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The paper considers coherent X-ray radiation from a beam of relativistic electrons crossing a three-layer struc-
ture consisted of three layers: amorphous, vacuum, and single crystal. The possibility of constructive interference of
transitional radiation waves from different target boundaries contributing to the diffracted transition radiation is
shown. It is shown that small but appreciable changes in the thicknesses of the target layers do not lead to change
the constructive character of interference of the TR waves from the amorphous layer and the front surface of the
monocrystalline layer, i.e. the conditions for constructive interference are sufficiently stable to use them in practice.

PACS: 41.60.-m; 41.75.Ht; 42.25. Fx

INTRODUCTION

When an electron moving rectilinearly with steady
speed crosses a boundary between two media the transi-
tion radiation (TR) arises, propagating along the elec-
tron velocity. The great interest in the transition radia-
tion of the relativistic electron is due to the possibility of
its application as an alternative source of X-ray radia-
tion [2]. When the charged particle crosses a single-
crystal plate, the TR photons arising on entrance surface
of the plate diffract on a system parallel atomic planes
of the crystal forming in a narrow spectral range the
diffracted transition radiation (DTR) [3, 4] propagating
in the direction of Bragg scattering.

The transition radiation only from the entrance sur-
face gives the contribution to DTR. The transition radia-
tion from the outlet surface of the single-crystal plate
doesn’t take part in DTR formation. It does not allow
using the interference of these radiations to increase the
DTR radiation output. In the works [5 - 7] the theory for
coherent radiation generated by a relativistic electron
crossing various combined structures has been developed.
It was shown in these works that in the mentioned struc-
tures the spectral-angular density of DTR can be consid-
erably increased. The influence of the electron beam di-
vergence on the DTR spectral-angular density for single-
crystal target has been considered in the works [8, 9]. In
the present work, the process of coherent radiation in a
three-layer combined target consisted of amorphous,
vacuum and single-crystal layers by the beam of relativ-
istic electrons has been considered in two-wave approx-
imation of dynamic theory of diffraction.

1. GEOMETRY OF RADIATION PROCESS

Let us consider a beam of relativistic electrons
passing through a three-layer structure consisted of
amorphous layer, vacuum (or air) and single-crystal
layer (Fig. 1) with thicknesses correspondently c, a and
b. Let us denote the dielectric susceptibility of
amorphous medium as y, the average dielectric
susceptibility of the crystal as y, and the coefficient of
Fourier expansion of the crystal dielectric susceptibility
over the reciprocal lattice vectors g:
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Fig. 1. Radiation process geometry

Let us denote the angular variables y, 6 and 04 as
consistent with the definition of velocity vector V of
relativistic electron and unit vectors n (in the direction
of the momentum of photon radiated along the electron
velocity direction) and ng (in Bragg scattering
direction):

2 2
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where 0 is the radiation angle counted from the detector
axis e,, y is the angle of deviation of the electron from
the electron beam axis e;, 0 is the angle between the
propagation direction of incident pseudo photon of
coulomb field of the electron and the beam axis e,

)/:1/\/1_v2 is Lorentz factor of the electron. The

angular variables can be resolved into rectangular
components parallel and perpendicular to plane of the
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We will consider the radiation of a separated
electron in the beam crossing the three-layer structure at
the angle y(y , ,i,) to electron beam axis e;.

2. ANGULAR DENSITY
OF THE RADIATION

To reveal and analyze the effects which are not con-
nected with the absorption let us consider a simple case
of thin nonabsorbing target: y? =" =0. This consid-

eration is valid when the TR photon path in the amor-

phous medium & = © _is considerably less
sin(d—0;)

gle-crystal  layer of the composite  target

b _ b is considerably less than the photon
Sin(d+0;)
1

absorption length | ° = in the single-crystal lay-

c

er, ie. L <<L;,.. We will consider the X-ray waves

abs”
generation and propagation processes in a single crystal
in the framework of two-wave approximation of the
dynamic diffraction theory. By means of the procedures
analogous to presented in the works [5 - 9] we have
obtained the expression describing the DTR angular
density generated by relativistic electron in the consid-
ered three-layer target:
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When s=1 the expressions (3) describe the o-
polarized waves and when s=2 then z-polarized ones.

