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The aim of the reported experiment was to test holographic gratings, recorded in nanoparticle-polymer composites,
at the very cold neutron (VCN) beam line of PF2. The results of our first tests show that our future goal – neutron
optical devices and, in particular, interferometry based on such materials – could be feasible with VCN.

All neutron-optical phenomena, i.e., those arising from co-
herent elastic scattering, are governed just by the neutron op-
tical potential or, equivalently, the neutron refractive-index
[1]. Thus, an important task in the design of neutron-
optical elements is structuring the neutron refractive-index
of materials in an efficient way. For this purpose we uti-
lize materials that are sensitive to light, combined with
holographic techniques to produce diffraction gratings for
neutron-optics. Due to the photo neutron- refractive ef-
fect [2], the treated materials exhibit a periodic neutron
refractive-index pattern, arising from a light-induced redis-
tribution of SiO2 nanoparticles in a polymer matrix. Ex-
periments with holographically produced gratings containing
polymer-dispersed liquid-crystals (H-PDLC) [3] or deuter-
ated poly(methylmethacrylate) culminated in the success-
ful test of a triple-Laue interferometer for cold neutrons
[4]. Nanoparticle-polymer composites [5] offer advantages
for efficient tuning of the refractive-index modulation by
suitable choice of the species among an abundance of us-
able nanoparticles, their size and volume-ratio (polymer ma-
trix/nanoparticles). Thus, beam-splitters and even mirrors
for neutron interferometry seemed within reach. Recently,
the experimental demonstration of a 50:50 beam splitter for
λ ≃ 2 nm neutrons has been achieved [6]. Since the neu-
tron refractive-index depends on the wavelength squared, we
want to use the largest wavelengths possible, keeping in mind
intensity losses due to scattering and absorption in our mate-
rials at VCN wavelengths. It was the aim of our experiment,
to test if further neutron optics experiments with holographic
gratings are meaningful at the VCN beam line of PF2.
In short, the sample preparation is as follows: Two glass mi-
croscope slides are glued together enclosing a fixed gap pro-
vided by a spacer-foil of some µm to mm thickness. The
liquid monomer-nanoparticle mixture is sucked into the gap
by capillary force. For more details, see Ref. [8]. A sinu-
soidal hologram with a grating spacing of the order of µm
is recorded in the material by laser interferometry (see also
[4, 6, 7]).
A SANS experiment to measure the diffraction efficiency of
various samples was set up at PF2 VCN (see the sketch in
Fig. 1). The VCN beam incident from the curved neutron
guide was reflected by a Ti/Ni-mirror so that a spectrum with
intensity maximum at about 3.75 nm was obtained. Sev-
eral collimation slits (Cd) provided for a beam cross sec-
tion of 2× 5mm2 and horizontal/vertical angular divergence
of not more than 2/5 mrad. The collimation distance was
roughly 3 m. The sample was mounted on a rotation stage

Figure 1: Experimental setup for measuring the diffraction
efficiency of holographic gratings recorded in nanoparticle-
polymer composites.

Figure 2: Rocking curve in Laue geometry: −1st (red), +1st

(blue) and 0th (green) order diffraction efficiencies at neu-
tron wavelength of λ = 3.75 nm of a holographic grating
recorded in SiO2 nanoparticle-polymer composite.

with 0.001° stepwidth. The sample holder is constructed
such that the grating can be rotated through an angle ζ about
an axis defined by the grating vector. The Pendellösungs
length of nanoparticle-polymer composite gratings is of the
order of mm [7]. Therefore, the diffraction efficiency at the
Bragg angle can be conveniently adjusted changing the ef-
fective thickness of the grating by tilting the sample as it has
been done with crystals (see Refs. [1, 9]. The best result was
achieved with a grating of d0∼100µm thickness and a grat-
ing constant of Λ = 0.5µm recorded in a SiO2 nanoparticle-
polymer composite at ζ = 65°. The diffraction efficiency at
the Bragg-angle reached about 75% as shown in Fig. 2.
Diffraction occurs clearly in the two-wave coupling (Bragg)
regime, so that no intensity is lost to unwanted diffraction or-
ders, as it would be the case for thin gratings. Furthermore,
the FWHM of the rocking curve is of the order of 0.1°so that
reliable adjustment of successive gratings – as necessary for



e.g. neutron interferometry – should be feasible with consid-
erable effort.
The main problems of the experiment were:

1. The small sample diameter (roughly 1 cm), that strongly
limited the transmitted flux at large tilt angles ζ.

2. For our first tests, the microscope object carriers that
contain the recording material were made of normal
glass instead of quartz glass. This causes unnecessary
absorption and incoherent scattering, especially at large
ζ.

3. The recording material was not deuterized, which again
causes incoherent scattering at large ζ.

4. As simulations showed, a very broad spectrum can
cause also broadening – and therefore diminished peak
diffraction efficiency – of the rocking curves already for
grating constants of 0.5 microns.

The first two points can easily be overcome for future exper-
iments by slightly modifying the recording laser setup and
using quartz glass as sample containers. Sample diameters
of about 3 cm have already been reached in Ref. [4]. The
third problem can probably be solved in collaboration with
the EMBL-ILL deuteration lab. However, this is perhaps the
most time-consuming issue of our list. A solution to the last
point will hopefully be tested in the near future: We want to
test 0.2 mm thin Si wafers to reflect the longer wavelength
components of the beam, transmitting a little attenuated but
narrower wavelength band to the sample. Thereby we want
to reach the conditions for mirror-like behaviour of our holo-
graphic gratings.
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