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A theory of coherent X-ray radiation of a relativistic electron crossing the artificial periodic medium in the Laue
scattering geometry is constructed. The expressions describing the spectral and angular characteristics of radiation
in the direction of Bragg scattering are obtained and investigated. By analogy with the radiation emission in a
crystalline medium this radiation is considered as the result of coherent summation of the contributions of two
radiation mechanisms: parametric (PXR) and diffracted transition (DTR). It is shown that the yield of DTR from
layered target can be more than one order higher than the yield in single crystal radiator, under similar conditions.
The manifestations of the Borrmann effect for DTR in the artificial multilayer environment are demonstrated for a

Laue scattering geometry.
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1. INTRODUCTION

When a charged particle crosses the entrance sur-
face of the crystal plate the transition radiation arises
(TR) [1], which then is diffracted by a system of par-
allel atomic planes of the crystal, forming the dif-
fracted transition radiation DTR [2-4]. At the same
time a charged particle Coulomb field is scattered by
a system of parallel atomic planes of the crystal, cre-
ating a parametric X-ray radiation (PXR) [5-7]. In
the scheme of the symmetric reflection when the sys-
tem of diffracting atomic planes is perpendicular (in
the case of Laue scattering geometry) or parallel (in
the case of Bragg scattering) to the surface of the
crystal plate, the radiation mechanisms in the two-
wave approximation of dynamic diffraction theory
were considered in [8-11]. In the general case of asym-
metric reflection of the radiation from the plate when
the diffracted atomic planes make an arbitrary angle
with the surface of the plate, the dynamic effects of
PXR and DTR are considered in [12-15], where it was
shown that by changing the asymmetry of reflection,
we can significantly increase the radiation yield. Tra-
ditionally, the radiation of a relativistic particle in a
periodically layered structure was considered in the
Bragg scattering geometry for the case where the re-
flecting layers are parallel to the entrance surface, i.e.
for the case of symmetric reflection. The radiation in
a periodic layered structure is usually viewed as res-
onant transition radiation [5,16]. In the works [17],
the radiation from an artificial periodic structure was
represented as the sum of diffracted transition radia-
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tion (DTR) and parametric X-ray radiation (PXR).
In the cited works the radiation of relativistic parti-
cles in an artificial periodic structure was considered
only in the Bragg scattering geometry for the special
case of symmetric reflection of the particle field with
respect to the target surface, when the diffracted lay-
ers are parallel to the target surface. In the present
paper we consider the coherent X-ray radiation scat-
tering in the Bragg direction generated by relativistic
electron crossing the artificial periodic structure in
the Laue scattering geometry. By analogy with the
crystalline environment the coherent radiation is con-
sidered as the sum of PXR and DTR contributions.
On the basis of two-wave approximation of dynamic
diffraction theory [18] the expressions describing the
spectral and angular characteristics of radiation are
derived.

2. AMPLITUDE OF THE RADIATION

We analyze the radiation emitted by a relativis-
tic electron passing through a multilayer structure
(Fig.1) consisting of periodically arranged amor-
phous layer with thickness a and b respectively (is
the structure period) with the dielectric susceptibil-
ity x, and x; respectively.

We consider the equation for the Fourier trans-
form of the electromagnetic field

Ek,w) = /dtdSrE(r,t) exp(iwt —ikr). (1)

We use the two-wave approximation of dynamic dif-
fraction theory, in which the incident and diffracted
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wave are considered on equal grounds. Since the elec-
tromagnetic field associated with a relativistic parti-
cle can accurately be considered as transverse both
incident Eq (k,w) and diffracted Eg(k,w) electromag-
netic waves are determined by two amplitudes with
different values of transverse polarization

Eo(k,w) = BV (k,w)el) + B2 (k,w)el?

