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incidence.  

It is assumed that phase object is a weakly absorbing medium, i. e., the intensity of beam at its 

propagation through that is practically changeless and only its phase is changed. The coordinate 

system was selected so that the origin of coordinates O on the surface of the crystal was the point 

of ray incidence at the exact Bragg angle 
B , the entrance surface of the crystal coincided with 

0z =  plane, and reflecting planes corresponded to constx =  planes, y -axis being 

perpendicular to the scattering plane (Fig.1).  

 

 

 
 

 

Fig. 1. Scheme of diffraction. The dotted lines represent the wave front before and after PO 

 

 

 

It is known that a characteristic property of the diffraction of X − rays on SL and modulated 

structures is the presence of satellites around the main diffraction maximum, the position of 

which is determined by the lattice parameter averaged over the SL period (Fig.2).  

The angular distance ( )B m  between the main maximum and the m th satellite is determined 

by the formula 0( ) ( )B m m kz = , where m  is an integer, 0z  is the SL period, and k  is the wave 

number in vacuum. When 0z  , where   is the extinction length of the crystal averaged over 

SL period, the diffraction pattern is a system of nonoverlapping satellites. By choosing the 

parameters of the SL, the condition 0z   may be weakened so that the nonoverlapping 

diffraction satellites are located as close as possible to each other to cover the largest possible 

angular interval. 
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Fig. 2. Geometry of diffraction focusing of satellites with different structural factors 

 

 

 

In this work the possibility of studying the internal structure of two-dimensional phase objects 

by means of diffraction focusing of a cylindrical X − ray wave in a superlattice with a variable 

period is investigated. 

The choice of the cylindrical shape of the incident radiation is due to the fact that, on the one 

hand, owing to the two-dimensional character of diffraction in Laue geometry, the diffracted 

radiation of a monochromatic cylindrical wave, as well as a spherical wave, is focused both 

inside the crystal and behind the crystal in vacuum. On the other hand, in the case of a cylindrical 

wave, unlike a spherical one, the diffraction plane will not change, which is very important if 

moving the phase object along the cylinder axis.  

It is proposed to use superlattice with a period, variable along the axis of the cylinder as a 

crystal analyzer (Fig.3). This choice is due to the following reason - the variable period of the SL 

will increase the variants of the angular distances of the satellites, which, at the transverse 

movement of the phase object, will provide possible matches of reflexes. 

Since a cylindrical wave incident on the SL in the absence of PO, in the plane of incidence 

comprises every possible direction near the angles of the main maximum and satellites, it will 

focus in these directions. 
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Fig. 3. The geometry of the linear X-ray source SS relative to the SL. 

The dotted lines show the central trajectories of the satellites on the surface of the SL 

 

 

If the PO is placed in front of the SL, then for the incident radiation the focusing conditions 

are violated, since as a result of refraction on inhomogeneities the rays change their directions 

and the wave front is deformed. The change of the direction of rays is mathematically 

represented by the presence of ( , )x y x   term in the wave phase, and the deformation of front 

– by 2 2( , ) ,x y x     where x  is the coordinate in the direction of the diffraction vector, y  is the 

coordinate in the transverse direction, ( , )x y  is the additional phase function of the wave, that 

was acquired at the propagation through the PO. Here ( , ) ( , ),x y x k x y  =   where m (x) is 

local angular displacement of the incident radiation due to the refraction on inhomogeneities of 

PO, 2 2( , )x y x    is related to the local variation of the wave front curvature owing to the 

refraction in PO. The change in the direction of the refracted ray tan    is directly 

proportional to the quantity  , which in turn is directly proportional to the density of local 

inhomogeneity in the PO.  
It was shown in [7], that for a short-period SL the diffraction pattern is a system of non-

overlapping satellites and within the limits of the m− th reflection one may consider the SL as an 

ideal crystal with a modified Fourier component of the crystal polarizability:  

 

 hm m hM =   (1) 
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where m  is the satellite number,  h  is the Fourier component of the polarizability of crystal 

averaged over SL period and mM   is  the model-dependent structural factor of the SL. 

