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We proposed to test a double-grating spectrometer for very cold neutrons based on neutron-diffraction gratings
recorded in nanoparticle-polymer composites by holographic means. The results are promising, particularly with
regard to the wavelength-multiplexing technique we will be testing in our next experiment (proposal No. 3-14-354,
to be carried out in 2015).
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Figure 1: Reflectivity curve of improved grating materials
measured at zero tilt (ζ = 0◦).

Photo-sensitive materials combined with holographic tech-
niques can be used to produce diffraction gratings for
neutron-optics [1]. Due to the photo (neutron)- refrac-
tive effect, the treated materials exhibit a periodic neutron
refractive-index pattern, arising from a light-induced density
modulation. We have shown that holographic nanoparticle-
polymer composite gratings can be used as 50:50 beam-
splitters [2, 3], mirrors [4] or three-port beam splitters
(30:30:30) [5] for cold- and very-cold neutrons (VCN) [6].
Already for our last experiment, one of us (Y. T.) provided
samples of a new kind of holographic nanoparticle grating
with improved density modulation amplitude, using thiol-ene
step-growth photopolymerization [7].
For the first grating of the spectrometer, the free-standing
film ‘mirror’ grating (periodicity 500 nm, thickness of about
100µm, 20 vol % nanoparticles [4]) was chosen. Although
the sample had been stored under ambient conditions for al-
most three years, its quality and properties have apparently
not changed. Rocking curves of the chosen grating were
recorded for different tilt angles ζ (see Fig. 1 of [4]) to arrive
at maximum reflectivity for a wavelength approximately in
the center of the broad VCN spectrum (a situation also shown
in Fig. 2 of [4]). Tilting by ζ increases the effective thickness
of the diffraction grating. Dynamical diffraction-theory pre-
dicts that – due to the particular superposition state within
a periodic structure (usually a crystal) – the neutron inten-
sity oscillates between reflected and transmitted beam as a
function of off-Bragg angle, wavelength and thickness. For

Figure 2: Double holographic-grating spectrometer. For
clarification of the concept, all angles are exaggerated (θB ≈
0.1◦) in this Figure.

the second grating, the best of the recently investigated types
[8, 9] was chosen, which exhibited an increase in reflectivity
of 0.1, about 40% more as compared to earlier experiments
(see Fig. 2).
In Fig. 1, a schematic of the experimental setup is shown
(the tilt angle ζ has been omitted for clarity): We used a
collimated beam with divergence limited – both horizon-
tally and vertically – to 0.001 rad. The latter allows to
separate the wavelengths on the 2D detector at a sample-
detector distance of about 2 m. In the preliminary analysis,
an upper part and a lower part of the observed diffraction
spots was defined to obtain two signals with different be-
haviour, but we hope to further refine the method to exploit
the broad wavelength-distribution of the VCN-beam at PF2
(wavelength-multiplexing) line by line, with ∆λ/λ ≈ 10 %
for each line. We found that the intensity loss by absorp-
tion/incoherent scattering by both gratings together is about
35%. To compare this with TOF for the VCN beamline
at PF2 in similar configuration (2 m distance and spectrum
ranging from 3 nm to 6 nm for good collimation, say), we
suffer from – at least – 80 or 90% loss only because of the
chopper. Of course, the wavelength resolution can be much
higher for TOF.
In conclusion, the tests were successful and we are looking
forward to making the next step.
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I. Drevenšek-Olenik, S. Gyergyek, J. Kohlbrecher,
and M. Fally. Materials 5, 2788 (2012).
doi:10.3390/ma5122788.

[7] E. Hata, K. Mitsube, K. Momose, and
Y. Tomita. Opt. Mater. Express 1, 207 (2011).
doi:10.1364/OME.1.000207.

[8] R. Fujii, J. Guo, J. Klepp, C. Pruner, M. Fally,
and Y. Tomita. Opt. Lett. 39, 3453 (2014).
doi:10.1364/OL.39.003453.

[9] J. Guo, R. Fujii, T. Ono, J. Klepp, C. Pruner,
M. Fally, and Y. Tomita. Opt. Lett. 39, 6743 (2014).
doi:10.1364/OL.39.006743.

Proposal-number: 3-14-342
Instrument: PF2 VCN

http://dx.doi.org/10.1103/PhysRevLett.105.123904
http://dx.doi.org/10.1103/PhysRevA.84.013621
http://dx.doi.org/10.1063/1.4720511
http://dx.doi.org/10.1063/1.4758686
http://dx.doi.org/10.3390/ma5122788
http://dx.doi.org/10.1364/OME.1.000207
http://dx.doi.org/10.1364/OL.39.003453
http://dx.doi.org/10.1364/OL.39.006743

