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The Energy Distribution in the Two-mode
X-radiation Field inside Perfeet Crystals

The intensity distribution of a two-mode X-radiation field on simultaneous interference
of all four waves inside the perfect erystal in dependence on the absorption and availability
of the symmetry center in crystal, as well as one the state of polarization and the angle of
incidence of the primary beam is studied.

McceaenoBano pacnpejeseinue HHTEHCUBHOCTH [ABYMO/(HOTO PEHTIeHOBCKOI'O I0J15
BHYTPU WIEATBHOTO KPHCTAILIA € YUYeTOM OJHOBpeMCeHHOil HuHTep(epeHIUH Bcex ee
yeTeipeX BOJIH B 3aBHCUMOCTH OT HOJAPU3AINAN H YIVIa HaJleHus MepPBUYHOTO ITydKa, a
TaKyke 0T HAJUYMA IOIVIOUIEHUA U IleHTpa CUMMeTpMI B KpUCTallIe.

1. Introduetion

In a two-mode X-radiation field each mode consists of two waves (the mod is a
group of waves emitting from one exited point of dispersion surface). In two-mode
case there are two exited points of dispersion surface, and from each one two waves
are propagated. Thus, in two-mode case the total X-ray field in the crystal consists
of four waves. The K, and K, forming the first mode and the waves Ko, and K> —
the second one, respectively (see Fig. 1).

The distribution of intensities separately in the first (K and Kjy;) and second (Koz
and Kj;) modes is well investigated. The intensity distribution in the fields composed
of various parts of different modes, namely, in the field of diffracted waves passing
through the crystal (Ko and Ky) and the ones reflected from the crystal (Kj; and
K,,), is investigated as well. However, for the sake of better understanding and correct
interpretation of X-ray dynamic scattering effects, it is necessary to investigate the
energy distribution of the total field on simultaneous interferention of all four waves.

The total intensity in tow-mode case is given by expression

J = (DD*) = |D|?, (1)
where
D = 2 ZDj‘m (2)
j m

D;,, are the components of the two-mode X-radiation wave field with K;, wave
vectors, respectively. Here and further on the possible values of the index j are 0
and h corresponding to two reciprocal-lattice points lying close to the Ewald sphere,
and the possible values of the index m are 1 and 2, which corresponds to two exited
points on the dispersion surface represented in Figure 1 by points A; and A,. As it is
seen from Figure 1 the internal waves satisfy the relation

K;, = K° — Kg,n + Hoy, (3)

where K° is the wave vector of primary beam in vacuo; K = |K°;n is a unit vector
normal to the crystal surface, directed inward; H is the reciprocal-lattice vector; gm
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Fig. 1. Waves in the erystal in two-mode case. SS represents the trace of a plane parallel to the
upper crystal surface; 0 and £ are the reciprocal-lattice points; H is the reciprocal-lattice vector;
the point L lies at a distabce K = 1/2 from both 0 and A and is the Laue point, the eenter of
the Ewald sphere for gecometrical (i. e. when wave length is not vary) reflection at the Bragg
angle; K° = T0is the wave vector of incident wave in vacuo; K; = 4,0, K, = 4.0, K, = 4,h
and K;, = 4,k are the wave vectors of the two-mode X-radiation wave field components;
Kgin = T4, Kgsn = TA,; n is a unit vector normal to the crystal surface, directed inward;
v is the angle of incidence of the primary beam; ¥y is the angle of incidence correspondiig to
the reflection at Bragg angle; yx is an angle, which the lattic planes make with' upper erystal
surface

are the accommodation coefficients;

6;._;:{1 in h =4 case, (4)

O in h=j case.

