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A unigque method for the collima-
tion of X-rays has been tested at
(HESS. Employing multple beam
diffraction in thick Laue<rystals, a
very narrow angular divergence in
the forward diffracted beam has been
obtained.

Simultanesus reflections from

SE - radiation

different sets of reciprocal lattoe ) é’i
planes are a very well known diffrac- analymer system Lave-crystal
e o L2 .
tion process." In Bragg geometry, {Above) Experimental setup at GHESS baamiing 1.

this is commonly used for solving the

so-called phase problem. In Lave ge- (Baiow, ieff) Calcuiated amplitude for the x-ray standing wavedald in the (111)-piana of the Si lat-

ometry, the multi-beam refledion in tica at the exact setiing of the si-beam Lave diffaction case. Nofte tat the waveliald has nodes
at tha locations of the Siatoms (black ovals), so that the attenuation is greadly diminis had,

{Baiow, righfl Calcuiated infensity disinibution of the (-baam for the Si- 034,270,20%,292,334 re-
flacion.  The narrow anguiar spraad in bolh decions A8 and Ag shows he excalient collimation
properties of fhis Lave-refecton casea.

some cases yields an enhanced trans-
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mitted or reflected intensity com-
pared to the normal two-beam dif-
fraction. This enhanced Borrmann
effiect is caused by a minimized ab-
sorption when inter ference of the
wavefields inside the crystal results
in a reduced amplhitude in the vicini-
ty of the lattice-atoms as shown in
the figure. As the enhanement is
limited toa narrow angular range
the transmitted beam shows very
good collimation in any direction
normal to the propagation vector.

A computational analysis of
multi-beam diffraction in Laue and
Bragg geometries based on the dy-
namical theory of X-rays was arried
out to study these effects for several
orystal orientations. Significant ef-
fects were found for a germanium
forur-beam and a silicon six-beam
Lave-reflection. In both cases the
forward diffracted beam is expected
to have a significantly higher trans-
mission than in the two-beam cases
mmbined with a very narrow angu-
lar width. The absorption meffi-
dents at § keV have been calulated
tobe L= 21 cm™and |1, =39 cm!
wmpared to ) =325 cm™ and
Wy ee = 21.5 em! for the correspond-
ing 2-beam values of the main reflec-
tions respectively .

The experiments were performed
at the CHESS beamline DN using ger-

{Balow) A schematc of the 4-beam diffacton process. Al dif-
fraction vedors that ifersect he Ewaid Spham will be sim uita-

neously aocted,

(Rightl A fiim record of the 6-beam Lave difracton Fom a
SifT11) coystal. The indices of the comespondng difraction spots

are shown.

manium and silicon Lave-crystals
with monochromatic X-rays at & keV.
The angular intensity distribution

I &.¢) of the (-beam, i.e. the forward
diffracted beam, was analyzed by a
high resolution double-crystal sys
tem. For both multi-beam cases the
observed divergena of the anoma-
lous transmission 1s less than 16107
rad. In particular, the

Si- 084,270,207, 232, 774 diffraction re-
sulted in point-like collimation: the
FWHM was measured to be appr. 9
mrad parallel and vertical to the
main diffraction plane {see photo).
The experimental data are in good
agreement with theory.

The point-like cmllimation is of
particular interest in small-angle
scattering at high scattering vectors
g. Because the enhanced Borrmann
effect reduces the absorption coeffi-
cient drastically, the transmi tted
beam still has sufficient intensity. A
crystal-camera featuring two consec
utive multi-beam diffractions has
been designed and is corrently under
development.” Besides its very high
angular resolution, this design is also
characterized by an excellent mono-
chromaticity.
With these
charadteris-
tic, the ne-
cessity of

incident
heam

Ewald Sphere

desmearing recorded data can be
avoided.
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