(2)

and eéQ)

Eg(k,w) = BV (k,w)el! + ER) (k,w)el”

where the unit vectors of polarization egl)

(W2 (14 x0) — K2)ES) + wy_gCOES) = 8n2%iewdV P*5(w — kV),
wixgCESY + (2 (1+x0) — K2)EEY =0,

where xg, x—g are coefficients of the Fourier ex-
pansion of the periodic structure dielectric suscepti-

Xx(w,r) = ng(w)exp(igr) =

The values C® and P? in the system (3) are de-
fined as follows

) =elel” ¢ =1,0? = cos 205,

PO = ef(u/u), PY =sinp, PO = cosp, (5)

where © = k — wV/V? is the component of the
virtual photon momentum perpendicular to the
particle velocity V, u = wf/V,0 < 1 is the an-
gle between vectors k and V,0p is Bragg angle,
¢ is the radiation azimuth angle measured from
the plane formed by the velocity vector V and g

Fig.1.  Geometry of the radiation process and
the system of the using parameters notations, 6
and 0'are the radiation angles, 6p is Bragg angle,
kand k, are wave vectors of incident and diffracted
photons

The vector g length can be also expressed through
the Bragg angle #p and the Bragg frequency wp:
g = 2wpsinfp/V. The angle between the vector

“”/—\2’ and the wave vector k of the incident wave is

are perpendicular to vector k , and vectors egl) and

e§2) are perpendicular to vector kg = k + g. Vectors

eég) and egg) lie in the plane of the vectors k and kg

(m-polarization), and vectors eél) and egl) are perpen-
dicular to this plane (o-polarization). The vector g is
defined similarly to the reciprocal lattice vector in the
crystal - it is perpendicular to the layers of protection,
and its length is equal to g = Z%n, n=0,+1,+£2,---
The equations for the Fourier transform of the
electromagnetic field in a two-wave approximation of
dynamical diffraction theory have the form [19]:

bility over the reciprocal vectors g:

D (e (w) + ixg(w)expligr) .

(4)

marked 6 and the angle between the vector “"/—‘; +g

and the diffracted wave vector kg is indicated as
0'. The system (3) under s = 1 describes the fields
of o-polarization, and under s = 2 the fields of 7-
polarization. The values xo and xg are defined as
follows:

(@) = 2xat =
XOW—TXa TXba

_ exp(—iga) —1
Xg(w) = S (Xb — Xa)
;o a 2/ nm_ Q@ 21/
Xo = TXa + TXb? Xo = TXa, + TXb
2sin(%)
Re\/XgX—g = Tz(xg - Xiz)a
2sin(Lt)

Im/XgX—g = TZ(XZ/ —X1). (6)

By solving the dispersion equation following from the
system (3)

2
(0* (14x0) k) (w® (14 x0) — kg) —*x—gxgC®" = 0
(7)

with the use of standard methods of dynamical the-
ory [18], we find the expression for k and kg:

E=wy14x0+ Ao, kg =wy/1+ X0+ Ag,

w 2
/\(gl,Q) _ Z(ﬁi \/52+4ng_gc(s) %)’

(8)
9)

A =0 0 (B 52+ dxex—C©° 18), (10)
4vg Y0

where 8 = a — xo(l — ), o = (kI — k?),

Yo = €0S g, Vg = COSPg, Yo - the angle between the
wave vector of the incident wave k and vector normal
to the surface of the plate n, 1 is the angle between
the wave vector kg and the vector n (see Figure 1).
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Dynamic additions Ao and Ag for X-ray wave vectors
are related by formula

wpf

’Yg
Ao
B +

’Yo

Ag = (11)

|[\g] < w, one can show that § ~ 60" (see Fig.1),
therefore further we will use the notation for both of
these angles.

We represent the solution of the system of equa-
tions (3) for the diffracted field in a periodic structure

Since the dynamic additions are small: |[A\g|] < w, in such a form:
Eés)medium _ ,871—22.6‘/0})(5) 5 W2ch(s) X
1 2
v 4%()‘g_>‘(g))(>‘g_)‘(g))
)+ EOVs00 AWy L EOP s @
x0(Ag = Ag) + EY T0(Ag = Ag)) + B T 0(0g =AY, (12a)

(7724-32—)(0) _ wﬁ + Wng

where \§ = w =
)

~v =1/v/1 — V?2-Lorentz factor of the particle, Eé )

