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Abstract—The dependence of the characteristics of X-ray radiation occurring under fast electron transmis-
sion through a crystal on a sample structure has been analyzed. A method to estimate the size of the crystal
microblocks by means of the yield ratio of the parametric X-ray radiation and diffracted bremsstrahlung and
transition radiation for different observation angles has been suggested. The possibility of estimating the
dimension of the microblocks using the ratio of the intensities of these emission mechanisms for the same
observation angle and several reflection orders has been discussed.

INTRODUCTION

Ordering of the environment atoms leads to the
occurrence of orientation and interference effects in
the yield of secondary processes arising at the passage
of fast charged particles through it. In particular, these
are processes of dispersion, yield of nuclear reactions,
generation of radiation, etc. This connection allows
one to analyze target structures using the results of
measurements. For example, using the backscattering
yield of channeling ions, one can make a judgment
about the arrangement of impurities in the crystal lat-
tice, and using the radiation spectra at channeling of
fast electrons, one can specify the form of the potential
and the density of electrons [1].

Analyzing the quality of the structure of crystal
samples, i.e., the presence of mosaic blocks in the
sample, their distribution on the disorientation angle
with respect to the main direction and on the size, and
on the characteristics of the X-ray radiation generated
at the passage of fast electrons through them, is a sim-
ilar problem. The advantages of this approach are a
high penetrating ability of X-ray radiation and visual-
ization of interpretation. Recording and analysis of the
characteristics of the radiation that is irradiated at the
large angles to the direction of the incident particles
on the sample that considerably reduces the contribu-
tion of the bremsstrahlung radiation that is insensitive
to the structure of the sample appear to be most con-
venient.

Two kinds of radiation meet this requirement: para-
metric X-ray radiation (PXR) [2, 3], which can be
considered as the coherent dispersion of the intrinsic
electromagnetic field of a fast particle on the electron
shells of the periodically located target atoms, and dif-
fraction of the free photons arising at the input of a
particle in the sample (i.e., diffracted transition radia-
tion (DTR)) or those “born” in it due to the

bremsstrahlung radiation (i.e., diffracted bremsstrahl-
ung radiation (DBR). To estimate the characteristic
mosaic angle o, of samples from the characteristics of
the observed radiation is not of particular interest since
the same information can be obtained by means of
simpler X-ray analysis methods. However, analyzing
the microstructure of samples, i.e., to estimate the
dimensions of microblocks and disorientation angles
of the neighboring blocks with respect to each other, is
not obvious. When using electrons, by varying the
observation angle and hence the energy of photons, it
is possible to obtain information of a better quality
than that when using the radiation with the fixed wave-
length. Direct measurement of the dimensions of
microblocks by means of X-ray radiation beams is a
complex experimental problem, and it can be used
only to analyze the surface layers [4]. Therefore, to
estimate the possibility of analyzing the microstruc-
ture of samples from the characteristics of the radia-
tion caused by fast electrons passing through them is
an important and topical problem.

PROBLEM STATEMENT

It is known that the characteristic width of the PXR
angular distribution with respect to the Bragg order

direction ©;, = ,/yfz + (of,/ o’, where vy is the Lorentz

factor and @, is the plasma frequency of the medium.
As shown in [5], the total PXR intensity practically
does not depend on the mosaic structure of a crystal.
The mosaic structure leads to broadening of the PXR
orientation dependence and angular distribution, and
when 0, is comparable with the characteristic mosaic
angle, it reduces the radiation yield due to the rereflec-
tion of the PXR photons [6, 7]. Therefore, the PXR
sensitivity to the fine details of the crystal structure is
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insignificant. However, since for crystals with a perfect
structure the PXR yield is much higher than the DBR
yield [8], it is necessary to take into account the con-
tribution of this mechanism to the observed radiation
characteristics.

