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Structure of Liquid and Amorphous Materials using
Pair-Distribution Function Analysis

Phil Salmon

The atomic-scale structure of liquids and glasses is a prerequisite for understanding their material proper-
ties. There is an absence, however, of translational periodicity that leads to the Bragg peaks observed in the
diffraction pattern for a crystal. Instead, the diffraction pattern is diffuse, and it is a challenge to solve the
structure.

In this talk I will outline the theory necessary for understanding the X-ray and neutron diffraction patterns
that are measured for structurally disordered materials, and show how these patterns can be used to obtain
real-space structural information in the form of partial pair-distribution functions gos(r) [1,2]. Attention
will be paid to multi-component systems, where overlap of the pair-correlation functions means that it is
not possible to obtain all of the individual gos(r) from a single diffraction experiment. In favourable cases,
however, information can be gained by using multi-pattern techniques that include (i) neutron diffraction
with isotope substitution (NDIS), (ii) anomalous X-ray diffraction (AXD), and (iii) a combination of X-ray
and neutron diffraction. These methods will be illustrated by case studies taken from recent work at central
neutron and X-ray facilities.

Finally, I will introduce the ideas behind structural refinement techniques such as reverse Monte Carlo (RMC)
and empirical potential structure refinement (EPSR), where measured diffraction patterns are used to guide
in the construction of atomistic models.

[1] H. E. Fischer, A. C. Barnes and P. S. Salmon, Rep. Prog. Phys. 69 (2006), 233.
P. S. Salmon and A. Zeidler, J. Phys.: Condens. Matter 27 (2015), 133201.
P. S. Salmon and A. Zeidler, J. Stat. Mech. (2019), 114006.

Primary author(s) : SALMON, Philip Stephen (University of Bath)
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Recent and future developments in PDF-land

Simon Billinge

There are recently emerging powerful experimental developments related to atomic pair distribution function
(PDF) method and total-scattering studies. At this workshop you will learn in detail about carrying out and
applying PDF to your own scientific research, and there will be excellent tutorial talks on this. Therefore,
in this talk I will focus on recent technological and methodological developments, and some that are in the
pipeline, that are allowing ever richer science to be done. Examples include new spatial and time resolved
capabilities and novel approaches to modeling. I will also talk about recent applications of PDF to scientific
problems enabled by the new developments. I will also describe recent and upcoming developments in PDF
analysis and modeling software that are under development in the group.

Primary author(s) : BILLINGE, Simon (Columbia University + Brookhaven National Laboratory)


Gabriel Julio Cuello
Monday 17 Oct, 10:30

Gabriel Julio Cuello

Gabriel Julio Cuello
Simon Billinge

Gabriel Julio Cuello


ADD2022

sty :
FUTEN i Al et 18-21 OCT 2022
» YSIS OF-UI
RS 1 . GRENOBLE, FRANCE
Abstract ID : 140 Monday 17 Oct, 11:30

Single-Crystal Diffuse scattering
Reinhard Neder

Diffuse scattering has been observed for almost as long as any single crystal diffraction, see [1] for a recent
review on the subject. Further reviews are found for example in [2-7] and references therein. Diffuse scatter-
ing is observed for all classes of crystalline materials, metal alloys, simple inorganic materials, quaiscrystals,
molecular structures including protein crystals.

The intensity of the Bragg reflections describes the crystal structure very well with one important limitation.
To the Bragg reflections all unit cells look alike. The Bragg reflections thus contain information on the average
structure only. Any difference between the unit cells manifests itself in additional, usually weak diffuse scat-
tering between the Bragg reflections. The diffuse scattering may be an almost featureless background or show
a pattern of intricate complexity and may onsist of streaks, layers, broad peaks or even curved distributions.

The origin of the structural deviations may be due to dynamic effects such as the thermal movement of atoms
or due to static effects. The first effect is commonly termed thermal diffuse scattering, while the second effect
is referred to as disorder diffuse scattering.

The static deviations from the average structure can have many different reasons and may be present at
different dimensions within the crystal. The deviations may be something as simple as a distribution of two or
more atom types at a single site within the unit cell. Very often these local replacements cause a slight static
shift of the surrounding atoms and these may be described as small clusters of slightly different structure. In a
molecular structure the simplest defects might be a molecule in a slightly different conformation. From these
simple defects

one can consider a continuous and gradual change to larger objects such as domains with slightly different
order or actual disolutions of a guest phase in the host crystal. Other defect types may disrupt the strict
periodicity of the crystal on

a larger scale such as stacking faults. Commonly the periodicity is maintained within the layers but the layer
sequence deviates from a strictly periodic sequence.

Somewhat independent of the actual defect type, we need to consider the distribution of the defects through-
out the host structure. Many times the defects are not randomly distributed and the correlations between
neighboring defects introduce structure into the diffuse scattering.

In this lecture an overview of defect types, the arrangement of defects and the corresponding diffuse scattering
is given. The lecture will describes current measurement, analysis and modelling techniques.

[1] TR. Welberry, T. Weber, Crystallography Reviews 22, (2015)

B.T.M. Willis, H. Jagodzinski, F. Frey, J.M. Cowley, J. Gjonnes, P.S. Pershan in Int. Tables for Crystallography
Vol B, U. Shmueli (Ed.), [IUCR (1993), p. 383

W. Schweika, Springer (1998)

V.M. Nield, D.A. Keen, Oxford University Press (2001)
T.R. Welberry, Oxford University Press (2004)

R.B. Neder, T. Proffen, Oxford University Press (2008)

T.R. Welberry, D.J. Goossens., IUCr]. 1, 550 (2014)

Primary author(s) : NEDER, Reinhard (Friedrich-Alexander_universitaet Erlangen-Nuernberg, Germany)
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PDFgui — a small box modelling platform for
nanoscale structure analysis

Emil Bozin

PDFgui is a user-friendly graphical interface built on the PDFfit2 small box modeling engine to fit neutron
and X-ray PDF data and extract nanoscale structure information. The easy to use PDFgui environment orga-
nizes fits and simplifies many data analysis tasks, such as configuring and carrying out sequential refinements
and plotting multiple fits. PDFfit2 is a program as well as a library for real-space refinement of crystal struc-
tures. It is capable of fitting a theoretical three-dimensional (3D) structure to atomic pair distribution function
data and is ideal for nanoscale investigations. The fit system accounts for lattice constants, atomic positions
and anisotropic atomic displacement parameters, correlated atomic motion, and experimental factors that
may affect the data. The atomic positions and thermal coefficients can be constrained to follow the symme-
try requirements of an arbitrary space group. PDFfit2 and PDFgui are freely available [1]. In this talk, the
PDFgui concept and layout as well as essential capabilities will be presented. To exemplify the small box
analysis as applied to bulk systems featuring nanoscale heterogeneities, a brief illustration of a recent hidden
local symmetry breaking detection in a high performance thermoelectric system will be shown [2]. PDFgui
functionality and typical use cases, such as co-refinement of multiple datasets, phase analysis, sequential re-
finements of variable length scales, temperature & composition, will be demonstrated during the followup
hands-on tutorial. .

[1] “PDFfit2 and PDFgui: computer programs for studying nanostructure in crystals”, C L Farrow et al., J.
Phys.: Condens. Matter 19 335219 (2007)

“Hidden local symmetry breaking in silver diamondoid compounds is the root cause of ultralow thermal con-
ductivity”, H. Xie et al., Adv. Mater. 34 2202255 (2022)

Primary author(s) : BOZIN, Emil (Brookhaven Natl Lab)
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DiffPy-CMI - a software toolbox for real-space
structure analysis and Complex Modeling

Simon Billinge

This presentation and the associated hands-on tutorial will introduce DiffPy-CM], a software for structure anal-
ysis from experimental atomic Pair Distribution Function (PDF) and for Complex Modeling [1, 2]. DiffPy-CMI
(Complex Modeling Infrastructure) has been developed to handle ill-posed inverse problems, where diffrac-
tion experiments do not provide enough signal to determine complicated structures or nanostructures. To
overcome this problem, we use a Complex Modeling approach [3] which allows users to combine additional
experimental or theoretical inputs and uses them all together in a common optimization routine. DiffPy-CMI
is a flexible and extensible program allowing user to create such models tailored for the specific knowledge
about the material under study. DiffPy-CMI runs on Linux and Mac operating systems and is primarily written
in Python with computationally intense parts coded in C++. It can also be run on windows using the Win-
dows Linux Subsystem (WSL). In the big picture DiffPy-CMI provides several ways of representing atomic
structures, a set of forward calculators (e.g., PDF, bond valence sums, powder and single crystal diffraction),
and finally a fit-manager to define and run multi-input refinements. The fits can be conducted with short
Python scripts or within the Jupyter Notebook interactive environment. In addition to Complex Modeling,
DiffPy-CMI also enables more subtle PDF refinements which are not possible in PDFgui [4] - for example PDF
fits of non-periodic small clusters or of molecular crystals with rigid structure units. The software provides
access to internal simulation routines, which can be tweaked or extended, and thus permits rapid implemen-
tation of new ideas and more accurate models. We will demonstrate the capabilities of DiffPy-CMI on a series
of science cases, starting from simple forward calculations and following up with PDF fitting examples that
go beyond PDFgui.

[1] P. Juhaés, et al., Acta Crystallogr. A 71 (2015), 562-568.
DiffPy-CMI is available at https://www.diffpy.org.

S.J. L. Billinge, I. Levin, Science 316 (2007), 561-565.

C. L. Farrow et al., J. Phys: Condens. Mat. 19 (2015), 335219.

Primary author(s) : BILLINGE, Simon (Columbia University + Brookhaven National Laboratory); JUHAS,
Pavol (Brookhaven National Laboratory); Mr. TAO, Songsheng (Department of Applied Physics and Applied
Mathematics, Columbia University)
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Investigating short-range magnetic correlations in
real space with magnetic pair distribution function
analysis

Benjamin Frandsen

Short-range magnetic correlations play a key role in a wide variety of material systems, ranging from quan-
tum materials, such as geometrically frustrated magnets, to technologically applied materials, such as mag-
netocalorics. Quantitatively characterizing these correlations is necessary to gain a complete understanding
of these types of materials, but conventional techniques based on magnetic diffraction fail due to the short-
range nature of the correlations of interest. Recently, magnetic pair distribution function (mPDF) analysis
has emerged as a promising method for studying short-range magnetic correlations by Fourier transforming
the magnetic scattering into real space, similar to the more familiar atomic pair distribution function method.
mPDF analysis has been applied successfully to numerous magnetic materials, including geometrically frus-
trated magnets, strongly correlated electrons systems, magnetic thermoelectrics, multiferroics, and more. In
this talk, I will introduce the mPDF method, discuss its application to representative materials, and provide
an overview of the software tools available for mPDF analysis.

Primary author(s) : FRANDSEN, Benjamin (Brigham Young University)
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RMCProfile: Local structure of crystalline to
amorphous materials

Matt Tucker

Many of the useful materials that make modern life possible are crystalline. Quartz keeps our watches on
time, perovskites are widely used in consumer electronics and solid oxide fuel cells may help to power the
future.

The importance of local structure and disorder in crystalline materials is being recognised more and more as
a key property of many functional materials. From negative thermal expansion to solid state amorphisation
and the ‘nanoscale’ problem to improved fuel cell technology, a clear picture of the local atomic structure is
essential to understanding these phenomena and solving the associated problems.

Total scattering, an extension of the powder diffraction method, is increasingly being used to study crystalline
materials. The unique combination of Bragg and diffuse scattering can be used to determine both the average
structure and the short-range fluctuations from this average within a single experiment. To maximise the
structural information from such data, three-dimensional atomic models consistent with all aspects of the
data are required.

RMCProfile [1] expands the reverse Monte Carlo (RMC) modelling technique [2] to take explicit account of the
Bragg intensity profile from crystalline materials. Analysis of the RMCProfile-generated atomic models gives
more detailed information than is available directly from the data alone. We will give several examples where
RMCProfile has been used to successfully study the structure and disorder of crystalline materials to illustrate
its potential. Also, since the original RMC technique was designed to study amorphous materials, we will
give examples where RMCProfile has been used to model amorphous structures that derive from crystalline
materials.

[1] see www.rmcprofile.org; M G Tucker, D A Keen, M T Dove, A L Goodwin and Q Hui, J. Phys. Condens.
Matter 19, 335218 (2007)

R L McGreevy amd L Pusztai, Mol. Simul. 1, 359 (1988)

Primary author(s) : TUCKER, Matt (ORNL); PLAYFORD, Helen (ISIS Neutron and Muon Source)
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EPSR & Dissolve - Data-driven structural modelling
of total scattering data

Tristan Youngs

The study of disordered materials such as liquids and glasses through neutron or x-ray techniques presents
an interesting challenge since, due to the presence of only local order (< 1 nm) in these materials, only diffuse
scattering prevails. Searching for, or generating model analogues that match this “order in disorder” present
in the structure of real systems is normally required to make any kind of scientific interrogation. This is the
goal of the Empirical Potential Structure Refinement (EPSR) [1] and Dissolve [2] codes.

Both EPSR and Dissolve rely on a full, atomistic simulation (Monte Carlo and/or molecular dynamics) of a
target system and its constituent molecules and moieties within the context of a “realistic” forcefield describing
the interactions between atoms. While simulations utilising off-the-shelf forcefields typically do not reproduce
experimentally-measured structure factors, they act as a useful starting point for further refinement. Critically,
the provision of experimental scattering data allows both codes to modify the interatomic potentials provided
and drive the simulated system towards better agreement with the real-world one. This data-driven approach
to the modelling of total scattering data has successfully been applied to a multitude of disordered systems
covering liquids, liquid mixtures, and glasses, and is increasingly being used to study complex disordered
materials such as gases and liquids confined in porous materials, polymers in solution, and self-assembled
systems such as aqueous micelles.

Here I will give an overview of the techniques and approaches involved, their advantages, limitations and
challenges, and discuss some real-world examples.

[1] Soper, Mol. Phys. 99, 1503 (2001)
Youngs, Mol. Phys. 117, 3464 (2019)

Primary author(s) : YOUNGS, Tristan; BOWRON, Daniel (UK Research and Innovation, Science and Tech-
nology Facilities Council, ISIS Neutron and Muon Facility)
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Refinement of Magnetic Diffuse Scattering Data

Joe Paddison

I will discuss techniques for refinement of magnetic diffuse scattering data, and the real-space information
they can provide about magnetic materials such as spin liquids, spin ices, and skyrmion crystals. I will intro-
duce the computer programs Spinvert and Spinteract, which can be used to estimate the short-range magnetic
correlations and the magnetic interactions that drive them, respectively. I present several examples to demon-
strate the capabilities of the suite of programs: fitting to powder and single-crystal diffuse-scattering data,
predicting single-crystal diffuse-scattering patterns given powder data, and parametrising spin Hamiltonians
of magnetic materials using magnetic diffuse scattering data.

Primary author(s) : PADDISON, Joe (Oak Ridge National Laboratory)
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DISCUS, Simulation and refinement of disordered
crystal structures

Reinhard Neder

Kristallographie und Strukturphysik,Friedrich-Alexander-Universitat Erlangen-Niirnberg, Staudtstr. 3, 91058
Erlangen

DISCUS is a program that can simulate crystal structures and can calculate the orresponding diffraction pat-
tern[1]. Its scope includes the possibility to simulate perfect crystal structures, as well as disordered structures.
The program includes several toolboxes to introduce defects into the crystal structure. The strength of the
program is the nearly unlimited flexibility that it offers to the user. One can use the program to simulate
individual atoms, molecules, small clusters, finite sized nanoparticles or crystals that are essentially infinite
in size. Into each of these structures many different defects can be introduced via a set of tools integrated into
the program.that still as an average periodic crystal structure, or a complex core/shell nanoparticles as well
as a glass like structure without periodicity.

The tools to create disorder include basic options like the manipulation of individual atoms and extended tools
to manipulate the crystal at large. These tools include short range order concepts to distribute different atom
species or to distribute displacement correlations throughout the crystal. Empirical potential functions allow
to introduce local distortions to the structure. Another tool builds stacking faults. These can be created as
growth faults or use a short range order mechanism to build faults with more complex layer sequences. A new
companion program allows the use of abstract generators to create essentially any stacking fault sequence.
DISCUS uses an abstract domain concept to incorporate defects into a host structure. These defects might be
anything from an individual atom, a small cluster, a guest crystal with regular or irregular internal host-guest
surface or a set of molecules on top of a surface. The domains themselves may be subject to a short range
order distribution. Finally, modulated structures can be simulated with the use of displacement or density
waves. To build finite crystals, options exist to create crystals limited by a suitable surface.

DISCUS calculates single crystal diffraction pattern of as well as powder diffraction pattern, the pair distribu-
tion function (PDF), and the 3D-PDF.

The DISCUS program suite [2] includes two generic optimizer sections to refine disordered crystal structures
with respect to experimental data. The DISCUS suite is available for Linux, Mac and Windows. The programm
includes an MPICH option to allow fast parallel refinement on multiple core architectures or supercomputer
frames.

A set of interactive teaching pages is available to introduce disorder diffraction concepts [3].

[1] RB. Neder, T. Proffen, Diffuse Scattering and Defect Structure Simulation, Oxford (2008)

[2] DISCUS is available on https://github.com/tproffen/DiffuseCode

[3] DISCUS Teaching pages available on https://www.icsp.nat.fau.eu/neder-group/ (Under revision)
[4] K. Page, T.C. Hood, Th. Proffen, R.B. Neder, J. Appl. Cryst 44, 327 (2011)

Primary author(s) : NEDER, Reinhard


Gabriel Julio Cuello
Tuesday 18 Oct, 9:30

Gabriel Julio Cuello

Gabriel Julio Cuello

Gabriel Julio Cuello
Reinhard Neder


ADD2022

FOR SOCIETY it Yo s 18-21 ucT 2"22
e GRENOBLE, FRANCE
Abstract ID : 137 Tuesday 18 Oct, 10:00

3D-APDF: Pair distribution function analysis for
single crystals

Arkadiy Simonov
This tutorial will be focused on understanding disorder in single crystals using diffuse scattering. In particular

I'will introduce the Three-Dimensional Difference Pair Distribution Function (3D-APDF) method for analyzing
diffuse scattering from single crystals and the program Yell which can perform 3D-APDF refinements.

Primary author(s) : SIMONOV, Arkadiy
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Hybrid Photon Counting X-Ray Detectors: from
Basic Functionality to Advanced Operation during
X-Ray Diffraction Experiments

Dubravka Sisak-Jung

Hybrid photon counting (HPC) X-ray detectors are crucial components for cutting-edge research at syn-
chrotrons and in laboratories. In short, HPC X-ray detectors provide (i) noise-free detection and readout,
(ii) high-quantum efficiency over a wide X-Ray energy range, and (iii) advanced acquisition functionality for
versatile experiments at up to kilohertz image rates.

During this talk, we will address the core components of latest-generation HPC detectors, such as the PILA-
TUS3 and EIGER2, explaining their core building blocks as well as their respective functionality. We will
highlight key aspects to consider before, during, and after the experiment, to ensure the best possible data
quality.

Primary author(s) : Dr. SISAK-JUNG, Dubravka (DECTRIS Ltd.)
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PDF methods in materials chemistry

Andrew Goodwin

This talk will give an overview of various applications of PDF methods in Materials Chemistry. Examples will
be drawn from across the field, including metal-organic frameworks, frustrated magnets, battery materials,
and oxide ceramics. The talk will include discussion of the pros and cons of single-crystal vs powder PDF meth-
ods, and also the different emphases of reciprocal space (total scattering) vs real space (PDF) representations.

Primary author(s) : Prof. GOODWIN, Andrew (University of Oxford)
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Local and extended structuring in not-so-crystalline
molecular solids

Max Terban

One of many benefits of real-space analysis is to provide a different vantage point from which to analyze our
diffraction/scattering data. Certain features of the structure are better emphasized in real-space. This provides
opportunities to test different hypotheses about parts of the structure, and how they change, even when a
complete structural model is unknown or not well defined. In this talk, I will discuss different case studies
for using PDF data to study complex molecular materials — e.g. thiophosphate anions with dynamic disorder
and macromolecular chain structures forming heterogeneous aggregations. I will show how to disambiguate
aspects of the structuring over different length-scales. Importantly, emphasis will be placed on comparing
total scattering features with their real-space analogues to help build intuition for future PDF endeavors.