*
» Ag

8r2ieVoPs) 1

82

2
and Eés)( : are free diffracted fields in the multilayer
target. For the field in vacuum in front of the radiator
the solution of (3) has the form:

ieVoP®) 1

E(()s)'uac[ _ 6(/\0 - )\(0*)) _

w —X0— 2Xo

where we use the relation §(Ag — A§) = 7755()‘5 -
Ag)- The diffracted field behind the radiator in vac-

uum is as follows:
wXo

Ag + 2

Eés)vac 5

_ EéS)Rad(S(

) (20

where EéS)Rad is the field of coherent radiation in
the direction close to the Bragg direction. From the
second equation of the system (3) we can derive the
expression relating the incident and diffracted fields
in the medium:

(s)medium __ 2w}‘g (s)medium
Ef = Gt . (13)
To determine the amplitude of the field E(S)Rad we

d(Ag —Ag), (12b)

o

Ve

w

(_XO_ 2’Yo>\ —|—,37°)

surfaces of the multilayer plate:

/E(gs)vacld)\o _ /EOS)mEdiumd)\O, (14@)
/ Epmedivm iy, = 0, (14b)
/E(s)mediumem (ﬁ L)Yd)\., =
g Pt ) g
Te
A
:/Eés)“acexp(i7g L)d\g. (14c)
g

We will present the radiation field in the form of two
terms:

use the boundary conditions at the entrance and exit (S)R“d E(S))(R + ES)TR, (15a)
s 8r%ieV P 2xgC) 1
Btk = -T2 )
0 s)_'g
8E\/ﬂ +4ngigC( )’Yo 0 Yo
1— eap(—ide )
— exp(—i
% (2’;g _ (ﬁ _ \/ﬁ2 + 4nggo(s)'7g) X
Ay — Ag o
1 (—ides )
— exp(—1—E——=- L
X (J)g ]e:vp [ (% +Ay)— ] (15b)
Ay — g Vg
(s) 8r2ieVHP) ch(s w w
EDTR - _ —9\* 2)\* X
w o) \/ﬁQ + dxgX— gC(é) e wXo 0
AW A A I
x |exp | —iZ2—"5 L | —exp s 8 exp {z (LXO + )\;) ] . (15¢)
e e 2 Vg
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The expression (15b) and (15¢) represent the am-
plitudes of the radiation fields, similar to the ampli-
tudes of PXR and DTR in a crystal. The DTR is the
result of diffraction by a periodically layered artificial

structure of the transition radiation, which is gener-
ated on the front surface of the target. For further
analysis of the radiation, the dynamic addition (9)
can be represented as follows:

) _ “halc® £l) _ i (1—e)
g 2 2
1-— 1—¢)2
i\/f(s)Q + & — 2ip() (( 5 E)f(s> + KJ(S)E) — ()2 (( 45> + /<;(S)25>>7 (16)
where £05) = n(®) (w) 4 ﬁ,
7 (w) = @ _ sin® 0 gT <1 ~ w(l —#fcospcot 9b)>
2| Rey/XgX—g| C — VEOE) |y, = X0 [sin (%) wp ’
) — C® Re\/Xgx—g _ 2C) |sin(%)| | X} — x4
X0 B g ax’, +bx, |’
&) = Xo _oaxg by g
|R€\/XgX—g‘ CE g = x,|C) 2 |sin (%” ,
o XgCW 200 sin (9| | xp —xa | __ s an
X0 g axg +oxy |

An important parameter in (17) is the parame-
ter that determines the degree of the field reflection
asymmetry relative to the target surface, which can
be represented as

sin(d + 0p)

~ sin(6 —0p)’

where 0p is the angle between the electron ve-
locity and reflective layers, & - the angle be-
tween the target surface and reflective lay-
ers. Note that the angle of electron incidence
on the target surface increases when the pa-
rameter decreases, and vice versa (see Fig.2).

€>1

(18)

€=1

£<1

Fig.2. Schema of the asymmetric (¢ > 1 and
e < 1 cases) reflection of the radiation from the
crystal plate. The case (€ = 1 ) corresponds to the
symmetric reflection

3. SPECTRAL-ANGULAR RADIATION
DENSITY

Substituting (16) for )\_5,1’2) into (15b) and (15¢), then
substituting (15b) for EI(DS))(R and (15¢) for in the well-
known [19] expression for the spectral-angular density
of X-rays

2
2
— w2 (27)"0 Z ’Eés)Rad

s=1

d*N

Y lwdQ (19)

we will obtain the expression for summands, describ-
ing the contributions to the spectral-angular density
of the radiation of the mechanisms PXR, DTR and of
the summand, which is the result of the interference
of these radiation mechanisms.