Diffracted photons are radiated in the Bragg direc-
tion, and the width of the orientation dependence is
determined by the angular distribution of the primary
radiation and, mainly, by the ,, value and the collima-
tion angle of the radiation 3. [8]. In experiment, this
value is rarely lower than several milliradians; therefore,
by measuring the orientation dependence or angular
distribution of the diffracted radiation (DBR or DTR)
yield, one can estimate the mosaic structure of a crystal
only for high enough &,, values comparable with 3.
Therefore, determining the mosaic structure and esti-
mate the G, value is much easier and cheaper by means
of the conventional X-ray diffraction methods.

The problem of whether it is possible to estimate
the dimensions of the mosaic blocks and the charac-
teristic angles of their mutual disorientation by mea-
suring the spectral-angular radiation characteristics of
fast electrons (PXR + DBR + DTR) in the sample is
more important and interesting. Let the radiation with
the spectral-angular distribution I(w,n) be born on
the surface or inside of the mosaic sample (respec-
tively, transition and bremsstrahlung radiations).
When the diffraction conditions hold on any plane of
a separate mosaic block for photons with the energy o
and the unit vector in the direction of the motion of
the photon n satisfying the condition

oo e ’
2eong  2sin@y

where g and @y are the vector of the inverse lattice of
this plane and the angle between it and the vectorn, a

detector with the angular aperture 3§, located at the

angle O, = 20y records the diffracted radiation. The
intensity of this radiation depends on the reflecting
ability of the sample.

It is known [9] that block crystals can be classified by
the dimensions of the regular blocks or regions in the
crystal and the degree of their mutual disorientation.
According to the first issue, crystals can be divided into
two types: a and b. In a-type crystals, separate regions
are large enough for the considerable influence of the
primary extinction to be manifested, i.e., their linear
dimension is comparable with the length of the primary
extinction. In h-type crystals, the dimensions of the reg-
ular blocks are small; therefore, the effect of primary
extinction is practically not observed. According to the
second issue, the crystals can be also divided into two
groups: o and 3. In a-group crystals, the blocks are
almost parallel to each other and their mutual disorien-
tation is small; therefore, the contribution of secondary
extinction is high. In B-group crystals, the blocks are
distributed irregularly; therefore, the contribution of
secondary extinction is small.

By combining these issues, it is possible to condi-
tionally divide the crystals into four groups from aa to
b3 by the degree of perfection. The limit of the
ao group, when the possible disorientation of the
microblocks is lower than the region of the total reflec-
tion of X-rays (Darwin table), is an ideal perfect crys-
tal, and that of the B group is an ideal mosaic crystal.
Belonging to these groups is not fixed once and for all,
since the extinction length, being a classification crite-
rion, depends on the reflection order and energy of
photons. That is, for different reflection orders or
energy values of photons, the same sample can belong
to different groups [9].

It is known [9] that the ability of the crystals to
reflect X-ray radiation is related to the perfection of
their structure. The crystals of the aa group provide
the narrowest rocking curve (FWHM ~20—30 angl.s
and less), described well by the dynamic theory of the
X-ray diffraction in perfect crystals. Therefore, their
integral reflecting ability is low. b-type crystals have a
much higher reflecting ability. The mosaic crystals of
the A} group have the maximum reflecting ability and
the widest rocking curve. The reflecting ability of the
mosaic b-type crystals is described well by the theory
of X-ray diffraction in mosaic crystals. For crystals of
the bo group, one has to additionally consider the sec-
ondary extinction, reducing the integral reflecting
ability.

Crystals of the aa group can be sometimes pre-
sented in the form of a set of crystallites, i.e., small-
size perfect crystals, each of which reflects X-ray radi-
ation according to the dynamic theory of diffraction.
The reflecting ability of such a crystal as a whole is
close to the reflecting ability of a perfect crystal with
the same dimensions if the dimensions of the crystal-
lite are larger than the length of the radiation absorp-
tion. Otherwise, the reflecting ability of such a crystal
is higher than that of the perfect one since the radia-
tion can be reflected from the crystallites located
deeper along the motion of the beam [9]. It is neces-
sary to emphasize that only in the ideal perfect and
ideal mosaic crystals is the integral reflecting ability
described well by the corresponding theories for any
values of the energy of photons and reflection orders.
In other cases, it is necessary to consider the dimen-
sions of blocks and their distribution on the disorien-
tation angles, which is, as a rule, not known.

