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Abstract. Cold neutrons are widely used in different fields of research such as the study of the structure and
dynamics of solids and liquids, the investigation of magnetic materials, biological systems, polymer science,
and a rapidly growing area of industrial applications. In a pulsed neutron source where the pulse width is
an important parameter to be considered, hydrogenated materials are often used because of their high energy
transfer in each collision. The preliminary scattering kernel for triphenylmethane, a material of great potential
interest for cold neutron production, had been presented at the ND2016 conference. Here, a new model for
the generation of the scattering kernels for this material, together with experimental results on its total cross
section measured at the VESUVIO instrument (ISIS Neutron and Muon Source, United Kingdom) is presented.
The thermal scattering kernel was generated by means of the NJOY Nuclear Data Processing system, using as
input the vibrational modes obtained by density functional theory techniques (DFT). The agreement between
measurements and our model validates the scattering kernel construction and the cross section library generated
in ENDF and ACE formats.

1 Introduction

The development and optimization of advanced cold neu-
tron sources requires neutronic calculations involving ther-
mal and sub-thermal neutron energies, which in turn de-
mand the knowledge of reliable cross section data relative
to the materials which form the system under considera-
tion.

Condensed molecular systems often display a complex
behavior due to translational, rotational and vibrational de-
grees of freedom – and their couplings – that animate the
intra and inter-molecular motions. One of the main re-
search lines at the Neutron Physics Department at Centro
Atómico Bariloche is the development of scattering ker-
nels for a number of molecular systems of interest, partic-
ularly cold moderator materials. A group of hydrogenous
methylated aromatics such as benzene, toluene, mesity-
lene and mixtures of those were studied in the past [1].

The structural and dynamical properties of a given sys-
tem determine the characteristics of its interaction with
slow-neutrons, that is, the probabilities for the exchange
of certain energy and momentum between the neutron
and the target nucleus, as contained in the scattering law
S (Q, ω) of the system [2]. In the frame of the Gaussian ap-
proximation the dynamics of the material is enclosed in its
generalized frequency spectrum ρ, and this is in fact the
important piece of information we need to predict scat-
tering probabilities in the case of hydrogenous materials,
where interference effects are negligible.
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Another group of potential moderator materials is now
being studied. Among those, thiphenylmethane (C19H16)
had been proposed as a potentially good cold moderator
due to its high protonic density and good radiation resis-
tance [3]. This molecular compound is formed by three
phenyl groups connected through a central carbon atom,
being a colorless solid at room temperature.

The main goal of this work is the generation of a ther-
mal cross section library for triphenylmethane at a low
temperature, and its validation with experimental data ob-
tained at the VESUVIO instrument (ISIS Neutron and
Muon Source, Rutherford Appleton Laboratory).

2 Thermal scattering law libraries
generation

As it was already mentioned, the calculation of S (Q, ω) in-
volves the characterization of its dynamics through a gen-
eralized frequency spectrum ρ(ε) which can be obtained
from experimental data, from theoretical models, numeri-
cal simulations, or a combination of those [4]. Once ρ(ε)
has been established, it is used to feed the LEAPR mod-
ule of the NJOY nuclear data processing system [5], which
employs a phonon expansion and the incoherent approxi-
mation to generate the inelastic cross section. This pro-
cedure is able to produce fairly accurate results in the case
of hydrogeneous materials, where the incoherent contribu-
tions dominate the cross sections [6].

Nowadays, density functional theory (DFT) tech-
niques are the state of start to obtain vibrational modes
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Figure 1. H in solid-C19H16 generated by means of the VASP
package along with the Phonopy code.

in solid crystals. In phonon calculations using DFT, a de-
scription of the vibrational properties of a system only re-
quires knowledge of one fundamental quantity, the force-
constant matrix, or its reciprocal space representation, the
dynamical matrix [7].

With this techniques, all internal forces can be calcu-
lated when some element is displaced from its equilib-
rium positions [8]. Once the dynamical matrix is known,
the harmonic approximation is used to calculate the vibra-
tional modes and its corresponding frequencies. In prin-
ciple, 3N atom displacements are necessary (where N is
the number of atoms in the unit cell) to calculate the vi-
brational modes. However, this number can be reduced by
means of crystal symmetries.

Solid triphenylmethane has Pna21/orthorhombic sym-
metry, containing 8 chemical formula unit inside the unit
cell. The lattice parameters are a=25.491 Å; b=14.586 Å
and c=7.400 Å[9]. Forces among atoms were calculated
by means of the VASP code [10] which is a DFT imple-
mentation, while the ρ(ε) was obtained in the harmonic
approximation by Phonopy code [11]. Energy cutoff of
550 eV was set for the plane wave expansion, along with
a mesh of 2x3x4 k-points in reciprocal space. The GGA
approximation was used for the exchange-correlation po-
tential. In order to determine the equilibrium state of the
atoms in the unit cell, both, lattice parameters and in-
ternal positions were fully relaxed until the forces were
smaller than 10−4 eV/Å. The supercell approach was use
to obtain the forces originated by the small displacements,
which in our case was defined with 16 unit formula (560
atoms)[11]. The calculation of the forces for 1680 differ-
ent displacements in the supercell, was reduced to 420 due
to the symmetries of the solid.

