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Abstract:

The  general  goal  of  this  proposal  is  the  measurement  of  inelastic  neutron  scattering  cross  sections  (S(q,omega))  of  clathrate  hydrate

compounds  in  absolute  units.  These  materials  are  particularly  promising  candidates  for  new  moderators  for  very  cold  neutrons  to

enhance intensities in the long wavelength tail of existing cold sources. The proposed experiments shall complement an experiment to be

executed  in  spring  2021  at  the  cold  ToF  spectrometer  IN5,  in  order  to  cover  the  needed  large  range  of  q  and  omega.  Additional

measurements at D7 shall be used to determine cage filling of a binary clathrate hydrate with molecular oxygen, and also the H/D ratio

independently  from  diffraction  experiments  at  D20.  The  results  of  the  whole  effort  will  provide  a  valuable  data  base  for  model

calculations  of  moderation  efficiencies  in  realistic  configurations
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1 Introduction

Clathrate hydrates have been identified as a very promising candidate for a moderation material for very
cold neutrons (VCN), as they possess low-energy modes that allow pre-moderated neutrons to transfer
small quantities of energy to the medium at sufficiently large scattering cross sections. To some extent,
the low-energy incoherent excitations of methane and tetrahydrofuran (THF, chemical formula: C4H8O )
clathrates have already been studied [3]. Experiment 1-10-49 contributed to a measurement campaign within
the HighNESS collaboration that aimed to collect comprehensive data sets on S(q, ω) of clathrate hydrate
compounds in absolute units. These data collected on ILL’s time-of-flight instruments serve as a benchmark
for the development of new scattering kernels within the collaboration as part of the NCrystal package [2],
which is open source and fully accessible to the community. Using neutron transport codes such as McStas
or GEANT4 with these scattering kernels will allow the calculation of yields in realistic moderator/reflector
geometries.

2 Samples

The samples with stoichiometric composition 17H2O.C4H8O were prepared by mixing the two liquid com-
ponents. The two liquid components are mixed in the correct ratio. Samples of the mixture were then filled
into their respective sample containers in which they were frozen in situ. The containers defined samples in
the geometry of thin-walled hollow cylinders, which limits multiple scattering, while still exposing sufficient
material to the beam [4]. The (inner) sample diameters were 14 mm & 15 mm, with a sample thickness of
0.1 mm & 0.05 mm and a height of 20 mm (see figure 1). In order to achieve a contrast variation between

Figure 1: Photograph of sample containers used in experiment 1-10-49 (left) and drawing of these sample
containers (right). The filling height of 2 cm is indicated in blue. The containers are sealed with indium.

different components of the material, samples with different partial, absent or complete deuteration of its
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components were prepared: (a) D20:THF-d, (b) H20:THF-d, (c) D20:THF, (d) H20:THF. This is expected
to highlight scattering contributions of the host lattice and the guest molecules to the measured spectrum.
In order to calibrate the results to absolute units, measurements were also performed with empty sample
holders, and with weighted vanadium samples with the same geometry as the clathrate samples.

3 Preliminary Results

Measurements were taken for two different incident energies, Ei = 76 meV (∼ 1 Å) and Ei = 19 meV (∼
2 Å) of all four different samples and the respective vanadium samples for normalization. Figure 2 shows
typical, still uncorrected data of the neutron scattering function S(q, ω) for a fully deuterated 17D2O : TDF,
Ei = 76 meV. The strong vertical features are due to the aluminum container. Figure 3 shows a q-averaged
slice through S(q, ω). The contrast variation allows to differentiate lattice modes at around 7 and 11 meV,
and the guest molecule’s modes.
Measurements with the empty containers served to correct for the neutron scattering by aluminum and
other backgrounds. The data reduction was done in Mantid [1]. Emphasis was put on the normalization to
absolute units and on correction for all instrument specific features, with the objective to create accurate
and reliable data sets that serve as baseline for future simulations.

Figure 2: Measured data of the neutron scat-
tering function S(q, ω) for a fully deuterated
17D2O : THF-d-clathrate, Ei = 76 meV (∼ 1 Å).

Figure 3: q-integrated slice of S(q, ω) as depicted
in figure 2.

Preliminary results show good agreement with molecular dynamic simulations of our collaborators. Future
experiments shall cover supplementary parts of phase space in order to complement the data sets of IN5 and
Panther.
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