(s)
Cl £ P —
dwd) 4n2 (02 +~72 = x))°

(20a)
1+ emp(— 26 o ADY — 2eap(—b© &) AD) cos (b<s> (0<s> v/ >)
RS;(R = B} X
(0-(5) 4+ ovEe \/652*5) + p(S)QA(l)Q
2
+e€
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dzNS%R e? 2
Z2DTR _ = p(s)©p2
YTlodQ T an?

2
_ 1 R
02 +~=2 92 4~"2 ] DTR>

(21a)

(s) 452 (s) ()1+€ . 92 ()(V£2+€> 2 (s) ()(1—5)5(8)"‘25&(5)
R =———exp|—b¥p"¥—— ) x |sin” | ') ~— 2 | 4+ sh* | B'¥p"®
DTR 2 ’
& +e € € 2e\/&? + ¢
(21b)
where
A _E +1 1-—¢ £ _ (%)
2e 2e \/5(5)2 te \/5(5)2 4
1 1 02 1
(s) — =~ (62 -2 _ =— [ — + ——
o = + Xo) = ( + + 1) )
Ix’gIC(s)( o= 7o \ el T 721
p(s) — W|Re\/XgX—g|C(s) £ (22)
2 Yo

The expressions (20)-(21) constitute the main re-
sult of this work. They are obtained in two-wave
approximation of dynamic diffraction theory, taking
into account the absorption of radiation in the layered
plate substances and the orientation of the diffract-
ing layers relative to the surface of the plate. These
expressions allow us to investigate the spectral and
angular characteristics of radiation depending on the
energy of relativistic electrons and on the parameters

of the artificial periodic structure of the target.

4. ANALYSIS OF DTR WAVE.
BORMANN EFFECT

Since two X-ray waves determine the DTR yield, for
the analysis of their contributions to the radiation
spectral density it is convenient to represent the ex-
pression (21b) in such a form:

2 () (s) 1t+e_ (1—)&(®) 4205 (s) (s) 1te , (1—e)e(®) 42ek(s)
—b 1te  (1—e)8 7 42en'?) —b 1te | (A=) 7 H2en )
gy [ SRS g e
fw) +e¢

_p(s) j(s) 1+e
—9.e7 0P bos

When consider the expression (23), one can see
that the terms in brackets successively describe the
waves belonging to the first and second fields, and

2

(s) € — L (s) —L¢ (s)
R = — |¢ FHy + e fH2

DTR {(w)z T

where

() _ l+e  (1—e)f® + 2k
M1 Ho B NCET

T+e  (1—¢e)e® 4 25

/Lés) = Mo 2 9 62 ’ (25

+e

where Ly is the path of a photon in a crystal,
po = wxg- the linear coefficient of X-waves absorp-

L(S) —

ext
- the length of the X-waves extinc-

tion in the averaged amorphous medium,
tion in a periodic medium. The formula (24) clearly
demonstrates the dynamic Borrmann effect arising
during the passage of X-rays DTR through a peri-
odic medium. Namely, in the X-ray scattering in a
periodical medium the abnormal weak absorption is
observed for the first wave field ;) < po (i.e. anom-
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— 2. e Lrno(5) ~COS< L(f) \ §2+5>
LS

(23)

(26“”@)} |

their interference. Next we write the expression (23)
in a more demonstrable form of

; (24)

ext

alous transmission of the first field X-rays) and abnor-
mal strong absorption for the second one ués) > L.
By this reason, for the sufficiently large photon path
in the substance of the plate the DTR only by one
of the fields in a periodic structure will be formed,
namely, by the field with effective absorption coeffi-

cient ().