When using crystals to generate the beams of the
X-ray radiation, a divergent photon beam with a con-
tinuous spectrum is incident on or born in the crystal,
then a part of its photons is reflected and recorded on
a detector with the fixed angular arrangement. In such
a problem statement, the structure imperfection leads
to the broadening of the spectrum of the detected radi-
ation and the increase in its intensity. That is, for a
crystal of the aa group, the recorded radiation has the
lowest intensity and the width of the radiation spec-
trum and orientation dependence curve is mainly
determined by the collimation angle of the radiation.
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For a crystal of the b group, the radiation intensity is
maximum, as are the width of the radiation spectrum
and orientation dependence curve. The dependence of
the characteristics of the recorded radiation on the
quality of the crystal structure allows one, in principle,
to estimate the structure perfection of the real crystals
by the characteristics of the observed radiation.

The characteristic parameters of the above classifi-
cation of crystals, the width of the Darwin table A®

and the length of the primary extinction /., depend on
the reflection order and energy of photons [10]. For
nonpolarized radiation and no absorption, one can

write
A® = 2yA0,, (D

where AQ, = 26/sin20 is the correction to the Bragg
angle due to the refraction of a wave in the crystal and

0= (w,/ 03)2/ 2 is the difference of the refraction
parameter from unity;

v = @14 cos2o)).
2/(0)

Here f(g) is the Fourier component of the spatial dis-
tribution of electrons in the crystal atom, a function of
the atomic dispersion (f(0) = z, where z is the num-
ber of electrons in the atom), and g is the vector of the
inverse lattice corresponding to the plane where the
reflection occurs.

As an estimate of the length of the primary extinc-
tion, one can use the expression [9]

I, = d/(2Esin®), )

where exp(—2&) is the weakening of the wave intensity
when passing through one plane,
2 2
z _nd NF e
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Here N is the concentration of the dispersing centers,
d is the interplane distance, F - is the structural coef-
ficient, and » is the reflection order.

To check the possibility of determining the imper-
fection degree of the crystal structure from the charac-
teristics of the recorded radiation, it is desirable to
analyze the results of the measurements for the same
imperfect crystal and different energies of photons. In
spite of a number of advantages of mosaic crystals
when compared with perfect ones [7, 11], in the exper-
iments on the PXR generation, as a rule, perfect crys-
tals were used. The possible effect of structure imper-
fection, even if noted, was not commented on, and the
measurements were performed for one observation
angle. One can mention only the measurements per-
formed on a Tomsk synchrotron for diamond targets
cut out of the same sample of natural diamond for the
observation angles ®p,=90° [12] and ®,=4°[13]. The
results of processing the results of the measurements
for each of the observation angles are published in
[6, 11, 14].

EXPERIMENTAL DEVICE AND METHODS

Measurements were performed on the internal
electron beam of the Tomsk synchrotron. The experi-
ment scheme is shown in Fig. 1a. The electrons accel-
erated to the final energy were thrown at a diamond
target (DC) located on a goniometer. In the DC the
radiation under study (PXR) was generated. The radi-
ation spectrum and angular distribution were mea-
sured on a detector (D) located in the lead converter at
the angle ®p, with respect to the direction of the elec-
tron beam. The total energy of the bremsstrahlung
radiation from the crystal was recorded on a Gauss
quantometer (Q).