Depending on the angle of incidence of the primary beam the accommodation coeffi-
cients g, and the components Dy, can be represented as (see JAMS)

R
" 290 T 2(yg lyn)12
Dy = % @y |DY Sy exp [i22(0t — Kpu)] (6)

where p is well known angular parameter

p = sinh (v) :2llcl (—3"7)”2 (D, Dp)— 12 [2cx + 1Dy (1 W)], (7)

[p 4 (L)1) (p? £ TN, (5)

l?hl Yo
a;m=(1+p2)‘—””{aweXp[(—l)mvl+am(—1)<f+"*> o |, (8)
vl @i )

|D°| is the magnitude of incident wave; S;, is a unit vector in the direction of Dj,,;
o K = MT (see Fig. 1); @; are the polarizability Fourier components; y, = cos ¥y;
yn = cos (¥p + 20); Wy is the incident angle corresponding to the reflection at
Bragg angle 0; [c| = 1 in state of o-polarization (i.e. the polarization state in which
the vectors Dy, are perpendicular to the plane containing wave vectors Kj,); |¢| =
= |cos 20| in state of z-polarization (i. e. the polarization state in which the vectors
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D;, lie in the plane containing wave vectors K;,); 7 = 0 in state of o-polarization,
as well as in state of m-polarization if at the same time 20 < x/2;7 = 1 in state of
m-polarization if at the same time 20 > z[2. The upper sign in the expressions (5)
and (7) applies in Laue case (transmission), and the lower sign in Bragg case
(reflection). It considered here Laue case only. Now let’s appeal to the parameters
of dynamical scattering in the absorbing perfect crystal case. Polarizability @ and
its Fourier coefficients @; will then be complex (see JAMS)

D=0, +iD, ; Dy = D, +iDy; . (9)

The complex nature of @, depends upon the nature of the atoms that produce the
absorption. If the atomic scattering factors themselves are complex, so is @,. Unlike
@y, and Dy;, however, D, and PDj; depend not only on the nature of the atoms but
also on their arrangement in the cell, and may be complex if the crystal has no sym-
metry center, even if the scattering factors themselves are real. Since however, @,
Dj, and Dy;, Dy; are pairs of conjugate quantities, we may write

q)-'n' = q)}:,- = |qjhrl exp (”}h) ’ (10)
@y = Dy = | Dyi| exp (i) . (11)

As it is seen from (5) and (7), angular parameter p and accommodation coefficient
gn also become complex:

p = pr + "{pi 3 (12}
T = Jmr + ?:Gmi ) (13)
where
1 . -
P =g (i) @+ B {l2s 100 (1220 a, +
0 0
- |@orl( —M) JW«:}, (14)
Yh
1 9 ; .
po= () @ 4 Ny fi 2 (1= o, —
0
ﬁ[.‘.’,cx - 1%1( “”‘l)} m}. (1)
Yo
1 ~ , ¢l T . ,
D, ; ( ) i e —1)(m+1) )V_ A BYs(16
100+ )i+ I s | 34+ B0
1 (1 1 ) lel Vl— -
mi = r e —1)m+1) — A — B)> (17)
gmi = g1 Porl -t | (D o i |/ 2 )
B = Np(1 + p¥ — p%) — 2Nup.ps (18)
A = {(Ni + N3) [(1 + p7 — p2)2 + 4prpi]) 12, (19)
M, = {1 [N} + N3 + Np )Yz, (20)
Mi = {3 VNF + Nji — N2, (21)
Nhr =y ngkr|2 e |®hi|2; (22)
Nfu' — 2 Iq)krl Iq)ﬁil COS vy , {23)

Yo = (n — wa) . (24)
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If the crystal has a symmetry center, cosv, = +1 (5, and w, are either 0 ro x).
Coefficients represtend by equation (8) may now be written

ajm = (1 + P7 — P7 + 12p,p:) "1 {doj exp [(—1)" (v, + iv;)] +

+ (= 1) Yo [yal 1 | Da] | D7V exp (1 L )} (25)

where _
sinh?(v,) =% [pF + 27 — 1 + V(»? + p? — 1)2 + 4p7] , (26)
sin? (v) =+ Py +p; + 1 — V(@2 + p% — 1)2+ 4p?], (27)

|Dal {l Dy + | Duil® + 2 | Dol |DPyil sin ‘!’n}uz (28)

