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Results of an experimental and theoretioal analysis are presented, concerning the six-beam
(220/242/044/224/202) diffraction of X-rays in thick perfect Ge crystals, under the conditions
when a part of the diffracted beams is Bragg reflected. Three cases are considered, when one, three,
or all five diffracted beams are Bragg reflected. It is shown theoretically that an enhancement of
anomalous transmission for the Laue beams takes place in all these cases. Experimentally this
effect is observed in the third case on the incident beam topogram, when the two-beam Borrmann
effect corresponds to Bragg reflection and is more weakly revealed than in the Laue case. Experi-
mentally as well as theoretically an unusual behaviour of the integral intensity for the (044) beam
is observed, when the number of Bragg beams varied from one to five.

TIpeP:CTaBJIeHbl pe3YJIbTaTbl 3KCnepl:lMeHTaJIbHbIX l:l TeOpeTl:lLleCEl:lX l:lCCJIep:oBaHI1ft
llIeCTI1BOJIHOBoit (220/242/044/224/202) P:I1cpl)aHUl:ll:lpeHTI'eHOBCHI1X JIyqeft B TOJICTblX
cOBepllIeHHblx Kpl:lCTaJIJIaX repMaHl:lH B YCJIOBI1HX, Korga 'IaCTb gl:lcpparl:lpOBaHHblx

nY'1EOB oTpamaeTcH no Ep8rry. PaccMoTpeHbl TPI1 CJIyqaH, B KOTOpblX no Ep3rry oTpa-
1f\aeTCH OgI1H, TPI1 l:l Bce nHTb gI1cpparl:lpOBaHHblx nY'1HoB. TeOpeTI1'1eCHI1 nOHa3aHO, '1TO
BO Bcex paccMoTpeHHblx cYJI'laHX I1MeeT MeCTO YCI1JIeHI1e aHOMaJIbHOrO npoxomgeHl:lH
JIaY3-nYQKoB. 8KCnepI1MeHTaJIbHO 3TOT 3(IH!JeKT06HapY1f\eH B TpeTbeM cJIyqae Ha Tono-
rpaMMe npHMoro nY'II-\a, Horga gBYXBOJIHOBOll 3(!HpeHT EopMaHa cooTBeTcTByeT oTpa-
meHI1IO no Ep3rry 11 npOHBJIHeTCH 60JIee cJIa60, '1eM B cJIY'1ae JIaY3. RaE 3ECnepl:lMeH-
TaJIbHO, TaH 11TeOpeTI1'1eCKI1 06HapymeHo He06bl'1HOe nOBegeHI1e I11-ITerpaJIbHOI1: I1HTeHCI1-
BHOCTI1 (044)-nY'1Ha npI1 I13MeHeHI1I1 QI1CJIa Ep3rr-nyqgOB OT ogHoro go maI1.

1. Introduction

Six-beam X-ray scattering in perfect crystals represents one of the most interesting
and relatively complex phenomena in solid-state physics. This scattering may be
realized because of the high axial symmetry of the crystals, due tQ which certain recip-
rocal lattice points form hexads of vectors, representing polygons inscribed into
a circle. In diamond, silicon, and germanium crystals, the simplest such case, namely
(220/242/044/224/202), has theoretically been considered for the first time in [1]. Sub-
sequently the six-beam diffraction has been considered both theoretically and experi-
mentally in [2 to 12], experiments being carried out on Ge crystals.

In all these works such a geometry of experiment has been considered when diffract-
ed beams emerged from the crystals through the output surface, i.e. represented the
Laue-type beams. Actually all the reflecting planes were assumed to be normal to the
surface. The reason of this assumption apparently lies in the fact that it was for such
a geometry in [1] that.a strong enhancement of the anomalous transmission effect has
been predicted, i.e. a decrease of the minimum interference absorption coefficient
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Fig.!. Various diagrams of mixed Bragg-Laue geometry in the six-beam diffn"Lction

(lAC) by a factor of several thousands for the exact multibeam direction of the incident
plane wave [8]. In this case an analytical solution of the problem is also possible, which
helps to get physical insight into the phenomenon.

Nevertheless, it is interesting to analyse the features of the six-beam X-ray diffrac-
tion for such an experimental set-up when some of the diffracted beams leave the crys-
tal through the input surface, i.e. are Bragg reflected. Cutting the crystal surface at
a certain angle IXto a plane of reciprocal lattice vectors (H-plane) and normally to the
scattering plane for the (044)-reflection (S-plane), one can realize the cases where one,
three, or all five diffracted beams are Bragg reflected. In Fig. 1 beam path schemes for
these cases are shown in their,projection on the S-plane, where the incident and the
(044)-diffracted beams lie.

From a practical viewpoint it is important to give an answer to the following ques-
tion: how does the presence of Bragg-reflected beams influence the enhancement of
anomalous transmission of Laue beams. In the two-beam Bragg scattering case the
minimum lAC is known to decrease in a certain range of angles in the vicinity of the
Bragg angle, as compared with the single-beam case, but not so strong as in the Laue
case. Also of great interest is the character of the angular dependence of the intensity
distribution both of Laue and Bragg reflected beams, particularly the "aufhellung"
effect.

These are the problems considered in the present paper. We have found both experi-
mentally and theoretically that the anomalous transmission enhancement effect takes
place over a broad range of angles IX,and that the symmetrical case (IX= 0) considered
earlier is by no means optimum. Theoretical analysis has been carried out following the
scheme described in [13], but in order to be able to calculate the Laue beam intensities
for thick crystals we have developed the perturbation theory using a small parameter
exp (-tfLA), where t is the crystal thickness and LA the absorption depth. The physical
mechanism of the anomalous enhancement effect turned out to be the same as in the

Laue case: the wave field for certain regions of the dispersion surface forms a two-dimen-
sional standing wave in the H-plane, the nodes of which coincide with the atomic coor-
dinates in that plane. The intensity distribution in the Bragg-reflected beams has
a number of interesting features.

2. Experimental Observations

CuK", and MoK", radiation from a BSV-7 tube has been used in the experiments, having
focus dimensions 0.1 X 0.1 mm2. A plane-parallel plate of a dislocation-free Ge single
crystal was placed at a distance of 250 cm from the source. In order to prevent in ten-