In the Tomsk synchrotron, the electrons are
focused on a target due to the losses on the synchro-
tron radiation [15]. After the desired energy of parti-
cles is achieved, the increase in the magnetic field
stops and for 20 ms the field is kept constant with an
accuracy not worse than 0.1%. To increase the dura-
tion of the radiation pulse necessary for the normal
work of the spectrometer equipment, the accelerating
high-frequency (HF) field is not switched off, but
smoothly decreases. Therefore the electrons leave syn-
chronism with the accelerating field and are thrown at
the target for 10—15 ms depending on the amplitude of
the HF field. The spiralization step is about 0.01 mm,
and the maximal range of horizontal oscillations is
from 1.5 to 2.5 mm, depending on the operating mode
of the accelerator and the energy of electrons. The dis-
tribution of electrons on the coordinate of hitting the
target in the horizontal plane is described well by the
distribution f{x) ~ exp(—x/t), where x is the coordinate
counted from the target edge closest to the equilibrium
orbit, and Tt is the characteristic parameter [16]
(Fig. 1b). At the energy change from 900 to 500 MeV,
the t value decreases from 0.7—0.9 [16] to 0.4 +
0.1 mm [17].

The distribution of electrons on the coordinates of
hitting the target in the vertical planes (Fig. Ic¢) is
described well by the Gaussian distribution f{y) ~
exp(—?/(26?)) with 6 ~ 0.6—0.7 mm [16] and is due to
the vertical betatron oscillations [18]. The measurement
of'the beam sizes on the target [ 16] and in the equilibrium
orbit [18] give the value of the divergence of the electron
beam of the synchrotron 9, ~ 0.15—0.2 mrad.

The measurements were performed for two angles of
the detector location: ®@p, = 90° (®; ~ 6.95 keV < ym,)
[12] and Op =4° (®; ~ 148 keV >yw,) [13], where ®,
and o, are the energy of photons for the first allowed
reflection order and the energy of the medium plasmon,
respectively. In both experiments, crystals cut out from
the same sample of natural diamond [19] with dimen-
sions of 6 x 10 x 0.35[12] and 6 x 10 x 2 mm [13] and
surface mosaic structure ¢, ~ 0.2 mrad [20] were used
as targets. The (1 10) direction was practically perpen-
dicular to the large face, and the vertical and horizon-
tal crystal faces were parallel to the (110) and (001)
planes.
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Fig. 1. Experimental scheme: Q—quantometer, DC—diamond crystal, D—radiation detector, IS—induction current sensor,
SR—synchrotron radiation sensor, Dis—disperser, and Pb—lead converter.

In the spectral measurements, the current of the
electron beam decreased to ~ 106particles per pulse and
was measured on a synchrotron radiation (SR) sensor.
At such a current, for the time the electrons were
thrown at the target (-10—15 ms) the number of the
detector response did not exceed 20—30 and the proba-
bility of overlapping ofpulses from different photons did
not exceed 3—5%. The data of the synchrotron radia-
tion sensor were absolutized by measuring the total
energy of the bremsstrahlung radiation in the mode of
the low (SR sensor) and high (induction sensor (IS))
currents for the same orientation ofthe target. The nor-
malization error did not exceed 10—15% for the obser-
vation angle of 4°, the crystal thickness of 2 mm, and
the energy ofelectrons = 500 MeV [13]. In the exper-
iment [12], for the observation angle of 90° and EQ =
900 MeV, the errorincreased because ofthe uncertainty
of the average number of passages of electrons in the
ring accelerator through a thin target and the strong
dependence ofthis value on the crystal orientation [21]
and was about 25—30%. The accelerator parameters,
the experimental scheme, and the technique of per-
forming the measurements are described are described
in detail in [16, 17, 22].

For the observation angle 0 D= 90°, the measure-
ments were performed in the Bragg geometry. To
record the 220 reflection, a crystal 0.35 mm thick was
rotated by 45° around the vertical axis and was ori-
ented with the (010) plane along the direction of the
electron beam according to the indications ofthe Nal
(TI) detector recording the radiation photons at chan-
neling and bremsstrahlung radiation, dispersed in a
converter (Dis) [23]. At such a location of the target,
the electron beam was incident on the crystal at small
angles to the (100) direction and the vertical and hori-
zontal crystal faces were parallel to the (110) and
(001) planes.

