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In the present work, the expressions for angular density of DTR generated in a single-crystal target by a relativ-
istic electron are derived for cases of Laue and Bragg scattering geometries. The derived expressions have been
compared. The following two extremal cases have been considered when the path of the electron in the target is
much longer or much shorter than the extinction length of X-ray waves in the single crystal.
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INTRODUCTION

The knowledge of spatial and angular distributions
of particles in the incident beam is important for the
experimental data interpretation in the physics of inter-
action of relativistic electrons with matter. That is why
the working out of express methods of obtaining infor-
mation about the characteristics of the beam used in the
experiment is actual problem. One of the approaches is
to use different types of radiation excited by relativistic
charged particles in matter. Recently the possibility of
use of parametric X-radiation (PXR) for the diagnostics
of relativistic electron beams was experimentally stud-
ied in [1, 2]. In [3] it was suggested using PXR generat-
ed in a thin crystal to get operative information on spa-
tial distribution of the relativistic electron beam. The
applicability of transition radiation (TR) of vacuum ul-
traviolet range to measure the electron beam cross di-
mensions was demonstrated in [4].

When a charged particle crosses the crystal plate
surface, the transition radiation (TR) takes place [5]. TR
appearing on the border diffracts then on a system of
parallel atomic planes of the crystal which forms DTR
in a narrow spectral range [6 - 9]. The DTR photons
move near the Bragg scattering direction. In the work
[10], the expression describing DTR was obtained in
dynamical approach for a special case of symmetrical
reflection of relativistic electron Coulomb field relative
to the target surface in the Bragg scattering geometry. In
[10] there was shown a good agreement of theory with
experiment. In the recent work [11] the expression de-
scribing DTR in the Bragg scattering geometry was ob-
tained in kinematical approach for the symmetric reflec-
tion case.

The process of coherent X-ray radiation by a single
relativistic electron in a crystal is described in the
framework of the dynamical theory of x-rays diffraction
in [12 - 15]. In these papers, the dynamic theory of co-
herent X-ray radiation generated by a relativistic elec-
tron in a crystal are built for general case of asymmetric
relative to the crystal (target) surface reflection of the
electron Coulomb field. In this case, the system of the
parallel reflecting atomic planes in the target can be
located at arbitrarily given angle to the target surface.
For divergent beam of relativistic electrons, the dynamic
theory was developed in the resent works both in Laue
scattering geometry [16] and in Bragg scattering geome-
try [17, 18].

In the present work DTR of a relativistic electron in
the electron beam crossing a monocrystalline target
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have been considered both in Laue and Bragg scattering
geometries. The expressions for angular density of the
radiation are derived. The obtained expressions have
been compared in interesting cases when the path of the
relativistic electron is much less or much more than the
extinction length of x-ray waves in the monocrystalline
target.

THE RADIATION PROCESSES
GEOMETRIES

Let us consider a beam of relativistic electrons
crossing a monocrystalline plate in Laue (Fig. 1) and
Bragg (Fig. 2) scattering geometries.

L
Fig. 2. Bragg scattering geometry

Let us involve the angular variables v, 6 and 6, in
accordance with the definition of relativistic electron

velocity V' and unit vectors in direction of momentum

109


mailto:noskovbupk@mail.ru

of the photon radiated in the direction near electron ve-
locity vector N and in the of Bragg scattering direction

ng:
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where 0 is the radiation angle, counted from direction
of axis of radiation detector e,, y is the incidence
angle of an electron in the beam counted from the elec-
tron beam axis e;, @, is the angle between the move-

ment direction of incident photon and axis e,,

7 =1/1-V? s Lorentz-factor of the particle. The
angular variables are decomposed into the components

the divergence parameter of the beam of radiating elec-
trons.

Let us consider electromagnetic processes in the
crystalline medium characterized by complex permittiv-
ity

g(o,r) =1+y(o,r), 2)
where

200)=1@)+Y z,(@)explgn), z(o,r)

the dielectric susceptibility, y, (@)= x, (@) +iy,(®)
is the Fourier coefficient of the expansion of the
dielectric susceptibility of the crystal in reciprocal
lattice vectors g, and y,(w) is the average dielectric
susceptibility.

ANGULAR DENSITY DTR
IN ATHIN CRYSTAL

Let us write the expression describing the angular
densities of DTR generated by relativistic electron
crossing a single crystal plate in Laue scattering geome-

parallel and perpendicular to the figure plane: try [18]:
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yo = Lo , =gV /2sin 0 is the Bragg frequency, 0 is the Bragg angle.
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The parameter £ is an important parameter in (3); it
determines the degree of asymmetry of the reflection of
the field in a crystal plate with respect to the target sur-
face. Note that the angle of electron incidence on the

target surface & — @, increases when the & parameter
decreases, and vice versa.

Parameter bfs) characterizing the thickness of the
crystal plate is the ratio of half of the path of the elec-
tron in the target L, = L/sin(5 — 6, ) to the extinction
()

flection of the waves from the crystal, which is caused
by the nature of the interference of the waves reflected

from different planes (constructive (v ~1) or de-
structive (v ~0). The spectral function 7 (w)

rapidly changes with the frequency of the radiation
therefore this function is convenient for use as an argu-
ment in the diagrams demonstrating the spectra of PXR
and DTR.