The functions F® and F*) describe the DTR an-
gular densities corresponding to the waves of transition

radiation generated in the amorphous layer and on the
entrance surface of the single-crystal layer correspond-

ently, and the function F"Ef) describes the interference

of these waves. The function RST)R describes the DTR
spectrum. The parameter & in the expression (4) de-
scribing the degree of asymmetry relative to the target
surface of electrical field reflection in the single-crystal
layer of the target is important for our theory. The ex-
pression for ¢ parameter includes the variable J, which
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denote the angle between the target surface and system
of diffracting atomic planes in the single-crystal layer.
The constructive interference of TR waves arising
on different boundaries of amorphous layer in vicinity
of Bragg frequency can cause the considerably increase
in angular density of DTR. The conditions of construc-
tive interference following from (3,b) can be written as:
%% A =(@n+)Z, (n=012...).(6a)
4sin(5 - 6;) 2
An additional increase in spectral-angular density of
DTR can be reached at the expense of the constructive
interference of the transition radiation waves from the
amorphous layer and the entrance surface of the single-
crystal layer, which will take the place under fulfillment
of the condition
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In the work [6] for DTR generated by a relativistic
electron crossing rectilinearly such a three-layer struc-
ture there was shown that the constructive interference
of TR waves leads to nine-fold increase in spectral-
angular density of DTR as compared with DTR from
only single-crystal layer in the case when each the layer
of the target has the same dielectric susceptibility.

The expressions (3) describe the angular density of
DTR of relativistic electron crossing the combined
three-layer target at angle w(y, ,y,) in relation to

electron beam axis e;. By the averaging of these expres-
sions over two-dimension function of the angular distri-
bution of the electrons in the beam we can find the an-
gular density of DTR normalized to one electron.

Let us average the expressions (3) over all possible
directions of the electron movement in the beam, for
example, according to two-dimensional distribution
function of Gauss:

y?

fy)=—2 e, ™
0

where v, is the parameter, which we will call by diver-
gence of the beam of the radiating electrons (see Fig. 1).
The angle y, defines a cone limiting the part of the
beam where the beam density decreases less than 1/e
times in comparison with the density on the axis of the
beam. Let us write averaged expressions for DTR angu-
lar densities corresponding to the waves of DTR gener-

ated in amorphous layer <Fl(s)> and on entrance sur-
face of crystalline layer <F2(S)> and their interference
term <Fir§f)>:
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3. NUMERICAL CALCULATION

We carried out the numerical calculations using the
obtained expressions (8). The calculation was carried
out for the beam of the relativistic electrons with energy
E=250 MeV crossing the three-layer structure consisted
of the amorphous carbon layer C, of vacuum layer and
of a single-crystal Si(111) layer. We assumed that the
electron beam crosses the single-crystal layer under
conditions of symmetric reflection, i.e. the system of
reflecting atomic planes in the crystal situated perpen-
dicularly to the crystal layer surface (6==n/2, e=1) and
wp=8 keV, #z=14.5°. We considered o-polarized waves
(s=1, 6,=0). Under the conditions indicated above we
considered the dependence of DTR angular density on
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electron beam divergence. We have chosen the thick-
nesses of the layers as ¢=4.1 um for amorphous layer,
a=19 um for vacuum layer which satisfy the condition
(6a) (under n=0) and the condition (6b) (under condition
m=0) for constructive interference of TR waves in the
maximum of DTR angular density (6=y '~2 mrad). In

this case, we have LS ~4.2 um, ¢ =~700 um,
L ~21um, L2 ~71um, which imply that:
L° <<LS,, and L} <<L?,, i.e. we have a right to ig-

nore the photon absorption in this case and use (3).

The curves in Fig. 2 plotted by formula (8,a) with
considering (3) demonstrate the dependence of angular
density of DTR in the considered three-layer structure
on value of divergence angle y.

C—vacuum—Si(111)
0015 " -

NG,
Q)

photon 0.01;
electron sr.

c=4.lpm
a=19 pym
b=2um

WY, =0.1mrad
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0:=14.5°
®,=8keV

8 10
0., mrad

Fig. 2. DTR angular density under different values
of the electron beam divergence i/,

In Fig. 3 the curves plotted by formula (8,a) with
taking into account (3) demonstrate the contribution of

TR from the amorphous layer <F1(1)> and the front sur-
face of single-crystal layer <F2(1)>, and summand de-
scribing their interference <Fn(1?> to the DTR angular

density <F[§1T)R> under (=0.1 mrad (see Fig. 2).
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Fig. 3. The contributions of TR from amorphous layer
<Fl<1J> , from front boundary of the single-crystal layer

<F2(1)> and their interference summand <Fir(]?> to DTR
angular density <|:|§1T)R>

One can see in Fig. 3 the considerable contribution
of TR from amorphous layer and from forward surface
of crystalline to the angle density of DTR. Solid curves
are plotted under the condition (6,a) and (6,b) which
correspond to the case of constructive interference of
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TR waves. The dashed curves in Fig. 3 are plotted under
condition (c=5um and a=17 pm) slightly changing
from condition of constructive interference. As it is seen
from Fig. 3 these changes in thicknesses of layers not
lead to sharp change in character of interference from
constructive to destructive.