Furthermore, the orientation was performed by the
PXR vyield recorded on a proportional counter with
xenon filling BDP-2 with an aperture of 4 x 16 mm,
efficiency/ ~ 80% for the energy of photons o ~ 7 keV,
and resolution Aco/co ~ 15%. To find the center of the
PXR reflex and measure the angular distribution, a
counter mounted at a distance of 106 cm from the crys-
tal could be moved in vertical and horizontal directions
with a step of 0.25 mm. To measure the angular PXR
distribution more accurately, a lead collimator with a
diameter of4 mm was mounted in front of the counter.
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The collimation angle of the radiation 3, = 1.88 mrad
was smaller than the characteristic angular size of the
beam of the PXR photons ®;, ~ 6 mrad.

The angular PXR distribution was measured on a
differential discriminator tuned to the energy of pho-
tons of 5.0 < < 10.0 keV. When measuring the angu-
lar distribution of the background, a thin titan
absorber 50 pum thick was mounted on the path of the
radiation beam from the target to the detector, which
provided absorption of practically all PXR photons for
the 220 reflection without changing other experimen-
tal conditions [14]. The angular PXR distribution for
the first reflection order was obtained by subtracting
the angular distributions measured without and with
the absorber.

For the observation angle @, =4° and the energy of
electrons of 500 MeV, the measurement was per-
formed in the Laue geometry. The crystal 2 mm thick
was mounted in the goniometer in such a manner that
the (110) plane practically coincided with the vertical
plane. The crystal was oriented with its plane along the
direction of the electron beam by the radiation yield at
the plane channeling by means of a thin Nal (TI)
detector recording the change of the photon yield of
the characteristic X-ray radiation from a lead con-
verter (Pb) 0.4 mm thick and 5 mm wide mounted on
the path of the beam of the y-radiation from the dia-
mond crystal with the orientation angle.

To achieve the 220 reflection, the crystal was
rotated by the angle ® ~ ®/2. Further orientation was
performed by the PXR yield recorded on a Nal (T1)
detector with a diameter of 63 mm and thickness of
63 mm in front of which a collimator with a diameter
of 14 mm was mounted. The detector was put at a dis-
tance of 364 cm from the crystal, which corresponded
to the collimation angle of the radiation $, = 1.9 mrad.
In the spectral range from 60 to 350 keV, the detector
efficiency is close to unity. The resolution at the line
was 59.4 keV (** Am), 6 =4.8 £0.1 keV. The detector
was calibrated and the linearity of the spectrometer
path was checked by the y-lines of the 2*'Am, '¥’Cs and
22Na isotopes.

ANALYSIS OF THE EXPERIMENTAL RESULTS

For the experimental conditions [12], the energy of
photons of the flrst reflection order @, ~ 6.95 keV <«
yo, ~67 keV, therefore, transition radiation is the
main source of the radiation that can reach the detec-
tor after diffraction. The characteristic width of the
angular PXR distribution ©,, ~ 6 mrad is much more
than the characteristic radiation angle y~' ~ 0.6 mrad;
therefore, the measurement of the angular distribution
of the resultant radiation allows the separation of the
DTR and PXR contributions.

Figure 2 shows the results of measurement of the
vertical angular distribution of the radiation yield for the
220 reflection in the experiment | 12]. The dependence
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Fig. 2. Vertical angular distribution of the photons of the
first reflection order for the experiment in [12]: E, =
900 MeV, 7= 0.5 mm, ©p = 90°, and §, = 1.88 mrad.
Points, experiment. Curves, calculation: /—PXR in the
perfect crystal, 2—DTR in the perfect crystal, 3—PXR +
DTR in the perfect crystal, and 4—DTR in the mosaic
crystal of the group bo.