Finally, to obtain ρ(ε), the eigenvalue problem of
dynamical matrix in reciprocal space representation was
solved for each q-point in a mesh of 3x6x9 [11]. The
resulting frequency spectrum for H in solid triphenyl-
methane is shown in Figure 1. This spectrum was used
by the LEAPR module of NJOY in order to generate the
cross section library of H in C19H16.

3 Experimental results on
triphenylmethane cross-section

A set of neutron transmission experiments with a triph-
enylmethane sample were carried out on the VESU-
VIO spectrometer at the ISIS Neutron and Muon Source
(United Kingdom). ISIS is a short-pulse spallation neutron
source where neutrons are produced through interactions
of an 800 MeV proton beam with tantalum-clad tungsten
targets within Target Station 1 (TS1) and Target Station 2
(TS2). The Proton-beam pulse has a repetition rate of 50
Hz. In every set of five pulses, the first four (with a pe-
riod of 20 ms per pulse) go to TS1 and the fifth to TS2.
The VESUVIO spectrometer [12] is located at TS1 look-
ing at a water moderator. With this instrument it is also
possible to measure the total cross section of a sample ma-
terial, by the transmission and time of flight techniques,
over five decades in energy (10−3 to 102 eV). In Figure 2
the general setup of VESUVIO is shown [13]. The trans-
mission monitor S2 is a 6Li-doped glass scintillator placed
at 13.43 m from the neutron moderator. The beam monitor
S1 (also a 6Li scintillator) is placed upstream the sample
position at 8.60 m from the moderator, and its count rate is
employed to normalize the spectra registered by the trans-
mission monitor. The cryostat with the sample was placed
at 11 m from the moderator.

A sample of triphenylmethane powder was purchased
from Santa Cruz Biotechnology. Two 0.5 mm thick,
square shape (90 x 90 mm2) aluminum containers were
used for the experiments (see Figure 3). In order to get a
homogenous sample, one of the mentioned containers was
filled by compressing the powder with a spatula and with
the top of the container. As the melting point of the triph-
enylmethane is 365.6 K, we heated the sample to make
it liquid and to get, after cooling it down, a solid homo-
geneous sample of constant thickness. After doing that,
the container was closed using 16 screws, nuts and wash-
ers. The mass inside the container was 10.64 g with 0.1%
of confidence. After filling the sample, an identical empty
container was prepared for transmission measurements. In
both, a heater and a sensor were placed at the same posi-
tions.

Transmission measurements were performed on triph-
enylmethane at four different temperatures: 22 K, 50 K,
100 K and 150 K. All these measurements were carried
out using the same cryostat. Spectra were recorded as a
function of the time-of-flight, and converted to energy em-
ploying programs based on the Open Genie display and
data analysis suite, developed for the neutron scattering
instruments at the ISIS facility [14]. The sample transmis-
sions were determined by measuring the transmitted beam
S (ε), and the empty container C(ε).

The background B(ε) was measured by using a sam-
ple which was built with 5 mm polyethylene plus 2 cad-
mium sheets of 0.5 mm each. The measurement results
confirmed that the background contribution can be ne-
glected in the energy range where our measurements have
been performed. The similar conclusion was drawn in the
analysis of the mean emission time corrections, they were
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Figure 2. VESUVIO general setup, showing the forward scattering and backscattering detectors [13].

Figure 3. Two identical sample-containers prepared for C19H16

sample and empty container measurements.

calculated based on the neutron moderator material and
proved to be irrelevant for the present case.

With these considerations, the transmission which is
defined as T (ε) = S (ε)−B(ε)

C(ε)−B(ε) is related to the total cross sec-
tion σtot(ε) via

T (E) = e−n·d·σtot(ε)

where n is the number density and d is the sample thick-
ness. Both n and σtot are determined per molecule. Thus,
the cross section can be calculated as:

σtot (ε) = − 1
n · d ln (T (ε))

In Figure 4 the experimental total scattering cross sec-
tion for the triphenylmethane are shown at the four temper-
atures. It can be seen that the cross section is practically
independent of temperature above 30 meV. As expected,
between 0.3 and 30 meV the cross-section increases with
increasing temperature.

Figure 4. Experimental total scattering cross section for triph-
enylmethane obtained at VESUVIO spectrometer by neutron
transmission technique.

In Figure 5 experimental and calculated total scattering
cross section for H bound in tryphenylmethane are shown
for 22 K and 293 K. Good agreement is found.

4 Conclusions

We present a new model for the generation of the scat-
tering kernels for triphenylmethane, together with exper-
imental results on its total cross section measured at the
VESUVIO instrument (ISIS Neutron and Muon Source,
United Kingdom). The thermal scattering kernel was gen-
erated using the NJOY Nuclear Data Processing system
with a model based on calculations performed using the
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Figure 5. Comparison between experimental data and our model prediction for H in C19H16 at 22 K and 293 K.

harmonic approximation and forces calculated by density
functional theory. The very good agreement between mea-
surements and our model results has been found. This
validates the scattering kernel construction and the cross
section library produced in ENDF and ACE formats.
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