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Results of an experimental and theoretical 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. Tt 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 Barrmann
effect corresponds to Bragg reflection and is more weakly revealed than in the Laue case. Experi-
mentally ag 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.

TTpeneraBieHsl  Pe3yabTAThl  BKCIEPUMEHTATBHBIX M TEOPETHUYCCHUN  HCCIe10BaHmil
miecTHROAHOBOI (220/242/044/224/202) pudpariun  PeHTTEHOBCKUX JIyueil B TOJCTHIX
COBEPILIEHHBIX KPHUCTAMIAX TepMaHuiA B YCI0BMAX, KOIZa YacTh IHQParupoBamHbIx
NYyYKOB oTpamaercs 1o Lparry. Pacemorpenel Tpu caydas, B KOTopux 1o Bparry orpa-
MAeTCH OJMH, TPU U BCe TATL AUPparuposanubx nyukos. TeopeTuveckn nokasano, 4o
BO BCEX PACCMOTPEHHBIX CVIYAAX HMeeT MecTO YCWIeHHe aHOMAlLHOIO MPOXOKIeni
JTaya-nyuKoB. DKCHEePHMeHTAIBHO aTOT 3({erT 00HAPYHKeH B TPeThLeM cliydae Ha TOMo-
rpaMMe HpAMOr0 MyYKa, KOTAA ABYXBOJTHOBOI oddent HopmaHa cOOTBETCTRYET OTpa-
JHeHHo 10 Bparry u npoasasercsa Gojee ciabo, ueM B caydae Jlaye. Hak sxenepumeri-
TAJNBLHO, TAK U TEOPETHYECKN 00HAPYHEeH0 HeoDbIYHOe TIOBEeleHIe HHTerPanbHoil HHTeH -
puoctu (044)-nyura TpU MaMeHeHMH dMeaa Bparr-nyuyskos OT OJHOTO 10 TTATH.

1. Introduection

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 to which certain recip-
rocal lattice points form hexads of vectors, representing polygons inscribed into
a circle. In diamond, silicon, and germaninm crystals, the simplest such case, namely
(220/242/044/224/202), has theoretically been considered for the first time in [1]. Suh-
sequently the six-beam diffraction has been considered hoth 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, ie. represented the
Laue-type beams. Actually all the reflecting planes were agsumed 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

1) Mravyan 1, 375049 Erevan 49, USSR.
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Fig. 1. Various diagrams of mixed Bragg-Laue geometry in the six-bheam diffraction

(TAC) 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 x to 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 TAC 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
digtribution 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 «, and that the symmetrical case (x = 0y 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 calenlate the Laue beam intensities
for thick crystals we have developed the perturbation theory using a small parameter
exp (—t/L,), where { is the crystal thickness and L, 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 formsa 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. Experimenial Observations

Cull, 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 inten-