Physics of the Borrmann effect [20] consists in the
formation of the standing waves from the incident and
scattered waves, whose antinodes are localized in the
regions of space with a lower electron density for one
of the waves (first term in (23) and (24)) and in the
regions of space with a higher electron density for
second wave (second term in (23) and (24)). Para-
meter £(*) appearing in (25) determines the degree
of manifestation of the Borrmann effect in the anom-
alous X-ray waves passing through a periodic struc-
ture. As in the case of free X-ray waves in crystals,



a prerequisite for manifestation of the effect of DTR
in layered medium is the condition x(®) ~ 1, corre-
sponds to the minimal value of the linear absorption
coeflicient ugs). Next, we will carry out a numerical
analysis for each of the waves and of their interfer-
ence term separately. For this purpose the expression

(23) we write in the following form

W= O+ 19 4 RG (200
e 2 _p)pe) 1t A=) yaen(®)
s) _ e € eV/E24¢ ,
b W) e
(26b)
. &2 —p() plo) 1+S+M
Ré ) E(w)g + ge eVEZte ,
(26¢)
(s) 22 epmie (20092 +¢
Ry = ———=—¢ B e —
§w)" +e¢ €
(26d)

We will carry out the calculations for o-polarized
waves, i.e. for s = 1. In order to get demonstra-
ble results, we will consider the case when the layers
are of equal thickness a = b = T/2. We will consider
the reflections, that correspond to g = 2% In this
case, the parameters in the expressions (26) will take

the following values:
.O_w>+
wB

2msin?(0p)
W _T, ‘M

IXb — Xal
Km:2’m Xa _
7r 2 Xy~ Xa

Xb+Xa

1—¢

§(w) = 5,0

L _ 2 Xo = Xal| 1) _ WB.|XZ — Xal L. (27)
T X+ X 27 sin(§ — 6p)

For a thin target (b(") = 5), the curves drawn

by (26), are s hown in Fig.3 describing the spec-

tral density of the DTR (for wp = 8keV) in
the artificial periodic structure consisting of amor-
phous layers of beryllium (Be) and tungsten (W).
We see in this case, that the DTR is formed by
the fields of two waves in a periodic structure,
whose contributions in the spectral distribution
are of comparable magnitude which will cause a
strong interference of these waves. The interfer-
ence term brings oscillations in the spectral density.

3 a_ &-3 s
Be W b=5 ag=10°pm
& bw=107"pm
. R® R E=500MeV
DIE =8 keV
0,=2.2°
. oo 8—4.5°
L i :I 5 . 5 — SmpTe
& \-7600 v 7800 "3000 . 82007~ -~
e k! o EV) hid
1 5 ’
kY /km
I it
Fig.3. The contributions of the two fields,
1 1 T
Rg ) and Ré ), and of their interference term
1) . .
Rf% into the total spectral density of DTR

ROyp =R + RY + RY)

int

With increase of the target thickness one of the
waves decays rapidly (Figs.4, 5), while the other
one traverses the target without a significant de-
crease in amplitude. Under these conditions the
contribution of the interference term markedly de-
creases and the spurious peaks in the spectrum are
attenuated and then completely disappear (Fig.6).

7 Be W

(]
RDTR

-0.2

Fig.5. The same as in Fig.4 for bigger target thick-
ness

®
e Roe b’=25

0.4

0.2

7600

© (eV)

-0.2

Fig.6. The spectral density of the relativistic elec-
tron DTR for different values of the target thickness

It should be noted that the spectral curves in Fig.5
and Fig.6 are constructed for a large target thick-
ness, when the photon path length is longer than the
average photo-absorption in an amorphous medium
labs = /T’ which corresponds to the conditions of the
Borrmann effect manifestation in an artificial peri-
odic structure. We should note also that with the
increase in target thickness the monochromaticity of
DTR grows.
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5. ANGULAR DENSITY OF DTR AND
PXR

