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Abstract— The experimentally measured yields of X-rays generated by 500-MeV electrons (the X-ray ener
gies are a* ~ ymp) in oriented tungsten single crystals are analyzed. A series of experiments have been per
formed at the Tomsk synchrotron with the use of crystal-diffraction spectrometers based on mosaic pyrolytic 
graphite crystals. The measured results are shown to be explained by competition between parametric X-radi
ation and bremsstrahlung diffraction in mosaic crystals of the aa  class. The characteristic sizes of microblocks 
of refractory metal crystals are discussed from the standpoint of their influence on the positron yield in 
designed positron sources. A method for determining the characteristic sizes of microblocks in mosaic crys
tals of the aa  class is proposed.

INTRODUCTION

Parametric X-radiation (PXR) is excited by the dif
fracted Coulomb field of a fast charged particle mov
ing through a crystal [ 1—3]. Theory predicts that PXR 
reflections occur in the Bragg direction and, simulta
neously, at small angles to the velocity of an emitting 
particle. However, if the first type of reflections has 
been investigated in detail, both theoretically and 
experimentally and demonstrated good agreement 
between experiment and theory [4, 5], PXR reflected 
at small angles to the particle velocity, which is some
times referred to as forward PXR (FPXR), was discov
ered not so long ago in the experiments with tungsten 
crystals [6, 7] and silicon crystals [8] and still requires 
an adequate theoretical description. In [6, 9], various 
manifestations of this effect caused by a decrease in 
the photon energy [6] have been described qualita
tively, but quantitative comparisons were not per
formed.

When the results of FPXR measurements are com
pared with theory, the basic difficulty consists in con
ventional PXR being emitted at large angles to the par
ticle beam direction, separated rather easily from the 
bremsstrahlung background, and measured by ordi
nary X-ray detectors. Since transition radiation and 
bremsstrahlung propagate in the direction of FPXR 
reflections, this type of PXR can be extracted only 
with the help of crystal-diffraction spectrometers 
based on perfect silicon crystals [7, 8] and mosaic 
pyrolytic graphite (PG) crystals [6]. Their efficiency 
depends substantially on the spectral and angular dis
tributions of radiation observed. Hence, direct com
parison between measured results and calculations is 
impeded because calculations must be performed with

allowance made for the actual characteristics of mea
suring equipment. An additional difficulty is that pho
tons of bremsstrahlung and transition radiation can 
diffract in the crystal used to produce FPXR, thereby 
complicating the interpretation of measured results. 
From the foregoing, it follows that it is an important 
and urgent problem to analyze the influence of exper
imental conditions and bremsstrahlung photon dif
fraction on the radiation yield in the experimental 
investigations of FPXR, including [6, 7].

EXPERIMENTAL SETUP 
AND MEASUREMENTS

The experiment [6] is depicted schematically in 
Fig. 1. Electrons were accelerated up to the final 
energy E0 = 500 MeV and directed to a single-crystal 
target mounted in a goniometer. X-rays under investi
gation passed through a collimator and a cleaning 
magnet and came into an experimental hall with 
recording equipment. To orient a crystal with respect 
to the direction of an electron beam, readings of a 
Nal(Tl) detector (the Compton kinematics) were 
used. The detector recorded photons with energy o> >
0.5 MeV in channeling radiation and bremsstrahlung 
after their scattering in converter S. Electron beam 
parameters, experimental equipment characteristics, 
and orientation methods are reported in [10, 11].

As was demonstrated in [13, 14], the optimal 
method of FPXR detection consists in measuring the 
dependence between the number of photons in a nar
row spectral range and the crystal orientation. When 
photon energies are o> > 20—25 keV, the Bragg condi
tion can be satisfied only for several low-index planes
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13-15 m

Fig. 1. Schematic representation of the experiment: W  is the tungsten crystal, P G  is the pyrolytic graphite crystal, N a l is the 
N al(T l) spectrometer, and S is the scatterer.

and a few totally defined crystal orientations. For pho
tons with a fixed energy, the effect manifested itself as 
a peak in the orientation dependence (OD) of the 
photon yield, which was observed at the crystal orien
tation angles corresponding to Bragg reflection of 
radiation with this energy.

