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ABSTRACT

Dispersive multiple reflections realized by means of two BPC slabs of different cut used as a
sandwich can provide a monochromatic beam of excellent resolution parameters. The
dispersive sandwich monochromator/analyzer provides a freedom to combine crystal slabs of
different cuts i.e. different crystal reflections for the double diffraction process. Therefore, by a
suitable combination of two slabs, one can obtain monochromatic neutron beam of any
wavelength in the thermal region. Depending on the bending radius of the sandwich the
resolution 44/4 and the Az collimation can be continuously adjusted in the range of 5x107 -
1x10”. Of course, that such dispersive BPC elements can be used also for the high-resolution
analysis of the scattered beam as well as for a high precision A-calibration of the TOF neutron
scattering devices.

1. Introduction

In many cases, new samples and necessity of measurement of finer effects require a
substantial increase of angular and/or energy resolution of conventional diffractometers
operating in a conventional performance mode. In such a case, a convenient
monochromator plays a key role. Bent perfect crystal (BPC) slabs as neutron
monochromators have been already proved as an excellent alternative of conventional
mosaic crystals. They provide a way how to increase luminosity and angular/energy
resolution of some scattering devices installed usually at steady state sources [1,2]. An
increase of the luminosity is carried out by focusing in real space, while a higher resolution
can be achieved by focusing in momentum space and by a rather small effective mosaicity
of the BPC elements. However, in the case of TOF scattering devices, the BPC elements
practically have not been used and with respect to the TOF techniques the Bragg
diffraction optics is far from being fully explored. New possibilities of more effective use
of neutron scattering devices have recently opened an employment of sandwich type BPC
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Fig. 1. (a) - schematic diagram of a two-step double reflection process realized by two
independent slabs put together in the form of a sandwich and (b) - the experimental
arrangement used for testing.

monochromators. They provide e.g. multiple wavelength monochromatized beams [3] and
a larger range of curvatures permitting an easier luminosity and resolution optimization of
some dedicated instruments [4,5]. Together with construction of new powerful neutron
sources, new scattering instruments with improved resolution properties are designed. One
of the candidates of monochromators for very high resolution neutron diffractometers and
spectrometers appear so called dispersive monochromators based on a dispersive double
diffraction process. It can be realized by means of two independent crystals [6,7] or by
exciting a strong multiple reflection effect inside one elastically deformed perfect crystals
[7-10]. However, recently it has appeared that the dispersive double diffraction process can
be realized by means of a sandwich using two bent perfect crystal slabs of a different cut
(see Fig. 1). The choice of the crystal cut provides a freedom in combination of slabs in the
sandwich as well as the reflections involved. Then, the choice of the reflections and the
corresponding angles ¥ and Y5 determine the neutron wavelength and the final
monochromator take-off angle 26y=Y4. In this contribution we present the results of test
experiments with such dispersive monochromators.

2. Choice of the crystals and the experimental tests

Depending on the cut of the crystal slabs one can use many combinations of two
reflections realized by the sandwich. For example, the sandwich with the first slab having
the main face parallel to the planes (110) and the longest edge parallel to the vector [1-11]
and the second slab having the main face parallel the planes (11-1) and the longest edge
parallel to the vector [112] provides the following reflection combinations:

Si(220) (W220=0°) + Si(331) (¥33,=-22.00) 620=31.39°  653,=51.39° A4=0.20 nm
Si(220) (W220=0°) + Si(33-1) (W33.1=-48.53°)  6»0=40.45° 6:3,=88.98° A4=0.25 nm

Similarly, the sandwich with the first slab having the main face parallel to the planes (111)
and the longest edge parallel to the vector [11-2] and the second slab having the main face
parallel the planes (11-2) and the longest edge parallel to the vector [111] provides another
two alternatives:

