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Abstract

A two- and, alternatively, a four-crystal monochroma-
tor were used for simultaneous measurements of the
profiles backward (k) and forward (o) diffracted by a
thin Si (111) crystal plate for diffraction angles up to
exactly 90° at DCI-LURE (Orsay). It is shown that
the set-up with a four-crystal monochromator allows the
characterization of the back-diffraction region for any
crystal plate reflection. Asymmetry and full width at
half-maximum (FWHM) of the experimental backward-
diffraction profiles are analyzed. Possible simultaneous
diffractions occurring near 90° incidence, giving extra
peaks in the forward-diffracted profiles, are studied.
The good contrast of the o-beam profiles suggests that
the back-diffracted o beam could be used as a highly
monochromatic beam.

1. Introduction

The X-ray near-back-diffraction regime is especially
interesting for X-ray optics: it combines very large
angular acceptance (the Darwin width can be orders
of magnitude bigger than the usual values when the
Bragg angle approaches 90°) with high energy resolution
(Kohra & Matsushita, 1972; Briimmer, Hoche & Nieber,
1979; Caticha & Caticha-Ellis, 1982; Graeff & Materlik,
1982; Hashizume & Nakahata, 1988). In this diffraction
regime, the energy resolution can be as good as the
intrinsic energy resolution and the goniometry is much
less sensitive than for usual Bragg angles. These special
characteristics make the back-diffraction regime an ex-
cellent candidate for high-performance optical elements
with respect to energy resolution and intensity.

X-ray back diffraction can be advantageously applied
to high-resolution inelastic scattering (Domer, Burkel
& Peisl, 1986; Schiilke, 1989; Hofmann, Kalus &
Schmelzer, 1992), standing waves in non-perfect crystals
(Woodruff et al., 1987) and high-resolution or spin-
dependent X-ray absorption spectroscopy (Hamaildinen,
Siddons, Hastings & Berman, 1991; Himilidinen et
al., 1992). X-ray back diffraction was suggested for
the construction of X-ray Fabry—Perot interferometers
(Steyerl & Steinhauser, 1979) and cavities for X-ray
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lasers (Denne, 1978). Nevertheless, to the best of our
knowledge, few experimental studies of this diffraction
regime exist until now (Graeff & Materlik, 1982;
Kushnir & Suvorov, 1986; Stetsko, Kshevetskii &
Mikhailyuk, 1988; Kondrashkina, Novikov & Stepanov,
1989; Kushnir & Suvorov, 1989; Nakahata, Hashizume,
Oshima & Kawamura, 1989; Giles, 1991; Giles &
Cusatis, 1991; Stepanov, Kondrashkina & Novikov,
1991; Giles & Cusatis, 1992), probably due to the
difficulties inherent in back-diffraction geometry.

An experimental set-up suitable for measurement of
back-diffraction profiles using a two- and, alternatively,
a four-crystal monochromator, is presented in the first
section of this paper. This set-up allows simultaneous
measurement of the backward-diffracted and forward-
diffracted profiles for a thin crystal at diffraction angles
up to exactly 90°. First measurements made with a
silicon (111) plate are presented and discussed in the
second section.

2. Experiment

Performing back-diffraction experiments is somewhat
difficult since the backward-diffracted A beam (and, for
sufficiently thin samples, the forward-diffracted o beam),
which propagates very close to or in the same direction
as the incident beam, has to be detected. In general,
the back-diffracted h beam is detected at long distances
from the crystal in order to obtain spatial separation
from the incident beam. The major inconvenience is
that it requires long X-ray-source-to-sample distances
(Graeff & Materlik, 1982; Dorner, Burkel & Peisl,
1986; Hofmann, Kalus & Schmelzer, 1992; Sette, 1993).
Moreover, such a set-up does not allow detection at
exactly 90°. Diffraction profiles at angles closer to
90° can be obtained, with set-ups of a largely reduced
dimension, if a first-crystal reflection is used between
the X-ray source and the sample (Kushnir & Suvorov,
1986; Stetsko, Kshevetskii & Mikhailyuk, 1988; Giles
& Cusatis, 1992).