Primary author(s) : TERBAN, Maxwell
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Abstract ID : 83 Wednesday 19 Oct, 16:45

From Total Scattering to Total Understanding:
Structure-Functionality Relationships in
Scheelite-Type Oxides

Bryce Mullens

The development of carbon-neutral energy-generation and storage is critical to combatting climate change.
Various technologies are currently being developed for sustainable energy generation, such as next-generation
ion conductors for solid-oxide fuel cells (SOFCs), industrial catalysts for sustainable processing, and materials
capable of safely storing radioactive waste. Scheelite-type ABO4 materials have become a focus for these tech-
nological advances, with RbReO4 emerging as a potential solid electrolyte, Bi3FeM02012 as a viable oxidation
catalyst, and TITcO4 as a model for highly mobile nuclear fission products. Paramount to the development
of these technologies is a deep understanding of their structure-functionality relationships. In this work,
we have investigated materials that show unusual temperature dependent structural properties and use total
scattering techniques to fully understand the structural origins of such behavior.

RbReO4 undergoes a continuous phase transition from I41/a to the true I41/amd scheelite aristotype upon
heating. This phase transition is particularly important as it changes the number of possible interstitial sites,
potentially leading to higher ionic conductivity. Rietveld refinements using synchrotron X-ray diffraction
data shows an anomalous reduction in the Re-O bond lengths upon heating towards the phase transition tem-
perature. This is unexpected, as the BO4 scheelite tetrahedra are traditionally considered rigid with ‘fixed’
B-O bond distances. Combining synchrotron X-ray diffraction and X-ray total scattering data, we uncovered
a unique symmetry-lowering process on the local scale involving incoherent tetrahedra rotations. By manip-
ulating the size of the A-site cation, local scale disorder can be tuned to tailor the physical properties of the
material [1].

Bi3FeMo02012 is a rare example of a transition metal oxide that undergoes a symmetry-lowering 2:1 cation
ordering upon heating. Synchrotron X-ray and neutron powder diffraction demonstrate that this is a con-
sequence of a first-order tetragonal-to-monoclinic phase transition that occurs at temperatures below 600
°C. Neutron pair distribution function analysis revealed that the transition does not involve a rearrangement
of the cation sublattice but showed that the Bi3+ 652 lone pairs are stereochemically active in both phases.
The observed phase transition is a result of changes in the correlation length of the of the Bi3+ 6s electrons
from short range in the tetragonal structure to long range in the monoclinic structure. This is then used to
understand the magnetization of the different phases [2].

TIReO4 is a rare example of a non-magnetic oxide displaying a re-entrant phase transition. The symmetry
changes from tetragonal 141/a to monoclinic P21/c, and then back to tetragonal I41/a upon heating. Using
neutron total scattering, we describe this behavior in terms of the correlation length of the Tl+ 652 lone pairs.
Whilst the long-range average structure experiences emphanitic behavior (that is, the emergence of a lower-
symmetry phase upon heating), the local structure is best fitted with monoclinic distortions to the unit cell
due to the Tl+ lone pairs. This study presents a possible method of tuning the energy landscape of lone
pair-containing functional materials [3].

[1] Marlton, F. et al.; Tetrahedral Displacive Disorder in the Scheelite-Type Oxide RbReO4. Inorg. Chem., In
Press.

Saura-Muzquiz, M. et al; Cation and Lone Pair Order-Disorder in the Polymorphic Mixed Metal Bismuth
Scheelite Bi3FeMo02012. Chem. Mater., To be Submitted.

Saura-Muzquiz, M. et al., Understanding the Re-Entrant Phase Transition in a Non-Magnetic Scheelite. 7. Am.
Chem. Soc., https://doi.org/10.1021/jacs.2c05620.

Primary author(s) : MULLENS, Bryce (The University of Sydney / University Paris Saclay); MARLTON, Fred
(Aarhus University, Chemistry); Dr. SAURA-MUZQUIZ, Matilde (Universidad Complutense de Madrid);
BALDINOZZI, gianguido (UniversitZ Paris-Saclay, SPMS, Centralesupelec CNRS); Dr. ZHANG, Zhaoming
(Australian Nuclear Science and Technology Organisation); Prof. KENNEDY, Brendan (The University of Sydney)
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Probing hidden order in ferroelectric oxide thin
films with single crystal diffuse X-ray scattering

Joohee Bang

Ferroelectric thin films have attracted great attention for its rich applications in energy-efficient electronic
devices because of their relevant physical properties such as high dielectric constants, electrically switchable
polarization, and high piezoelectric coefficients [1]. In fact, the growing demand for miniaturized microelec-
tronics has inspired diverse research efforts towards the engineering of ferroelectric properties and domain
architectures in the ultrathin regime [2]. Thus, comprehending the structural and electrical properties of
ferroelectric thin films on the nanoscale became crucial. Recently, a lot of effort has been put into study-
ing ferroelectric oxide superlattices with complex topologies such as long-range vortex-antivortex arrays of
polarization [3]. These works have called for an in-depth structural investigation of the superlattice struc-
tures, since the orientation and arrangement of ferroelectric domains define the macroscopic ferroelectric
properties in ferroelectric thin films. Here, we report on a newly discovered local order state in superlattices
consisting of ferroelectric lead titanate and dielectric strontium titanate using a complete three-dimensional
diffuse X-ray scattering data analyzed with 3D-APDF method [4]. The data was collected with single crystal
diffuse X-ray scattering technique, which, to the best of our knowledge, was used for the first time to study
local order in single crystalline thin films. This work will not only contribute to gaining useful insights on
structure-property correlations of ferroelectric oxide superlattices, but also lay groundwork for developing a
novel non-disruptive solid-state characterization technique for analyzing local structures of thin films.

[1] Setter, N., et al. 2006
Fong, Dillon D, et al. 2004; Schlom, Darrell G., et al. 2007
Yadav, A. K., et al. 2016; Damodaran, A. R, et al. 2017

Weber, T., Simonov, A. 2012
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Emergent Electronic and Phonon Modes from
Correlated Disorder

Nikolaj Roth

Disorder in crystals is often far from random, and in some cases the local correlations of disorder can be
controlled. It is shown how crystals with identical average crystal structures, but different types of correlated
disorder can have different electronic and phonon band structures. It is further shown that by changing
the type of disorder from random to correlated, it is possible to open band gaps and tune the delocalization
of modes, allowing for drastic changes to electronic properties. Bragg diffraction patterns are not enough
to identify a structural phase when disorder is at play, as phases with widely different properties can have
identical Bragg diffraction intensities. Diffuse scattering is needed to identify phases with disorder. Control
over correlated disorder allows a new handle for tuning materials properties.

Primary author(s) : ROTH, Nikolaj (University of Oxford)
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A pedagogical journey in search of hydrogen
disorder with RMCProfile analysis of X+n data from
hydrogrossular

David Keen

The structure of fully hydrated grossular, Ca3A12[(OH)4]3, contains an unusual arrangement of four O-H
bonds within each tetrahedral cavity when all SiO4 in the anhydrous form are substituted for (OH)4. Neutron
and x-ray total scattering from a powdered deuterated sample were measured and modelled using RMCProfile
to investigate the local arrangement of this O4D4 cluster [1]. This showed that, other than the consequences
of a correctly determined (and longer) O-D bond length, there is little to suggest that the O4D4 structure is
locally significantly different from that expected based on the average structure determined solely from Bragg
diffraction.

This talk will therefore concentrate on the X+n total scattering data analysis process, which proved very
instructive, provided a few surprises, and will hopefully be of help to others using total scattering/PDF data
to understand disorder in crystalline materials.

[1] D A Keen, D S Keeble and T D Bennett. Phys. Chem. Miner. 45 (2018) 333-342

Primary author(s) : Prof. KEEN, David (ISIS Facility, Rutherford Appleton Laboratory)
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Exploring fundamental aspects of the structural
organization in weberite-type tantalate oxides using
neutron total scattering technique.

Igor Gussev

The total scattering technique provides key information about the periodic long-range structure and local
atomic correlations, essential to unravel underlying defects and structural disorder. Understanding how com-
plex oxides disorder is critically important for many energy-related applications that require materials oper-
ating in harsh environments (high pressure, temperature, and radiation fields).

We used neutron total scattering and X-ray diffraction to study a series of weberite-type tantalate oxides
(RE3TaO7, RE= rare earth). Weberite-type oxides are structurally related to fluorite and their chemical flexi-
bility and ability to incorporate atomic substitutions can produce systems relevant for nuclear waste manage-
ment, atomic transport, or magnetic applications. Modeling of neutron total scattering data across all mate-
rial’s length scales demonstrated that short-range correlations differ from the respective long-range atomic
organizations: The Q-space analysis revealed three different long-range symmetries, whereas r-space corre-
lations displayed a continuous behavior across the entire compositional series, even extending to the fully
disordered defect-fluorite structure. This can be explained by the change in different tilt systems and poly-
hedra distortions that increase continuously with cation size mismatch. The long-range structures are the
configurational average of the local sub-nanodomains; the existence of phase transformations across phase
boundaries between three structural families is related to a change in the tilt system in one case and the
crossing of a critical distortion level in the other. This complex multiscale disordering behavior can explain
the different properties of these systems and, in particular, their varying amorphization resistance to ion

irradiation.

Primary author(s) : Mr. GUSSEV, Igor (University of Tennessee)
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Solving atomic structures by combining analysis of
PDF pattern with DFT calculations in machine
learning enhanced global optimization

Wilke Dononelli

Determination of crystal structures of nano-crystalline, quantum-crystalline, or amorphous compounds is
a great challenge in solid states chemistry and physics. Structural analysis using atomic pair distribution
function (PDF) of X-ray or neutron total scattering data has the potential to become the most efficient method
in this field. Unfortunately, for structure refinements using this method, an initial starting model for the atomic
positions is needed, but not available in many cases. To solve this problem, we have recently introduced
an algorithm [1] that is able to determine the crystal structure of an unknown compound by means of an
on-the-fly trained machine learning (ML) model that combines density functional calculations (DFT) with
comparison of calculated and measured PDFs for global optimization. In our original work, we showed, that
the algorithm is able to predict even meta-stable point defects in spinel structures.

Here, we will give a short introduction of the method followed by a case example. HoW>07 and D2W2Or are
a metastable material synthesized via selective etching of the Aurivillius-related Bi2W2Og [2] with HCI and
DC], respectively. As shown by Wang et al. [3] this material has the potential to be used as an electrode for
high-power proton-based energy storage. Due to the meta-stable nature of the material global optimization
of the atomic structure relying on DFT calculations leads to a wrong layer structure. Only combining PDF
measurements from X-ray and neutron scattering with DFT calculations leads to the correct layer structure
similar to Aurivillius structure of the precursor.

[1] M. Klgve, S. Sommer, B. B. Iversen, B. Hammer and W. Dononelli, Solving atomic structures from PDF pat-

terns with machine learning enhanced global optimization, 2022, submitted. preprint: http://www.quantumchemistry.eu/dftpdf/
N. Lefeld, M. M. Murshed, P. Bottke, Th. M. Gesing, Synthesis and characterizations of HoW>07 - nH»0 lay-

ered tungstates hosting hydrogen storage and conduction. 16th European Conference on Solid State Chem-

istry, 23. - 26.7.2017 Glasgow, UK.

Wang, R., et al, Fast Proton Insertion in Layered H2W>O7 via Selective Etching of an Aurivillius Phase. Adv.
Energy Mater. 2021, 11, 2003335.

Primary author(s): Dr. DONONELLI, Wilke (University Bremen, MAPEX Center for Materials and Processes
and Bremen Center for Computational Materials Science )

Co-author(s) : KLOVE, Magnus (Center for Integrated Materials Research, Department of Chemistry and Inter-
disciplinary Nanoscience Center (iNANO), Aarhus University); Mr. LEFELD, Niels (Universitit Bremen, Chemische
Kristallographie fester Stoffe, Institut fiir Anorganische Chemie und Kristallographie); Prof. GESING, Thorsten M.
(Universitit Bremen, Chemische Kristallographie fester Stoffe, Institut fiir Anorganische Chemie und Kristallogra-
phie); Prof. IVERSEN, Bo B. (Center for Integrated Materials Research, Department of Chemistry and Interdisci-
plinary Nanoscience Center (iNANO), Aarhus University)
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Symmetry-Adapted Pair Distribution Function
Analysis

Tobias Bird

Symmetry-Adapted Pair Distribution Function Analysis (SAPA)™ is a novel technique for obtaining infor-
mation on local dynamics and disorder from pair distribution function (PDF) data. In the SAPA method, the
crystal structure is expanded to a supercell of a given size and then broken down into a symmetry-mode ba-
sis using the ISODISTORT online software. Using the TOPAS command line functionality, groups of modes
transforming as the same irreducible representation can be tested in turn, in order to find the modes most re-
sponsible for any deviation of the local structure from the average. With the python programming language,
this technique can be performed as an automated process. Using this method, it has been possible to elucidate
the underlying symmetry of the successive ferroelectric phase transitions in BaTiO3?) and have highlighted
the importance of structural flexibility in determining the range and magnitude of negative thermal expansion
in Re03[3] and related structures!¥.

[1] T. A. Bird, A. Herlihy and M. S. Senn, . Appl. Cryst., 54 (2021), 1514-1520
[2] M. S. Senn, D. A. Keen, T. C. A. Lucas, J. A. Hriljac and A. L. Goodwin, Phys. Rev. Lett., 116 (2016), 207602

[3] T. A. Bird, M. G. L. Wilkinson, D. A. Keen, R. I. Smith, N. C. Bristowe, M. T. Dove, A. E. Phillips and M. S.
Senn, Phys. Rev. B, 104 (2021), 214102

[4] T. A. Bird, J. Woodland-Scott, L. Hu, M. T. Wharmby, J. Chen, A. L. Goodwin and M. S. Senn, Phys. Rev. B,
101 (2020), 064306

Primary author(s) : Dr. BIRD, Tobias (Diamond Light Source)

Co-author(s): Dr. CHATER, Philip (Diamond Light Source); Dr. SENN, Mark (University of Warwick)
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A nanoscale view of natural and engineered cements

Alejandro Ferntndez Mart'nez

Calcium silicate hydrates (C-S-H) are the main binding phase of Portland cement. In spite of more than
one century of intensive use, mechanistic details about the nucleation and growth of these hydrates remain
elusive. Indeed, the study of nucleation from solution is a difficult experimental task given the nanoscopic
sizes of the first nuclei and their short lifetimes. The classical view of the nucleation process is that depicted by
the classical nucleation theory, by which the first nuclei formed already have the atomic structure of the final
crystals. It has been only in recent years that deviations from this theory have been reported for many mineral
phases, which has resulted in what is known as ‘non-classical’ nucleation pathways in which nanoparticulated
or amorphous intermediates are important players during the nucleation process. A study of non-classical
nucleation pathways of C-S-H performed using in situ X-ray PDF methods will be reported during the first
part of this presentation. Similarities to structural characteristics of natural cements (biominerals) will be
highlighted.

In the second part, recent advances in our understanding of the structure of C-S-H and of adsorbed water
films will be presented. C-S-H is a disordered, nanocrystalline phase which exhibits variable stoichiometry.
This has prevented accurate crystallographic descriptions of its structure, which has also resulted in animated
debates in the literature. Recent work seems to converge towards a picture where a defective-tobermorite
model could serve to explain most of the structural and mechanical properties of this nanoscopic phase.

Primary author(s) : ZHAKIYEVA, Zhanar; BESSELINK, Rogier (ISTerre, CNRS & Univ. Grenoble Alpes); BU-
REAU, Sarah (ISTerre, CNRS & Univ. Grenoble Alpes); FINDLING, Nathaniel (ISTerre, CNRS & Univ. Grenoble
Alpes); MAGNIN, Valerie (ISTerre, CNRS & Univ. Grenoble Alpes); LA BELLA, Michela (ESRF & ISTerre, CNRS
& Univ. Grenoble Alpes); GIACOBBE, carlotta (ESRF); GALLINGTON, Leighanne (APS-ANL); DEJOIE, Cather-
ine (ESRF); VAN DRIESSCHE, Alexander; FISCHER, Henry; CUELLO, Gabriel Julio; FERNANDEZ-MARTINEZ,
Alejandro (ISTerre, CNRS & Univ. Grenoble Alpes)
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Structural Role of Titanium in Glass and Glass
Ceramic Materials

Esther Gir—n Lang

Titanium glasses were studied aiming a better understanding of the nucleation process in glass and glass-
ceramic materials. Two species of glass, namely a Phosphate glass containng Titanium and Niobium, TiO»-
NbO»-P20s, and a Spinel glass-ceramic, were measured using neutron diffraction at the D4c instrument at the
Institut Laue-Langevin (ILL) and x-ray diffraction at the ID15a beamline at the European Synchrotron ESRF.
The analysis of their pair distribution functions (PDF) following the method described by Fischer et al. resulted
on the preliminary determination of the distances between pairs of atoms and their coordination numbers.
Numerous consistency checks are performed during the data processing and analysis to indicate the reliability
of these results. In addition to these systems more samples of the same families, i.e. the Phosphate and the
Spinel, are being prepared with varying concentrations and annealing stages to extend and complement the
analysis.

Nucleation and crystal growth within amorphous materials are of increasing interest among industry due to
the potential versatility of their designs. Titanium glasses are important because the presence of this metal has
been observed to play a structural role on the crystal growth process. The goal of this research is to develop a
model that explains how Titanium affects the crystallisation taking place within the glass in order to effectively
design and produce new glass-ceramics. However, the study of glasses is not easy and careful manipulation
of the measured data is required in order to identify the differences on the structure of the materials. In this
study, the complementary of x-rays and neutrons together with the negative neutron scattering length of
Titanium are exploited in order to maximise the information extracted from the data. Results from the two
families will be presented, comparing the neutron and x-ray diffraction results, explaining the key steps on
the data processing and pointing the main features that can be extracted from the data.

Primary author(s) : GIRON LANGE, Esther
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Probing the structural and dynamical properties
across the metamictization process in v-SiO2

Erica Albnell

The v-SiO3 is the most widespread basis for all the glasses which can be found in plenty of fields.

Despite the large usage, there are still open questions on its structure and, more important, on the atomic
rearrangements after being exposed to external perturbations such as strong radiation fields.

Recent experiments have shown that the strong x-ray beam of brilliant synchrotron sources activate atomic
movements via radiolytic processes. In the phenomenon the photon creates a photoelectron which has suf-
ficient energy to break atomic bonds and makes the nearest neighbours to rearrange and change the local
configuration [1].

We have investigated this process by means of the X-ray Photon Correlation Technique (XPCS) which is based
on the correlation of intensity data and it is sensitive to the density fluctuations providing information on the
atomic motions. At the same time we collected also the partial diffraction pattern (the First Sharp Diffraction
Peak (FSDP)) of the sample thanks to the extended 2D Eiger4M detector placed ~2 m downstream from the
sample stage.

I will show how the metamictization process is evident from the gradual decrease in the intensity and broad-
ening of the FSDP while its dynamics experiences a deceleration.

The glass ends up on a different, probably densified, amorphous configuration in which the ring size distri-
bution changes towards smaller values. The accumulation of radiolytic events makes the glass to undergo
a solid-to-solid transition via a non-thermal annealing, possibly corresponding to a different position in the
Potential Energy Landscape (PEL) [2] or even to a landscape modification.

References

Hobbs, L. W. & Pascucci, M. R. Journal de physique colloques, 41, C6-237. (1980)
Gupta, P. K. & Kob, W. J. Non-Cryst. Sol. X, 3, 100031. (2019)(DOI: 10.1016/j.nocx.2019.100031)
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Using 3D-APDFs from electron diffraction data to
determine local structure

Ella Schmidt

Many functional materials have surprisingly simple average structures, but often partially occupied sites in-
dicate disorder. To understand structure property relationships in complex ordered materials a description
including local order is needed. Powder pair distribution functions are often used to quantitatively analyse
the local structure of a material but the determination of three-dimensional local order principles requires
complex modelling. For single crystal diffuse scattering data, the recently established three-dimensional delta
pair distribution function (3D-APDF) is the perfect tool to map local deviations from the average structure
and provides a straightforward interpretation of local ordering principles [1].

