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INTRODUCTION

Mosaicity is an important feature of the crystals
used in X-ray devices, and the development of corre-
sponding methods of diagnostics therefore remains a
problem of interest [1]. As a rule, it is necessary to
determine one characteristic parameter: the half-
width of the distribution function for microassemblies
of the crystal according to the orientation angles. To
accomplish this, we perform angular measurements of
the scattering quasi-monochromatic X-ray radiation
in the investigated sample [2]. In this work, we show it
is possible to obtain more detailed information on
mosaicity using the energy-dispersion approach,
which allows us to reconstruct the bidimentional dis-
tribution function for microassemblies according to
their orientation angles.

EXPERIMENTAL

At the heart of the energy dispersion approach lies
the process of measuring the spectra of the scattering
broadband X-ray radiation in a sample (e.g., the syn-
chrotron radiation) at the detector’s fixed position.
Let us consider the scattering of the quantum stream
of the synchrotron radiation in a crystal consisting of
ideal microassemblies, turned relative to one another
at certain angles. We start with the Maxwell equations
for the Fourier transform of a vector of the electric
field:
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where response function G, calculated at the high-fre-
quency limit ® > I ([ is the average potential of ion-
ization of a target atom), includes the contribution

from all atoms; r; is the coordinate of the /th atomic
nucleus; and F'is the atomic form factor.

For further analysis, it is convenient to remove
from G the average component

G=G+G, G=(G)=0dk"-k),

2, 2 2
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where ®, is the plasma frequency of the target, and € is

the usual dielectric capacitivity of a substance in the

X-ray range. Substituting (2) into (1) and applying

perturbation theory, we obtain the following solution

for Eq. (1) in the form of the sum of an impinging non-

monochromatic wave Efj)k and a scattered wave Eff:(

EY, =e,E, 8k — oven,),
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where e, is the vector of polarization of the initial wave

extending in direction n;, the spectrum of which is

described by E,.

In the expression following from (3) for the spectral
angular distribution of scattering radiation,
dN®
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it is necessary to average over the coordinates of the
atoms. We assume the microassemblies are large
enough to produce Bragg diffraction. We also assume
that the characteristic angle of the mutual disorienta-
tion of microassemblies exceeds the angular width of a
reflex from one microassembly, while the radiation
scattering on each microassembly is independent of
other scattering. If we assume that

®

l'l = Rl +’T[m + ll[m, (5)

where the first summand in the right-hand part denotes
the coordinate of an elementary cell in the microassem-
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bly, the second summand corresponds to the coordinate
of the mth atom in the /th cell, the last summand denotes

227

the thermal shift of this atom. To average over the thermal
vibrations in (5), Eq. (4) is transformed:

2 4
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where Vis the volume of the target, Zis the number of

electrons in an atom, #, is the density of the atoms, u;
is the root-mean-square amplitude of the thermal
vibrations of the atoms, S(g) is a structural factor of the
cell, R is the radius of electronic shielding in the Tho-
mas—Fermi nuclear model, and g is the vectors of the
reciprocal lattice. The first summand in (6) describes
the distribution of incoherent radiation scattered by
the microassemblies, while the second corresponds to
coherent scattering. It is easy to see that the incoher-
ent component is quenched substantially, since in the
field of the coherent contribution from atomic elec-

trons to the scattering o’R’ < 1, multiplier
1- exp(cozs(ns —ni)zu%) < u%/R2 <1,

and the coherent component is formed by the inde-
pendent contributions of various crystallographic
planes. It is therefore enough to analyze only one sum-
mand in (6) corresponding to the set vector of recipro-
cal lattice g. Let us show that measuring the number of

We obtain the angular variables o, % 0, andninthe
figure, and determine the orientation in space of vec-

tors n;, ng, and g:

n =e, ns—e2(1—§ )*e «9=0, )
-l s

To find the function of bidimentional angle F(n)
describing the desired distribution of microassemblies
according to their orientation angles, we must express
the vectors in (6) through the entered angular vari-
ables, multiply the right-hand part of (6) by F(n) , and
integrate the resulting expression for the spectral
angular distribution of a number of scattered quanta in
the allocated reflex by angles 0, and frequency o.

We assume that the system probing the radiation
crystal is close to the Bragg resonance (a condition
achieved by the preliminary orientation of the crystal).
Orientation angle ¢ is associated with angle y (Figure)
by the ratio

quanta in a reflex allows us to determine the required p="- X o', o' <l1. )
function for the distribution of microassemblies 2 2
according to vector orientation g. The integration result has the form
, y @ S(g)|” exp(—, *u )sm 2)sin
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where o, = g/2sin(y/2) is the Bragg frequency in Af
whose vicinity the spectrum of the scattering radia- 41e(y/2) AO
AD Em) = dn, Fin ~ ﬁF(nHaO)- (10)
tion’s reflex is concentrated, @, = ®, (1 + —j, A0 tg(x/2)
* 4tg(x/2) 4 tg(x/2)

A0 is the angular width of the radiation detector, and

function F(n,) is determined by equation
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The approximate equality in (10) denoting the
smoothness of the change in mosaicity distribution for
an interval of angles on the order of the collimation
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Geometry of the process of synchrotron radiation dispersion on a microassembly.

angle is used repeatedly in the analysis below. (It is
always possible to satisfy to the specified condition
with the selection of the collimator.)
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TT

Equation (9) is the convolution of required func-
tion Fwith the 8 function, and can thus be solved using
the Fourier transform

ailS @ exp(~&"u7 ) sin’/2)sin’ )
(1+g R ) cos(x/2)
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The last integral in (11) is easily addressed in the
case of a sufficiently smooth change of the primary

radiation spectrum in the interval Aw=w, —®_,

g

whose condition of infinitesimality is again reduced to
the requirement A0 < 2 tg(y/2). Inverting the Fou-
rier transform, we obtain following formula:

£y, 0) = iz[di eXP(—iim)@N;ﬁ = _idin”[Ng (ﬂn + ATG) .
+Ng(ﬂ|| ie)JrN (n“ +%9)+..},

where coefficient A4 is obviously determined from (11).

We are easily convinced that when the smoothness
of the change in measured orientation function

Formula (13) shows that measuring the orientation
dependence of a number of quanta in a particular
reflex of the collimated scattering radiation allows us
to determine directly the of distribution function for
the microassemblies of a mosaic crystal according to
the orientation angle in one plane. By rotating the
crystal around the incident radiation axis and repeat-
ing the measurements, it is easy to determine the dis-
tribution function in the orthogonal plane.
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Ae) 4
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N, () in an angular range on the order of A6/4,

series (12) is reduced to the integrated sum

v AD
N( +—).
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