So, small but appreciable changes in the thicknesses
of the target layers do not lead to such a change in the
character of the waves interference from the amorphous
layer and the front surface of the monocrystalline layer
that to turn it from constructive into destructive. Be-
cause of this fact, we can expect the possibility of ex-
perimental observation and investigation of interference
effects in the coherent radiation in the considered three-
layer target by the beams of relativistic electrons.

CONCLUSIONS

In the present work, the diffracted transition radia-
tion generated by a beam of relativistic electrons cross-
ing a three-layer target consisted of an amorphous layer,
a layer of vacuum and a single-crystal layer has been
considered. The expression describing the DTR angular
density has been derived. The conditions of constructive
interference of the TR wave from different boundaries
of the layered target have been defined. The averaging
of the expression of DTR angular density over all possi-
ble trajectories of electron in the beam has been carried
out. The calculations of the distribution of DTR angular
density have been done for the electron beam with an-
gular distribution described by the two-dimensional
distribution function of Gauss. It has been shown, that
slight changes in the thicknesses of the target layers do
not destroyed the constructive character of the waves
interference radiated from the amorphous layer and
front surface of the monocrystalline layer.
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YIJIOBASA IIJIOTHOCTDb JU®PATTPOBAHHOT O IEPEXOJHOI'O U3JIYYEHUSA ITYYKA
PEJISTUBUCTCKHX JIEKTPOHOB B COCTABHOM MUIIIEHU

C.B. bnaxcesuu, P.A. 3azopooniox, C.H. Hemues, A.B. Hockog

PaccmaTpuBaeTcss KOTepeHTHOE PEHTI€HOBCKOE M3ITydEeHHUE ITydKa PENISITUBUCTCKUX 3JIEKTPOHOB, ITE€PECEKAIONINX
TPEXCIOMHYIO CTPYKTYPY, COCTOSIIIYIO U3 TPEX CJIOEB: aMOp(HOT0, BAaKyyMHOTO U MOHOKpHcTajummyeckoro. [Toka-
3aHa BO3MOXKHOCTh KOHCTPYKTUBHOM MHTEp(EPEHINH BOJH MEPEXOJHOTO M3ITyUCHHS OT PAa3HBIX I'PaHMI] MUILICHH,
JIAlOUIMX BKJIa] B AM(parupoBaHHOE MepexoiHoe u3inyueHue. [lokazaHo, 4To HeOObIINE U3MEHEHHUS TOJIIIMH CJIOEB
CTPYKTYPBI HE IPUBOJAT K CYIIECTBEHHOMY M3MEHEHHIO KOHCTPYKTUBHON MHTEpdepernnu BoiH [IU u3 amopdroro
CJIOS M TIepeIHEeH MMOBEPXHOCTH MOHOKPHCTAJUIMYECKOTO CIIOS, TO €CTh YCIOBHSA KOHCTPYKTHBHON MHTEp(hEpEHITNH
JOCTaTOYHO CTaOMIIBHBI AJIS TOTO, YTOOBI HCIIONIB30BATh UX HA MPAKTHKE.

KYTOBA HIVIBHICTb JIU®PAI'OBAHOTI'O INEPEXITHOT'O BUITIPOMIHIOBAHHS ITYYKA
PEJIATUBICTCBKHUX EJIEKTPOHIB Y CKJIAJEHIN MIIIEHI

C.B. bnaxcesuu, P.A. 3azopooniox, C.H. Hemues, A.B. Hockog

PosrisinaeTbess KOrepeHTHE PEHTIeHIBChbKE BUIIPOMIHIOBAHHS ITydKa PEISITUBICTCHKUX €JIEKTPOHIB, 110 MEpEeTH-
HalOTh TPHUILAPOBY CTPYKTYPY, SIKa CKIIaJa€Thcs 3 TPHOX MIapiB: aMOP(HOTo, BAKyyMHOTO 1 MOHOKPHCTJIIYHOTO.
[TokazaHa MOXJIMBICTH KOHCTPYKTHBHOI iHTep(epeHmii XBIIb EepPexXiTHOro BUIPOMIHIOBaHHS BiJl PI3HUX MEX Mi-
IIeHi, 10 Aaf0Th BKIaJ y AudparoBane nepexigHe BUMIPoMiHioBaHHs. [lokazaHo, 0 HEBEJIWKI 3MiHW TOBIIIMHU I1a-
piB CTPYKTYpH HE NMPHU3BOIATH 0 iCTOTHOI 3MiHM KOHCTPYKTHBHOI iHTepdepenii xBunb 1l 3 amopdroro mapy i
MepeHbO] MOBEPXHI MOHOKPUCTAJIYHOTO Iapy, TOOTO YMOBH KOHCTPYKTHBHOI iHTep¢epeHIii 1ocuTh cTabiibHi
JUTS TOTO, III00 BUKOPHUCTATH iX Ha MPAKTHIIL.
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