The expression describing the angular densities of
DTR in Bragg scattering geometry derived in [16] has
the view

82

length L{). Parameter v can take the values in the
interval 0<v® <1 and determines the degree of re-
2
(s) 21,1 () ©
dNDSTR _ € ‘XG‘C Z(S)ZJ
dQ ), 2n’sin’6,

110

T e (£ —eJeoth?

dE® (w), (5)
bés) ’8 _ };(S)Z

€

ISSN 1562-6016. BAHT. 2017. Ne6(112)



1 l1+¢

sm(9 —5) b(s)_

c?
sm(0B +5) °

=[c0s26;|. &

Under a fixed value of @, the value ¢ (6) defines

the orientation of the crystal plate surface in relation to
the system of diffracting atomic planes. When the angle

of electron incidence on the target surface 6, +¢J de-
creases the value of 3 parameter can become negative
and then will increase in magnitude (in extreme case
J — —6;) that leads to increase in & . On the contrary,
when the angle of electron incidence decreases the value
of & decreases (in extreme case & — ;).

Let us consider the extreme case when the electron
path in the target expressed in extinction length is

b <<fe or b® >>/e. Let us write these ine-

qualities in view Ii_‘:) << 2Je L(:) >> 2./¢ - Because
ext ext

the parameter & in the real experiments possesses the
value 0.5 < & <3 the pointed inequalities practically

correspond to inequalities L, << L), L >> L%

ext ! ext
The extreme approximations of integrals of DTR
spectra for Laue and Bragg scattering geometries we
will obtain in following view
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The approximations (7) were obtained in [18].
Using the obtained approximations, we will derive
the angular densities of DTR in Laue and Bragg scatter-

ing geometries for conditions b <<e

b <<+/e correspondently
b{® <<e (5)2
dNI(Ds'lzR e WX g C 2(5)28 L (9)
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In the cases when b® >>+/g and bY >>+/e
the expressions (3) and (5) will take the view
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The expressions (9) and (10) describing the angular
densities of DTR in Laue and Bragg geometries are co-

incided in the case of b® << \/E Let us note that the

condition b® <<+v& means the length of electron
path in the target is considerably less than the extinction

length of x-ray waves in the crystal L, << L) that

ext
completely excludes repumping incident and diffracted
waves in each other.
If the electron path much more than extinction

b® >>.fe

(L, >> L(S)) then the DTR angular density in Bragg

scattering geometry (12) exactly two times exceeds the
density in Laue geometry (11).

CONCLUSIONS

In the present work, the expressions for angular den-
sity of DTR generated by relativistic electron in a thin
nonabsorbing target in Laue and Bragg scattering ge-
ometries have been derived. The expressions have been
derived also for conditions when the electron path in the
target is much less than extinction length of x-ray waves
in the target. It has been shown that in this case the ex-
pressions for DTR angular density in Laue and Bragg
geometry are almost coincided.

The expressions have been derived also for condi-
tions when the electron path in the target is much more
than extinction length of x-ray waves in the target. It has
been shown that in this case the DTR angular density in
Bragg scattering geometry exactly two times exceeds
the density in Laue geometry.
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CPABHEHUE BBIPAKEHUM IS YTJIOBOM IIJIOTHOCTH AU
B TrEOMETPUAX PACCEAHUA JIAYD U BPOITA

C.B. bnasxcesuu, P.A. 3azopoonwk, A.B. Hockoe

Beipaxxenuss g yraosoi mnotHoctu JIIM, reHepupyeMoro B MOHOKPUCTAJUIMYECKON MHILEHU PEISTUBUCT-
CKHMM 3JIEKTPOHOM, BBIBEJICHBI IS Cllydas reoMeTpuu paccesHus Jlays u bparra. IIpoBeneHo cpaBHEHUE MONyYeH-
HBIX BBIp&KEHHH. PacCMOTpEeHBI ABa SKCTPEMaNIBHBIX CIy4asi, KOT/Ja IMyTh 3JIEKTPOHA B MUIIEHH MHOTO OOJIbIIE HIIN
MHOT'O MEHBILIE AJIMHBI SKCTUHKIIUU PEHTI€HOBCKUX BOJIH B MOHOKPUCTAJLIE.

HOPIBHSHHS BUPA3IB JIJ151 KYTOBOI IIJIBHOCTI JINIB
B TEOMETPIi PO3CISIHHA JIAVE I BPETA

C.B. bnasicesuu, P.A. 3azopooniwk, A.B. Hockos
Bupaxenns it kyroBoi mineHocTi JII1B, reHepoBaHOr0 B MOHOKPUCTIIYHIN MillIEHI PEIATUBICTCHKUM €JIEKT-
POHOM, BHBEZEHI Ul BUMaAKy reomerpii poscisiHus Jlaye 1 Bpera. IIpoBeneHO MOpiBHSHHA OTPUMAaHHMX BHpas3iB.
Po3rsHyTO /1Ba eKcTpeMaibHi BHITAIKK, KOJIM LIISX €JIeKTpOHA B MillleHi Oararto Oinblie abo O6araTo MeHIIe JI0B-
JKIHN €KCTHHKIII PEHTTeHIBChKUX XBHIIb Y MOHOKPHCTAJII.
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