Fixed-energy radiation was extracted via two crystal- 
diffraction spectrometers based on mosaic PG crystals 
with sizes of 2.5 x 6.5 x 22.5 and 3.5 x 5.5 x 20 mm and 
Nal(Tl) detectors, each having a size of 40 x 1 mm. 
The spectrometers were mounted in goniometers at 
distances of 13—15 m from the tungsten crystal utilized 
to generate X-rays under investigation. Detectors and 
graphite crystals were 3—5 m apart. In graphite crys
tals, the mosaicity distributions were determined by 
measuring diffraction curves and identifying diffraction 
peaks for each of the detector’s angular positions in the 
experiment [12]. In the thinner (2.5 x 6.5 x 22 mm) crys
tal, this distribution can be represented as a sum of two 
Gaussian distributions with the standard deviations

= 4.2 ±0.1 and .V, ~ 0.67 ± 0.05 mrad and the weight
ing coefficients = 9.0 ± 0.5 and S2 ~ 0.33 ± 0.05, 
respectively. Distribution centers coincide to an accu
racy of 0.2 mrad or better. In another crystal, the mosaic
ity distribution can likewise be interpreted as a sum of two 
Gaussian distributions the respective parameters of
which are a)„ = 6.2 ± 0.4 mrad, S1 ~ 0.64 ± 0.05, al, =
15.0 ± 0.1 mrad, and S2 ~ 0.36 ± 0.05. The shift 
between distribution centers is 10 ± 0.3 mrad.

Since detectors made of Nal(Tl) crystals 1 mm 
thick and differential discriminators were used, only 
the first allowed order of reflection was recorded, the 
background was substantially decreased, and the 
achieved peak/substrate ratio of diffraction curves was 
-4 0 —70, depending on the energy of recorded pho
tons. In other words, the contribution of background

photons with energies differing from the fixed value 
was less than 1.5—2%.

Under these conditions, the energy resolution of 
spectrometers weakly depends on the mosaicity of 
crystals and is determined by their angular apertures 
(A 0X ~ 0.1 and A0j, ~ 0.6 mrad) and the angle of col
limation of diffracted radiation. In the diffraction 
(horizontal) plane, the radiation collimation angle was 
A 0X = 0.4—0.7 mrad, ensuring the spectrometer reso
lution Aco/co ~ 1—2%. In [ 15], a new statistical simula
tion technique for calculating the spectrometer effi
ciency has been proposed. Based on the modified 
approach of [12], this technique made it possible to 
determine the spectral distributions of the efficiency of 
crystal-diffraction spectrometers, which were utilized 
for comparison of calculations with experimental 
results.

Measurements were performed for a tungsten sin
gle crystal having a size of 8.5 x 0.41 mm, the (111) ori
entation, and the surface mosaicity <jm <0.2  mrad. In 
crystals grown via the same technology, X-rays exhib
ited anomalous propagation through tungsten [16]. 
The crystal was mounted in the goniometer so that its
(112) plane was arranged almost vertically. Such an 
arrangement enabled us to investigate the dynamic
effects of radiation reflected from the (112) plane and 
two {110} ones rotated through an angle of 30° with 
respect to this plane. According to the ODs of the scat
tered photon yield measured under planar channeling
[6], the angle between the (112) and vertical planes is 
P = 3.5° ± 0.2°. Hence, for each of the crystal planes 
and the fixed photon energy, dynamic effects of X-rays 
were observed at different orientation angles.

As was predicted in [14], the FPXR intensity of a 
tungsten crystal is comparable with that of transition 
radiation only if the photon energy is co < yo)p ~ 80 key
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Fig. 2. X-ray yield ODs at the energies co = (7) 95, (2) 67, 
and (3) 40 keV.

where y is the Lorentz factor and co/; is the plasma fre
quency of a medium. The latter must be proportional 
to the absorption length. Hence, in the first series of 
experiments, measurements were performed at the 
photon energies co = 67 keV < yco/; and 95 keV > yco/r To 
ascertain that the radiation contribution is negligibly 
small under planar channeling, the yield of photons 
with œ > 0.5 MeV was simultaneously measured by a 
Compton Nal(Tl) detector. The same detector was 
used to match the electron-beam direction to the crys
tal axis from which the angular disorientation between 
planes was counted off.