For the case of o- polarized waves the expressions (20)
and (21) describing the spectral-angular distributions
of PXR and DTR take the form:

dZN(l) 62 02
dwgéR - m - Ix’ x4 | 2 Rpxr, (270,)
<Qi 2 Xa Xl )
2
R B ¢(w) 1+ e~ 2WpWAM _9o=bWpWAl (b(l)Q(l)(w)) o
pxr=|1- 5 3 ; (27b)
VEw) +e QW (W) + (p=)AM)
2
BN, e 1 1
— PXR _ 42 R 28
dwdQ  — 4r2 E\ 62 4472 62 + 42 4 el bTH (28a)
g2 +e
Rprr = ————exp <b(1)p(1)> X
W)’ +e €
( §(w)? + 6) 1— 9e(D)
w fsin? (B0 T T e (o p (L )E() F 2en : (28b)
€ 2e\/E(w)2+¢
where o _ T |xytxa
p 2 XI/ _ X//
AV (w) = (0,7) + (¢(w) - VE@P2+¢) /e, v X
m —2, Ixa W _ 2 |xa—Xa
09,7=<92+72+“ v =
O =rg =\ 2 T X+ Xa
A(l):1+€—17€ § _ K',(l) 7 |/ |
2 2 &2 1e €2+ b(l)—%L 0, =0sinp.  (29)
£(w) 27 sin?(0) (1 w )+ 1—¢ e B
wy=— =2 .(1 - — —
IXh — Xl 2v() The angular densities of PXR and DTR of rela-
@ _ 2 |xy—xa Xa tivistic electron in periodical multilayer plate can be
= X!+ X! written in the following way:

dNI(gl))(R _ e?

d)

¢!
dN DI)“R ¢’

dQ  4rx2 -t

To bring into comparison the angular radiation
densities in artificial periodic and crystal media in
approximately equal conditions, we write the expres-

62 dw
) = N2 /RPXRZ7 (30a)
(93 _|_,>/_2 T ‘Xa;"xﬂ)
1 | ’ d
w
—0% - Rprr— 30b
<0i + 2 02 +42+ |x;42r>d,|> / DTR" ; (300)

sion for the angular density of DTR in the crystal for
- polarized waves in the following way:

% _ 1 1 2/R dw o
dQ  4r2 P\ 02 442 02 142y DTR
Here the notations corresponding to (26) have the form
" ” /
m_Xe m_ Xo 1)_Xe s 1 52 P
K ’ - ’ - ) Y + Yy X
Xo DA X0 6,7) = el (01 0)
26in(65) . w.  1-c ,
f(w) = W . (1 — E) + op (D) 0 0 sin ©. (32)
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By formulae (30 b) and (31) the curves of
the angular density of DTR (wp = 8keV)
in the crystalline tungsten (W) target (see
Fig.7) and DTR in an artificial periodic struc-
ture consisting of amorphous layers of beryl-
lium Be and tungsten W (Fig.8) are constructed.

2-107

W(110) l£=3 E=500MeV
; (1)Cr ” -
dNprr Lioe=16.6pm L l-tpm_
Py @s=8keV
0:=20°
ph/e-sr 8=37"
10"
0 5 10 15

9 iR mrad

Fig.7. The angular density of DTR of the rela-
tivistic electron crossing a plate of single crystal (W)

The paths of the electron L. = 50um and of DTR
photon L¢,; = 16, 6p4m in the target have been chosen
the same for both the cases. As it follows from Fig.7
and Fig.8 the angular density of the DTR in the
artificial periodic structure is more than three orders
of magnitude greater than the angular density of the
crystal DTR in the crystal under similar conditions.

0.8 —_—
€=3 ap.=10"pm
AN Be: V¥ Le=50pm bw=10"pm
—2TR Lio=16.6pm  E=500MeV
dQ L=2pm
e =8 keV
ph/e-sr 0:=2.2°
8=4.5°
0.4
02
g 5 0 10 15
i mrad

Fig.8. The DTR angular density of the relativistic
electron crossing the artificial periodic structure (Be
W) under the conditions close to the ones which
presented in Fig.7

The curves in Fig.9, constructed by the formula
(27) demonstrate the DTR spectra in the artificial
periodic structure for different observation angles.
As it follows from Fig. 9, the frequency of the DTR
considerably depends on the observation angle that
leads to the radiation monochromaticity degrada-
tion. Curves in Fig. 10, constructed by the formula
(28), show the spectra of DTR at two different an-
gles of the observation. It follows from Fig. 10, that
DTR is more monochromatic than PXR, which is
interesting from the standpoint of creating an in-
tense quasi-monochromatic X-ray source. It should
be noted that the curves in Fig. 10, as in Fig. 8 are

built under the conditions when the Bormann ef-
fect is pronounced in artificial periodic structure.