To obtain 3D-APDFs single crystals are needed which are suitable for the measurement with X-rays (approx.
(50 um)®) or neutrons (approx. (0.5 mm)®). Samples of these sizes are often hard to obtain for novel functional
materials. Here, we demonstrate how the 3D-APDF can be obtained from electron diffraction data which can
be used on samples as small as (10 nm)>.

For our proof of principle study, we use the high temperature ion conductor yttrium stabilized zirconia
Zr0.82Y0.1801.91 (YSZ). YSZ crystallizes in the fluorite structure and shows composition disorder on both
the metal and oxygen site. The substitution of Y3 for Zr*™ on the metal site results in oxygen vacancies for
charge compensation. Locally, O~ ions relax towards the vacancies, while the metal-ions relax away from
them.

Single crystals of YSZ were investigated with electron, X-ray and neutron diffraction. Highly structured dif-
fuse scattering is observed alongside the sharp Bragg reflections. By comparing the results from our electron
APDF to X-ray and neutron APDFs we demonstrate the reliability of the 3D-AePDF. A detailed analysis of
the intensity distribution in the 3D-APDF in the vicinity of the nearest neighbour inter-atomic vectors allows
us to quantify the local structure relaxations.

To our knowledge, this is the first 3D-AePDF ever reported. This has important implications for the large
variety of disordered materials of which single crystals for X-ray or neutron techniques are not available. In
those cases, the 3D-AePDF will pave the way to understanding and tailoring physical properties that are de-
termined by local structure variations.

Weber, T., & Simonov, A. (2012). Z. Kristallogr., 227(5), 238-247.

Primary author(s) : SCHMIDT, Ella Mara (University of Bremen)
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Quantitative analysis of diffuse electron scattering in
the lithium-ion battery cathode material
Li1.2Ni0.13Mn0.54C00.1302

Romy Poppe

Materials with short-range order produce diffraction patterns that contain both Bragg reflections and diffuse
scattering. Our study shows, for the first time, a refinement of short-range order parameters from the dif-
fuse scattering in single-crystal electron diffraction data. The approach was demonstrated on the lithium-ion
battery cathode material Li1.2Ni0.13Mn0.54C00.1302, for which the crystals are too small to be investigated
with single-crystal X-ray or single-crystal neutron diffraction. Both the amount of stacking faults and the per-
centage of the different twins in the crystal were refined from the intensity distribution of the diffuse streaks
using a differential evolutionary algorithm in DISCUS [1].

The approach was applied on reciprocal space sections reconstructed from three-dimensional electron diffrac-
tion (3D ED) data since they exhibited less dynamical effects compared to in-zone precession electron diffrac-
tion (PED) patterns. The effect of dynamical scattering and thermal diffuse scattering on the intensity distri-
bution of the diffuse streaks will also be discussed.

Funding information
The research leading to these results has received funding from the Research Foundation Flanders (FWO
Vlaanderen) (grant No. G035619N and grant No. G040116N).

[1] Proffen, T., & Neder, R. B. (1997). J. Appl. Crystallogr. 30, 171-175.

Primary author(s) : Ms. POPPE, Romy (University of Antwerp)

Co-author(s) : Mrs. VANDEMEULEBROUCKE, Daphne (University of Antwerp); Prof. NEDER, Reinhard
(Friedrich-Alexander-Universitét Erlangen-Nirnberg); Prof. HADERMANN, Joke (University of Antwerp)
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Diffuse scattering from phase-field-simulated
ferroelectric textures

Petr Ondrejkovic

Over the last decade, an impressive progress has been made in exploration of ferroelectric domain structures
from typical herringbone structures to nanoscale polar vortices and diverse flux-closure domain patterns [1,2].
Such studies are usually supported by phase-field simulations based on a generalized Ginzburg-Landau theory
to explore local polarization and disentangle role of fundamental interactions [2,3]. One reliable way to vali-
date simulated textures is to compare their neutron or X-ray diffuse scattering fingerprints with experimental
data [4].

We will present calculation of diffuse scattering from selected ferroelectric domain structures obtained with
phase-field simulations using the program Ferrodo [3], more concretely from herringbone structures consist-
ing of 90-degree and 180-degree domain walls and from polar textures in ferroelectric-paraelectric superlat-
tices. We will compare results with experimental data available in literature. Particularly, we will focus on
performance of programs devoted to modelling of single crystal diffuse scattering, such as Discus [5] and the
recently developed MP_tools [6].

Acknowledgement: This work was supported by the Czech Science Foundation (project No. 19-28594X).

\[1] J. Hlinka and P. Ondrejkovic, Skyrmions in ferroelectric materials, Chapter 4 in Recent Advances in Topolog-
ical Ferroics and their Dynamics, edited by Robert L. Stamps, Helmut Schultheif}, in series Solid State Physics,
Vol. 70, pp. 143-169, Academic Press (2019).

\[2] M. Hadjimichael, Y. Li, E. Zatterin et al., Nat. Mater. 20, 495 (2021).

\[3] P. Marton and J. Hlinka, Phase Trans. 79, 467 (2006).

\[4] T. Yang, C. Dai, V.A. Stoica et al., Acta Materialia 239, 118258 (2022).

\[5] Th. Proffen and R.B. Neder, J. Appl. Cryst. 30, 171 (1997).

\[6] J. Kulda, Acta Cryst. A (2022) in preparation, https://github.com/jkulda/MP_tools.
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Randomness and frustration ina § = 1/2
square-lattice Heisenberg antiferromagnet

Ellen Fogh

We explore the interplay between randomness and magnetic frustration in the series of S = 1/2 Heisenberg
square-lattice compounds SroCuTe; W, Og. Substituting W for Te alters the magnetic interactions dramat-
ically, from strongly nearest-neighbor (J1) to next-nearest-neighbor (J2) antiferromagnetic coupling. We
perform neutron scattering measurements to probe the magnetic ground state and excitations over a range of
x and propose a bond-disorder model that reproduces ground states with only short-ranged spin correlations
in the mixed compounds. The calculated neutron diffraction patterns and powder spectra agree well with the
measured data and allow detailed predictions for future measurements. We conclude that quenched random-
ness plays the major role in defining the physics of SroCuTe; W, Og with frustration being less significant.

Primary author(s) : FOGH, Ellen; MUSTONEN, Otto (Univeristy of Birmingham); BABKEVICH, Peter
(Ecole Polytechnique Fédérale de Lausanne); KATUKURI, Vamshi M. (Max Planck Institute for Solid State Re-
search); WALKER, Helen (ISIS Neutron and Muon Source); MANGIN-THRO, Lucile (ILL); KARPPINEN, Maarit
(Aalto University); WARD, Simon (ESS - DMSC); NORMAND, Bruce (Paul Scherrer Institute); RONNOW, Hen-
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Understanding synthesis-driven structure-property
relationships in quantum materials

Jennifer Graham

Quantum materials are a broad class of systems that exhibit many unusual and exotic phenomena [1]. How-
ever, the complexity of these materials often leads to debates about how these exotic phenomena are mani-
fested within them. One such material in which a consensus over the chemical and magnetic ground states
are lacking is ZnV204. ZnV204 is an S = 1, cubic spinel which contains a geometrically frustrated pyrochlore
sublattice. Previous studies have shown that the magnetic ground state for ZnV204 appears to be highly sam-
ple dependent, ranging from a conventional antiferromagnet to an unconventional and highly frustrated spin
glass [2-7]. We hypothesise that local deviations from the average chemical structure, which arise during the
sample preparation, are at the heart of this problem. To explore this, we have prepared two powder samples
of ZnV204 using different synthetic routes, one via a conventional solid-state route and the other via a novel
rapid microwave-assisted method [8]. In this talk we will explore how synthesis impacts the evolution of
the chemical and magnetic ground states of ZnV204, using high-resolution powder neutron and synchrotron
X-ray diffraction and magnetometry to reveal the average structural and magnetic behaviour, and, X-ray pair
distribution function analysis and diffuse neutron scattering data to understand the local structure.

References

1. C. Broholm et al., Science 367 6475 (2020)

2. M. Reehuis et al. Eur. Phys. J. B 35, 311 — 316 (2003)

3. Y. Ueda et al., J. Phys. Soc. 66, 3 (1997)

4. S.-H. Lee et al. Phys. Rev. Lett. 93, 156407 (2004)

5. S. Ebbinghaus et al. J. Alloys Compd., 370, 75 (2004)

6. A.J]. Browne and J. P. Attfield, Phys. Rev. B, 101, 024112 (2020)

7. M. Singa and R. Gupta, Physica B: Condens. Matter, 563, 101 (2019)
8. E.E Levin et al. Chem Mater. 31 18, 7151 — 7159 (2019)
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gia (ESRF); SONGVILAY, Manila (Institut Néel); Dr. FORTES, Dominic (ISIS); WILDES, Andrew (Institut Laue
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Planar Defects and morphology of CdSe QDs by
SAXS/WAXS Total Scattering: Wurtzite versus
Zincblende structure

Nicola Dengo

CdSe quantum dots (QDs) have been extensively studied in the last three decades because of their finely
size- and shape- tunable optical and electronic properties. Its colloidal synthesis reached an advanced level
of control over size and morphology, and fine engineering of the surface structure. Despite this, the fine
control over nanocrystal defectiveness and the fundamental investigation of the surface structure and faceting
still remains a highly challenging task that lacks established analytical approaches. We previously tackled
this problem by combining X-ray total scattering techniques in the wide- (WAXS) and small-angle regions
(SAXS) and using the Debye scattering equation (DSE) based modeling approach[1] to achieve a detailed
characterization of size, morphology, and planar defects in oleate-capped zincblende CdSe QDs[2]. This DSE-
based combined SAXS/WAXS method is now extended to the atomic-to-nanometer scale characterization of
wurtzite ODPA-capped CdSe QDs in the 2.3 to 5.6 nm size range. The The NCs morphology is described as
hexagonal truncated bipyramids, exposing {001}, {100} and {011} facets. The relative extension of the different
facets was found being both size- and fault- dependent. The same atomistic models were simultaneously
employed to model the WAXS region, where the presence of planar defects was introduced using a layer-by-
layer approach in the model construction. The analysis indicated a radically different behavior of the planar
defect concentration with comparison to the cubic CdSe QDs and extended results will be presented. This
work shows the potential of the proposed analytical approach to untangle complex and intertwined features
of crystal structure defectiveness and particles’ morphology, which might have an important impact on the
final properties of CdSe and semiconductors QDs in general.

Financial support by Fondazione Cariplo, CubaGREEN Project 2020-4382 is acknowledged.

Cervellino et al, . Appl. Crystallogr., 2015, 48, 2026

Moscheni et al, ACS Nano. 2018, 12, 12558

Primary author(s) : Dr. DENGO, Nicola (Dipartimento di Scienza e Alta Tecnologia and To.Sca.Lab, Uni-
versita dell’Insubria,); Dr. BERTOLOTTI, Federica (Dipartimento di Scienza e Alta Tecnologia and To.Sca.Lab,
Universita dell'Insubria); Dr. MOSCHENI, Daniele (Dipartimento di Scienza e Alta Tecnologia and To.Sca.Lab,
Universita dell'Insubria); Dr. DIRIN, Dmitry N (Department of Chemistry and Applied Biosciences, ETH Zirich;
Empa-Swiss Federal Laboratories for Materials Science and Technology); Prof. KOVALENKO, Maksym V (Depart-
ment of Chemistry and Applied Biosciences, ETH Ziirich; Empa-Swiss Federal Laboratories for Materials Science
and Technology); Dr. CERVELLINO, Antonio (SLS, Laboratory for Synchrotron Radiation-Condensed Matter,
Paul Scherrer Institut); Dr. PEDERSEN, Jan Skov (Department of Chemistry and Interdisciplinary Nanoscience
Center (iNANO), Aarhus University); Prof. MASCIOCCHI, Norberto (Dipartimento di Scienza e Alta Tecnologia
and To.Sca.Lab, Universita dell’Insubria); Dr. GUAGLIARDI, Antonietta (Istituto di Cristallografia and To.Sca.Lab,
Consiglio Nazionale delle Ricerche)
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Recent advancements in laboratory PDF data quality

Mirijam Zobel

Although the very first laboratory-based X-ray pair distribution function (PDF) analysis had been carried out
in the 1930s [1], laboratory PDF studies have been pretty uncommon till a few years back. [2] Limited momen-
tum transfer vector Qmax, insufficient instrumental resolution and very long measurement times impeded a
routine use for structural refinements. A few years ago, we have significantly pushed instrumental resolution
of PDF data in the laboratory by reducing air scattering and optimizing beamstop positioning for a diffrac-
tometer in transmission geometry, using a MYTHEN2 4K module to cover a large angular range. [3] The
use of monochromatic Ag Kol radiation permitted laboratory PDF data to be fitted over interatomic distance
ranges of several dozens of Angstroms, e.g. to refine PDF data of 7 nm TiO2 nanoparticles with a goodness-
of-fit Rw as low as 0.222 over 70 A. Since then and as very specialized PDF setups are not available in many
laboratories, more diverse attempts to optimize laboratory PDF analysis have been carried out. Diffractome-
ters using Goebel mirrors provide Ka1,2 mixtures, which results in overlap of PDF peaks beyond about 20
A. However, recent advanced data processing evolved and, for instance, TOPAS can nowadays deconvolute
the instrumental contributions such as wavelength mixtures, emission profiles or axial divergence, yielding
less instrumentally dampened PDF data [4] - in particular for crystalline materials. This approach is show-
cased and compared to monochromatically measured laboratory PDF data. To conclude, and in light of recent
pushes in high-energy X-ray detectors such as the HyPix-Arc series (Rigaku) or Photon III (Bruker) combined
with high-flux microfocus sources, single crystal diffractometers can accomplish very decent PDF data in only
about two hours. This approach is based again on Ka2 stripping, necessary for data fitting beyond 30 A, and
highlighted for poorly crystalline powders and solutions of polynuclear lanthanide complexes. [5]

[1] B. E. Warren, N. S. Gingrich, Phys. Rev. (1934) 46 (368)

M. J. Nijenhuis, J. T. Gateshki, M. Fransen, Z. Kristallogr. Suppl. (2009) 163

S.L.J. Thom4, et al., Rev. Sci. Instr. (2019) 90 (4), 043905-1 - 043905-5

A. A. Coelho, P. A. Chater, M. J. Evans, J. Appl. Cryst. (2021) 54, 444-453

D. Tsymbarenko, D. Grebenyuk, M. Burlakova, M. Zobel, J. Appl. Cryst. (2022), 55
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In situ diffraction and PDF studies on the structure
and crystallization of perovskite based catalysts for

oxygen evolution reaction

Haritha Cheraparambil

Electrochemical water splitting is an effective way to store intermediate electricity from renewable energy
sources. Water electrolyzers generate hydrogen at the cathode (hydrogen evolution reaction, HER) while oxy-
gen forms at the anode (oxygen evolution reaction, OER). OER involves a complex four electrons transfer and is
therefore considered the bottleneck of the water splitting reaction.\[1\] To date, iridium- and ruthenium-based
materials are among the best-performing OER catalysts in alkaline conditions.\[2\] However, the scarcity and
high cost of these precious metals have encouraged tremendous research in efficient and low-cost alternatives
for OER catalysts, among which perovskites have demonstrated excellent OER activities because of their tun-
able chemical and electronic properties and their stability under different reaction conditions. \[3\]

The conventional synthetic routes for phase pure perovskites need high calcination temperatures and they re-
sult in large crystallites and low active surface area. However, phase purity and accessible active surface area
play a critical role in electro-catalytic performance. Our work is directed towards the low-temperature syn-
thesis and investigation of the structure-property relationship of highly active lanthanum-based perovskites
for alkaline OER. The synthesis route via solution combustion of nitrate precursor solutions in the presence of
a fuel followed by calcination is optimized. As obtained perovskites show high catalytic performance for OER.
In order to have a comprehensive understanding of the structure-property relationships of these catalysts, the
crystallization pathway has been studied via in situ diffraction and total scattering experiments.

The synthesis leads first to the formation of spongy precursors, which are amorphous, and the solid-state
reaction from the amorphous phase to the crystalline perovskite is quite fast as observed in the in situ x-ray
diffraction data. To gather more information on the local atomic scale but also intermediate- and long-ranges,
we performed temperature dependent total scattering experiments and subsequent pair distribution function
(PDF) analysis. From the PDF refinements, we observe that the so-obtained spongy precursor after a dy-
namic self-combustion is a combination of distorted oxides and meta-stable higher-order perovskites. With
the temperature increase, we could follow the decomposition of meta-stable phases to corresponding oxides
and Ruddlesden Popper phases. Around 550°C we observe the formation of crystalline perovskite. Rietveld
analysis and Fourier difference analysis reveal a deviation from the perfect crystal structure. The disorders are
further studied by transmission electron microscopy, which confirms the presence of stacking faults. The com-
bined effect of enhanced surface area, phase purity, and stacking faults are further correlated to the excellent
OER performance of the catalysts.

Primary author(s) : CHERAPARAMBIL, Haritha (Max-Planck-Institut fiir Kohlenforschung)

Co-author(s) :  Dr. PETERSEN, Hilke (Max Planck Institiit fiir Kohlenforschung); Dr. WEIDENTHALER,
Claudia (Max planck Institiit fiir Kohlenforschung)
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Imaging Buried Dislocations in Halide Perovskites
with 3D Strain Mapping

Kieran Orr

Halide perovskite have garnered significant attention as materials for use in solar cell and lighting applica-
tions, and over the last decade, device efficiencies of halide-perovskite based solar cells have risen from 14.1%
(2013) to 25.7% (2022)1?!. However, much of this improvement has been the result of empirical optimisa-
tion of fabrication procedures and our understanding of the light absorbing halide perovskite materials lags
behind. It has become evident that strain plays an important role in determining device efficiency and long-
term stability,[3] but the precise mechanism by which strain affects the materials’ optoelectronic properties
remains unclear.

In this talk, I will present our recent work investigating the internal structure of the archetypical MAPbBr3
halide perovskite (MA = CH3NH3) using Bragg coherent diffraction imaging measurements® carried out at
the Diamond Light Source, UK. This technique allows us to view the atomic displacement fields within our
MAPDBr3 material in the form of real space crystal reconstructions. By analysing these displacement fields,
we are able to identify <110) and <100) edge dislocations in MAPbBr3, the latter for the first time. Further,
by using in situ measurements we also uncover that these dislocations become significantly more mobile
under illumination with visible light. Solar cells (obviously) must be illuminated during operation, therefore,
this light-induced dislocation migration gives us an insight into the buried nanoscale changes occurring in
halide perovskite materials during device operation. Further, we intentionally study a subset of crystals that
degrade under exposure to the X-ray beam, and by combining the coherent diffraction imaging data with
photoluminescence microscopy, we discover that dislocation formation is a key step in material (and therefore
device) degradation.

Our results provide unique insight into the nanoscale structure of halide perovskite materials, and show how
the internal strain state of the materials evolves with time under operational stressors, and is therefore of
significant interest to the halide perovskite, and materials science fields.

[1] Burschka, J. et al. Sequential deposition as a route to high-performance perovskite-sensitized solar cells.
Nature, 499, 316-319 (2013).
Best Research-Cell Efficiency Chart. https://www.nrel.gov/pv/cell-efficiency.html.

Liu, D. et al. Strain analysis and engineering in halide perovskite photovoltaics. Nat. Mater., 20, 1337-1346
(2021).

Miao, J. et al. Beyond crystallography: Diffractive imaging using coherent x-ray light sources. Science, 348,
530-535 (2015).

