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Introduction
It is well-known in the field of neutronic simulations [references to e.g Bariloche articlessee papers 
by F. Cantargi, R. Granada, JI Márquez Damián et al below] that the cross section descriptions e.g. in 
the meV range distributed via NDEF [NDEF/NJOY] are typically not very precisecould be improved.

Hence, the underlying rationale for the algorithm described below is to make use of available 
materials theories like MD or DFT as well as experimental  neutron scattering data from e.g. ToF 
spetrometer studies, thereby improving realism of cross-section descriptions for neutronic 
simulations.

XXX Maybe a reference to the internal ILL report somewhere?

Elements of material structure and dynamics

Knowing a material to be used in nuclear facilities allows to measure and/or compute a number of 
physical quantities. The chemical formula (and space group) allows to compute the structure factor, 
which represents the spatial arrangement of atoms in space. In addition, that same information can 
be used to get an estimate of the density of states using a molecular/atomistic modelling. This 
information quantifies the typical vibrational energies of movements in the material, which are 
responsible for the moderation of neutrons.
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The neutron scattering technique permits to measure the structure factor, using neutron diffraction, 
and the phonon spectrum, using inelastic spectrometers. However, as any measurement, data 
treatment must be carried out to extract the theoretical information, removing e.g. instrumental 
effects, including resolution, and additional contributions to the measured signal. 

Existing methodologies date from 30 years ago, and thanks to progresses in computational physics, it 
is now feasible to extract the material physical quantities with improved accuracy by coupling the 
data treatment with molecular/atomistic and instrument modelling. Then, it is expected to better 
estimate important data such as the neutron scattering cross section, especially in the low energy 
region ( < 100 meV) which determines the spectral characteristics of the final moderation process 
events.

 XXX: Write some popular text explaining how all of the above measured / estimated quantities are 
interlinked.

The aroposedproposed algorithm 

The first step is to perform an analysis of reduced inelastic scattering data, removing the multiple
scattering and the so-called “phonon expansion” terms from the measurements. This step can then
provide,  from  an  experimental  signal  containing  “spurions”,  a  realistic  estimate  of  the  “true”
vibrational density of states (vDOS), some estimate of the structure factor S(q), as well as S(q,ω) and
I(q,t) models. 

The basis of this approach are Sjölander (derived into MuPhoCor by Reichardt for the density of
states  integral),  Sköld/Vineyard/Egelstaff  approximation,  and  S(q,w)  sum-rules.  The  multiple
scattering would be estimated from a Monte-Carlo McStas model. 

The only input is the reduced, experimental S(q,ω) or S(φ,ω), and chemical formula (to get masses,
cross sections and derive partial DOS).

So called “Phonon expansion”:

In the incoherent approximation, the dynamic structure factor can be written as [Sjölander]:

S(Q,ω)

 

with

f(t) =
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Clearly, this expression is Gaussian in shape, and does not include any structural information except
the Debye-Waller factor. It only takes as input the vibrational density of states g(). Even though it is
labelled as “phonon expansion” in the literature, the notion of phonon in a purely incoherent model
scatterer is surprising. However, some vibrational information is used as input, which is suited for e.g.
molecular spectroscopy.

In order to take into account the structure in the  S(q,ω) model, and recover some aspects of the
coherent  scattering,  we  may  make  use  of  the  Sköld  approximation  to  derive  the  coherent
contribution from the incoherent one:

which retains the second frequency moment sum-rule. The input is the structure factor S(q) and an 
incoherent scattering law Sinc(q,) estimate, as obtained above.

This way, we may obtain a dynamic structure factor estimate for both the coherent and incoherent 
contributions. The methodology may be used for e.g. isotropic density materials such as liquids, 
powders and amorphous systems.

We aim to implement a fully automatic procedure as follows, which takes minimal input information:

1.Provide an experimental reduced  S(q,ω) or  S(φ,ω) data set, obtained from e.g. Mantid or
LAMP.

2.Compute an estimate of the generalised density of states (gDOS), following Bredov/Oskotskii.
3.Split the total gDOS into partial gDOS per atom, using chemical formula (masses and neutron

cross sections).
4.Refine the gDOS in order to get the “true” vDOS [in the style of MuPhoCor]. This quantity

could also be obtained from a MD or DFT simulation,  but then usually  requires  a
substantial computational time.

5.Compute the incoherent S(q,ω) [following above equations, Sjölander] and multiple orders.
6.Remove the incoherent multi-phonon terms from the experimental data.
7.Estimate  the  structure  factor  S(q)  from  both  the  energy  integration  and  the  S(q,ω) 2nd

moment. This quantity could also be obtained from a diffraction experiment, or the
chemical formula (using CrysFML), or a MD/DFT simulation.

8.Compute an estimate of the coherent S(q,ω) from the Sköld approximation, using the above
S(q) and the incoherent S(q,ω).

9.Cross-check the experimental data with the estimated S(q,ω) model.
10. Extend the experimental  data  with  the coherent+incoherent  model,  and use it  as

input into a McStas model to compute the multiple-scattering contribution.
11. Remove the multiple-scattering contribution.
12. Loop iteratively to item 2. until convergence.
13. This way we have subtracted the multi-phonon and multiple scattering contributions,

derived a model S(q,ω) and refined the density of states. In addition, the  I(q,t) can be
estimated for e.g. NSE experiments.

14. Qualify the result by deriving the frequency moments and write an automatic report

This  way,  ‘clean’  dynamical  and  structural  information  are  obtained,  which  is,  a  step  forward
compared  to  previous  approaches  (Carpenter/Bellissent/Reichardt).  The  indicated  algorithm  is  a
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completely new implementation (not a MuPhoCor port) and will be made available to non-expert
users, and integrated into a simple GUI via the iFit package [http://ifit.mccode.org] .

References: 

ENDF/NJOY:

 M. Mattes and J. Keinert, IAEA INDC(NDS)-0470, 2005.
 R. E. MacFarlane, LA-12639-MS (ENDF-356), 1994.

 F. Cantargi, J. R. Granada, and R. E. Mayer. Annals of Nuclear Energy, 80. 43-46 (2015) ; see also 
subsequent papers at <http://www.cab.cnea.gov.ar/nyr/tsl_eng.html>.

Multi-phonons theories:

 H. Schober, Journal of Neutron Research 17 (2014) 109–357. DOI 10.3233/JNR-140016 (see esp. 
pages 328-331).

 V.S. Oskotskii, Sov. Phys. Solid State 9 (1967), 420.

 A. Sjolander, Arkiv for Fysik 14 (1958), 315.

 W. Reichardt, MUPHOCOR Karlsruhe Report 13.03.01p06L (1984).

Generalised density of states:

 Price J. et al, Non Cryst Sol 92 (1987) 153.
 Bellissent-Funel et al, J. Mol. Struct. 250 (1991) 213.

 Carpenter and Pelizarri, Phys. Rev. B 12, 2391 (1975).

 Suck et al, Journal of Alloys and Compounds 342 (2002) 314.

 Bredov et al., Sov. Phys. Solid State 9, 214 (1967).

 V.S. Oskotskii, Sov. Phys. Solid State 9 (1967), 420.



5


	Introduction