Measurements have not revealed peaks associated 
with FPXR at the chosen values of photon energy. At 
the given orientation of a tungsten crystal, a crystalline 
structure manifested itself as a decrease in the number 
of photons if the Bragg energy fitted the energy to which 
crystal-diffraction spectrometers were tuned. The posi
tions of the OD minima correspond to the kinematic 
diffraction conditions for photons emitted along the 
electron beam direction. In this case, the error does not 
exceed 1%. For example, when co = 67 keV and reflec
tions occur from the (101), (011), and (112) planes, 
the calculated positions of OD minima are 46.6, 49.9, 
and 72.2 mrad. In this case, the measured values are 
46.3, 49.5, and 71.9 mrad. The depth of minima varies 
from 12—15 (co = 67 keV) to -10% (co = 90 keV). The 
typical full width of a minimum is A0 ~ 15—2.5 mrad. 
In other words, the ODs of the high-energy photon 
yield have dips caused by bremsstrahlung diffraction 
inside the crystal.

FPXRs were revealed only for low photon energies 
co = 40 (Fig. 2, curve 3; Fig. 3) and 28.3 keV, at which 
the positions of maxima, similarly to those of the min
ima in the yields of high-energy photons, obey Bragg’s 
law. The observed maxima are not related to any con
tinuous radiation or an experimental error. This is 
confirmed by the fact that the yield of photons with

Npulse/e> arb. units

75 80 85 110 115 120
0 , mrad

Fig. 3. X-ray yield ODs at the energies co = (7) 40 and
(2) 28.3 keV.

co > 0.5 0.5 MeV has no maxima ([6]; Fig. 3) and the 
OD of the X-ray photon yield exhibits different posi
tions of maxima at different photon energies. The posi
tion and shape of maxima remained unchanged in 
repeated measurements. Analogous results, i.e., the 
OD dip corresponding to the photon energy co = 
120 keV ~ ycOp -1 3 4  keV and its peak occurring at co =
40 keV < yeop, have been obtained in the subsequent 
experiment [7] performed at the electron energy E0 = 
885 MeV

For co = 40 keV, the diffracted radiation spectra
were measured at the peak point (©^y = 83.9 mrad) 
and at the neighboring points (0  = 81.3 and 
79.3 mrad). As was ascertained, the radiation intensity 
increases exclusively at the first order of reflection. All 
spectral intensities corresponding to the higher orders 
of reflection have identical values.

When the photon energy is co = 40 (28.3) mrad, the 
recorded positions of peaks, 0 ^  = 76.6 (110.2) and 
©on- = 83.9 (120.9) mrad, differ slightly from the esti
mated values, 0 " 'T = 77.9 (110.2) and O^y =83.6 
(118.2) mrad. The interpeak distances are 1.5 and 
2 mrad greater than those expected according to Bragg’s 
law. At the aforementioned two values of photon energy,
the peak width for the (011) plane is nearly twice as large 
as that for the (101) plane. When eo = 40 mrad, this peak 
is divided rather reliably into two parts.

ANALYSIS OF THE MEASURED RESULTS 
AND CONCLUSIONS

From the theoretical standpoint, the FPXR energy 
is determined by the angle 0||. of photon emission per
pendicular to the reflection plane. Its intensity is zero 
strictly along the electron velocity, and the maximum 
of an angular distribution corresponds to the angle
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0 FPXR W y  2 + (co^/eo)2. In the experiment under
V3

analysis, recorded photons were induced by electrons
FPXRmoving at an angle of approximately 0  with 

respect to the electron-beam direction. X-rays were 
generated on tungsten crystal planes rotated through 
an angle of -30° with respect to the reflecting plane of 
diffractometers. In combination with the finite angu
lar aperture and resolution of spectrometers, these 
conditions must have led to wider experimental curves 
and lower peak amplitudes than those described by the 
theory not defining their influence.

Since the photon yields were measured simulta
neously at energies eo > yo)/;,, at which the main mech
anism of forming an observed OD is bremsstrahlung 
diffraction, and in the energy range below this level, 
where two mechanisms can be expected to manifest 
themselves [6, 9]), it is possible to consider the contri
bution of bremsstrahlung diffraction at photon ener
gies oo < yOOp.

The calculated ODs of the forward yield of X-rays 
are depicted in Fig. 4. In calculations performed under 
the conditions of experiment [6], the efficiency of 
spectrometers and the contribution of transition radi
ation from the rear crystal face were taken into 
account. The angular range of crystal disorientation 
was 30—120 mrad, and photon energies were co = 96, 
67, 40, and 28.3 keV (curves 1—4, respectively). The 
technique for estimating the approximate contribu
tion caused by diffraction suppression of the radiation 
yield is reported in [17].