Another way to detect the back-diffracted h-beam
profiles is to simultaneously measure the incident and
back-diffracted beams, both going through the same
detector but, naturally, in opposite directions, with a
detector interfering weakly with the incident beam, en-
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suring a good contrast between the diffracted peak
intensity and the constant intensity due to the incident
beam. This solution was used for studies of the back-
diffraction profiles in Cu (111) with a photoemissive grid
simultaneously measuring the incident and diffracted A
beams with a contrast of 22% (Nakahata, Hashizume,
Oshima & Kawamura, 1989). For the experiments re-
ported here, an ionization chamber was used to detect the
h-beam profiles. A better contrast, at most 50%, between
the diffracted beam and the incident beam is obtained if
the energy resolution of the incident beam is comparable
with the energy resolution of the reflection of the back-
diffracting crystal. For sufficiently thin crystals, the
profile of the forward-diffracted o beam can also be
detected (Giles & Cusatis, 1991). For the ¢ beam, the
contrast depends on the Borrmann effect and varies with
sample thickness.

Experiments were done at the D45 beamline of DCI,
the 1.85 GeV synchrotron source of LURE (Orsay,
France), with 300 mA initial positron current in the
ring. A two-crystal and, alternatively, a four-crystal
monochromator with a vertical plane of diffraction
delivered a monochromatized incident beam on the
Si (111) sample (see Fig. 1).

The back-diffracting sample was a dislocation-free
380 um thick Si (111) plate. The plate was mounted
on a goniometer vertical axis driven by a step motor.
A pre-orientation of the back-diffracting sample plate in
the incident beam was achieved using photographic films
and the plate was set perpendicular to the incident beam
in the vertical plane within 1 mrad. When the incident
angle approaches 90°, the diffraction profile becomes
very sensitive to the temperature and the crystal temper-
ature must be controlled. For a temperature variation AT
of a crystal with linear thermal expansion coefficient (v,
the variation A# of the angle of the diffraction profile
(called here ‘diffraction angle’) is

Af = —ATa tanf. )]

For AT = 1K in a silicon crystal at room tem-
perature, Af is about 30" at 89.0° and 60" at 89.5°.
In these experiments, the temperature of the Si plate
was controlled to 1 K precision. The diffraction profile

white
beam

incident beam transmitted
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0-beam

VS

Si (111)

4-crystal
monochromator

+
h-beam

solidstate
detector

ionization

chamber Si(111) plate

Fig. 1. Experimental set-up with the 4C monochromator for simul-
taneous measurement of the h-beam and o-beam profiles in the
back-diffraction regime. The incident beam, o beam and A beam
are shown separated for clarity. The silicon plate is rotated around
a vertical axis paralle! to the diffraction plane of the monochromator.
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for a given temperature of the plate was recorded by
rotating the plate around a vertical axis, with angular
steps varying from 30 to 45’’. Diffraction profiles with
different diffraction angles were collected by keeping
the incident-beam energy fixed and varying the plate
temperature.

The h-beam profiles, added to the incident-beam
background, were detected by an ionization chamber
filled with air, allowing measurements with diffraction
angles up to exactly 90°. The forward-diffracted o-beam
profiles of the thin Si plate added to the purely transmit-
ted beam were detected simultaneously by a scintillation
detector, which recorded the intensity scattered by the
beam air path, and by an Si(Li) solid-state detector
intercepting the incident beam, with aluminium foils
(200 um) to attenuate the incident beam up to the
operational rate of the solid-state detector.

The incident beam was monochromatized to AE/E =
1073 in order to have good contrast for the back-
diffraction profiles from the thin silicon plate. This
energy resolution was achieved using two different
monochromator set-ups: a two-crystal monochromator
in a (+, —) non-dispersive mode operating near back
diffraction and a four-crystal monochromator operating
ina (+, —, —, +) dispersive mode at usual angles. In the
dispersive mode, and in the non-dispersive mode with
typical incident-beam divergence, the energy resolution
is mainly defined by the intrinsic part (AE/E),,, the
contribution to the energy resolution due to the energy
width (AE, ) of the intrinsic diffraction profile. The
intrinsic energy resolution (AE/E), , is independent of
the diffraction angle.

The temperature sensitivity of the monochromator is
high: if the relative temperature between two previously
tuned crystals of the monochromator varies by AT, and
if |AT| > [(AE/E),, ()~ 1, the reflection will be lost;
that is, if AT > 55K for the Si 111 reflection at room
temperature and if AT > 2 and 0.15 K, respectively, for
Si 444 and Si 777 reflections. In these experiments, the
monochromator crystals were not temperature controlled
and the temperature variation of the monochromator
crystals during an angular scan of the plate was estimated
to be less than 0.5 K.