I gives the results of the calculation according to the
kinematic PXR theory [24] assuming that the crystal is
perfect [14] and the electrons pass through the target
only once. Asshown in [6, 1], when the ,,, < ®,, con-
dition holds as in this case, the mosaic structure practi-
cally does not affect the spectrum and the angular PXR
distribution. Similarly to [14], due to the absolutization
error (~20—30%) and the uncertainty of the average
number of passages of electrons through the thin target,
the results of the measurements are normalized to the
calculation results of in the range of the angles of the

start of photons 3, > 5 mrad. One can see in the figure
that the calculated dependence describes well the

experimental results only for angles §, > 5—7 mrad.
For smaller angles, the experimental points are much
higher than the calculated curve indicating the contri-
bution of the radiation with a narrower angular distribu-
tion than that of PXR, i.e., the DTR contribution.

Figure 2 (curve 2) shows the results of the calcula-
tion of the vertical dependence of the DTR yield per-
formed according to [25] for the perfect crystal and the
single passage of electrons through the target. In the
calculation, the geometrical dimensions of the detec-
tor and the cross-sectional dimensions of the electron
beam (Fig. 1b, ¢) are taken into account. For the con-
ditions of the experiment under study, the dimensions
of the detector are larger than the dimensions of the
electron beam of the target and the collimation angle
9. = 1.88 mrad is somewhat larger thany~' = 0.6 mrad;
therefore, the angular DTR distribution is practically
not affected by taking into account geometrical fac-
tors. When the dimensions of the detector and the
energy of electrons are decreased, as, for example, in
the experiment in [25], the angular distributions cal-
culated with and without taking into account the geo-
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Yield, x 10~7 photon/electron

Fig. 3. Orientation dependence of the yield of photons of
the first reflection order for the experiment in [13]: £y =
500 MeV, T=2mm, ©p =4°, and §, = 1.9 mrad. Points,
experiment. Curves, calculation: 7—PXR in the perfect
crystal, 2—DBR in the perfect crystal, and 3—PXR +
DBR in the mosaic crystal of the group ba..

metrical dimensions of the detector and the electron
beam differ considerably. To obtain agreement of the
experimental and calculated dependences, the authors
of [25] used the divergence of the electron beam of the
Tomsk synchrotron as a free parameter and obtained
the value 9, = | mrad instead of 9, ~ 0.2 mrad | 16].

Curve 3 in Fig. 2 shows the resultant angular
PXR + DTR distribution. One can see from the figure
that the calculated dependence coincides well with the
experimental one. In the center of the angular distri-
bution, the experimental and calculated dependences
somewhat differ, which may be due to both the uncer-
tainty of some parameters used in the calculation (the
dimensions of the electron beam and its divergence)
and the mosaic structure of the crystal. The calcula-
tions show that the increase in the divergence of the
beam due to the difference of average ratio of passages
of electrons through the crystal from unity [21] practi-
cally does not affect the form of the angular distribu-
tion of detected radiation.

The characteristic angle of the mosaic structure of
this crystal ¢, ~ 0.2 mrad [20] is comparable with the
width of the region of the total reflection for this
energy of photons A® ~0.02 mrad. Therefore, accord-
ing to the disorientation degree of the blocks, this crys-
tal should be attributed to the a group. To check the
applicability of the approximation of the mosaic
b-type crystal to this sample, the angular DTR distri-
bution was calculated in the framework of this approx-
imation according to the technique described in
[17,26] (Fig. 2, curve 4). Figure 2 shows that the angu-
lar DTR distributions for the perfect crystal (curve 2) and
the mosaic b-type crystal (curve 4) are similar but differ in
intensity practically by an order of magnitude. Such a
ratio should be approximately expected, since, for the

mosaic b-type crystals, the reflecting ability ¢ ~ N %°

[6, 10, 27], where N is the concentration of the dis-
persing centers and A is the wavelength. Thus, for rel-
atively large wavelengths, the probability of the reflec-
tion of the X-ray radiation by a sample of such thick-
ness, just as for a perfect crystal, is close to unity and
the characteristic angle of the mosaic structure is
approximately an order of magnitude larger than the
width of the Darwin table.

