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Abstract

Square-channel capillary, or "Lobster-eye" arrays have been shown to be the optimum geometry for
array optics. This configuration leads to a novel class of conditioning devices for X-ray and neutron
beams. We present the first results of the focussing of neutrons with a Pb glass square-channel
array.

Introduction

The square-channel capillary array provides the optimum geometry for the imaging, condensing and
collimating beams of X-ray, neutron and similar radiation1'2. A square-channel capillary array or
"Lobster-eye" optic, so named because it works on the ray-optical principle of the eyes of macruran
crustaceans (lobsters, shrimps and crayfish), focusses by glancing angle reflection rather than
refraction, which is ruled out by the small refractive index of all materials to these radiations. To
date a number of experimental verifications for the focussing of X-rays using the "Lobster-eye"
optic have been published3'4, but as yet none for neutrons. In this paper, we present the first results
of such a neutron experiment, using the same optic as that used in one of the X-ray experiments.

The "Lobster-eye" Optic

As shown in Fig.l, the reflecting part of the "Lobster eye" optic consists of two long mirror
surfaces at right-angles to each other. Stacking a number of these reflecting pairs forms a uniform
array of square channels. Rays (of light, X-rays, neutrons etc.) incident from a point source on the
optic axis (a line parallel to the line of intersection of the reflecting pair) either pass straight through
the array (ray EE) to the image plane, or are reflected by one or both of the mirror surfaces of the
reflecting pair. The vertical surface of the pair reflects the x-component (OE), and the horizontal
surface reflect the y-component (EO) of the incident rays. Rays reflected in x as well as y (OO)
come back to the optic axis at a point equidistant behind the optic as the source is in front of the
array. These twice deflected rays form an image of the point source at the centre of a focal cross, the
arms of which are formed by the orthogonal single reflections. A cruciform intensity distribution is
the signature of a square-channel array optic.

Neutron experiment

The experiment to focus neutrons with the "Lobster-eye" optic was performed at T3, the neutron
test reflectometer at the Institut Laue-Langevin. The experimental layout is shown in Fig.2. The
array was masked and placed 1.11m from a "point" source 0.6mm x 0.8mm in size. The divergence
of the incident 7.5 A neutrons in this geometry encompass the critical angle for reflection from lead-
glass (about 7mrad). The optic used in the experiment was provided by Schott Fiber Optic Inc.,
America, and is a MicroChannel plate (MCP) array of lead-glass square channels of aperture size
200jam, wall thickness 40u,m, and a total open area of about 75%. A micrograph showing a section
of the sample is given in Fig.3. The MCP is 12mm x 12mm in cross-section and 6mm in length.
Each channel of the optic has an aspect ratio of 30:1. Therefore, as a "Lobster-Eye" optic, it is
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optimised for radiation with an incident divergence of up to 30mrad. However, due to the small
critical angle of the neutrons, the incident divergence is constrained to less than lOmrad.
Consequently, less than 30% of neutrons incident through the MCP are reflected, the rest pass
undeflected through the channels. Finally, the lead-glass of the optic, designed for an X-ray
measurement (lead glass absorbs X-rays), contributes to small-angle scatter of the 25% of neutrons
incident on the glass, providing an additional neutron background.

The focussed neutron intensity was measured by an image plate placed an equal distance as the
source, but behind the array. The Fuji (50% Gd) image plate6'7 used to capture the image had
100(̂ m resolution and the exposure time was 15 hours. Fig.4 is an image which clearly displays the
cruciform arms and central intensity spot above the background intensity. The intensity measured at
the focus region is about twice that seen in the (direct and scattered) background signal, and that in
the focal arms is about 1.5 times the background.

Discussion

A similar array has been used to focus a point source of X-rays5, using a similar set-up as used here,
and had a gain in the focal spot of about 20, one third of that predicted by theory. Imperfections in
the optic, which include: i) surface roughness of the channel walls, ii) rounding and variations from
the perfect square channel geometry, iii) misalignment, both translational and rotational (as seen in
Fig.3) of individual channels, and iv) taper, bending and twist over the length of the optic, lead to
less than predicted performance. Each of these has a unique effect on the cruciform intensity
distribution, and so could be accurately modelled.

Applying a similar model to our experiment to fit the FWHM of the central intensity peak predicts a
gain above background of about 10. (Note that, in the neutron experiment, the source is extended
compared to an X-ray point source, and its gain is subsequently reduced.) In modelling both the
neutron and X-ray experiments, the dimunition of efficiency is due mainly to surface roughness,
variations from the square geometry and channel rotation. Further modelling of the neutron result8,
will be used to optimise the imaging capabilities of future optics.

Conclusion

We have observed the cruciform intensity structure of a first-generation, focussing "Lobster-Eye"
optic. Potential applications include increasing intensity at distant samples without compromising
beam divergence, and with larger arrays, imaging small samples where high resolution detection is
desired.
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Fig. 1 Principle behind "Lobster-Eye" reflections.
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Fig. 2 Schematic of the set-up to focus neutrons.



Fig. 3 Micrograph of the MCP square-channel array.
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Fig. 4 Focal plane intensity for the 200ĵ m pore square-channel array using neutrons.