1000
d*N Be W £€=3 Ap= 10'§llm
® o 0,=10mrad Le=50 pm by=10"pm
dercl€d soo L= 166um  E=500MeV
L=2pm
600 ;=8 keV
0:=2.2°
8=45°
400
0,=2mrad
200 0,=15mrad
8000 8500 9000 9500
@ (eV)

Fig.9. The spectra of the PXR at different
observation angles

Let us consider the effect of reflection asymme-
try in the field relative to the target surface on
the spectral-angular characteristics of the DTR.

15

Be W R
ag.= 10" pm
by= 10" pm
E=500MeV
L=2pm
s=8keV
0:=2.2°
5=4.5°

€=3
e=50pm
L= 16.6 pm

® d i NDTR
dodQ)
10

0,=2mrad

8000 9000

@ (eV)

Fig.10. The spectra of the DTR at different
observation angles

Figs. 11 and 12 show curves similar to curves con-
structed in Figs.8 and 10, but for the other value
of the asymmetry parameter €. The length of the
photon path L, = 16,6um is taken the same in
both the cases. We can see that the width of the
DTR spectrum increases with the increase of asym-
metry (see Fig. 12), which leads to an increase in the
angular density of DTR (11). This effect is due to
the dependence of the linear absorption coefficient
of the first field (25) on the asymmetry of reflection.
2
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E=500McV
L=2pm
wz=8keV

0:=2.2°
8=2.9

Be W £=85
Le=140pm

Ligor=16.6 pm

@
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dQ
1.5

ph/e~sr

0.5

10 15
BJ_ mrad

Fig.11. The same as in Fig.8 under other value of
asymmetry parameter €
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0,=2 mrad 8=2.9
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Fig.12. The same as in Fig.10, but for other value
of asymmetry parameter €

Let us consider the opportunity to optimize the
DTR yield, choosing a target thickness value L.
For this we construct the dependence on the tar-
get thickness of the angular density of DTRI at
a fixed angle of observation (Fig.13). As it is
seen in Fig.13, when the target thickness in-
creases the density of PDI at first increases but

then decreases because of absorption in medium.
8 Be W ag.=10"pm
by=10°pm
E=500MeV
®s=8 keV
95=2.2“

3=45°

€=3
0,=2mrad
dNpre
dQ
ph/e=sr
4

0 0.2 0.4 0.6 0.8 1
L (um)

Fig.13. The dependence of the DTR yield on the
target thickness for a fixed observation angle 0

The oscillations observed in the dependence of the
radiation angular density on target thickness re-
flects the process of energy transfer from the inci-
dent wave to reflected wave and back. The target
thickness corresponding to the first maximum in
the curve of the DTR angular density is optimal
for the target as a radiator. We present the cal-
culated curves for the angular density of DTR and
PXR at the optimum target thickness in Fig.13. As
it seen from Fig.14, the angular density of DTR
is significantly higher than the angular density of
PXR in the same target and more than 10 times
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higher than the angular density for the DTR in
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10
ag=10"pm
dN® w=10"pm
Qo 3 E=500MeV
@ =8keV
0,=2.2°
6 8=4.5°
ph/e-sr
4
2
0 T 5
Fig.14. The comparison of the DTR and PXR

densities for optimal for DTR thickness of the target

6. CONCLUSIONS

A theory for the coherent radiation of the relativis-
tic electron crossing an artificial periodic structure is
constructed for the case of Laue scattering geometry.
The expressions for spectral-angular characteristics
of the radiation in Bragg direction are derived and
investigated.

The contributions to the DTR yield of two X-ray
waves, which are responsible for DTR formation, are
studied. It is shown that with increase of the target
thickness, one of the waves is absorbed anomalously
strongly and the other wave abnormally weakly, i.e.
the Borrmann effect is manifested in DTR in an ar-
tificial periodic structure in the Laue geometry

Based on these expression it is shown that the
angular density of diffracted transition radiation in
layered target is more than one order higher than
the density for a single crystal radiator under similar
conditions.