Dependence 3 is considerably closer to the experi-
mental points than the sum of curves / and 4 (Fig. 2);
therefore, the diamond crystal used in [12] should be
attributed the the aa group; i.e., the dimensions of the
surface mosaic stricture in the experiment [20] are larger

than the length of the primary extinction /., ~ 7 pm.

With an increase in the energy of photons, the
length of the primary extinction increases and the sit-
uation changes. The points in Fig. 3 show the depen-
dence of the yield of photons of the first reflection
order on the disorientation angle of the (110) plane of
the diamond crystal 2 mm thick with respect to the
direction of the Bragg reflection obtained in the exper-
iment in [13] after subtracting the background, the
level of which did not exceed 30% of the yield in the
maximum. The errors are statistical and do not
include the error of determining the number of elec-
trons passing through the crystal. The results of this
experiment were already discussed in [6, 11].

Here (Fig. 3, curve /) the calculated dependence
obtained in the framework of the kinematic PXR theory
is shown. The major factors determining the form of the
orientation dependence (OD) of the radiation yield are
the collimation angle of the radiation and the multiple
dispersion of particles in the crystal. Therefore, the
measured and calculated ODs are close enough in
form, but considerably differ in amplitude. The differ-
ence in the half-width (FWHM) of the calculated and
measured dependences AQ®.=3.97 mrad and
A®,,, =(2.910.2) mrad exceeds the experimental
error (the step of measuring OD = 0.4 mrad) and also
indicates contribution of radiation with a narrower
angular distribution than that of the PXR. For the
experimental conditions of the cited reference
o ~ 145 keV > yo, ~ 35 keV, this is the diffracted
bremsstrahlung radiation.

The estimation of the DBR contribution according
to the technique of [9] for a perfect crystal (Fig. 3,
curve 2) has shown that, in this case, the DBR inten-
sity does not exceed 25 % of the PXR yield and cannot
explain the experimental results. Taking into account
the mosaic structure of the crystal according to the
technique of [6, 17, 26] in the case of homogeneous
distribution of mosaic blocks with dimensions smaller
than the length of the primary extinction /,,= 148 um
(mosaic b-type crystals) has shown that the observed
difference is in fact due to the mosaic structure of the
crystal. The resultant (AT + DBR) dependence calcu-
lated by taking into account the mosaic structure for
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both components (Fig. 3, curve 3) is close to the
experimental one. The calculated values of the yield

Y =1.94x10° photons/electron and the OD
width A®_,,. = 2.67 mrad agree well with the results of

the measurements Y “* = (1.63 + 0.008) x 10~ pho-
tons/electron.

The difference between the calculation and experi-
mental results may be due to the normalization error,
assumption of the homogeneity of the distribution of
the blocks on the crystal thickness, and the used esti-
mation of the o, value. Depending on the o, value
and the ratio of the “mosaic” to the “perfect” compo-
nents of the crystal the radiation yield and OD width
change. Another origin of this difference can be
recording several photons from different electrons as a
single photon of higher energy (overlapping effect).
The possibility of this effect is indicated by the fact that
the position of the maximum of the orientation depen-
dence does not coincide with its center.