Primary author(s) : ORR, Kieran (University of Cambridge)

Co-author(s) : Prof. STRANKS, Samuel (University of Cambridge)
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Structural and magnetic disorder in defect spin ice
Ho,Ti; 5S¢0 506.75

Tomis Northam de la Fuente

Geometrically frustrated systems have been a topic of discussion for a number of years with particular in-
terest in quantum spin liquids, states of quantum magnets in which electronic spins reside in macroscopic
superpositions of infinitely many microstates, and spin-ice, with an important example being the pyrochlore
Ho2Ti2O7 [1]. The Ho ions of this sample are arranged in corner-sharing tetrahedra with an O ion, commonly
labelled as O(1), in the centre of the tetrahedra, and every pair of Ho ions having a nearest neighbour O, com-
monly labelled as O(2), outside of the tetrahedra. The ground state configuration of this material is with two
spins pointing in (towards the O) and two out (away from the O) of the tetrahedra. This two-in-two-out con-
figuration is obeyed over a very long range at low temperatures, resulting in the appearance of bow tie like
structures in reciprocal space called pinch points. As the temperature is increased, these pinch points broaden
due to the emergence of magnetic monopoles [2], tetrahedra violating the two-in-two-out rule. Recently it
has been predicted that for spin-ice materials with non-Kramers ions, such as Ho2Ti2O7, it is possible to
tune between classical and quantum spin liquid behaviour with long-range entanglement via the controlled
introduction of structural disorder [3].

Measurements on highly defective single-crystal Ho2Ti1.5Sco.506.75 at a temperature of 50 mK were per-
formed using the diffractometer D7 at the Institut Laue-Langevin. The capability of this instrument to use
polarized neutrons was used to properly separate the magnetic and nuclear contributions. Density functional
theory calculations were performed and compared with the nuclear diffuse scattering data. We find that the
oxygen vacancies are on the O(2) sites next to pairs of rare-earth ions. Crystal electric field measurements
and point charge model calculations show that for this structural defect the nearest neighbouring Ho ions
have non-magnetic singlet ground states [4]. The magnetic diffuse scattering data showed well-defined pinch
points in agreement with Monte Carlo modelling and as predicted for the removal of spins from spin ice [5].
[1] T Fennell et al., Science 326 (2009) 415-17.

C Castelnovo et al., Nature 451 (2008) 42-45.

L. Savary et al., Phys. Rev. Lett. 118 (2017).

G. Sala et al. Nat. Mater 13 (2014) 488-493.

A Sen et al., Phys. Rev. Lett. 114 (2015).

Primary author(s) : NORTHAM DE LA FUENTE, Tomas
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The short-ranged order in the van der Waals spin

glass Mn( ;Fe( 5PS;

Andrew Wildes

MnPS3 and FePS3 are both layered, van der Waals compounds that adopt long-ranged antiferromagnetic
order below their relatively high Néel temperatures of 78 K and 120 K respectively. Mng.5Feq 5PSs, however,
is magnetically frustrated and instead is a spin glass with a freezing temperature of 35 K. The frustration is

due to a competition between the nearest-neighbour magnetic exchanges, which are antiferromagnetic in
MnPS3 and ferromagnetic in FePS3. We have studied the neutron diffuse scattering from both powdered and
single crystal Mng.5Feo.5PS3, using the D7 diffractometer with polarization analysis to separate the different

contributions. The data were analysed using Reverse Monte-Carlo methods to determine the atomic structure

and spin-spin correlations. The results from our analysis with be presented and described using a model based

on a comparison of the ordered magnetic structures of the two parent compounds. We are further able to study

the temperature-dependence of the magnetic correlations to determine the nature of the moment-freezing on
entering the spin glass state.

Primary author(s) :

Ms. GRAHAM, Jennifer (Institut Laue-Langevin); Dr. COAK, Matthew (University

College London); Dr. SON, Suhan (Seoul National University); SUARD, Emmanuelle; Prof. PARK, Je-Geun
(Seoul National University); Dr. CLARK, Lucy (University of Birmingham); WILDES, Andrew (Institut Laue

Langevin)
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Tuning local structure in Prussian blue analogues
(PBAs)

Yevheniia Kholina

Prussian Blue analogues, M[M’(CN)¢g]1—, n-H20, which we abbreviate here as M[M’] (M and M’=transition
metal ions), is a diverse family of cyanide materials, which is intensely investigated for its potential applica-
tion for hydrogen storage, as catalysts and as electrode materials. Applications that require efficient mass
transport utilize the ability of the structure to accommodate a large number of M’(CN)g vacancies, which cre-
ate a highly connected porous network. It was theoretically shown that the connectivity and the accessible
volume of such a network depend on the local structure[1]. Therefore, to optimize mass transport properties
not only the number of vacancies but also their distribution must be precisely controlled. In this work we
show how to tune the local structure of Mn[Co] Prussian Blue analogues grown in gel by varying the crys-
tallization parameters: the type of gel, the crystallization temperature, the concentration of reactants, and
the concentration of chelating agents. We probe the defect distribution by single-crystal x-ray diffuse scatter-
ing, which allows quantitative characterization of the local structure. All of the above-mentioned parameters
allow smooth continuous control of diffuse scattering and thus of the local order in Mn[Co] crystals.

[1] A. Simonov, et. al., Nature 578.7794, 256-260 (2020).

Primary author(s) : KHOLINA, Yevheniia; SIMONOV, Arkadiy
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EIGER2 Upgrade: New Features for Advanced X-Ray
Diffraction Experiments

Max Burian

Hybrid photon counting (HPC) X-ray detectors are crucial components for cutting-edge synchrotron research
[1] by providing noise-free detection with advanced acquisition modes. In this regard, the latest HPC detector
generation EIGER2 is setting new performance standards that push current horizons in X-ray science. These
detectors combine all advantages of previous HPC detector generations while offering (i) 75 um x 75 um pixel
size, (ii) kilohertz frame rates, (iii) negligible dead time (100 ns), and (iv) count rates of more than 107 photons
per pixel.

Here, we evidence how the recently announced feature upgrade extends the capabilities of the EIGER2 and en-
ables faster and cleaner crystallography experiments. We present how the detector enables powder diffraction
experiments at up to 100 kHz, capturing transitions in-situ with <100 microsecond time resolution. Further,
we show how to make use of the EIGER2s’ two energy thresholds to reduce unwanted scattering contributions
from higher-harmonics radiation, leading to cleaner and more unambiguous diffraction data. Supported by
experimental data from multiple beamlines around the world, these results evidence how the new EIGER2
acquisition features will advance X-ray diffraction experiments for both static and time-resolved crystallogra-

phy.
[1] Forster, A., et al. (2019) Philos. Trans. R. Soc. Math. Phys. Eng. Sci. 377, 20180241.

Primary author(s) : Dr. BURIAN, Max (DECTRIS Ltd.)
Co-author(s) : Mr. BRANDSTETTER, Stefan (DECTRIS Ltd.)
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Bridging manganese clusters and materials
formation: Polymorphism control in manganese
oxide nanoparticles in hydrothermal synthesis

Nicolas Magnard

Manganese oxides can adopt several stoichiometries thanks to the relative stability of the Mn ion in oxidation
states +2, +3 and +4, and accommodate cations of different sizes, leading to a range of different layered and
tunneled crystal structures. [1, 2] On top of that, structural defects such as De Wolff disorder and micro-
twinning can lead to the formation of defect-driven phases such as y-MnO2 [3] which is an intergrowth of
pyrolusite p-MnO2 and ramsdellite R-MnO2. Each of these phases have distinct properties, and synthetic con-
trol of polymorph formation is crucial. Here, we use in situ X-ray total scattering and PDF analysis supported
by in situ XANES to study the formation mechanism leading to different manganese oxide polymorphs during
hydrothermal synthesis. PDF analysis allows to follow structural changes all the way from the precursors in
solution to the final product. We show that by changing the ratio between manganese(Il) salt and oxidizer,
it is possible to not only select between R, f- and a-MnO2, but more importantly the formation mechanism
differs as well. Furthermore, we show that this processes involve intermediate manganese oxido-clusters,
structurally similar to those found in nature or in molecular magnets,[4, 5] which act as building blocks in the
formation of the crystalline nanoparticles.

1. Fortunato, J., et al.,, Surveying manganese oxides as electrode materials for harnessing salinity gradient
energy. 2020. 54(9): p. 5746-5754.

2. Robinson, D.M,, et al., Photochemical water oxidation by crystalline polymorphs of manganese oxides:
structural requirements for catalysis. ] Am Chem Soc, 2013. 135(9): p. 3494-501.

3. Hill, LI and A. Verbaere, On the structural defects in synthetic y-MnO2s. Journal of Solid State Chem-
istry, 2004. 177(12): p. 4706-4723.

4. Yano, J. and V.J.C.r. Yachandra, Mn4Ca cluster in photosynthesis: where and how water is oxidized to
dioxygen. 2014. 114(8): p. 4175-4205.

5. Charalambous, M., et al., [Mn14] “Structural Analogues” of Well-Known [Mn12] Single-Molecule Mag-
nets. 2018. 2018(35): p. 3905-3912.

Primary author(s) : MAGNARD, Nicolas

Co-author(s) : AALLING-FREDERIKSEN, Olivia; Dr. JUELSHOLT, Mikkel (University of Oxford); KIRSCH,
Andrea; Mr. NIELSEN, Tobias Melgaard (University of Copenhagen); Mrs. WANG, Baiyu (University of Copen-
hagen); JENSEN, Kirsten Marie (University of Copenhagen)
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Diffused Magnetic Scattering on Disordered
Crystalline Material Na2Mn307

Bikash Chandra Sha

Two dimensional (2D) geometrically frustrated magnetic systems are of current interest due to their rich prop-
erties. In this regard, the layered compound Na2Mn307 having novel 2D maple leaf lattice (MLL) of Mn4+ is
of present interest. The crystal structure derived from neutron diffraction data reveal Na2Mn307 is composed
of alternating layers of Mn3072- slabs and Na-ions layers. The Mn3072- layers are built with the edge-sharing
MnO6 octahedra and are well separated by an intermediate Na-ion layer. The measured patterns contain both
sharp and broad Bragg peaks. The broad peaks in the neutron diffraction patterns appear due to stacking
faults of the Mn3072- layers in the crystal structure of Na2Mn307. Low temperature neutron diffraction
measurements reveal diffuse magnetic neutron scatterings, due to short-range magnetic ordering, have been
found below ~100 K without any signature of long-range magnetic ordering down to 1.7 K. Dc magnetization
study also reveal a broad peak around ~100 K indicating the short-range magnetic ordering.

In order to have the microscopic understanding on the crystal structure of the disordered material Na2Mn307
and consequently to understand the stacking faults quantitatively, the “RMCProfile”, software packages will
be employed. Furthermore, to determine the spin-spin correlations from the diffused magnetic scattering
data, “Spinvert” software will be employed. The School and Conference on Analysis of Diffraction Data in
Real Space (ADD2022) will provide hands-on tutorials for training with various data-modelling software pack-
ages: DiffPy-CMLI, diffpy.mpdf, DISCUS, Dissolve, EPSR, PDFgui, RMCProfile, Spinvert and Yell. The software
packages, “RMCProfile” and “Spinvert” are directly related to my PhD work and will be very useful for my
research work. Additionally, I will have the chance to interact with experts and other fellow participants from
across the world who are working in the forefront field by attending ADD2022.

Primary author(s) : Mr. SAHA, BIKASH CHANDRA (Bhabha Atomic Research Centre); Dr. BERA, Anup Ku-
mar (Bhabha Atomic Research Centre); Dr. YUSUF, Seikh Mohammad (Bhabha Atomic Research Centre)
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Anti-site disorder driven enhanced intrinsic
anomalous Hall conductivity in spin gapless

semiconducting Mn2CoAl Heusler compound

Nisha Shahi

Spin gapless semiconductors, a novel state of the material, have attracted immense interest in the field of spin-
tronics because of the finite gap in one spin channel and no gap in another. This state has been experimentally
investigated in the Mn2CoAl Heusler compound for the first time. The transport measurement reflects that
this compound has larger anomalous Hall conductivity (AHC) compared to the theoretically reported value.
The detailed structural analysis reveals that the system crystallizes with anti-site disorder between Mn and
Al atoms. The scaling analysis of anomalous Hall data shows that the AHC is primarily governed by Berry
curvature in momentum space. After considering the disorder in the theoretical calculation, the calculated
intrinsic AHC due to momentum space Berry curvature is in good agreement with the experimental intrinsic
AHC. The disorder affects the electronic band structure, which modulates the associated momentum space
Berry curvature and further enhances the intrinsic AHC.

Primary author(s) : Ms. SHAHI Nisha (School of Material Science and Technology, IIT-BHU, Varanasi,
221005)
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Tuning the Magnetization of Manganese (Il)
Carbonate by Intracrystalline Amino Acids

Arad Lang

The creation of inter-crystalline organic inclusions is one of Nature’s strategies to enhance the mechanical
properties of biominerals. As was shown synthetically for calcite, the most abundant marine biomineral, in-
corporated pinned organic species act as barriers for cracks and dislocations movement. Thus, they increase
the hardness of the single-crystalline calcite host. Inspired by this phenomenon, we showed in the past that
a variety of semiconductors, both fully inorganic and hybrid organic-inorganic, are able to incorporate single
amino acids. This incorporation induces an increase in the optical band gap of the semiconducting host, which
results from charge localization created by the incorporated amino acids.

Here, we decided to study the influence of amino acids incorporation on yet another set of properties, namely
the magnetic properties of manganese (II) carbonate (MnCO3). Similarly to the isostructural calcite, we dis-
covered that certain amino acids can be incorporated into the crystalline structure of the host. Using high-
resolution powder X-ray diffraction (HR-PXRD, in ID22 of the ESRF), and by employing the Rietveld refine-
ment method, we measured an anisotropic lattice expansion of both a- and c-parameters, resulting from amino
acids incorporation. These lattice distortions can be relaxed upon heating and organics decomposition. When
we measured the magnetic properties of amino acid-incorporated MnCO3, we observed the predicted para-
magnetic behavior, namely, a positive and linear relation between the magnetization, M, and the applied
magnetic field, H. Nevertheless, the magnetic susceptibility (which was taken as the slope of the M-H curve),
was observed to decrease with the increase of incorporated amino acids concentration. This decrease follows
the simple rule of mixtures, indicating the creation of a MnCO3-amino acid composite.

MnCO3 is known to possess a Néel temperature of about 32 K. At this temperature, it undergoes a magnetic
phase transformation, from a paramagnetic to a canted antiferromagnetic phase, which exhibits a weak fer-
romagnetic behavior. When we repeated our M-H measurement at 2 K, we discovered an opposite trend: the
increase in magnetic susceptibility upon the increasing amount of incorporated amino acid. Moreover, the
Néel temperature itself decreases. We repeated our HR-PXRD measurements, this time at a temperature of 5
K. Here, Rietveld refinement revealed that during amino acids incorporation, the Mn-O inter-atomic distance
inside the MnCO3 unit cell increases. This increase results in a weakening of the magnetic Dzyaloshinskii-
Moriya interaction (DMI), which makes the MnCO3 crystal more magnetically compliant, and reduces the
transformation temperature.

Finally, we performed neutron powder diffraction (NPD, both at 300 K and 3 K) to try and detect small changes
in the structure of MnCO3, as it is known that neutrons are more sensitive to light elements (such as C and O).
While similar lattice distortions were measured using NPD, a possible symmetry change was also detected. It
seems that amino acids incorporation induces a deformation of the carbonate ions, which results is a reduction
of the symmetry of the crystal from rhombohedral (R-3c, #167) to monoclinic (C2/c, #15). This change can also
explain the change in the magnetic interactions in the crystalline host.

Primary author(s) : LANG, Arad (Technion - Israel Institute of Technology); Prof. POKROY, Boaz (Technion
- Israel Institute of Technology)
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Investigation of O / N ordering in Perovskite-type
Oxynitrides La1-xYxTa(O,N)3 on Long-range and
Short Scale

Marc Widenmeyer

The band gap of perovskite-type oxynitrides are known to show a complex interrelation with the strain and
the potential O/N ordering contrasting the behaviour of closely related oxides[1],[2]. Here, four selected mate-
rials with the nominal compositions (1) LaTaO2N, (2) LaTaON2, (3) La0.9Y0.1TaO2N, and (4) La0.9Y0.1TaON2
were investigated at 10 K and 300 K. First, for a determination of the long-range crystal structure via Rietveld
refinements and secondly for a local crystal structure analysis by pair distribution function (PDF) analysis.
Synchrotron diffraction data of Lal-xYxTa(O,N)3 revealed that all samples crystallized in space group Immal[2].
Additionally, neutron diffraction was applied, since atomic form factors of 02— and N3- are almost equal in X-
ray diffraction. Based on the symmetry discussion given by Porter et al.[3] five different O/N ordering models
were set up. As a basis, the structure model in Imma with a statistical distribution of O and N was used. Four
ordered models with cis- (Ima2 or 1212121.) or trans-ordering (Imma and C2/m) of O and N in the Ta(O,N)6
octahedra are possible starting from Imma.[3] Among them, the determined structure models from XRD data
(Imma with statistical distribution of O & N) were identified as the most suitable one. Further refinements
based on these models including the occupation factors delivered a more complex picture. Starting from a
microcrystalline precursor resulted in 2D-cis ordered oxynitrides (2) & (4), while the partial substitution of
La3+ by Y3+ started to disturb the ordering. In contrast, starting from a nanocrystalline precursor led to a
statistical distribution despite the different O:N ratios of oxynitrides (1) & (3)[4].

PDF analysis results at 10 K will be discussed exemplary based on (2) LaTaON2. First, the long-range disor-
dered Imma structure model was tested in the range of 1.5 A < r < 11 A with particular focus on the region
below 5.5 A. This resulted in a high residual value and large Uiso values. The refinements of the site occu-
pation factors or introduction of O/N ordering did not lead to a significant improvement of the G(r) fit. The
longest axis of the N(2) ellipsoids were perpendicular to the Ta-N(2) bonds pointing to a tilting along the
b-axis. Based on these findings, alternative tilting patterns were evaluated and Pnma (a—b+a-) was identified
as most reasonable one. A significant deviation remains in the range ca. 2.2 A = r < 3 A representing the
nearest La-O/N distances, which could point to a hidden order on local scale. Next, oxygen was placed in
cis-order on the N(2) site resulting in alternating ...-N-N-N-... and ...-O-0-O-... rows running along the
c-axis. This brought a clear improvement of the fit at low r and nearly equal Uiso values for N(1) and N(2)
site representing a similar level of disorder for both anionic sites. However, this model did not provide any
improvement at r K 6 A suggesting that cis-ordering exists only at the local scale[4].

In summary, the local structure can be described as following: i) r® 6 A alocal cis-order of N and O is observed
coupled to a a-b+a— (Pnma) tilting pattern, ii) up to ca. 11 A the structure preserves the Pnma tilting pattern
without N/O ordering, iii) for r > 11 A Pnma nanodomains separated by anti-phase boundaries merge to the
observed long-range structures in Imma.

References

[1] N. Vonriiti, et al., Phys. Rev. Mater. 2, 105401 (2018)

C. Bubeck et al., J. Mater. Chem. A 8, 11837 (2020)

S.H. Porter, et al., Cryst. Growth Des. 14, 117 (2014)
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Structural characterization of molecular organic
frameworks for heterogeneous catalysis

Isabella Kappel

Aiming at more sustainable chemical processes, the development of efficient catalysts plays a major role. In
that context, the development of single-atom catalysts has a huge potential since they can bridge the gap
between homogeneous and heterogeneous catalysis due to very good performance, better catalyst separation
and handling as well as maximum metal utilization [1].

Single-atom catalysts based on carbon-nitrogen polymers with low metal loadings have shown applicability
for several catalytic systems. For example, Ir-complexes bound to Covalent Triazine Frameworks show great
activity and selectivity in the catalytic decomposition of formic acid [2], which is considered a potential hydro-
gen storage material. Interestingly, and contrary to common expectations a reductive treatment at elevated
temperatures led to an increased catalytic performance. A transfer of this procedure to other supports and
metals shall be analyzed. Graphitic carbon nitrides (g-CN) where 0.5wt. % Pd was immobilized is at the cen-
ter of this research. A detailed local structure analysis shall give rise to structure-property relationships in
such systems. However, the characterization comes with some challenges due to the amorphous nature of
the catalysts. The evaluation of possibilities and limits of X-ray total scattering and subsequent pair distribu-
tion function (PDF) analysis to characterize the polymeric support material and the as-synthesized catalyst is
aimed. By comparing calculated PDFs (DiffPy-CMI) based on periodic density functional theory (DFT) calcula-
tions of different g-CN models with varying interplanar distances and stacking sequences with experimental
data it was found that the model which was calculated to be the most stable matched the experimental data
best. Compared to the simulated PDFs the experimental PDF shows oscillations indicating packing of re-
peating entities. Furthermore, ex situ synchrotron X-ray total scattering measurements have been conducted,
showing the importance of high energy radiation for a detailed structural analysis on the atomic scale.

