicosecond electron bunch in a crystal, may be of about MW per steradian.


In our opinion, the PXR is an unique source for X-ray beam generation in outer space. This is because a linac with PXR generator, anlike a storage ring, may be placed in a single space vehicle [16]. The X-ray locator, based on PXR, may be used in space geology for search of any heavy elements on the Moon, asteroids and other bodies.  
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