It was found, that DTR in artificial periodic
structure is more monochromatic than parametric X-
radiation (PXR). In this connection, DTR mecha-
nism may be more promising in terms of the building
a new intense tunable X-ray source on the basis of the
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JNMHAMUWYECKAA TEOPU A N3JIYVUHEHN A PEJIATVNBUCTCKOI'O 9JIEKTPOHA
B IIEPUONYECKOI CJIOUCTOMN CPEJIE B TEOMETPUU JIAY?S

C.B. Baaowcesuu, IO.I1. I'nadxux, A.B. Hocxos

ITocTpoena Teopust KOT€PEHTHOTO PEHTTEHOBCKOTO M3y YeHHS PEIATHBACTCKOrO 3JIeKTPOHA, IEPECEKATOIIEro
HUCKYCCTBEHHYIO IIEPUOAMIECKYIO cpeny B reomerpun paccesaus Jlays. [losyuensr u ncciieoBaHbI BhIpaXKke-
HUs, OMUCHIBAIONINE CIIEKTPAIHHO-YIVIOBbIE XAPAKTEPUCTUKN U3JIyIeHNs B HAIIPABJIEHUN paccesHus Bparra.
Wzny4uenne paccmarpuBaeTcs, 0 aHAJOTUH C U3JIy9YeHHEM B KPHUCTAJJINYECKON Cpejie, KaK pe3yJIbTaT Kore-
PEHTHOTO CJIOXKEHUsI BKJIAJIOB JIBYX MEXaHU3MOB U3JIy9eHUsl — NapaMeTpudeckoro pearrenosckoro (ITPM) u
nudparuposannoro nepexognoro (JIIIN). TTokazano, uro soxox AN u3z cioucroii mumenu MoxeT GoJjiee
9eM Ha MOPSJIOK IIPEBBINATh BBIXO/ U3JIy9€HUs] YACTUIHI B MOHOKPUCTAJIIMIECKOM PAIUATODE B AHAJIOTUY-
HeIxX ycnoBusax. [lokazansr nposiiaenus sddexra Bopmana B IV B nepuogmyeckoit cjaoucToil cpemie s
reoMeTpuu paccesinus Jlays.

JANMHAMIYHA TEOPIA BUITPOMIHIOBAHHA PEJIATUNBICTCBKOTI'O EJIEKTPOHA
B IIEPIOANYHOMY IIIAPOBOMY CEPEIOBMUIIII B TEOMETPII JIAVE

C.B. Baaowcesuy, FO.11. I'nadxux, A.B. Hocxos

[TobymoBaHa Teopiss KOrePEHTHOIO PEHTIEHIBCHKOTO BUIIPOMIHIOBAHHSI PEJIITUBICTCHKOTO €JIEKTPOHA, KU
IepeTUHAE IITYYHE [I€PIOINIHE cepeoBuIe B reoMeTpil po3citoBanus Jlaye. Orpumani i mocutikeni Bupasu,
K1 OTUCYIOTHh CIEKTPAIbHO-KYyTOBI XapaKTepUCTUKH BUIIPOMIHIOBAHHS B HANMpsiMi po3citoBanus Bperra. Bu-
IIPOMIHIOBaHHS PO3IJISJIAETHC, 10 AHAJIOTIT 3 BUITPOMIHIOBAHHSIM B KPUCTAJIIYHOMY CEPEJIOBUII, K HACJIII0K
KOTEPEHTHOI CyMHU BKJIQJB JIBOX MEXAHU3MIB BUITPOMIHIOBAHHS — IIapaMeTpudeckoro pearreniscbkoro (ITPB)
ta pudparosanoro nepexiguoro (IIIB). IMokazano, mo suxin JIIB i3 maposol mimeni mMoxe Olibiie HiXK
Ha MOPSI0K MEPEBUILYBATHA BUXI BUIPOMIHIOBAHHS YACTOK B MOHOKPHUCTAJIIYHOMY PaJiaTopl B aHAJIOTIIHAX
ymoBax. Ilokasamno Buneknenus 3dexkra bopmana B JIIIB B mepiognamoMy mrapoBoMy CepemoOBHII JJIsT T€0-
MeTpil po3sciroBanms Jlaye.
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