[1] Soorholtz, Mario, et al. “Local platinum environments in a solid analogue of the molecular Periana catalyst.”
ACS Catalysis 6.4 (2016): 2332-2340.

Bavykina, A. V., et al. “Efficient production of hydrogen from formic acid using a Covalent Triazine Framework
supported molecular catalyst” ChemSusChem 8.5 (2015): 809-812

Project funding by the cluster of excellence Fuel Science Center (FSC) and the cooperation with the working
group of Prof. Regina Palkovits at the ITMC, RWTH Aachen University are gratefully acknowledged.
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Uncovering atomic structures by combining results
from pair distribution function measurements with
angular correlation measurements from scanning
electron nanobeam diffraction patterns

Rebekka Klemmt

Many properties of materials are closely connected to their atomic structure. For example, a material can ex-
hibit different properties depending on whether its atomic structure is crystalline or disordered [1]. To fully
understand the connection between material properties and their atomic structure, it is crucial to determine
the atomic structure precisely [2]. This is more challenging for disordered materials because they are more
complex to describe than crystalline materials due to their lack of long range order [1]. Established to deter-
mine the short range order of disordered materials is the usage of the pair distribution function (PDF), which
can be obtained from x-ray, electron or neutron diffraction patterns and describes the probability to find an
atom in a distances r from a reference atom. However, a PDF can be obtained from varies different atomic
structures, which differ in angular arrangements of the atoms. To unambiguously determine the structure
of disordered materials additional measurements to PDF are necessary [3]. One method which can be used
to determine local angular arrangements of atoms is the analysis of scanning electron nanobeam diffraction
(SEND) patterns for angular correlations [4].

Various additional information to the averaged atomic distance determined from PDF can be obtained from
angular correlation analysis of SEND pattern. It is possible to determine the contribution of different fold sym-
metries to each local diffraction pattern. This can be used for comparison of materials inter alia by determining
average symmetry contributions, or by investigating the spatial distribution of a symmetry. Furthermore, it
is possible to investigate curvature of an atom layer by following the azimuthal change of intensity peak po-
sitions [1].

To make this analysis method available for a larger community, it is important to understand the influence of
measurement parameters, like for example sample thickness or data quality, as well as developing applicable
methods to obtain the information from the measured SEND patterns. Our research starts at this point. By
using different approaches we aim to establishing the angular correlation analysis of SEND patterns. For ex-
ample, we are investigating the analysis results from activated carbon with different thicknesses, and we are
working on finding good ways to discover hidden information’s in noisy SEND patterns by using different
pre-processing of the data.

By establishing the analysis of SEND patterns for angular correlations and combining the findings with the
results of PDF measurements from x-ray diffraction data, we are contributing to the clarification of atomic
structures of disordered materials.

[1] E. D. Bgjesen, T. C. Petersen, A. V. Martin, M. Weyland, A. C. Y. Liu, J. Phys. Mater. 3, 044002 (2020).
A. V. Martin, E. D. Bgjesen, T. C. Petersen, C. Hu, M. J. Biggs, M. Weyland, A. C. Y. Liu, Small, 2000828 (2020).
M. J. Cliffe, M. T. Dove, D. A. Drabold, A. L. Goodwin, PRL 104, 125501 (2010).

A. C. Y. Liu, M. J. Neish, G. Stokol, G. A. Buckley, L. A. Smilie, M. D. de Jonge, R. T. Ott, M. J. Kramer, L.
Bourgeois, PRL 110, 205505 (2013).
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Local structure of PdO/AI203 catalysts during
reduction in liquid phase

Daniele Bonavia

Pd catalysts are widely used in catalysed hydrogenation reactions for the synthesis of fine and bulk chemicals,
which are often conducted in liquid phase. Since the Pd active phase is commonly deposited in its oxidised
form on the support (e.g. Al203), previous works sought to study how the catalyst activation procedure af-
fects the reducibility of the PdO phase, as well as the properties of the supported Pd nanoparticles (dispersion,
particle size, morphology, interaction with the support, structural order, and surface properties), and how
these factors correlate with the catalyst behaviour in the hydrogenation reaction [1].

To build on previous knowledge on the effects of the nature of the pre-reducing agent on the reducibility of
PdO/AI203 catalysts, we investigated the isothermal reduction of PdO supported on different polymorphs of
Al203 in water in the presence of different reducing agents (NaBH4, HCOONa, gaseous H2), mimicking the
synthetic procedure adopted in the industry.

At the ESRF beamline ID15A we used High-Energy X-Ray Diffraction (HE-XRD) and Pair Distribution Func-
tion Analysis (PDF) to quantify hydride, metallic, and oxide Pd phases in both reciprocal and real space. Our
aim was to understand the kinetics of nucleation and consumption of the hydrides obtained during the in situ
reduction, and investigate the structural changes in the Pd nanoparticles during both sections of the process.
We were able to observe the disappearance of the PdO phase upon reduction, the subsequent formation of
metallic Pd and the nucleation of the Pd hydride phase at a time resolution of 1-2 s. Preliminary results re-
veal that different A1203 polymorphs influence the reduction process and that y-Al203 is unable to support
the formation of Pd hydrides under these experimental conditions. Rietveld refinements suggest that, as pre-
viously discussed by Kovaric et al. [2], the vast majority of the supports is a lower-simmetry, inter-grown
composite phase and not a mixture of the ideal structures of the various polymorphs. Additionally, different
reducing agents proved to require different concentrations in order to provide comparable results, suggesting
a different extent of reducing ability.

The evolution of the hydrogenation and the subsequent oxidation upon reaction with a target substrate (p-
chloronitrobenzene) was followed with the same high time resolution (1-2 s) by tracking the evolution of char-
acteristic Pd and PdO features in XRD/PDF data. To attain a quantitative operando assessment, the whole ex-
periment was also monitored with an online IR spectrometer to detect the presence and concentration changes
of the reducing agents, substrate and product.

[1] Groppo E. et al., (2012), doi:10.1016/j.jcat.2011.11.018
L. Kovarik et al., J. Phys. Chem. C (2019), https://doi.org/10.1021/acs.jpcc.8b10135
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Surfactant-free microemulsions : how molecular
dynamic reflects nano-structuration

Firoz Malayil Kalathil

Mixtures of simple molecules may lead to complex systems with unforeseen properties of particular interest
such as reactivity or solubility. This is the case of aqueous solutions of alcohol and oil, typically found in all
kind of liquors, cosmetics or solvents for liquid-liquid extraction.

The archetypical case of this family is the ternary mixture of water, ethanol and octanol. Its phase diagram
presents a biphasic region with a critical point (Upper Solution Critical Temperature) close to which a strong
nanostructuration of the liquid can be observed. In the biphasic region, this emulsion was termed Ouzo effect,
following the greek beverage, commonly observed when the 40 % alcohol liquor is quickly diluted with water.
In the monophasic state, a « pre-Ouzo » region has aslo been evidenced [1], extending between identified
frontiers around the critical point (see Fig. 1, [2]). The structuration is also characterized by a structure factor
presenting an Ornstein-Zernike behaviour, indicating the presence of aggregates of the order of 100 molecules
similar to a micro-emulsion formed by a ternary water-poor mixture of octanol and ethanol and water, sur-
rounded by a surface excess of ethanol that is immersed in a binary water-ethanol solution saturated with a
low quantity of octanol.

In this system, we investigated, using QENS and various isotopic mixtures, the relaxation dynamic of each
component along different composition lines crossing the phase diagram. The evolution of the diffusion coef-
ficient is measured over a wave vector ranging from ~0.05 A-1 to 0.6 A-1, bridging the scale from characteristic
droplet size to molecular distances, i.e. from collective to individual dynamics.

We will show how the dynamics also reflect the (nano)structural organisation.

Primary author(s): Mr. MALAYIL KALATHIL, Firoz (PhD); PLAZANET, Marie (Laboratoire Interdisciplinaire
de Physique); HOFFMANN, Ingo; PREVOST, Sylvain (Institut Laue-Langevin); ZEMB, thomas (cea icsm); AL-
BA-SIMIONESCO, Christiane
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Understanding how green additives control
crystallization at the nanoscale

Annet Baken

Additives - small amounts of (organic) molecules - are widely used to control crystallization processes. Ex-
amples include the creation of cement pastes with improved workability (approx. $20 billion/year are spent
on cement additives), property control during synthesis of inorganic materials for catalysis or energy stor-
age, and the prevention of scale formation during cleaning processes (e.g. laundry or dishwashing) and wa-
ter treatment technologies. Increasing environmental awareness and new regulations, such as the ban of
phosphonate-based formulations, are pushing the industry to develop more sustainable, i.e. biodegradable
and/or biobased, additives. As many of the existing compounds were identified through empirical trial-and-
error approaches, the rational development of efficient green crystallization modifiers requires fundamental
understanding of their modus operandi at the nanoscale. We now aim to correlate the physicochemical prop-
erties of additive molecules with their functionality during the crystallization process and to pinpoint when
and how these molecules are incorporated into the emerging crystalline framework. To achieve this, we are
developing an in-situ time-resolved Pair Distribution Function (PDF) analysis combined with potentiometric
titration routine to monitor the crystallization process from diluted solutions in the presence of different types
of (green) additives. The first results on the portlandite system imply that different additives act differently
on the nucleation process. In addition, we aim to elucidate the nucleation pathway of calcium carbonate by
our experimental approach that allows probing the nanostructural evolution of very diluted systems.

Primary author(s) : BAKEN, Annet; VAN DRIESSCHE, Alexander; DI MICHIEL, Marco (ESRF); FERNAN-
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In-situ synchrotron x-ray diffraction texture
evolution study on the deformation mechanisms in
nanocrystalline NiTi wires subjected to tensile
testing at various temperatures

Xiaohui Bian

Tensile deformation of nanocrystalline NiTi wires at -90, 20, 90 and 150 °C until fracture was investigated by
in-situ synchrotron x-ray diffraction texture analysis. Sequential 2D diffraction patterns were recorded con-
tinuously using fast 2D detector during the testing. In-situ texture evolution of parent austenite and product
martensite phases was evaluated by simultaneous Rietveld refinement of the set of ~110 1D diffraction spectra
obtained by segmentation (along azimuthal direction) and integration (along radial direction) of individual
2D patterns, and was presented using pole figures and inverse pole figures [1,2]. In NiTi alloy that undergoes
martensitic transformation and/or deformation twinning during tensile test, the martensite texture evolves
due to discontinuous lattice rotation, which is reflected as intensity variation of existing inverse poles or occur-
rence of new poles in the inverse pole figures. Besides textures, the sequential 1D diffraction spectra along the
loading direction/wire axis were fitted to evaluate lattice plane responses (integrated intensity, lattice strain
and peak width) of individual grain families in austenite and martensite diffracting along that direction.

In our recent work, we have determined deformation mechanisms in NiTi based on the results of post mortem
TEM analysis of martensite variant microstructures and lattice defects in grains of the wire deformed up to var-
ious maximum strains [3]. The analysis of texture evolution in the present work is a complementary approach
which provides statistically relevant experimental evidence (i.e., averaged information over the sample gauge
volume) on the same - i.e. on deformation mechanisms activated in nanocrystalline NiTi wires subjected to
various thermomechanical loads. The activity of various deformation mechanisms is evaluated based on sim-
ulation of texture evolution using an abstraction of “ideally fibre textured polycrystal”, which establishes a
link between the martensitic microstructure/texture and discontinuous lattice rotations (structure changes)
due to martensitic transformation and all twinning modes in martensite, including irreversible deformation
twins [4].

In contrast to the widely spread view that <011> type-II martensite twins dominate during stress induced
martensitic transformation and martensite reorientation in NiTi single crystals and large grain size polycrys-
tals, it is suggested that (001) compound twinning plays key role in nanocrystalline NiTi wires. Plastic defor-
mation of oriented martensite in nanocrystalline NiTi wires proceeds via a combination of (20-1) and (100)
deformation twinning and kinking assisted by [100 dislocation slip.

Determination of deformation mechanisms from texture evolution of austenite and martensite phases in con-
junction with modelling framework capable of predicting lattice rotation changes is a novel concept and is
extensible to any materials deforming via deformation mechanisms accompanied by discontinuous changes
of crystal lattice orientation.

[1] Dreele, R. Quantitative texture analysis by Rietveld refinement. Journal of Applied Crystallography, 30
(1997) 517-525.

O’Donnell, J. et al. A scripting interface for GSAS-IL Journal of Applied Crystallography 51 (2018) 1244-1250.

Molnarova, O. et al. Evolution of martensitic microstructures in nanocrystalline NiTi wires deformed in ten-
sion. Acta Materialia 218 (2021) 117166.

Heller, L. et al. On the plastic deformation accompanying cyclic martensitic transformation in thermomechan-
ically loaded NiTi. International Journal of Plasticity 111 (2018) 53-71.
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Crystallization of ultra-small gold nanoparticles via
non-crystalline pre-nucleation clusters

Raj Kumar Ramamoorthy

Ultra-small gold nanoparticles with distinct structures (icosahedra or decahedra [1]) exhibit unique physical
properties that deviate from their bulk counterpart, making them equally interesting both from fundamen-
tal and application points of view. Despite their fundamental and application interests, various processes
underlying the formation of ultra-small gold nanoparticles in solutions is not clear, which resulted in poor
control in the final structure (size and morphology) of gold nanoparticles. Here, by using a wide range of
X-ray techniques ranging from total X-ray scattering to small-angle X-ray scattering, in-situ synthesis of gold
nanoparticles - by adding reducing agent: triisopropylsilane (TIPS) - in hexane solution was followed. Inter-
estingly, the precursor solution before adding TIPS already contains non-crystalline pre-nucleation clusters
(PNCs) with the mean size of about 4 nm. Upon adding the reducing agent, these PNCs made up of Au(III)
transform to gold nanoparticles Au(0) with the mean size of about 2 nm via an intermediate state made up
of Au(Ill)/Au(I). With these results, we show that gold nanoparticles investigated in this study don’t follow
classical nucleation theory instead they evolve via non-crystalline PNCs [2].

References
Jorge A. Vargas et al., ACS Nano, 2018, 12, 9521.
R. K. Ramamoorthy et al., Nanoscale, 2020, 12, 16173.
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Characterization of novel carbon xerogel materials
for vanadium redox flow batteries

Priyanka Sharma

Carbon blacks are commercially used as conductive fillers in carbon — polymer composite bipolar plates (BPPs)
for vanadium redox flow batteries (VRFBs). The degradation of such BPPs during overcharging is a known
problem [1]. The type and structure of carbon black play important roles in electrode degradation under
highly oxidizing overcharge conditions [2]. Unfortunately, it is impossible to customize the microstructure of
carbon blacks. Therefore, there is a need for efficient carbons with tunable properties, which can replace car-
bon blacks. Carbon xerogels (carbogels) are potential candidates since they provide easy tailoring of porosity
along with high electrical conductivity [3]. In this project, we explore the possibility of replacing the standard
conductive filler with novel carbogels and, thereby, improving the electrochemical performance of VRFBs.
Here, we present a comparison between a commercial carbon black and as-synthesized carbogel. From mi-
crostructural analysis including total scattering and subsequent pair distribution function analysis, Raman
spectroscopy and HR-TEM, we observe that carbon black contains slightly larger crystallites and is more or-
dered. However, the higher electrical conductivity of BPPs with carbon black as compared to its carbogel
counterpart could be mainly attributed to the branched structure of carbon black particles. This study al-
lowed us to focus on synthesis parameters of the carbogel, which influence the texture. As a result, BPPs with
improved electrical conductivities have been produced. Further studies are ongoing.

References:

Parasuraman A, Lim TM, Menictas C, Skyllas-Kazacos M. Review of material research and development for

vanadium redox flow battery applications. Electrochim. Acta, 101, 27-40 (2013)

Brungs A, Haddadi-Asl V, Skyllas-Kazacos M. Preparation and evaluation of electrocatalytic oxide coatings

on conductive carbon-polymer composite substrates for use as dimensionally stable anodes. J. Appl. Elec-

trochem., 26, 1117- 1123 (1996)

Rahman M. (ed.) Designing Nanostructured Carbon Xerogels. Nanomaterials. 2011, https://www.intechopen.com/chapters/25347,
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lonic Conductivity and Disorder in Sodium
Perovskite Solid-State Electrolytes

Michael Brennan

The growing need for safe, reliable energy storage has brought the search for stable, high performance solid
electrolytes to the forefront of battery material research. One approach to achieve these goals is to use the
highly versatile perovskite structure. This structure, with the general formula ABX3, allows for a wide range
of dopants which can be used to tailor the resulting ionic conductivities of perovskite solid electrolytes [1].
However, an overall mechanism remains elusive.

Recently, it has been shown that the ionic conduction of the sodium-based perovskite Na1/2-La1/2-ZrO3 can
be improved through the substitution of Sr2+ onto the A site, reaching a maximum ionic conductivity in
Nal/2-xLal/2-xSr2xZrO3 at x = 1/6. Zhao et al. propose that this increase in ionic conductivity is due to the
widening of sodium conduction pathways caused by the addition of Sr2+ [2]. We have recently conducted
experiments that showed doping the A site with larger Ba2+ cations further increased the ionic conductivity
and sodium mobility, agreeing with the mechanism proposed by Zhao et al.

However, unlike the Sr2+ series, we have found that the ionic conductivity of the Ba2+ series reaches a local
maximum at x = 1/6 but has a global maximum at x = 7/32, coinciding with disorder in the long-range struc-
ture as evidenced by X-ray diffraction. Disorder is well known to increase ionic conductivity in solid-state
electrolytes. However, the nature of the disorder in this system, and the mechanism by which it increases
ionic conductivity is not clear.

This poster will focus on upcoming total scattering experiments and pair distribution function analysis being
performed at Institut Laue-Langevin (ILL). Quantification of the various coordination environments of the
cations will allow for an investigation into the length scale of this disorder and how it evolves across the solid
solution series. This will allow us to propose a mechanism to explain the increase in ionic conductivity of
these materials.

1. Yan, S., et al,, Perovskite Solid-State Electrolytes for Lithium Metal Batteries. Batteries-Basel, 2021. 7(4).

2. Zhao, Y.Z., et al., Synthesis and characterization of a new perovskite-type solid-state electrolyte of
Na1/3La1/3Sr1/3ZrO3 for all-solid-state sodium-ion batteries. Journal of Alloys and Compounds, 2019.
783: p. 219-225.
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Fast generation of diffuse scattering maps: MP_tools

Jiri Kulda

Modern materials often exhibit a considerable portion of structural disorder, playing a key role in their func-
tionalities. In order to characterise local atomic arrangements and short-range correlations one has to inves-
tigate the shape of Bragg lines and the distribution of diffuse scattering below and between them.

To extract information from experimental data one has to compare model-based intensities with the observed
ones. The progress in computing techniques in last decades permits to produce realistic models of crystalline
lattices by a variety of approaches ranging from ab initio DFT methods via molecular dynamics (MD) to
phase-field models based on the Landau formalism. Alternatively, one may retrieve the displacement pattern
without making assumptions on its origin by reverse Monte-Carlo (RMC) modelling

With this progress in place the bottleneck has shifted from producing supercell models to generating the
corresponding diffuse scattering distributions in reciprocal space. The principal issue being the fact that scat-
tering amplitudes from a distorted lattice cannot be summed up using fast Fourier transform algorithms (FFT)
because of the displacement phase factor exp(-i QR) being Q-dependent. As a consequence, many efforts in
recent years have been restricted to simple models on small supercells [1,2] or to more involved pair distribu-
tion function (PDF) analysis [3-5], where the summation problem is reduced to a single dimension.

To address this issue, we will present a new approach [6], based on recent developments of the non-uniform
fast Fourier transform (NUFFT) algorithm [7], implemented in the MP_tools program suite [8]. Diffracted
intensity maps from model supercells containing millions of atoms as well as dynamic scattering functions
S(Q,w) based on time sequences of thousands of frames now can be calculated by several orders of magnitude
faster in a truly interactive manner.