(Dol UDPwrl® + | Dril2 — 2| Dsy| | Dri] sin vy
¢ = (pn — @h) » (29)

| Dy,| sin in 7, + | Dypi| cos Wh

bt = Gk T
BE= | D),| cos Nn — [@;,J sin w,’

(30)

| Dyl cos wp — | Dyp,| sin M
| Dys| cosyn + | Pril sinwy,”

tan @i =

2. The intensity distribution in erystal with finite absorption

Using equations represented above, the total intensity (1) of X-ray field in the ab-
sorbing crystal is brought to the form
7 DI exp [— 3 p(yG D + lyal D) mr] X

% 3 ¥ 2, {Sijj»mlajmaj»m' exp [127(0xj — Op;) H¥] X
j m J m’ (32)
X exp [W L (4 — B) (—1)™ + (—1)™) nr] x

X exp [iW V5 (4 + B) (—1)™+D + (—1)") nr]},
where p is linear absorption coefficient
p = 20K | Dyl , (33)
W = aK |el (yo lyal) =112 (34)

Since the wave vectors K° K,, and Ky, differ in direction by angles of the order of
seconds of arc only, then in the state of m-polarization the same is correct for DO,
Dys and Dy, and of course for Dy, and Dy (in the state of o-polarization all the vectors
D;,, are parallel). Consequently, for the arbitrary state of polarization to this order
of accuracy it may be written

SimSjm = 8 + (=1)" |e| (1 — 85) . (35)

Suppose then the coordinate system with the X axis along the normal to the reflecting
planes (i. e. parallel to the reciprocal-lattice vector H), and the Z axis directed along
the normal n (inward) to the frontal surface of the crystal.
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Summarizing equation (32), we finally come to

1 " "
J =5 ID[(1 + p; — pi)* + 4prpi)12 )GXP[ ulys Y +

1
2
+ lyal 1) ]{cosh[ (Wz —I/ (4 — B) + v,)]‘i‘
+cos[2( z]/é(A +-B) — m)]ﬂo [yal D 1Dyl | DD X
1 1
X {cos h[ZWz ]/2 (A ——B)J — cos [QWz 1/§{A + B)J}+
1l (0 lyal =V | Bl | B3l ”’{exp‘WzI/l(A ~ B4

7 1 36
-+ v,}cos Fdj(z cos y +a siny) —2qa—l—vl} — exp[—(2IVz % (36)

XV%(A — B) + 02)}005[% (2 cosy +xsin y) — },‘P —?Jz]—i—

+exp (—v,) cos l2Wz 4+ B) —v; + 2? X

Lol -

X (zcosy +xsiny) —-¢@

where d is the distance between planes; y is an angle, which the lattice planes make
with upper crystal surface.

| M-

— exp (v,) cos [2Wz X

L

3. Symmetrieal reflection in the transparent erystals

The results relating the investigations of absorbing crystals according to expression
(36) will be reported further on. Here we discuss the particular case of equation (36)
when the incident beam is in the state of o-polarizatiln, and symmetrical reflection
(Laue case), 1. e. y, = |ys| = cos 0, inside transparent crystal with symmetry center
take place:

J = D2 (1 + p?)-1 {1 +p? — 1 + p?sin (2;rzi

d) sin (27w Az)

2nx o
+ p cos (—d' ) [1 — cos (27 Az)]}

where p is given by equation (7); 1, = n;

A = K(1 + p?)Y2 (@ @P7)12 cost—1 0. (38)
However, it is seen even in this particular case (37), that if we take into account the
simultaneous interferention of all four components of a two-mode X-radiation field
inside the crystal, the new results are obtained.

The maximum of intensity in this case is equal to 2 |D%?2 and the minimum /is
equal to zero. In units of |Dy|® these values are equal to 2 and 0, respectively. It
seems interesting to determine the regions of equal intensities on the (XZ) planes.
Since the intensity distribution is periodical one, the periods are equal to the distance
d between the planes for the X axis direction and equal to 1/A for the Z one, then the