Comparison of the experimental and calculated 
X-ray yields (table) confirms the adequacy of calcula
tions.

The error of absolutization of experimental data is 
-15%. The results were obtained immediately from 
the measured ODs of radiation yields (at photon ener
gies of 96, 67, 40, and 28.3 keV) and according to 
X-ray spectra (at photon energies of 80 and 120 keV) 
for a single orientation of the graphite crystal with 
respect to the diffracted-radiation detector and several 
orders of reflection. In the measured yields, the 
Nal(Tl) spectrometer efficiency calculated via the 
Monte Carlo method and the radiation absorption 
both in the output flange of an accelerator and in the 
air space between an accelerator and a detector were 
taken into account. Calculations were performed by 
allowing for the crystal-diffraction spectrometer effi
ciency, bremsstrahlung suppression owing to the den
sity effect [18], X-ray absorption in the tungsten crys
tal, and the contribution of transition radiation from 
the output face of a target.

As can be seen in Fig. 4, the dip depths of OD 
curves calculated for the {110} planes are -2.5 and 
-1.5% at photon energies of 67 and 96 keV, respec
tively; i.e., they are less than the experimental dips 
(-15 and -10%, respectively) by a factor of about 5. 
The widths of calculated curves are less than those of

Fcalc, 10 9 photon/electron
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Fig. 4. Calculated dependences of the X-ray yield at the 
energies co = (7) 96, (2) 67, (3) 40, and (4) 28.3 keV.

the measured curves (Fig. 2) by a factor of approxi
mately 1.2—1.5. At the given level of statistics, such 
dips can hardly be identified in experimental depen
dences. The positions of observed dips agree fairly well 
with calculations, including the dip positions corre
sponding to weakly reflecting (112) and (220) planes 
(Figs. 2,4). As in the case of strongly reflecting planes, 
the depths of experimental dips exceed those of calcu
lated dips by a factor of 5—7.

In the previously developed technique [17], the 
influence of absorption on a diffraction process is not 
considered [19]. However, with allowance for this phe
nomenon, dips can become only somewhat wider and 
the reflection efficiency (their depth) remains abso
lutely unchanged, as is evidenced by estimates. In the 
calculated results, the diffraction effect is insignifi
cant, because the difference between the characteristic 
width of a total reflection region (-30—40 eV) and the 
energy range of a spectrometer (-0.5—1.5 keV, 
depending on the recorded radiation energy) is large.

Compared to perfect crystals, mosaic ones are 
known to reflect X-rays to a greater extent [19]. This 
feature explains relatively deep dips in the measured 
ODs of the radiation yield. On the other hand, the

Comparison of the experimental and calculated X-ray 
yields

co, keV
yJexp’

photon/electron
^calc’

photon/electron ^exp/ ̂ calc

28.3 1.16 x 10“ 9 1.27 x 10“ 9 0.96

40 1.99 x 10“ 9 2.13 x 10“ 9 0.95

67 14.78 x 10“ 9 15.5 x 10“ 9 0.95

80 0.40 x 10“ 9 0.36 x 10“ 9 1.1

96 5.1 x 10“ 9 5.15 x 10“ 9 0.99

120 3.6 x 10“ 10 3.47 x 10“ 9 1.04
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experiment under consideration exhibited, for the first 
time, the dynamic effect of radiation from fast elec
trons in crystals, undoubtedly indicating the perfect 
structure of a crystal. The best way out of such a situa
tion is to assume that dynamic effects can also mani
fest themselves in X-rays reflected from mosaic crys
tals [19]. This assumption is valid only if perfectly 
structured blocks have sizes greater than the primary 
extinction length (in our case, - 2 —3 |_im).

As was found in the monograph cited above, a 
mosaic crystal is superior to a perfect one in X-ray 
reflection efficiency if the conditions I > lex and I < la, 
(I is the block size, lex is the primary extinction length, 
and /a is the photon absorption length) hold simulta
neously. This relation was observed in [6, 7]. Accord
ing to the accepted terminology [19], such a crystal 
belongs to the a a  class. One of the confirmations of 
this classification is the small surface mosaicity 
<jm ~ 0.2 mrad. As is known, standard methods of 
X-ray diffraction analysis are incapable of determining 
the quality of the internal structure of samples with 
commensurate thicknesses and compositions. Hence, 
it can only be assumed that the internal part of a crystal 
must have approximately the same mosaicity. Another 
confirmation is the dip-free yields of high-energy pho
tons with energies co > yco/; observed at a significantly 
smaller statistical error in an experiment [ 13] in which 
the same recording equipment and the identical mea
surement technique were used to investigate the 
dependence between the fixed-energy radiation yield 
and the orientation of a perfect silicon crystal.

