Experimental observation of diffraction focusing of x rays
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Diffraction focusing of the wave field in a doubly diffracted narrowly collimated x-ray beam was
observed in experiment. The fine structure of the diffraction beams is revealed in a U-shaped

interferometer.

The refractive index of any substance hardly differs
from unity in the x-ray band. Therefore, only reflecting
lenses are used in x-ray optical systems. Recently
however, prospects for the construction of x-ray dif-
fraction lenses have become realistic. [? Thus, the
contraction of an x-ray wave field following double
diffraction of a narrowly-collimated beam by a two-
crystal interferometer was predicted in™!, This
phenomenon can find application in various x-ray-
optics systems. Processes accompanying the separa-
tion of wave fields on interfaces and the subsequent
interference are of great interest also because they play
a decisive role in the formation of the x-ray diffraction
image of crystal-lattice defects. =71

A narrow parallel x-ray beam incident on a perfect
crystal in the exact Bragg position, unlike a light beam,
acquires an angular divergence inside the sample, The
wave field is distributed over the entire Borrmann delta
with a vertex angle 26 (¢ is the Bragg angle). On the
exit surface, the field splits into a transmitted beam
E; and a reflected beam E;. In the case of a thin crys-
tal (uf <1) the beam has a width equal to the base of
the Borrmann delta

Ax = 2ztg6+ 8, 1)

where z is the crystal thickness and 6 is the width of
the primary beam. Inside the Borrmann delta, the wave
field is a superposition of transmitted and diffracted
waves. The intensity at the exit from the crystal is
distributed over Ax in the form of a system of inter-
ference fringes. Figure 1 shows a topogram of the dif-
fracted beam E,, Experiments have shown'®! that the in-
tensity distribution is well described by influence func-
tions of the type
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gx,z) = %l {(xy/2)V2?-2210¢2){6(x+2) -6(x~2}] (2)
for the boundary-value problem considered inf%103,
Here [j(x) is a Bessel function of zero order, xy is the
polarizability of the crystal, 6(z) is the Heaviside step
function, and x and z are the normalized coordinates in
the scattering plane, t3

If such a beam is diffracted again by a crystal identi-
cal to the first crystal then, as predicted inm, the field
should contract to the initial width 8 of the incident
beam,

In this study we obtained experimentally and investi-
gated for the first time the fine structure of diffracted
beams in a U-shaped interferometer for the case of a
narrowly-collimated incident beam. The interferometer
crystal was cut out from dislocation-free silicon per-
pendicular to the {111} growth axis and was polished

FIG. 1, Distribution of the intensity in the diffracted beam
[reflection (224), z=452 4, 6=10 p, Mo K, radiation].
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FIG. 2. a) Geometry of interferometer. b) Topograms of the
beams Eyy, Eyg, and Ey [reflection (224), MoK, radiation].

mechanically and chemically. The crystal dimensions
and the geometry are shown in Fig. 2a. The photo-
graphs were taken with an A-3 camera and a Rigaku
Denky RU-3HM x-ray apparatus using MoK, radiation.
Figure 2b shows the intensity distribution in the beams
Ey, Ey, and E;;, where Ey is the beam diffracted in
the first crystal and passing through the second, E,,

to the contrary is the beam reflected in the first crys-
tal and passing through the second crystal, and finally
E,, is the beam reflected in both crystals. The intensity
in the E,; beam increases in oscillatory manner in the
direction of the diffraction vector ky, and the intensity
in E,, decreases correspondingly. In the center of the

Borrmann delta, both beams have an intensity maximum

of approximate width 20 p.

The doubly-diffracted beam has a bright maximum at
the center (focused in the reflection plane), and weak
oscillations (smaller by several orders of magnitude

than the central peak) over the entire beam. The central

maximum of approximate width 20 p is accompanied by
two weaker peaks (in Fig. 2b they are merged with the
principal peak). '

The general character of the intensity distributions
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in Ey,, E,,, and E, agrees with that predicted in®’?, but
the experimentally observed picture is more complicat-
ed. The central peak on all the topograms is accom-
panied by satellites, and this leads to a noticeable
broadening of the peaks on the photographs of Fig. 2b,
since the topograms are made excessively contrasty for
the purpose of revealing the fine structure, The ap-
pearance of additional peaks may be due to variation in
the plate thickness (the accuracy with which the inter-
ferometer is constructed is limited), to the inhomo-
geneity of the impurity distribution over the volume of
the crystal, etc.

The topograms, and especially the microphotometry
plots, reveal in addition to the extinction oscillations
also noticeable large-period beats. This effect may be
connected with the beats of the intensity in the beams
E, and E, (see Fig. 1), which are due to the absence of
predominant polarization in the primary beam E°. th111

Our experiment confirms the main results predicted
inm, particularly the appearance of diffraction focusing
in a doubly diffracted beam. Further research is neces-
sary, however, in order to understand a number of the
details of the fine structure of the images.

The authors are deeply grateful to V. L. Indenbom
and to V. I. Nikitenko for initiating the present work and
for useful discussion.
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