2.1. The two-crystal- (2C-) monochromator configura-
tion

A two-crystal monochromator with one rotation and
two translations in the boomerang geometry was used
(Corréa, Tolentino, Craievich & Cusatis, 1991), with
a pair of Si (111) crystals. The unusual feature of
this monochromator was the utilization of monolithic
mechanics with elastic translators, giving fast angular
positioning and tuning between the two crystals, with
very good stability and reproducibility (Tolentino, Durr,
Mazzaro, Udron & Cusatis, 1995). Fine tuning in a range
of 70" was achieved by using a coil and a magnet on the
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second-crystal holder. The design of the monochromator
allowed it to be used at Bragg angles very close to 90°.

In this configuration, the reflection was the same for
the monochromator and for the plate in order to match
the incident energies selected by the monochromator
with energies back diffracted by the plate. The two Si
(111) crystals of the monochromator were set at a Bragg
angle around 88.95°. For a 2C monochromator, the di-
vergence of the outgoing beam is equal to the divergence
of the incident beam. The incident-beam divergence was
determined basically by the source and slit dimensions,
and was approximately 0.25 (V) x 0.5 mrad (H).

In principle, all the Ahh harmonics delivered by the
2C monochromator could be diffracted by the plate. The
harmonic composition of the delivered beam was ana-
lyzed with a solid-state detector. The rocking curves for
each harmonic were obtained by varying the angle of the
second crystal of the monochromator. The angular range
was limited owing to the maximum allowed current in
the coil used for elastic adjustment of the second-crystal
angle.

The 111 harmonic (E,;, = 1.98keV) was totally
absorbed by the Be windows of the beam line and by
the air (1 m) present between the monochromator and the
Si plate. The 333 harmonic (E;;; = 5.93 keV) was also
reduced drastically and could not be detected mainly
due to the attenuation in the aluminium foils in front
of the solid-state detector. For the DCI emission spectra
(critical energy 3.7 keV) and with these absorbers, it was
expected that the 444 harmonic (E,,, = 7.91 keV) should
have much lower intensity than the higher harmonics.
The monochromator was not perfectly aligned (the angle
 between the two crystals in the plane perpendicular to
the vertical diffraction plane was estimated as 0.5-1°).
Owing to this slight misalignment, the higher harmonic
intensities were reduced and, for the higher harmonics,
the angular width of the monochromator rocking curves
in the vertical plane was unexpectedly large (see Table

1).

2.2. The four-crystal- (4C-) monochromator configura-
tion

The mechanical design of the four-crystal monochro-
mator used as a monochromator was based on the
coupled rotation of two Si (111) channel-cut crystals
driven by a translation stage. It has shown good stability
and accuracy (Tolentino & Rodrigues, 1992; Tolentino,
Durr, Mazzaro, Udron & Cusatis, 1995).

The incident energy in the back-diffraction condition
for the Si 444 reflection of the thin plate (E = 7.91 keV
corresponding to A = 2d,,,) was selected by the 333
reflection of the 4C monochromator set at a Bragg
angle of 48.6°. In this configuration, among all the
harmonics leaving the 4C monochromator, only the 333,
999, 12,1212 etc. could be back diffracted by the plate.
The fundamental 111 and the other harmonics (444, 555,

X-RAY BACK-DIFFRACTION PROFILES

Table 1. Full width at half-maximum (FWHM) of the
Si hhh rocking curves in the vertical plane for the 2C
monochromator set at § = 88.95°
Experimental values are compared with calculated widths w (convolu-

tion of the Darwin width wp, assuming, respectively, an angle .~ equal
to 0 and 0.8° in the perpendicular plane).

Harmonic 444 555 777 888 999
Energy (keV) 7.9 9.9 13.8 158 17.8
Experimental

FWHM (') 80 48 38 37 32
Calculated w (')

with ,» = 0° 54 16 4 3 1
Calculated « (')

with o ~ 0.8° 84 46 34 33 31

...) were not diffracted by the plate but transmitted with
normal absorption.

With a dispersive four-crystal monochromator, the
divergence of the outgoing beam in the diffraction plane
(here the vertical plane) is of the same order of magni-
tude as the Darwin width. In the plane perpendicular
to the diffraction plane (here the horizontal plane),
the divergence of the outgoing beam is equal to the
incident divergence. For the Si 333 reflection of the
4C monochromator, the actual angular divergence was
around 0.005 (V) x 1.0 mrad (H).