The intensity of diffracted radiation in vacuum at 2mL  distance from the crystal is expressed 

by the following formula: 
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where 02 i =   is the coefficient of linear absorption of X − rays in the crystal, averaged 

over the period of the SL, 1mL  is the source-crystal distance for the m− th satellite,  2mL is the 

distance of the m− th satellite in vacuum, D  is the thickness of the crystal, C is the polarization 

factor,   is the incident wavelength, 

 

sin sin 2m m
m

m hrM C

 
 =


     (2) 

 

Suppose that individual inhomogeneities in the scattering plane are of the order of the 

extinction length averaged over the period of the SL, i.e. 3 210 10 cm− −  . Densities of 

individual heterogeneities can be different, but within the limits of one local heterogeneity it can 

be considered unchanged. Then, the value   within the limits of an individual reflex also will 

not change, which in spatial regions having dimensions of the order of  , will ensure the 

presence of all possible directions of incident radiation near the direction of the corresponding 

diffraction maximum, and therefore the focusing of radiation in this direction.  

For SL with 4

0 ~10z cm  the angular distance of neighboring satellites for hard X − ray 

radiation will be of the order of 410− . As noted above, in the absence of phase object, the 

radiation incident from a point source has all possible directions near the Bragg angles B  and 

diffraction satellites m  so the focusing conditions are satisfied in all these directions. At the 

propagation of radiation through phase object, the conditions of focusing are violated, since as a 

result of refraction on inhomogeneities the rays change their directions and the wave front is 

deformed. 

If for any section the change in the direction of the refracted ray is equal to  , then moving 
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the PO in the opposite direction by this angle will restore the focusing condition for this section. 

At the same time, in the angular interval between neighboring satellites in places where there 

was no focusing in the absence of PO, the presence of phase object can lead to the appearance of 

new sections that can satisfy one of the noticed above reflexes and will be recorded. It should be 

noted that the size of the recorded inhomogeneity in the scattering plane should be no less than 

the averaged extinction length, which will ensure the diverging character of the radiation 

necessary for focusing.  

At the propagation of radiation behind the crystal, the diffracted beam would once again focus 

in vacuum. By measuring the transverse width and coordinates of the reflex behind the crystal at 

two different distances, we can determine which satellite it corresponds to and calculate its focal 

length.  

 

 

3. Conclusions 

At the dynamical diffraction of X − ray cylindrical wave on short period SL with variable 

period, the focusing of satellites occurs both at different depths inside the crystal, and in vacuum 

at different distances from the crystal depending on the structural factors of the superlattice.  The 

presence of a phase object can both violate the focusing condition of some satellites and lead to 

the appearance of new sections that can satisfy one of the noticed above reflexes and will be 

recorded. 

Moving the PO by certain steps along the directions x and y and by registering the entire map 

of the obtained data, one can restore the additional phase of the wave, acquired in the PO. 

According to the obtained data, it is possible to restore the internal structure of the corresponding 

section of the phase object. 

 

Conflict of Interest 

The authors declare no conflict of interest.  

Author Contributions 

The authors equally contributed to all steps of the paper preparation.  

References  

 

 [1] V.V.Lider, M.V. Kovalchuk,  Crystallogr. Rep., 58,(2013), 769. 

 [2] A.M. Afanas’ev, V.G. Kohn,  FTT,  19, (1977), 1775. 

 [3] V.V.Aristov, V.I. Polovinkina, A.M. Afanas’ev, V.G. Kohn, Acta Cryst., A36,(1980), 1002. 

 [4] L.V.Levonyan, Pis’ ma v ZhTF, 7,(1981), 269. 

 [5] L.V. Levonian, Phys. Stat. Sol. (a),  68,  (1981), k199. 

 [6] L.V.Levonyan, H.M.Manukyan. Journal of Contemporary Physics (Armenian Ac.Sci.) 53, No.1, (2018),92. 

 [7] D.M. Vardanyan, H.M. Manoukyan, H.M. Petrosyan. Acta Cryst., A41 (1985), 212. 

 