As it was already noted, both crystal targets are cut
out from the same sample of the natural diamond;
therefore, their microstructure should be approxi-
mately identical. This is confirmed by the results of the
experiment of [28], in which the radiation spectra of
these crystals for the observation angle ®, = 90° and
Fy, =900 MeV were recorded on the detector with the
collimation angle 8= 25 mrad > ©®,. If the micro-
structure of the crystals differs and for the energy of
photons m, ~ 6.8 keV, the crystal 2 mm thick belongs to
the bo. group for which the high yield of the DTR pho-
tons (Fig. 2, curve 4) should be recorded and that
0.35 mm thick belongs to the aa group where the yield
of the DTR photons is rather small; the orientation
dependences of the radiation yield for these crystals
should differ, but this fact is not noted by the authors
of the cited reference.

In the experiment of [17], the crystals of pyrolitic
graphite with characteristic dimensions of mosaic
blocks 1 ~ 1-5 um [4] for the same observation angles
corresponded to the b group, that is, the main contri-
bution to the radiation yield was provided by the DTR
and DBR mechanisms for the observation angles of
90° and 4°, respectively. Therefore, one can assume
that the results of the measurements for the observa-
tion angle of 90° [12] give the lower estimate of the
characteristic dimensions of the blocks/ >/, =7 um
and the results for the observation angle of 4° [13] give
the upper estimate of this value / </, =148 pm.
Hence, the characteristic dimensions of the microb-
locks in the sample of the natural diamond from which
the targets used in the experiments in [12] and [13]
were cut out are within the limits of 7 um </ <148 pm.

With an increase in the energy of photons for any
imperfect crystal, the applicability of the model of the
mosaic b-type crystal becomes more justified [10].
Experience shows that the PXR theory in the kine-
matic approximation describes the results of the mea-

surements in perfect crystals with the accuracy not
worse than 10—15% [29]. With about the same accu-
racy, the theory of the diffraction of the X-ray radia-
tion in mosaic crystals describes the yield of the dif-
fracted real photons in the b-type crystals [22]. Hence,
one can determine at what observation angle the tran-
sition from one group to another begins, i.e., estimate
the average dimension of the blocks composing the
investigated sample from the results of the measure-
ments of the orientation dependences or angular dis-
tributions of the radiation yield for several observation
angles and the comparison with the results of the cal-
culation of the yield of the PXR and diffracted real
photons (DBR or DTR) for mosaic and perfect crys-
tals. The same measurements can be used to choose
the crystals for obtaining intense X-ray radiation
beams at the passage of fast electrons through the
mosaic crystals of the ba group for various, including
medical, applications [7, 11].

The measurements performed for several observa-
tion angles are time-consuming both due to the time
needed to perform the measurements and to reinstall
the radiation detectors and to choose the optimum
operating modes of the accelerator and the experi-
mental equipment. According to Egs. (1)—(3), an
analogous change of the width of the Darwin table and
the length of the primary extinction, the same as when
using different observation angles, occurs with an
increase in the reflection order due to the reduction of
the F value and the »n! factor. Therefore, the informa-
tion on the dimensions of blocks can be obtained faster
during the measurements of the angular distributions
or orientation dependence of the radiation vield for a
single observation angle but several reflection orders.
Usually, in an experiment one records reliably from
three to six or seven reflection orders depending on the
type of the crystal under study and the data-acquisi-
tion equipment used [14, 30], which is analogous to
using one reflection order and several observation
angles.

CONCLUSIONS

The following conclusions were drawn from the
experimental results:

(1) The dependence of the radiation intensity at the
passage of fast electrons in the crystal on the imperfec-
tion of its structure allows one to state the problem of
the quantitative estimation of the defects of the struc-
ture of crystal samples from the characteristics of the
recorded radiation.

(2) The weak dependence of the PXR intensity on
the mosaic structure of the crystal does not allow one
to use effectively this type of radiation for the analysis
of the microstructure.

(3) One can obtain information about the charac-
teristic dimensions of the blocks forming the sample
under investigation when the dimensions of the blocks
are of the order of the length of the primary extinction
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by recording the radiation vield at the Bragg angles
(DTR + PXR + DBR) for different observation angles
(different reflection orders) and comparing these data
with the calculation results for these experimental
conditions.
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