3. Experimental results and discussion

Fig. 2 shows the h-beam and o-beam diffraction profiles
for different temperatures of the thin plate, registered
with the ionization chamber and the scintillation detector
in the 2C-monochromator configuration. For diffraction
angle sufficiently far from 90°, two back-diffracted
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Fig. 2. (a) h-beam and (b) o-beam profiles measured simultaneously
at different temperatures of the thin Si (111) plate, using the 2C-
monochromator set-up (the curves are shifted on the vertical scale
for clarity). The temperature and diffraction angle 6, are indicated
for each profile.
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h-beam peaks are observed, corresponding to the two
equal incidence angles § and (90° — @). The two
peaks add to the nearly constant background due to the
incident-beam intensity. The background of the h-beam
profile was corrected for the decrease of the incident-
beam intensity due to the lifetime of the positron current
in the DCI ring. Then the profile was normalized to 1
in the region far from the peaks, where no diffraction
occurs. Similar correction and normalization was done
for the o-beam profiles.

From the measurement of the small angular separation
of the two h-beam diffraction peaks, the diffraction
angle could be determined with high precision. The
diffraction angle measured at room temperature was
equal to 88.95°. The thermal load on the first crystal of
the 2C monochromator was negligible; the difference of
temperature between the first and the second crystal was
certainly lower than 5 K [that gives, according to (1), a
difference between the Bragg angle of the two crystals
lower than 0.04°]. Since the reflections were the same
for the 2C-monochromator crystal and the Si plate, the
diffraction angle of the monochromator was also about
88.95°. The normal-incidence condition (90° diffraction
angle) corresponds to the center of the angular distance
between the two peaks. The absolute value of this angle
did not change for angular scans performed at different
plate temperatures. By lowering the temperature, the
mean diffraction angle 6, moved closer to 90°. The plate
temperature was stabilized to within 1 K, resulting in an
error on §, equal to 0.01° at 6, = 88.95° and 0.05° at
89.85°.

Once the temperature is known with a precision
of 0.1K, the diffracted wavelength can be easily de-
termined with good accuracy from the small angular
separation between the two near-back-diffraction peaks,
using the precisely measured lattice parameter of silicon
(Seyfried et al., 1992).

3.1. The h-beam profiles

The more important characteristics of the h-beam
diffraction profiles are the rapid increase of its asymme-
try and angular width when 6, moves toward 90° until
the two diffraction profiles merge. Then, for ¢ 4~ 90°,
the diffraction profile totally disappears because 2d,,, is
smaller than any incident wavelength A.

Another characteristic of the experimental h-beam
profiles is that systematically the reflectivity of one of
the two diffraction peaks is smaller and the angular
width larger than for the other one. This is a typical
behavior of diffraction profiles in a dispersive/non-
dispersive configuration. Nevertheless, since the diffrac-
tion plane of the monochromator, where the maximum
angular dispersion of the narrow energy band leaving
the 2C monochromator occurs, is the vertical plane,
such behavior is not expected for angular scans of
the thin plate in the horizontal plane. The difference
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Table 2. Contributions of the Si hhh harmonics to the

total intensity of the transmitted beam, far from any

diffraction, and to the incident beam taking the 444

contribution as unity, when the 2C-monochromator set-
up was used (see text)

The 333 contribution to the incident beam was calculated considering

the absorption by air and by beryllium and the intensity in the DCI
emission spectra for the 333 and 444 harmonics.

Harmonic 333 444 555 777 888 999
Energy (keV) 59 79 9.9 13.8 15.8 17.8
Transmitted

beam - 1 0.5 0.05 0.02 -
Incident beam  <0.1 1 8x10 5x10° 12x10° -

between the two profiles observed in horizontal scans
may be attributed to a small misalignment of the 2C
monochromator relative to the incident white beam.
If the horizontal axis of the monochromator is not
set exactly perpendicular to the incident white beam,
it will introduce an asymmetric energy dispersion in
the horizontal plane. This asymmetry of the energy
dispersion will be shown on the horizontally scanned
back-diffracted profiles due to the high energy dispersion
in this diffraction regime. This behavior could be used to
check the alignment of high energy resolution 2C or 4C
monochromators. For a monochromator set at a Bragg
angle close to 90°, this misalignment is critical: for
example, if the horizontal axis of the 2C monochromator
set at a Bragg angle of 89° is not normal to the incident
beam by 1°, the diffraction plane defined by the first
crystal of the monochromator, where the maximum of
the dispersion of the incident beam occurs, is no longer
the vertical plane but the horizontal plane.