When several microblocks are rotated through 
small angles with respect to the average direction, a 
crystal-diffraction spectrometer detects photons with 
an increased probability of reflection. Hence, the dip 
depth grows. As an estimate suitable for determining 
the maximally possible diffraction loss of the radiation 
yield, the ratio between the average absorption length 
and the average size of a microblock can be chosen. 
From this estimate and experimental data obtained at 
the photon energy co = 67 keV (la -  183 |am), the aver
age size of the block of a tungsten crystal is -20—30 |im. 
In the experiments [6, 7], the measured surface mosa
icity of the crystal (am ~ 0.2 mrad) is small and com
parable with the Darwin table width A0 -  0.03 mrad
[19]. Hence, rereflected diffracted X-rays should be 
observed. Therefore, the actual number of blocks 
required to ensure the experimentally determined dif
fraction suppression of the radiation yield becomes 
greater, with the average size of a block decreasing 
accordingly.

In the experimental OD of the yield of photons 
with co = 40 keV [6], there is no dip because the FPXR 
contribution compensates for the radiation yield loss 
arising from bremsstrahlung photon diffraction inside 
the crystal at energies co < ycop [9]. As was shown in
[20], the crystal mosaicity hardly affects the total yield

of PXR at all. Therefore, it can be assumed that the 
FPXR yield also remains unchanged because the crys
tal mosaicity a„, ~ 0.2 mrad is substantially less than 
the characteristic angle of emission of FPXR photons

( 0 I I XR = -4=-y/y 2+ -  1.3 mrad). A more valid

answer to this question requires comprehensive theo
retical analysis.

At photon energies co = 40 and 28.3 keV, the mea
sured and calculated radiation yields agree well 
beyond the region of diffraction effects, making it pos
sible to estimate the FPXR yield of a tungsten crystal 
under conditions of the experiment [6]. When the 
photon energy is co = 40 (28.3) keV, the spatial angle is 
AD = 2.02 x 10-7 sr, and the spectrometer’s energy 
capture is Aco = 0.276 (0.172) keV (the full width at 
half maximum), the observed FPXR yield reaches -28% 
(-20%) of the total yield of bremsstrahlung and transi
tion radiation. At the photon energy co = 28.3 key the 
ratio between the yields of FPXR and the sum of 
bremsstrahlung and transition radiation is smaller 
because the contribution of transition radiation from 
the crystal’s output face to the total yield of recorded 
radiation is higher (-68%) than in measurements with 
energy co = 40 keV (-20%).

At the photon energy co = 40 keV (la -  48 |am), the 
dip depth is estimated to be the same or larger (Fig. 4) 
owing to bremsstrahlung diffraction. Therefore, at the 
photon energy co = 40 keV, the observed OD (Fig. 3, 
curve 1) is the sum of the wider O D of the photon yield 
generated by the FPXR mechanism (its amplitude is 
approximately half as high again or twice as high as the 
experimentally recorded amplitude) and the OD 
caused by diffraction suppression. It is evident that the 
same cause leads to different shapes of the ODs of the 
FPXR yield from physically identical (10 1) and (Oi l )
planes [6] (Fig. 3). Since the (10 1) plane has a smaller 
angle with the analyzer’s crystal, the dip of the high- 
energy photon yield is deeper and narrower than the 
OD dip inherent to the (Oi l )  plane rotated through a 
larger angle (Fig. 2). Hence, the amplitude of its 
resulting dependence is half as much. In other words, 
when there is no diffraction suppression in the mosaic 
crystal of aa  class (i.e., in the tungsten crystal), the 
FPXR yields corresponding to conditions of the 
experiment [6] must be about 50 and 30—40% at pho
ton energies of 40 and 28.3 keV, respectively.

Under conditions of the experiment [7] with the 
same tungsten crystal, the situation is somewhat dif
ferent. The electron energy was increased from 500 to 
855 MeV. Hence, the total yield of radiation with co = 
40 keV contained only -30% of bremsstrahlung and 
the observed radiation yield decreased by 10% or less.