Many motivating discussions with my Prague colleagues Marek Pasciak, Petr Ondrejkovic and Jirka Hlinka
from the Institute of Physics (AS CR) are kindly acknowledged.

[1] Welberry T.R., Butler B.: J. Appl. Cryst. 27 (1994) 205-231

Neder R.B., Proffen Th.: Diffuse Scattering and Defect Structure Simulations: A cook book using the program
DISCUS, Oxford, 2008; DOI:10.1093/acprof:0s0/9780199233694.001.0001

McGreevy R.L,, J. Phys.: Condens. Matter 13 (2001) R877-R913
Proffen Th. et al., Z. Kristallogr. 218 (2003) 132-143

Eremenko M. et al., Nature Comm. 10 (2019) 2728
Kulda J., Acta Cryst. A (2022) in preparation

Barnett A.H. et al,, J. Sci. Comput. 41 (2019) C479-C504, https://github.com/flatironinstitute/finufft

Kulda J., https://github.com/jkulda/MP_tools
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Nano Materials Analysis by Combination of PDF und
(U)SAXS Recent Advances in Instrumentation from
Malvern Panalytical.

Loec Maze

X-ray powder diffraction is one of the most important techniques for material analysis with applications in
areas ranging from pharmaceuticals to mining and from semiconductors to building materials. Each material
presents its own challenges, and this creates a constant demand for improved data quality and shorter mea-
surement times. Despite its long history, instrumentation for laboratory X-ray diffraction is in continuous
development and recent years have marked significant progress in practically every component involved in
the X-ray diffraction experiments.

The highly versatile Empyrean instrument enables a variety of X-ray scattering techniques for the structural
and dimensional characterization of matter on multiple length scales. The Empyrean makes accessible on
laboratory high-performance ultra-small-angle X-ray scattering (USAXS), small- and wide-angle X-ray scat-
tering (SAXS/WAXS) as well as total scattering (atomic pair distribution function analysis; PDF) experiments.
It covers Bragg spacings from sub-Angstroms to 1.7 microns, thus allowing the analysis of dimensions and
complex structures in (nano-)materials on multiple length scales. The accessible scattering vector g-range
spans over almost five decades (qmin = 0.0036 nm-1, gmax = 215 nm-1), without any gaps.

SAXS and USAXS allow to investigate the size distribution, internal structure, and shape of nanoparticles and
macromolecules and to determine characteristic repeat distances in nanostructured materials. On the other
hand, with the total scattering (PDF) technique, the local atomic structures in (partially) disordered materials
can be studied. The combination of all scattering techniques thus enables the investigation of complex struc-
tures on the atomic and nano- and meso- (length) scales, which is essential for a better understanding of and
control over the macroscopic properties of a given material.

Primary author(s) : MAZE, LOIC (Malvern Panalytical); GATESHKI, Milen (Malvern Panalytical); KO-
GAN, Vladimir A. (Malvern Panalytical); BECKERS, Detlef (Malvern Panalytical); BOLZE, Jorg (Malvern Panalyt-
ical)
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Multivariate Analysis of Synchrotron X-Ray data for
Battery Research

Erlend Tiberg North

By utilizing multivariate analysis of x-ray operando data from working batteries one can separate and enhance
scattering signals from specific components of the battery, identifying the critical responses that are connected
to its performance and failure. This can enable faster and easier analysis of operando data, especially from
complex materials that are difficult to analyze manually.

In this poster I will present the preliminary results that we have obtained so far, focusing mainly on comparing
analysis methods on simulated data sets, along with the current plan of the research project in my PhD.

Primary author(s) : TIBERG NORTH, Erlend (University of Oslo)
Co-author(s) : WRAGG, David
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Use of neutron and X-ray total scattering for
improvement of nucleation modelling in engineering
alloys

Monika Rolinska

Modelling of phase transformations is key in design of new materials. Accurate models on diferent length
scales, ranging from atomistic modelling to fnite element methods, help with design of materials with longer
service lives and smaller environmental impact through the integrated computational materials engineering
approach. Great advances have been made in recent decades, however, modelling of nucleation in solid-state
phase transformations can still be improved. One of the challenges is the inherent difFculty of experimental
studies of the nucleation event, linked to the small length-scale and short time during which it occurs. Tis dif-
fculty has limited the input that could be used in modelling of early-stage phase transformations. It has been
shown previously that the initial state on a short range is crucial for the phase transformation kinetics in du-
plex and ferritic stainless steels [1]—-[4]. Total scatering and the associated pair distribution function analysis
is one of the very few methods when the events leading up to nucleation, such as short-range interaction, can
be studied. Use of total scatering opens up for the possibility to map the short-range order behaviour for dif-
ferent compositions and temperatures for systems such as iron-chromium (which is the basis for industrially
important stainless steels), to be fed into models for more accurate predictions of the phase transformation
kinetics and characteristics. Tis could ultimately lead to development of materials with improved properties.

References

J. Zhou, J. Odqvist, L. Héglund, M. T uvander, T. Barkar, P. Hedstrom, Initial clustering - A key factor for phase
separation kinetics in Fe-Cr-based alloys, Scr Mater. 75 (2014) 62—65. htps://doi.org/10.1016/j.scriptamat.2013.11.020.
X. Xu, J.E. Westraadt, J. Odqvist, T.G.A. Youngs, S.M. King, P. Hedstrom, Efect of heat treatment above the
miscibility gap on nanostructure formation due to spinodal decomposition in Fe-52.85 at.%Cr, Acta Mater. 145
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*OWFTUJHBUJPO PG DIBSHF JOEVDFE
EJTPSEFSJOHJO /B$S0 DBUIPEFT GPS
SFDIBSHFBCMF CBAFSJFT

Bettina Andersen

_FTDPQF PG NVDIFOFSHZ SFMBUFE SFTFBSDIUPEBZ JTUP NPWF UPXBSET NPS|
JOHDPNQPOFOUTBOENBUFSJBMT XJUIJOUIFTFTPVSDFTTIPVME UIFSFGPSF CF
FH JSPO UJUBOJVN BOETPEJVN _FMBRFSIBT XJUIJOCBRFSZSFTFBSDI B
DFOU ZFBSTEVF UP UIF TINJMBSJUJFT UP UIF XFMM FTUBCMJTIFE -J JPO CBRF!
CFUSBOTGFSSFEUP /B JPO CBRFSJFT 'VSUIFSNPSF TPEJVNIBTBHSFBUBCVC
UIFDBUFHPSJ[BUJPO PG TPEJVN UP CFB QSPNJTJOHBMUFSOBUJWF UP UIF -J J|
)PXFWFS XIFODIBOHJOH GSPN MJUIJVN UP TPEJVN DIBMMFOHFT BSJTF 0OF P
PSEFSJOH CFJOHJOEVDFEJO TPNFFMFDUSPEF NBUFSJBMTEVSJOHDIBSHF BOE
PCTFSWFE JO MBZFSFE TPEJVN DISPNJVN PYJEF /B$S0 8IFO /B JPOT BSF FY!
CBRFSZ DIBSHF UIF NBUFSJBM JT TVCKFDUFE UP EJVFSFOU TUSVDUVSBM USBO
BDFSUBJO MJNJU UIF NBUFSJBM TVVFST GSPN TFWFSF DBQBDJUZ EFDBZ EVF |
QIBTF< >

*OUIJTTUVEZ UIFEJTPSEFSJOHPG/B$S0 EVSJOH /B JPOFYUSBDUJPOIBTCFF
JOHBOEQBJSEJTUSJCVUJPO GVODUJPO BOBMZTJT "EEJUJPOBMMZ UIF NBUF¢
FMFDUSPONJDSPTDPQZBOEFOFSHZEJTQFSTIJWF9 SBZBOBMZTJTUP FWBMVB
PWFS UIFEJTUSJCVUJPOPG/BJOUIFNBUFSJBM

)XBOH + : 4 5 .ZVOH BOE: , 4VO 4PEJVN JPO CBRFSJFT QSFTFOU BOI

3FWJIFXT Q

:BCVVDIJ / FUBM 3FTFBSDI%FWFMPQNFOUPO4PEJVN *PO #BRFSJFT $I

Q

$ISIJTUFOTFO $, BOE % # 3BWOTC!L 60EFSTUBOEJOH EJTPSEFS JO PYJE

SFDIBSHFBCMF CBRFSJFT +PVSOBMPG 11ZTJDT &OFSHZ Q

#P 4 ) FUBM -BZFSFE UP 3PDL 4BMU 5SBOTGPSNBUJPO JO %FTPEJBUF

.BUFSJBMT Q

'V $ : FUBM /B$S0 DBUIPEF GPSIJHI SBUF TPEJVN JPO CBRFSJFT &OF¢
Q

,VCPUB , FUBM /FX*OTJHIUJOUP 4USVDUVSBM &WPMVUJPO JO -BZFSFE

4PEJVN &YUSBDUJPO _F+PVSOBMPG 11ZTJDBM $IFNJTUSZ $ Q

1SINBSZ BVUIPTS T/%&34&/ #FRJOB 19MHB®BHBAE/ $ISITUIBS -¥CR4&/
&TQFO %BBRIG 3"7/4#t, %PSUIF #PNIPMEU


Gabriel Julio Cuello
Bettina Andersen

Gabriel Julio Cuello

Gabriel Julio Cuello
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&EWBMVBUJPO PG IBMJEF QFSPWTLJUF QS
VTIOHUIF SFEVDFEQBJS EJTUSJCVUJP
NJE SBOHF 4"94 EBUB

) Joachim Breternitz

OOFPGUIFOPUBCMFDPODFQUVBM BEWBOUBHFT PG IBMJEF QFSPWTLJUF TENJ
JUZUP QSPEVDF UIFN CBTFE PO TPMVUJPO QSPDFTTFT BU UFNQFSBUVSFT POM
5Z2QJDBMMZ UIF WBSJPVT QSFDVSTPSTBSFEJTTPMWFE JOTVJUBCMF TPMWFO

GPSNBNJEF %.' BOEEJNFUIZMTVMGPYJEF %.40 BOEUIFTFQSFDVSTPSTPMVU
QFSPWTLJUF WMNT < >

_PTFQSFDVSTPSTPMVUJPOTBSFOPUFOUJSFMZIPNPHFOFPVT CVUDPOUBJOT
JOH CMPDLT< > _FTJ[FPGUIPTFCVIJMEJOHCMPDLT EFQFOET CPUI PO UIF DP|
PO UIF DPNQPTJUJPO PG UIF QFSPWTLJUF QSFDVSTPST PQFOJOHB IVHF QBSB
NVMBUJPO XJUI BHHMPNFSBUJPO TJ[FT UZQJDBMMZ JO UIF SBOHF PG ON 4N
FRVIQQFEUPUFTUUIJT SBOHF BMUIPVHIUIPTFBHHMPNFSBUJPO TJ[FTBSF BU
TIJ[F J F XJUIMBSHFSBOHMF SBOHFTUIBO DPNNPOMZ NFBTVSFE OVS FYQFSJ
PQFSBUFEBUUIF15#'$. CFBNMJOF < >BUUIF#&44:** TZODISPUSPO GPSJOTUE
UVNUSBOTGFS SBOHF PG ON &Ra ON "MBSHFSSFDJQSPDBMTQBDF SFTP/|
BCFRFSSFTPMVUJPOJO SFBMTQBDF XIFOQFSGPSNJOHB ' 'PVSJFSUSBOTGPSNI
UJPO 1%' )FSFJO XFBTTFTTBTVJUBCMFBQQSPBDIGPSUIF SFEVDFE QBJS E
PGPVS4"94 EBUBBOEDPNQBSF UIF SFTVMUT XJUITINQMF QFBLBOBMZTJT BOE

3FGFSFODFT
' -FINBOO " 'SBO[ % . 5YCCFOT 4 -FWDFODP B480OEME " 5BWCFSU 4 4DIPS

4 $BJDFEP %iWJMB ) 'VOL 3 -PWSJOIJC $ .%.“MMFS . 4FOEOFS 0 $PKPDBSV
" 'sSBO[ 4 -FWDFODP " 7 $PIFO - ,SPOJL # )BBTIIBTS5$IFNI $% "CPV 3BT

X

" 'MBULFO " )PFMM 3 8FOEU & )aSL " %BMMNBOO " ®#SBB/UOFS+ 1BTDVBM
$IFN " X

" )PFEMM * ;J[BL ) #IJFERDSJIMPPIUSBOHI;VS MFIJOXJOLFMTUSFVNFTTVOH ;VS "OB!
UVSBO 1SPCFO .JGFMT 3fO¥BFOTUSBIMVOH

,SVNSFZ (/MM *OTUS .FUI 11ZT <3FT "x

1SINBSZBVUWSS #3&5&3/*5; +PBDIJN )FMNIPMU[ ;FOUSVN#FSMJO Bb%S .BUFSJI
1"-"$*044"63" "OB )FMNIPMU[ ;FOUSVN#FSMJ®S 9P &K 6 0IWFS T)FUWeNJI PM3SM J 6 O

USVN #FSMJO D¥%S .BUFSJIBMRGO ) E3BOEBHBE )FMNIPMU[ ;FOUSVN #FSMJO 'St
#FSMJO


Gabriel Julio Cuello
Joachim Breternitz

Gabriel Julio Cuello

Gabriel Julio Cuello
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THE SRR Wady 28 o0a 80 5380

n 5 1]
Tolga Ulucan

_FFYDJFOUTUPSBHF PG IZESPHFO JOB QFSTQFDUJWF IZESPHFO FDPOPNZ JT
PUIFST

BNNPOJB /) JT SFHBSEFEBTBQSPNJTJOH) DBSSJFSNPMFDVMFUIBUDBO CF
PG) GPSGVFM DFMMTPS EJSFDUMZJO /) TPMJE PYJEF GVFM DFMMT 1SFWJP\
DBUBMZTUTTIPXFEIJHIDPNQMFYJUZPG TUSVDUVSF QSPQFSUZ SFMBUJPOTIJ(
TUSVDUVSF DSZTUBMMJUF TJ[F NJDSPTUSVDUVSF PSBNPSQIPVTQIBTFT DB
QSPQFSUJFT *OUIJTTUVEZ /JBOE $P DBUBMZTUT PO .HOTVQQPSU XFSFTZOU]
DP QSFDJQJUBUJPO NFUIPE BOE BU NFUBM MPBEFE DBUBMZTUT XJUI EJV
USFBUNFOUT XFSFDIBSBDUFSJ[FECZTFWFSBMFY TJUVNFUIPETBOE UFTUFE (
EFDPNQPTJUJPOPG/) JOBDPOWFOUJPOBM QMVH XPX SFBDUPS

OQFSBOEP UPUBM TDBRFSJOHFYQFSJIJNFOUTEVSJOHUFNQFSBUVSF EFQFOEFC
DPOEVDUFEBU 1 BU%&4: "TQFDIJBM HBT XPXDFMMDPOOFDUFE UP BHBTEP
TQFDUSPNFUFS GPS QSPEVDU HBTBOBMZTJTIBTCFFO VTFE

&Y TIJUVI9"'4 FYQFSINFOUT XFSFQFSGPSNFEBU 1 %&4: UPJOWFTUJHBUF UIF
/JBUPNT _FDPNCJOBUJPOPGEJVFSFOUDIBSBDUFSJ[BUJPO EBUBFOBCMFT T
MFOHUITDBMFT _FTUSVDUVSF QFSGPSNBODF SFMBUJPOT HIWF JOTJHIUT JO
BOEQSPDFTTJOHDPOEJUJPOTBVFDUUIFDBUBMZUJD BDUJWJUZ GPS /) EFDPN

1SINBSZBVUbBP&'T 5PMHB)BO .BY 1MBODL *OTUJU WYIBF B&I060,&IBNFERIBPSTDIVOH
$MBVEJB .BY 1MBODL *OTUJUVUSP®%S #RI)MEOAG PBNIDFYGHSJTUJBO "MCSFDIUT 60
,JFM.S 8"/( +JIBP $ISJTUJBO "MCSFDIUPc60 AWES TRI[WHIU .[B/Y, IMBODL *OTUJUVUF
,PIMFOGPSTDIVOH

IMFOGPSTDIVOH


Gabriel Julio Cuello
Tolga Ulucan

Gabriel Julio Cuello

Gabriel Julio Cuello
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-PDBM EF QPMBSJ[BUJPOJO #B ;S 5

Marek Palciak

*OIPNPHFOFPVT MPDBM QPMBSJ[BUJPOJO GFSSPFMFDUSJD NBUFSJBMT IBT CF|
QSPQFSUZDIBSBDUFSJTUJDT FH QJF[PFMFDUSJDJUZ FOFSHZTUPSBHF DBQE
UJPO QBRFSOTBOEUPHFUJOTJHIUJOUPUIFJSEZOBNJDT EJVVTFTDBRFSJOH
IBTCFFO FYUFOTJWFMZ VTFE 5P GBDJMJUBUF CFRFS VOEFSTUBOEJOH PG EJV
VMBUJPOTJO XIJDIJOUFSBDUJPO CFUXFFOBUPNTBSFSFQSFTFOUFECZDMBT"
PG EFOTJUZ GVODUJPOBM UIFPSZ DBMDVMBUJPOT )FSF XF XJMM QSFTFOU SF°
GFSSPFMFDUSJp NBWRSFBMBEB®OIWVN BUPN QBSUIJBMMZ TVCTUJUVUFE CZMBSHF
OJVN 8F XIJMMTIPXIPX;SCSJOHTEJTSVQUJPOUPUIFQPMBSJ[BUJPO MFBEJOF
CzZzBOBOPTDBMF QPMBSJ[BUJPO PSEFSJOH < > -POHUJNF QFSJPETJNVMBU.
TZTUFN PO B XJEF GSFRVFODZ SBOHFJODMVEJOH CPUI UFSBIFSU[ QIPOPOT BO
DMVTUFST _FEZOBNJDBM TUSVDUVSF GBDUPS BOBMZTJTIBT CFFO QFSGPSNF
TPOXBSF< > EFTJHOFEGPSIJHIMZFYDJFOUUSFBUNFOU PG MBSHF TDBMF NP1
8F BDLOPXMFEHFUIF TVQQPSUPG UIF $[FDI4DJFODF 'PVOEBUJPO $4'QSPKFDL
7 TFFSBQBOEJZBOFUBM "EWBODFE &MFDUSPOJD .BUFSJBMT
+1FU[FMUFUBM QIZTJDBTUBUVTTPMJEJ C

+ ,VMEB "DUB $SzTU " JOQSFQBSBUJPO IRQT HJUIVC DPN KLVMEB .10@

1SINBSZBVUIPS$T, .BSFL *OTUJUVUF PG 1I1ZTJDT PG UIF,$[-PO'I “DBAFNZ PG 4D
*OTUJUVU -BVROBIOHRWMJIOBVSP" 1 *OTUJUVUFPG1IZTIJDTPG UDF $[FDI"DBEFNZ
%3&+,07*$ 1FUS *OTUJUVUF PG 1IZTJDT PG QIF/$TFDISDBBOANZBGUDBREADETIDT
UIF $[FDI "DBEFNZ PG 4DJFODFT

EFNZPG 4DJFOD


Gabriel Julio Cuello
Marek Paściak

Gabriel Julio Cuello

Gabriel Julio Cuello
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&aFDUT PG NFBTVSFNFOU QBSBNFUFS*
EJTUSJCVUJPO GVODUJPO DBMDVMBUJPC
TDBAFSJOH EBU