From the spectral composition of the transmitted
o beam, it was deduced that the main contribution
to the h-beam total diffraction profile was the 444
harmonic. The spectral composition of the 0 beam was
obtained from the intensity of the background in the
purely transmitting/absorbing angular region far from
the diffraction peaks, using a solid-state detector. The
relative intensity of each harmonic in the incident beam
was then evaluated from the o-beam spectral compo-
sition, correcting each harmonic for the absorption on
the 380 um Si plate and on the Al foils in front of the
solid-state detector (see Table 2).

With the 2C monochromator, the contrast of the
diffraction peaks, defined here as the ratio between
the height of the diffraction peak relative to the
background and the total intensity of the peak,
(Ipeak — Tvackground)/ Ipeak» Was around 20% for the ‘less-
dispersive’ peak (13% for the ‘more-dispersive’ peak).
The actual contrast, when taking into account the
absorption by air, at the energy of the 444 harmonic,
inside and outside the ionization chamber, which is
lower for the incident beam than for the # beam, was
around 35% (25% for the ‘less-dispersive’ peak).
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In Fig. 3, the measured FWHM of the h-beam diffrac-
tion peak is plotted against the diffraction angle for
the ‘less-dispersive’ and the ‘more-dispersive’ sides.
Two characteristics of the back-diffraction regime are
responsible for the increasing of the h-beam peak angular
width: the Darwin width becomes very large and the
energy sensitivity (dispersion) is enhanced when the
diffraction angle is approaching 90°.

Besides the increase of the angular width of the
diffraction peak, both the ‘more-dispersive’ and the
‘less-dispersive’ profiles show an increasing asymme-
try when the mean incidence angle approaches 90°:
the higher-angle side is wider than the smaller-angle
side. There are at least three possible origins for this
asymmetry:

(a) owing to absorption, it is known from the dy-
namical theory that the intrinsic profile for each incident
energy is asymmetric and the maximum of the profile is
shifted toward the small-angle side;

(b) the Darwin width varies very rapidly for diffrac-
tion angles approaching 90°, and consequently is not
constant for all the energies of the incident energy band;

(c) the energy dispersion, or energy sensitivity,
increases very rapidly when the incidence angle
approaches 90°. Therefore, the high-energy side of the
incident energy band is diffracted in an angular region
narrower than the low-energy side, and this should add a
supplementary asymmetry in the total diffraction profile.

3.2. The o-beam profiles
The o-beam profiles are almost complementary to

the h-beam profiles. The forward-diffraction profile is
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Fig. 3. Experimental FWHM of the ‘non-dispersive’ and the “disper-
sive’ profiles of the h beam.
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sensitive to the thickness of the thin plate. Far from the
diffraction region, the incident beam is attenuated by the
normal absorption. In the diffraction region, the profile
of the o-beam peak is defined by the Borrmann effect.

In the o-beam profile with the mean diffraction angle
at 6, ~ 89.4° (Fig. 2b), two unexpected peaks are
observed at around 0.23° from the normal incidence
position, between the two forward-diffracted peaks. No
corresponding feature is observed in this region for the
corresponding h-beam profile. These two extra peaks
are not temperature sensitive and persist at the same
angular position when the temperature is decreased (for
64 approaching 90°). This strongly suggests that these
features are not back-diffraction profiles. Other small
peaks, which are also not temperature sensitive, can be
observed at around —0.76, +0.62° and at exact normal
incidence.

The occurrence of simultaneous diffraction follows
a very simple rule for 90° diffraction and for an hhh
reflection. The wavelength Ay, satisfying the back-
diffraction condition for the hhh reflection will also
be diffracted by the plane (h'k’l’) at a Bragg angle
87,7, when the angle (3 between the planes ('k’l’) and
(hhh) is the complement of 0;.’ oz For back diffraction,
Bragg’s law gives Apnp = 2dppy. Then, the relation of the
A, k', I’ Miller indices of the reflection in simultaneous
diffraction condition with the hhh Miller indices of the
back-diffracting reflection for a cubic crystal is

lh| = (W2 + k% + U)W + k' + 1| 2)

and 6,/ is given by

L2 2 2y jap 211 /2
0,7, = arcsin[(h? + k* + 1) /3h°) /2, 3)

If o Wt is smaller than 45°, the simultaneous diffraction
occurrence corresponds to an asymmetric Laue case,
otherwise, it corresponds to an asymmetric Bragg case.
In any case, the o beam of the h’k’l’ reflection will con-
tribute to the forward-transmitted-beam profile. Then, it
is possible to associate any extra peak detected in the
forward-diffracted profile with the o beam of an A'k’l’
simultaneous reflection.