The results discussed above make it possible to pro
pose a new method for estimating the structural qual
ity of crystals with large thicknesses, which relies on 
determining the degree of PXR reflections along the
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particle velocity at photon energies co < yco/; and the 
bremsstrahlung diffraction in the range of co > yco/r A 
perfect crystal must exhibit predominant FPXR and 
negligibly low bremsstrahlung suppression. On the 
contrary, in a /»-class mosaic crystal, i.e., in a crystal 
with a typical microblock size less than the primary 
extinction length, bremsstrahlung suppression must 
play an appreciable role and FPXR disappears. It is 
evident that the size of perfect blocks can also be esti
mated by measuring the FPXR yields at weaker orders 
of reflections: 220, 440, etc. According to the dynamic 
theory of X-ray diffraction, the extinction length cor
responding to such reflections increases. Hence, if 
FPXR disappears at a certain order of reflections, the 
average size of perfect blocks is less than lex inherent to 
these reflections.

The proposed method for estimating the average 
microblock size can be implemented by performing 
measurements under the condition that photon ener
gies are co ~ yco/; or less. On the other hand, it is neces
sary to operate with photons with absorption lengths 
that substantially exceed the primary extinction 
length. To ensure simultaneous fulfillment of these 
conditions, especially in the case of crystals made of 
heavy elements, measurements must be performed at 
accelerators with energies of 1 GeV or higher, which 
often prove to be economically unprofitable. To per
form such investigations with accelerators of moderate 
energy (-20—30 MeV), it is possible to use the ratio 
between the experimentally measured diffraction sup
pression and its calculated value. The main require
ment is that bases must be long enough to implement 
extraction of fixed-energy radiation via a crystal-dif- 
fraction spectrometer based on a perfect or mosaic 
crystal.

The most interesting application of radiation from 
relativistic electrons moving through crystals is its uti
lization to generate intense positron beams [21]. At 
present, positron beams are produced with the help of 
cascade processes in refractory metal targets irradiated 
by relativistic electron beams. However, this technique 
cannot ensure the required yield of positrons owing to 
high energy release capable of melting a target. In con
nection with the beginning of the construction of lin
ear electron—positron colliders, this problem is most 
topical because the collider efficiency is proportional 
to the number of interacting particles.

For this purpose, tungsten crystals with the (111) 
orientation are assumed to be most optimal. Their 
thicknesses are several millimeters, depending on the 
electron energy. In experiments performed with elec
tron beams having energies from 1 to 8 GeV and tung
sten crystals, it was revealed that crystals are really 
more efficient than polycrystalline targets of an opti
mal thickness and ensure an increase in the positron yield 
by 15—30% at electron energies exceeding 4—5 GeV 
[22]. The basic sources of photons generating elec- 
tron-photon pairs are channeling and above-barrier

radiations and coherent bremsstrahlung. The calcu
lated ODs of the positron yield obtained for the crucial 
contribution of the latter radiation mechanism [23] 
agree rather well with the measured results [22].

The imperfection of crystal structures (the disori
entation of perfect blocks of a sample with respect to 
the reference direction and their limited sizes) sup
presses the coherent effects of radiation. Owing to 
these effects, crystals are advantageous over amor
phous radiators in positron generation. The modern 
technique for fabricating crystals from refractory met
als (W and Mo) cannot ensure their perfect structures. 
(In experiments with positron generation, the surface 
mosaicity of samples was a m -  0.5—1.5 mrad, i.e., sig
nificantly exceeded characteristic radiation angle y 1 -  
0.1 mrad at electron energies on the order of several 
gigaelectronvolts.) Hence, verification of the internal 
structure of these crystals is an impotent and urgent 
problem. It should be noted that the yields of radiation 
induced by interaction of fast electrons with oriented 
crystals were calculated, until recently, without allow
ance for structural imperfection.

Estimates indicate that the main parameter capable 
of leading to radiation yield suppression is the character
istic size of mosaic blocks. Suppression starts if the block 
size becomes comparable to radiation formation length 
/ -  /coh = y2X, where X is the photon wavelength. When 
the photon energies required to produce positrons with 
desired energies (5—20 MeV) is 10—150 MeV and the 
electron energy -  5 GeV, /coh ~ 2—20 |im. The influence 
of disoriented neighboring blocks is substantially 
weaker and, in the first approximation, can be ignored. 
Hence, the proposed methods for estimating the sizes of 
blocks of such crystals are of great importance from the 
standpoint of the development of new-generation 
positron injectors.
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