Conrad KrSmel

8JUIUIFQPQVMBSJUZPG QBJSEJTUSJCVUJPO GVODUJPOBOBMZTJT SJTJOH JC
FBTJFSBDDFTTUP UPUBM TDBRFSJOH EBUB -BCPSBUPSZ TDBMF EJVSBDUPNFI
BOEEFUFDUPST XJUIIJHIRVBOUVNFYDJFODZIBWFCFFOTVDDFTTGVMMZ FNQM
DBMDVMBUJPOT "TUIFXVYPGTNBMMTDBMF MBCPSBUPSZ9 SBZTPVSDFTJTN
NFBTVSFNFOUT NBZ MBTUTFWFSBMEBZT )FSF XFVTFUIFTIHOBMUP OPJTF SE
NFOUBTBUPPMUPRVBOUJGZUIF SFRVIJISFEEVSBUJPOPGJO IPVTFNFBTVSFNI
5PUBM TDBRFSJOH EJVSBDUJPO EBU B|Wa3| B[MSIQ Hel AVBIDB R IA N F B UE-FE TVPTE BM J(BF F

x NPOPDISPNBUJ[FE .P SBEJBUJPO 4UPF 45"%* .1 %FCZF 4DIFSSFS HFPNF
JOUPBCPSPTIMJDBUFHMBTTDBQJMMBSZ XJUIBOPVUFS EJBNFUFS PG NN B
DPMMFDUFE JO UIF SBIGHRF T JOPTWYFQT PG pPOB%FDUSJT .ZUIFO ,QPTJU
UJWF EFUFDUPS DPOTFDVUJWF NFBTVSFNFOUT PG |IBNPVOUFEUPBUPUBN
BUFBDIBOHMF #Z DPOTFDVUJWFBEEJUJPOPGUIFJOUFOTJUZEBUBPG Y NFBT
POFTJOHMF NFBTVSFNFOU XJUIBEVSBUJPOPG Y IPVST
QEGHFUY XBTVTFEUPDBMDVMBUF UIFQBJSEJTUSJCVUJPO GVODUJPO GPS FE
| VTIRHK =1340pm'* "SPVUJOF XBT EFWFMPQFE JO QZUIPOUPBQQSPYJNBUF OP.
UIFNFBTVSFNFOUTBOEFNQMPZUIFNBT VODFSUBJOUJFTGPS QIPUPODPVOUT
TUBOEBSE EFWJBUJPOTUP UIF SFTVMUJOH 1%'YT _FTJHOBM UP OPJTF SBUJP
HSPVOEDPSSFDUFEJOUFOTJUZ* 2 BOEVOEFSMZJOH BOHMFEFQFOEFOUOPJT
PGUIFEJVSBDUPHSBNTJTEFTDSJCFECZB SPPUGVODUJPO _FBCTPMVUF UJNF
QBSBNFUFSTGPMMPX IZQFSCPMJD USFOETUPXBSETB SFTQFDUJWF WOBM NP
1%' SFWOFNFOUTJO 1%'(6*CZB EFDSHBGEPIS UIF SBT3IEVBMIWBMVF 4/3

*NQSPWJOHUIF TIHOBM UP OPJTF SBUJP CFZPOE EJE OPU GVSUIFS IJNQ

1SINBSZBVUIBS&RB ,POSBE
$P BVUIPS(&4*/( _PSTURBO##&/ -BST 60J#SFNFO


Gabriel Julio Cuello
Conrad Krämer

Gabriel Julio Cuello

Gabriel Julio Cuello
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%% BU*-- VTJOHQPMB
DPIFSFOU JODPIFSFO

Anne Stunault

_F% QPMBSJTFE IPU OFVUSPO EJVSBDUPNFUFS BU *-- GPSNFSMZ EFWPUFE U
CFFOVQHSBEFEBOEJTOPXBMTP PQUJIJNJ[FEGPS TUVEJFTPG MJRVJETPWFSB
<> 8JUIJOUIF*--&0OEVSBODFQSPHSBN UIFJOTUSVNFOUIBTCFFO SFDFOUMZ"
PGBOFXNVMUJ EFUFDUPS BMMPXJOH UP NFBTVSFBO BWFSBHF PG TBNQMFT
_FNFUIPEIBTBMSFBEZCFFO TIPXO UPCFWFSZ QPXFSGVMJO TUSVDUVSBM TU
QIPVTTZTUFNTPGJOEVTUSIJBMJOUFSFTU )FSFIPXFWFS BOFSTIPXJOHUIFDB
XFDPODFOUSBUFPO TPNFFTTFOUJBM aCZ QSPEVDUTAQSPWJEFECZUIFJODP
*OEFFE UIFTQJO JODPIFSFOUTDBRFSJOHJTFYBDUMZ PG UIFNFBTVSFE TQ.
NFBTVSFE "BMJUBUJWFBOBMZTJTTIPXTBHBVTTIBO 2 EFQFOEFODF XJUI B X.
JNFOUBM TFUVQ XBWFMFOHUI BTTIPXOJO< > BOEEFUFDUPS SBUIFSUIBO U
NPSF BRVBOUJUBUJWFBOBMZTJT BMMPXTUP EFWJTFBO FNQJSJDBM NPEFM G
JTTVFJOTVDITUSPOH TDBRFSFSTBT )DPOUBJOJOH TZTUFNT

1SINBSZBVUI45$/T6-5 "OOF *--


Gabriel Julio Cuello
Anne Stunault

Gabriel Julio Cuello

Gabriel Julio Cuello


"% %

NEUTRONS

FOR SOCIETY 3 : Iy eyt » 16"21 |]|:T 2“22
Ts ; 'U : GRENOBLE, FRANCE

"CTUSBDU *%

6OEFSTUBOEJOH UIFJIJNQBDU PG UIFHBT I
UIFUIFSNBM EFBDUJWBUJPO PG 1ECBTF
DBUBMZTUT

Sarina-Lena Heck

*OUSPEVDUJPO

OOF PG UIF NBKPS DIBMMFOHFT JO UPEBZYT SFTFBSDI PO BVUPNPUJWF QPMMYV
UIF DBUBMZTUT EVSJOH MPOH UFSN BQQMJDBUJPO &VFDUT TVDI BT TVQQPSL
TJOUFSJOH TPMJE TUBUF SFBDUJPOT BOE FODBQTVMBUJPO BSF PDDVSSJOH
BSFB BOE JNQBJSJOH UIF DIBSBDUFSJTUJDT PG TVQQPSU NBUFSJBM < >
b "Nz PS $£0S0 $; BSFNPTUDPNNPOMZBQQMJFEGPSTVQQPSUJOHUIFBDUJWF
3l < > $; NJYFEPYJEFT FYIJCJU BO PYZHFO TUPSBHF DBQBDJUZ 04$%$ XIJDI J°
XVDUVBUJPOTJOUIFTUPJDIJPNFUSIJDBJS UP GVFM SBUJP j OFFEFE GPS BO
DBUBMZTU < > "EEJUJPOBMMZ $; NJYFEPYJEFTDBO TUBCIJMJ[FUIFOPCMF NFL
UP IJHI UFNQFSBUVSFT XIJDIJTDSVDJBM BT UIF TIOUFSJOH PG UIF OPCMF NF
EFDSFBTF PG UIFBDUJWF TVSGBDF CVUBMTP JO B EJNJOJTIJOHPG UIF04% <
EFBDUJWBUJPO QSPDFTTFTBSFJOXVFODFEOPUPOMZCZUIFBHJOHUFNQFSBL
EVFUPUIFGPSNBUJPOPG NFUBMMJD PSPYJEJ[FETQFDJFTEVSJOHUIFTJOUFS
VOEFSTUBOEJOHPGUIFTFQIFOPNFOBJTTUJMMNJTTJOH OVSTUVEZGPDVTFT
BUNPTQIFSFPOUIFBHIJOH CFLBY¢sDPDBPBMETWUBTED $$HFOQUI DIBSBDUFSJ[BUJPO D
TZTUFNBUJD DBUBMZUJD BDUJWJUZUFTUPGUIFGSFTIBOEBHFEDBUBMZTUT X

SFTVMUT

XU 1E$F®ODBUBMZTUT XFSFQSFQBSFECZJINQSBKDBUEOWH/D:RNNFSDJIBM $FO
PS1E)#%»> BT OPCMF NFUBM QSFDVSTPST GPMMPXFE CZDBMDJOBUJPO JO TUBL
BHFE BU 9JO PYJEJ[JOHBOE JOFSU HBT BUNPTQIFSFT _FTUSVDUVSBM QS
XFSF SFWFBMFE CZBQQMZJOH B TFSJFT PG DPNQMFNFOUBSZ FY TJUV BOE JO T
MJHIU PV MJHIU PVUDZDMFT XFSF QFSGPSNFE XIJMF NPOJUPSJOH UIF HBT NJ°
CZ'5*3TQFDUSPTDPQZUPBTTFTTUIFDBUBMZUJD BDUJWJUZ
%VFUPBTMJHIUMZ TNBMMFS QBSUJDMF TJ[FBOEB UIFSFGPSFIJHIFS OVNCFS
XJUIUIF 3 I}z TPMVUJPO TIPXTB MPXFS MJHIU PVUFNQFSBUVSFEVSJOH BDU.
DMFT )PXFWFS BOFSUSFBUJOHUIFDBUBMZTUT BU Q9UIFFVFDUJTOPUWJT.
BUNPTQIFSFTFFNT UPJNQBDU UIBORBWETSBWRAOURGRPRD SFTOBDUJPOT BSF POMZ PLC
BUIJHIFS UFNQFSBUVSFT "OBSSPXJOHJO UIF9 SBZEJVSBDUJPO QBRFSOT B
BDIBOHFJODSZTUBMMJUFT TJ[FTBOE UIFSFGPSFB TIJOUFSJOHPG UIFTVQQP
UIF TBNQMF FYIJCJU GFBUVSFT PG B NFUBMMJD OPCMF NFUBM TQFDJFT JMMVT
OPCMF NFUBM QBRFSOTDPVME CFJEFOUJWFE JO UIF GBFTODRUBMZTU _JTDP\
BOE &9"'4 NFBTVSFNFOUT

$PODMVTJIPO

OVS TZTUFNBUJD TUVEZ PO UIFSNBM BRHJCSH CBUBWIXPTIF ® BB ICBITC\EUFFOUP UIF
EBNFOUBM VOEFSTUBOEJOH PG UIF 583 EFBDUJWBUJPO QSPDFTTFT BT EJSFDI
EJTQFSTJPO FMFDUSPOJD TUBUFBOEDBUBMZTUBDUJWJUZDPVME CF SFWFBNM
UJPOPGUIFTVQQPSU TUBUF UIJTDPVME CF VUJMJ[FE UP CFRFS QSFEJDU UIF
VOEFS TUPDIJPNFUSJD DPOEJUJPOTBOE HBJO NPSFQFSGPSNBODFDBQBCMF F

3FGFSFODFT
8BOH + $IFO ) )V ; :BRPUBM-J3FW
'"PS[BRJ 1 -$BBBM 5PEBZ


Gabriel Julio Cuello
Sarina-Lena Heck 

Gabriel Julio Cuello
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1SINBSZBVU)R$, BBSJOB -FOB ,BSMTSVIF*OTUJUVUFPG5FDIOPMPHZ *OTUJU
BOE1PMZNFS $IFNJTUSZ

$P BVUIPS%B /"*-4 (%.“"MQFSJ ,BSMTSVIF*OTUJUVUFPGS5FDIOPMPHZ *OTUJUVL
1PMZNFS $IFNS W6&Z-$&5 1BPMP ,BSMTSVIF*OTUJUVUF PG 5FDIOPMPHZ *OTUJLU
BOE 1PMZNFS $I1%8JBU4&Z26 .BSJB ,BSMTSVIF *OTUJUVUF PG 5FDIOPMPHZ *OTU,
OPMPHZBOE 1IPMZNESBGEFN35WBSZ%5 +BO %JFSL ,BSMTSVIF*OTUJUVUF PG 5FDIO
$IFNJDBM 5FDIOPMPHZ BOE 1PMZNFS $IFNJTUSZ ,BSMTSVIF *OTUJUVUF PG 5FDIC
BOESFDIOPMPHZ

lz *OTUJUVvVU
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4APMVUJPO PG UIFTIOHMFDSZTUBM EJa
QSPCMFNVTIJOH % f1%" EFDPOWPMYV
Arkadiy Simonov

1SPQFSUJFT PG NBOZ NBUFSJBMT EFQFOE DSVDJBMMZ PO UIF TUSVDUVSF BOE
MBRJDF %FGFDUTDBOCFQSPCFECZTJOHMFDSZTUBM EJVVTF TDBRFSJOHPG
PG DPOTUSVDUJPO PG B NPEFM EJTPSEFSFE TPMJE DPOTJTUFOU XJUIUIF PCTHF
TJODFDVSSFOUMZJU SFMJFTPO FJUIFSUSJBM BOE FSSPSPS1BRFSTPOGVOD!
BNFUIPE XIJDIXPVMEBMMPXUPTPMWFEJVVTF TDBRFSJOHJOUIFTBNFTFOTFE
UPUIFQIBTFQSPCMFNPGUIF#SBHHQFBLTDSZTUBMMPHSBQIZ

*OUIJT XPSLXFTIPXUIBUTVDIBHFOFSBM NFUIPEJOEFFE FYJTUT GPSUIFTQFD
OVS NFUIPE SFMJFTPOUIFEFDPOWPMVUJPOPGUIF % 1%'GVODUJPOJOUPUX
PG UIFEFGFDU BOE UIF PUIFS FODPEJOH UIF DPSSFMBUJPO CFUXFFO EFGFDU
CFTPMWFECZVTJOHTUBOEBSE BMHPSJUINT TINJMBS UP DIBSHF XJQQJOH XI.
DBOCFGPVOEVTJOHUIFNFUIPEDBMMFE UIF EFOTJUZDPOTJTUFODZ NBUDIJO|
VTJOHUIFFYQFSINFOUBM EBUB GSPNUSJT UFSU CVUZM CFO[FOFUSJDBS

1SINBSZBVUI#SO/M7 "SLBEJZ


Gabriel Julio Cuello
Arkadiy Simonov

Gabriel Julio Cuello

Gabriel Julio Cuello
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*OTJHIUT JOUP UIF NJDSPTUSVDUVSBM |
1U JPOPNFSJOUFSGBDFJOB GVFMDFEM
TVTQFOTIJPO EVSJOHUIFESZJOH QS|

Sabrina Thom$&

3FDFOUMZ NBOZ IJHIMZ BDUJWF OPCMF NFUBM DBUBMZTUT GPS UIF PYZHFO S
NFNCSBOFGVFMDFMMTIBWFCFFOEFWFMPQFE )PXFWFS XIFOBQQMJFE VOEF:
POFOTVVFSPGQFSGPSNBODFMPTTEVFUPEFHSBEBUJPOBOEEJTTPMVUJPO '
DBUBMZTU JPOPNFS JOUFSGBDF PG UIFUIJODBUBMZUJD MBZFS *OPSEFS L
UIFTUSVDUVSFPGUIFDBUBMZTU JPOPNFSJOUFSGBDF JUJTPGPVUNPTUJINQT
QIFOPNFOB EVSJOH UIF WBSJPVT QSPDFTTFT PG UIF QSFQBSBUJPO PG UIF DBU
BOEESZJOH

JFSF XF QSFTFOU B IJHI FOFSHZ JO TJUV 9 SBZUPUBM TDBRFSJOH TUVEZ JO &¢
UP HSB[JOH JODJEFODF BOHMF XIJMTU ESZJOH PGB GVFM DFMM DBUBMZUJD .
_FDBUBMZUJD JOLTVTQFOTJPO DPOUBJOTTFMG TZOUIFTJ[FE XU 1U $ DBUE
JODMVEJOH XU /BWPOTPMVUJPOBTJPOPNFS 6QPO ESZJOHDIBOHFT JO UIF |
QBSUJDMFTDBOCFUSBDLFETVHHFTUJOHBETPSQUJPOPGUIFJPOPNFSBOEDII
#ZDPNQBSJOHUIFESZJOHQSPDFTTPGUIFJOL XJUIBOE XJUIPVUBEEJUJPOPG.
JO XBUFSPOMZ FVFDUT GSPNBETPSQUJPO PG JPOPNFSBOEQPTTJCMF TVSGB!
TQFDJFT XJMM CF EJTFOUBOHMFE 5P BDIJFWF UIJT HPBM WSTU UIFCFTU WI
UIFPWFSBMM TJHOBM BOEWOBMMZCZBEJVFSFOUJBM QBJS EJTUSJCVUJPO C
TUSVDUVSBM DIBOHFT PG UIFBNPSQIPVTDPNQPOFOUT XJMMCFBOBMZ[FE
OOUIFMPOHSVO XFXBOUUPTIFETPNFMJHIUPOUIFDPOGPSNBUJPOBMDIBOH
JOUFSGBDFJOEVDFECZUIFBETPSQUJPOUPUIFTVQQPSUFEDBUBMZTU QBSUJ

* & 4UFQIFOT + 3PTTNFJTM * $IPSLFOEPSV 5PXBSETVTUBJOBCMFGVFEFM

4 8PP FUBM $VSSFOUVOEFSTUBOEJOH PG DBUBMZTU JPOPNFS JOUFSGB
JOHUIFPYZHFO SFEVDUJPO SFBDUJPO JODBUIPEF DBUBMZTU MBZFST PG (
$VSSFOUO0OQJOJPOJO &MFDUSPDIFNJTUSZ

3 $IBRPUFUBM &MFDUSPDIFNJDBM 4USBJO %ZOBNJDTJO /PCMF .FUBM /B

* . BSUFOTFUBM 1SPCJOHUIF %ZOBNJDTPG 1MBUJOVN 4VSGBDFOYJEFT .
JO4JUV 9 SBZ %JVSBDUJPO "$4"QQMJFE &0OFSHZ .BUFSJBMT

4 - + _PNm 4 8 ,SBVTT . &DLBSEU 1 $IBUFS . ;PCFM "UPNJDJOTJHIUJOL
GBDFRFE OBOPQBSUJDMFT /BUVSF $PNNVOJDBUJPOT

1SINBSZ BVUIPB B)0., 4BCSJOB - + *OTUJUVUF PG $SZTUBMMPHSBQI1Z 385)
$P BVUIP%® %3/&$%$ +BLVC &VSPQFBO 4ZODISPEYSEGO;3B&EJBUSPIOBRDIMIWIU YV U

PG $SZTUBMMPHSBQI1Z 385) "BDIFO
'HSBQI1Z 385)"BDIFO
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JZESPUIFSNBM *OKFDUJPO GPS 1IBTF $PC
AZOUIFTJT

U Adritn Sanz Arjona

1PMZNPSQI DPOUSPM IBT CFDPNF FTTFOUJBM JO PSEFS UP UBSHFU UIF EFTJSIH
'PSJOTUBODF DBMDJVN DBSCPOBUF $B$0 JT XFMM LOPXO UP CF BO FTTFOL
CFPCUBJOFEJO UISFF EJVFSFOU BOIZESPVT QIBTFT DBMDJUF WBUFSJUF BO
QSPDFTTFTTIPXHSFBUQPMZNPSQIDPOUSPM BMMPXJOHEJVFSFOU $B$0 QIB
MPHIJDBM PSHBOJTNT x *ODSFBTJOHMZ SFTFBSDIFSTBSFUSZJOHUP SFQMJD
BEWBODFE GVODUJPOBM NBUFSJBMT CZSFQMJDBUJOHUIF GPSNBUJPO DPOEJ!
JFSF XFIBWF BQQMJFE B OFXMZ EFWFMPQFE IZESPUIFSNBM JOKFDUJPO SFBDL
TZTUFN SFQMJDBUFT UIFIPUJOKFDUJPO QSPDFTTVTJOH POMZ XBUFS BT B TPN
PWFS OVDMFBUJPO BOE HSPXUI CFJOHDPOTJEFSFEBTBOBMPHPVT UP OBUVSI
IZESPUIFSNBM WFOUT #Z WBSZJOH SFBDUJPO DPOEJUJPOT TVDIBT QSFDVST
UFNQFSBUVSF XFIBWF TIPXOUIBUUIJTTZTUFNDBO BDIJFWFBIJHIEFHSFF PG
DPNQPTJUIJPOPGUIFTBNQMFTQSFQBSFEIBWFCFFODPOWSNFECZ3JFUWFMEE
QBRFSOT BOEUZQJDBM NPSQIPMPHIJFTBSFPCTFSWFECZFMFDUSPO NJDSPTD
SFMBUJPOTIJQ PG TZOUIFUJD DPOEJUJPOTUP UIF QIBTF PG UIFPCUBJOFE QSP
OFOUBOBMZTJT 1$" UPUIFQBJS EJTUSJCVUJPO GVODUJPO 1%' PG UIF QPXE
FSFGPSF BNBQQJOHPG UIFPQUIJNBM DPOEJUJPOT OFFEFEUP PCUBJO FBDI C
TZOUIFTJT DPOEJUJPOTWFSTVT QPMZNPSQITFMFDUJPO XBT PCUBJOFE
JTTZOUIFUJDBQQSPBDIIBTCFFOFYUFOEFEUPIZESPYZBQBUJUF<)" $B 10
NJOFSBM EVF UP JUT TINJMBSJUZ UP CJPMPHJDBM BQBUJUF BDPOTUJUVFOUF
OPUB QPMZNPSQIJD NBUFSJBM JUIBTTIPXOBHSFBUSBOHFPG QPTTJCMF TIB(
FDPOUSPMPGUIFTIBQFBOETJ[FJTFTTFOUJBMGPSUVOJOHJUTQSPQFSUJFT
QSPQFSUJFTXJMM EJDUBUFJUT QPUFOUJBM BQQMJIDBCJIJMJUZ BT B CJPNBUFSJ