The other planes diffracting simultaneously when the
hhh harmonics are being diffracted at 90° are listed in
Table 3 (it is not possible to have planes simultaneously
diffracting when the 111 back-diffraction condition is
satisfied). In these experiments, the main contribution to
the o beam was due to the 444 and the 555 harmonics.
For these wavelengths, simultaneous diffraction by the
(400), (440), (531) and (620) planes was expected near
90°.

The extra peaks were observed for an incidence
angle slightly different from 90° (—0.76, +0.62 and
10.23°). This difference could be attributed to a slight
misalignment of the plate in the vertical plane (this
misalignment was estimated to be smaller than 1 mrad).
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Table 3. (hkl) simultaneous diffraction occurrences in
the back diffraction of the Si hhh harmonics

hhh reflection  (W'K'I') plane K2 + k2 + 12 6 ad ©)

333 i 3 19.47
(422) 24 70.53

444 (400) 16 35.26
(440) 32 54,74

555 (531) 35 43.09
(620) 40 4691

777 (642) 56 38.11
931) 91 51.89

888 (800) 64 35.26
(880) 128 5474

999 (511) 27 19.47
(822) 72 3298

(aL7,1 171 57.02

(10,10,4) 216 70.53

(12,6,6) 216 70.53

The exact harmonic composition of the extra peaks
was only measured in the 4C-monochromator set-up and
the o-beam profiles were detected separately for each
harmonic. From this measurement (Fig. 4), it is then
possible to identify the harmonic composition of the
simultaneous diffraction peaks and the o-beam back-
diffraction profiles.

Finally, using the two-crystal monochromator set-up,
the o-beam profile maximum contrast varied between

1.2

h beam

=)

normalized intensity

LS

o beam

1 total

444

%

333

555

O 1 1 1 I .I
-1.0 -0.5 0.0 0.5 1.0

scan angle a (°)

Fig. 4. h-beam profile and harmonic composition of the o beam
registered with the solid-state detector in the 4C-monochromator
configuration. Only the 333 4C-monochromator harmonic was back
diffracted, the other harmonics (444 and 555) were purely transmit-
ted by the plate.
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37.5 and 50% for diffraction angles between 89.4 and
89.8°. Using the four-crystal monochromator set-up, the
contrast was around 20% (the only diffracted harmonic
was the 444 one). For each harmonic, it depends on the
diffraction angle, the divergence and spectral composi-
tion of the incident beam and on the put value, where
p is the linear absorption coefficient and ¢ the plate
thickness. For a 380 um Si plate, pt varies between 6 for
the 444 harmonic and 0.5 for the 999 harmonic. A higher
contrast is expected if a thicker plate is used. In that case,
a highly monochromatic beam in the incident direction
would be obtained with the great advantage of solving
the problem of the separation of the monochromatic
beam from the incident beam in back-diffracting set-ups.

4. Conclusions

An experimental study of the X-ray back-diffraction
regime in an Si (111) plate with synchrotron radiation
was realized using a set-up that enables the simultaneous
measurement of the o-beam and the h-beam profiles
at exactly 90°. The use of a solid-state detector al-
lowed the analysis of the harmonic composition of the
forward-diffracted beam. Using this set-up with a four-
crystal monochromator, it is possible to characterize the
back-diffraction region for any crystal reflection. An
important question that remains unstudied up to now is
the back-diffraction regime in mosaic crystals. The set-
up presented in this paper could be used, for example,
to confirm if the very large diffraction profiles of mosaic
crystals also preserve the high energy resolution of the
perfect crystals.

In the back-diffraction regime, the dynamical theory
predicts extremely large Darwin widths and great energy
sensitivity. It can be used to obtain highly monochro-
matic beams with higher intensity and using a goniom-
etry much less sensitive to mechanical vibrations or
thermal fluctuations than in the case of diffraction at
angles far from 90°. Experimental A-beam and o-beam
profiles have been measured for incidence angles 6
from 89 to 90°. Some characteristics of the experimen-
tal profiles, such as the ‘dispersive/non-dispersive’-like
asymmetry of the h-beam and o-beam profiles and the
extra features observed in the o-beam rocking curves,
assigned here to simultaneous scattering extra peaks,
deserve complementary studies. The good contrast of
the o-beam profiles suggests that the back-diffracted
o beam in a thick crystal could be used as a highly
monochromatic beam and may result in an interesting
way to overcome the experimental difficulties when
using optics based on back diffraction.
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