Sl(l 1 1) (\PUl:OO) + Sl(l 1 1) (‘P1U=—29.500), 9111=75.250 /1 =0.606 nm
Si(111) (¥11,=0°) + Si(11-1) (¥111=-29.50°), 61,=14.75° A4=0.160 nm
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Fig. 2. The double reflected neutron beam as seen by 1-d PSD for two x width x thickness)
different radii of curvature R of the sandwiches. and of the radius of

curvature of 12 m, the double-reflection process was verified with different sandwiches
situated at the sample position. As at our diffractometer we were limited by a maximum
take-off angle of 60°, using Si(111) premonochromator provided us a large range of
wavelengths of monochro-matic neutrons (see Fig. 1b). Then, the double diffracted beam
was registered and its profile imaged by a linear position sensitive detector (1d-PSD). It
can be seen from Fig. 2 that as expected, the intensity of the double reflected beam
strongly depends on the radius of curvature of the sandwich. It should be pointed out that
in the case of the Si(4-40) reflection, the Bragg angle 644=61.22° but the take-off angle
¥,=70.46°. Similarly, in the case of the Si(33-1) reflection, the Bragg angle 63,=88.98°
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Fig. 3. Schematic diagram of the experimental performance and the experimental results related to the
double reflected neutron beam as seen by 1-d PSD related to the third and fourth order neutrons with
respect to the first order.

(notice back-scattering diffraction geometry) but the take-off angle ¥=97.06°. Then, we
tested the the sandwich with dispersive combination of Si(111) reflections. However, the
first combination with 6;,=75.25° requires the neutron wavelength of 0.606 nm which was
not accessible at our thermal polychromatic beam, the test experiment was carried out with
the third (4=0.202 nm) and fourth order (A4=0.1515 nm) neutrons on Si(333) and Si(444)
planes, respectively. The obtained results are shown on Fig. 3. Even though &,,,=75.25°,
the take-off angle is only ¥=59°. The same sandwich permitted also performance for the
wavelength of 0.16 nm, however, with much stronger detector signal (see Fig. 4). Also in
this case the take-off angle is ¥;=59°.

Finally, as the second step, the sandwich combination Si(111)+Si(11-1) from Fig. 4
was situated at the monochromator position and the obtained monochromatic beam was
used for studies of collimation properties of the monochromatic beam for different radii of
curvature of the sandwich. Two slits of the width of 1 mm and separated by 10 mm were
put into the obtained monochromatic beam and the intensity profile of the passed neutrons
were registered by one dimensional position sensitive detector having rather poor spatial
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resolution of about 4 mm. Nevertheless, a high collimation of the monochromatic beam
was proved. After that by using such highly collimated and monochromatic beam
diffraction on Fe-single crystal as a sample has been carried out. Fig. 6 shows examples of
the rocking curves of a Fe(110)-single crystal with respect to this sandwich
monochromator. It is clearly seen from the Fig. 6 that the resolution depends on the
sandwich curvature and for the larger bending radius of 30 m (i.e. for higher resolution)
one can distinguish presence of two slightly misoriented mosaic blocks. Therefore, the
obtained rocking curves were fitted by two Gaussians and thus provided two vakues of
FWHM related to individual mosaic blocks. In this case the angular resolution was of the
order of 5x10™
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3. Conclusion

The presented results clearly demonstrate the feasibility of using double reflection
effects realized by means of the two-slab-sandwich for high resolution
monochromatisation (or analysis) of neutrons. For minimizing resolution and maximizing
the peak intensity a special care should be paid to a proper alignment of the
monochromator slab with respect to the incident beam axis and the scattering plane. As
was demonstrated, the obtained intensity of the monochromatic beam as well as provided
resolution depend on radius of curvature of the sandwich. Furthermore, also other
parameters play important role: asymmetry of diffraction geometry of individual crystals
as well as of the whole sandwich, the neutron wavelength and the lattice planes involved.
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Of course, that the neutron current provided by such dispersive monochromator
corresponds to intersection of two phase-space elements corresponding to individual
reflections. For finding sufficiently strong dispersive double-reflection effects suitable for
high-resolution diffraction studies i.e. for finding optimum parameters of the crystal slabs
in the sandwich as well as for an optimum design of the scattering device, Monte Carlo
simulations would be desirable. The advantages of dispersive sandwich monochromator
can be summarized as: one instrument axis for the double reflection process, a high A4/4
and the angular resolution, a rather small take-off angle of the monochromator, a large
Bragg angle (at least) of one reflection and good peak reflectivity of the bent perfect
crystals. In the extreme case, one can work with the back scattering resolution on a
conventional instrument with a rather small take-off angle.
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