( 'BMJOJ 4 "MCFDL 4 8FJOFSBOE- "EEBEJ 4DJFODF X

& #FOJBTI + "J[FOCFSH - "EEBEJBOE 4 8FJOFS 1SPD 3 4PD ##JPM 4DJ
# 1PLSPZ " /| 'JUDIBOE & ;PMPUPZBCLP $SZTU (SPXUIl%FT X

, #ZSBQQBBOE S5 "ETDIJSJ 1SPH $SZTU (SPXUI$IBSBDU .BUFS X
+ $IFO + -JV ) %FOH 4 :BPBOE: 8BOH $FSBN *OU X

1SINBSZ BVUIR&S T4"/; "3+0/" "ESJijO %FQBSUNFOU PG $IFNJTUSZ 60JWFSTJ

$P BVUIP3%T #"5)& "ESFX 4DIPPM PG $IFNJTUSZ15P30 BOZBP MM F#H-FLBICMIO
+VBO %JFHP "TTPDJBUF 1SPGFTTPS (FREP8Z%&J& JURZUSFSVBM FDA PPANC MGG IFNJT
55JOJUZ $PMMFHF %VCMJO
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5IFSNPEJASBDUPNFUSZ TUVEZ PG
/) $P ) 0 <#1 0 > ) O XJUI $;1
GSBNFXPSL UPQPMPHZ

Mashikoane Mogodi

'PVS$;1 DIJSBM[JODPQIPTQIBUF [FPMJUFUPQPMPHZDPNQPVOETXJUIUIFHFO
.* /B /) BOE.** .0 $P Z IBWFCFFOQSFQBSFEVOEFSNIJMEIZESPUIFSNB
4VDINJDSPQPSPVTDPNQPVOET XJUIBFTUIFUJDBMMZ JOUFSFTUJOHDSZTUBM
TVDIBTDBUBMZTJT TUPSBHF TFQBSBUJPOBOEJPO FYDIBOHF OOFDPNQPVOE
IBTCFFOTUVEJFECZ WBSJBCMF UFNQFSBUVSF IJHI SFTPMVUJPO QPXEFS 9 SB

GSPN UupP , $SPNQMFUF 3JFUWFME SFWOFNFOUT XFSF BDIJFWFE CZ DPNCJ
PG UIFQPXEFS EJVSBDUJPO EBUB "U SPPN UFNQFSBUVSF UIJTDPNQPVOE DS
HSPVQ XJUI; CFMPOHJOHUPUIFIFYBHPOBM TZTUFN FVOJUDFMM QBSBNFU
D 7 FDSZTUBM TUSVDUVSFDPOTJTUTPGBIFMJDBM BO.

DPNQPTFE PG DPSOFS TIBSJOH #0 BOE 10 UFUSBIFESB 8BUFS BOE BNNPOJB |
IFMJDBM DIBOOFMT SVOOJOH BMPOH UIF < >EJSFDUJPO _JTDPNQPVOE VOE
BNNPOJBUJPO BOBMZTJT BVHNFOUFE CZ UIFSNPHSBWJNFUSJD FYQFSJIJNFOUT
QFBLTJOEJDBUJOH MPTT PG MPOH SBOHF PSEFS 5PUBM TDBRFSJOH BOBMZTJ®
UP UIFBCPWF DPOWFOUJPOBM TUSVDUVSBM SFWOFNFOU BQQSPBDI UP GVSUI
UFNQFSBUVSF JOEVDFE BNPSQIJ[BUJPO PG UIF SJHJE IPTU TUSVDUVSF 1SFM
ulBU UIF MPDBM DPPSEJOBUJPO FOWJSPONFOU GPVOE JO UIF MPXUFNQFSBUYV.
BNPSQIPVT QIBTF

<>,0JFQ 3 8JMM ) ( #PZ * BOE31IS $ "OHFXBOEUF $IFNJF*OUFSOBUJPOB
&HBNJ 5 BOE#JMMJOHF 4 + &MTFWJFS

,FZXPSET CPSPQIPTQIBUFT IJHI UFNQFSBUVSF JO TJUVTZODISPUSPO931%

1SINBSZBVUIRS T0(0%* .BTIJLPBOF8IJMTPO 60JWFSTJUZPG $BQF 5PXO

$P BVUIPS1TIPG '&3/"/%&4 .BOVFM 4DIPPM PG $IFNJTUSZ 60JWFSTJUZPG UIF
CVSH 4PVUITSEBAGDB5%) "OEZ &VSPQFBO 4ZODISPUSPDSPRE IBU-FJPO “BEDWNBUZ &4
4DIPPM PG $IFNJTUSZ 60JWFSTJUZPG UIF8JUXBUFSTSBOE +PIBOOFTCVSH 4P

FEPOPUBM
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*OTJHIUJOUPDSZTUBMMJ[BUJPO PG .H
NBMBDIJUF B QSFDVSTPSUP $V .HO DB
NFUIBOPM TZOUIFTJT

Fabio Manzoni

.JYFENFUBM IZESPYZDBSCPOBUFT BSF XJEFMZVTFE BT QSFDVSTPS NBUFSJBM
JMZCFQSFQBSFECZDPOTUBOU Q)DP QSFDJQJUBUJPO < >1SFDJQJUBUJPO BC
$V .HIZESPYZDBSCPOBUFT XIJDIBSFDBOEJEBUFT GPS QSFDVSTPST UP $V .H(
IBWF CFFO TUVEJFEJO EFUBJM CZWBSJPVTNFUIPET _FTZOUIFTJTTUBSUT XJLU
OJUSBUF TPMVUJPOTBOE /B $0 BUCBTJD Q) "OBNPSQIPVT NBHOFTJBO HFPSH
JOHJT OFFEFEUP ZJFMEBDSZTUBMMJOF NBHOFTJBO NBMBDIJUF 8JUIQPXEFS
GVODUJPO 1%' BOBMZTJT NFBTVSFE BU &43'*% XF XFSF BCMF UP USBDL U
BHFJOH QSPDFTT PG B $V .H BU $V .HIZESPYZDBSCPOBUF *O DPNCJOBU
BUPNJDBCTPSQUJPOTQFDUSPTDPQZBOEJOGSBSFETQFDUSPTDPQZ XFESBXB
8F JEFOUJWFE UIF JOJUJBM QSFDJQJUBUJPO QSPEVDU BT NBHOFTJBO HFPSHF.
DPOBUSPOJUFBOE/B ;O $0 @ ) 0JTPNPSQIQFSTJTUEVSJOHUIFBHFJOHQS
VOUJM GBTUDSZTUBMMJ[BUJPO UP NBMBDIJUF UBLFT QMBDF .HJT TVDDFTTJ\
PCTFSWFECZ""4 Q)USFOE JOUFHSBMJOUFOTJUZPGUIF SFXFDUJPO PG B
TPODPSSFMBUJPOPGUIF1%'T 1% SFWOFNFOUT 'JH TIPXFEBHFOFSBM NB
UIF TIPSU SBOHF PSEFS SFTFNCMFT NBMBDIJUF XJUI EJVFSFOUMZ EJTUPSUFE
UIF DSZTUBMMJ[BUJPO QSPDFTT %JVFSFODF 1%'T E1%' DBMDVMBUFE JO CF|
BMMPXFE VT UP QJO EPXO UIF TUSVDUVSBM DIBOHFT UIBU TFFN UP CF OFDFTTI
UIF CVIJMU VQ PG NFEJVN SBOHF PSEFSJO UIF. . $V .H DPPSEJOBUJPO TQIFS
PDUBIFESB

8F GVSUIFS TUVEJFE UIF DBMDJOBUJPO PG UIF.H TVCTUJUVUFE NBMBDIJUF UP
8JUIl MBCPSBUPSZ CBTFE 93% BOE 1%' XF GPVOE PVU UIBU UIF EFHSFF PG .H T
UIF TUSVDUVSF PG UIF GPSNFE $V .HO QSFDBUBMZTU .H SJDITBNQMFT ZJFMEF
BNPSQIPVT .H DPOUBJOJOH QIBTFT 8JUIJO TJUV TZODISPUSPO 1%' XF OPX BJ
QSF DBUBMZTU GPSNBUJPO BOE UIF VOEFSMZJOH NFDIBOJTNT

3FGFSFODFT
( #FISFOEU # .PDLFOIBVQU / 1SJO[ . ;PCFM & + 3BT . #FISFOT $IFN$BUSIF

1SINBSZ BVUILP/SOT* 'BCJP *OTUJUVUFPG $SZTUBMMPHSBQIZ 385)"BDIFO 60J!

$P BVUIPS1B*/; /[IJMT *OTUJUVUF PG $SZTUBMMPH S B#X Y3 &8/865 "BIBIFMO6OIJWFST
*OTUJUVUF PG *OPSHBOJD $IFNJTUSZ B®RG FH&)BRZ £ GBAMWIA C\OSH) RUMBEP PG *OF
$IFNJTUSZ $I1SJTUJBO "MCSFD19FB® JVWHESTIWSPIKBNFMOTUJUVUF PG $SZTUBMMP
"BDIFO60JWFSTJUZ

385) "BDIFO 60JWFST
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$PNQSFIFOTIJWFDIBSBDUFSJ[BUJPO PG U
EPUT CZSFDJQSPDBM TQBDF9 SBZ UPU
NFUIPET

Mara Colombo

"NJETUUIF QMFUIPSB PG QPUFOUJBM BQQMJDBUJPOT PG TFNJDPOEVDUJOH OB
BOEDPSSFTQPOEJOH UPYJDJUZJTVOEFSTDSVUJOZJOUIFDBTFPGEFTJHOJO!
RVBOUVN EPUT XJUI HSFFOFS GPSNVMBUJPO $V CBTFE NBUFSJBMT UVSO PVU
SFHBSE UFSOBSZDIBMDPHFOJEF RVBOUVN EPUT 2%T SFNBJOJO UIF MINFMJ}
BEWBOUBHF CFZPOEUIFEFWFMPQNFOU PG OBOPTUSVDUVSFETFNJDPOEVDUP:
PQUJDBM BOEFMFDUSPOJD QSPQFSUJFTCZNPEJGZJOHUIFJSTUSVDUVSBMBO
EFWFMPQNFOU PG DPMMPJEBM TZOUIFTJT BQQSPBDIFT UIBUFOBCMF VMUSB Q
PG QBSUJDMFTUPUIFOBOPTDBMF

/IPOFUIFMFTT UIFJOWFTUJHBUJPO PG TVSGBDF TUSVDUVSFBOE EFGFDUT SFN
FTUBCMJTIFEBOBMZUJDBMBQQSPBDIFT _JTJTBDPODFSOJOHMJNJUJOHGBDL
JOUIFWFMEGPSUIFMBDLPGBDPNQMFUFBOE SFMJBCMFEFTDSJQUJPO PG UIF
GSPNUIFBUPNJD UPUIF OBOP SBOHF

OVSHSPVQIBTBMSFBEZUBDLMFEUIJT QSPCMFNCZTVDDFTTGVMMZDPNCJOJO
UFDIOJRVFTJOUIF XJEF 8"94 BOETNBMM BOHMF SFHIJPOT 4"94 UPBDIJFWFE
NPSQIPMPHZ BOEEFGFDUTJO 1C4 BOE [JOD CMFOEF $E4F 2%T
8FBSFOPXGPDVTJOHPVSBRFOUJPOPO$V*O4 BTBQSPNJTJOHBMUFSOBUJWF |
GBWPSBCMF QIPUPQIZTIJDBM QSPQFSUJFTDPNCJOFE XJUIMPXUPYJDJUZ

4UBSUJOHGSPNQSFWJPVTMZFTUBCMJITIFETZOUIFTIJT SPVUFT XFIBWFSFWOF
2%T XJUIUJHIUMZTFMFDUFE TJ[FBOENPSQIPMPHZ _JTDBOCFDPOWFOJFOUM
EJUJPOT TVDIBTxSFBDUJPOUJNF DPODFOUSBUJPO SBUJPPGDBQQJOHBHFO!
DPODFOUSBUJPO "TGPSFYBNQMF $V*0O4 DBOCF TZOUIFTJ[FE GPMMPXJOH I
VTJOHPDUBEFDFOFBTTPMWFOU PMFJDBDJE 0" BTDBQQJOHBHFOU BOEEPE
NPSQIPMPHZPGUIFRVBOUVNEPUTDBOCFUVOFECZDIBOHJOHUIFSBUJP PG 0’
JOHUIF SBUJP PG UXP QSFDVSTPST J F DPQQFSBDFUBUFBOEJOEJVNBDFUB
UIFQSPEVDUT

_FQVSIJWDBUJPO QSPUPDPM XBT TQFDJBMMZ EFTJHOFE UP FOBCMF UIF TJ[F T
DMPTFMZ NPOJUPSFECZBDPNCJOBUJPO PG MBCPSBUPSZ9 SBZEJVSBDUJPO B
'‘JOBMMZ BUIPSPVHITUSVDUVSBMBOENJDSPTUSVDUVSBMDIBSBDUFSJ[BUJPOC
SFDJQSPDBM TQBDFUPUBM TDBRFSJOH NFUIPET CBTFEPO UIF %FCZF 4DBRFS.
_FSFTVMUT PG UIJTTUVEZNBZTFSWFBTBOJNQPSUBOU SFGFSFODF QPJOU UF
OFDUJPO CFUXFFOUIFTUSVDUVSBM BOE GVODUJPOBM QSPQFSUJFT PG UIJT JN

"DLOPXMFEHFNFOUT

8F UIBOLUIF'POEB[JPOF $BSJQMP $VCB(3&&/1SPKFDU GPSWOBODJBM"
3FGFSFODFT

8 W E 4UBN " $ #FSFOETBOES$ E . %POFHB $IFN1I1ZT $IFN X

% "MEBLPW " -FGSBO§PJTBBOE 1l 3FJTT + .BUFS $IFN $ x

' #FSUPMPRJFUBM /BUVSF .BUFS % .PTDIFOJFUBM "$4/BOP

+ ,PMOZ OMFTJBLBOE) 8FMMFS "$4"QQM .BUFS *OUFSGBDFT
$IFN 3FW X
$FSWFMMJOPFUBM + "QQM $SZTU X ' #FSUPMPRJFUBM &VS

Primary author(s) : DENGO, Nicola (University of Insubria and To.Sca.Lab); Dr. COLOMBO, Mara (Univer- sity of
Insubria and To.Sca.Lab); ROY, Shilaj (University of Insubria and To.Sca.Lab); ANZINI, Pietro (University of Insubria
and To.Sca.Lab); FERRI, Fabio (University of Insubria and To.Sca.Lab); MASCIOCCHI, Norberto (Univer- sity of
Insubria and To.Sca.Lab); GUAGLIARDI , Antonietta (University of Insubria and To.Sca.Lab); BERTOLOTTI, Federica
(University of Insubria and To.Sca.Lab)
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Stefano Checchia

_FEFWFMPQNFOUPGCJP JOTQJSFENJOFSBMJ[BUJPOTUSBUFHJFTUPPCUBJO L
RVBOUJUBUJWF EFTDSJQUJPO PG CIPNJOFSBMJ[BUJPO NFDIBOJTNT 'PS NPTU
OJ[BUJPOJOWPMWJIOHEJVFSFOU QPMZNPSQITTVHHFTUT BEJVFSFOU NFDIBOJ
BOE SFDFOU SFTFBSDIQPJOUFE UP UIFJIJNQPSUBOU SPMF PG UIFBNPSQIPVT DE
UIFGPSNBUJPOPGDBMDBSFPVT CIJPNJOFSBMT $SVDJBMMZ CJPHFOJD "$$JTF
XI1JDIFOBCMFTUIFTUVEZPG UIFUSBOTJFOU TUBUFT PG CJPNJOFSBMJ[BUJPO
DPNQPVOET QSFTFOU JO NBOZ CJPNJOFSBMT IPXFWFS SFQSFTFOU B QSPCMF
BDUFSJ[BUJPOPGUIFBNPSQIPVTGSBDUJPO "TBSFTVMU BOBMZTJTIBTNPTU
ulBu XIJMFBEEJOHLFZJOTJHIUTJOUP MPDBM CPOETUSVDUVSFT DBOOPUTQ
*OUIJT XPSLXFVTFEOBOPCFBNY9 SBZUPUBMTDBRFSJOH UPHFUIFS XJUIB OP\
BOE BNPSQIPVT TDBRFSJOH DPOUSJCVUJPOT < > UPPCUBJOBTQBUJBMMZ SF
1%' GSPNUIF TIFMM PGDWIEBE N B & 858°PS/HUIIINGVFN BIWBSIJBUF BOBMZTJT BOE 3FWF
$BSMP NPEFMMJOH XFSFTPMWFUISFFEJTUJODU "$$ DPNQPVOETBOE TIPX UIB
EJTUSJCVUJPOBOE $B 0 OFBSFTU OFJHICPSEJTUBODF 'VSUIFSDIBSBDUFSJ[B
BOENJDSP 3BNBO < >FWJEFODFEUIF SPMFPG .HJOUIFTUSVDUVSBM XVDUVBI
NFEJBUFEDSZTUBMMJ[BUJPO QBUIXBZ

5" (S““OFXBME 4 $IFDDIJB 7 $IBNBSE FUBM 1/"4 VOEFS SFWJFX
+ %VCPJTTFU FUBM "DUB#JPNBUFSJBMJB

1SINBSZBVUIP&$E)*" 4UFGBOP &43'
$P BVUIP$3%®/&8"-% 5JMNBO "JY .BSTFJMMFG60JW $/34 $FO$)SBM%.BSTFIMMF

7JSHJOJF "JY .BSTFIMMF 60JW $/34 $FOUBBMB)BSTFBSMDMF &OJF'UIJUVU 'SFTOFM
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BDIJOF MFBSOJOHCBTFEBQQSPBDIGPS
TUSVDUVSFTPG OBOPNBUFSJBMT DPN
EJTUSJCVUJPO GVODUJPOT XJUIEFOTJUZ

Magnus Kl¢ ve

4USVDUVSBM DIBSBDUFSJ[BUJPO PG GVODUJPO NBUFSJBMTBSF DSVDJBM BT
UIFJS BUPNJD TUSVDUVSFT 4JODF 9 SBZBOE OFVUSPO TDBRFSJOH UFDIOJRYV
SBOHFNFOUT PG TPMJET UIF DSZTUBM TUSVDUVSFT PG VOLOPXO DPNQPVOET
DSZTUBM EJVSBDUJPO EBUB x BOE XJUIDBSF GSPNIJHI RVBMJUZ QPXEFS EJVS]|
TBNQMFT BT XFMM 3FBM GVODUJPOBM NBUFSJBMT IPXFWFS BSF OPUOFDFTT
OBOPTUSVDUVSFEBOETPUIFUSBEJUJPOBMDSZTUBMMPHSBQIJD TUSVDUVSF
_FQBJSEJTUSJCVUJPO GVODUJPO 1%' BOBMZTJTPG9 SBZBOE OFVUSPO UPU
TUVEZJOH OBOPNBUFSJBMT CVU 1%'BOBMZTFTBSFPOFODBSSJFEPVUBT SFB
NFOUT J F XIFSFBQSJPSJTUSVDUVSBMJOGPSNBUJPOJTBOFDFTTJUZ )PXFW
TUSVDUVSFPGUSVMZ VOLOPXO OBOPDSZTUBMMJOF QIBTFTJO UIFBCTFODF P(
JFESF XF QSFTFOU BO FYDJFOU NBDIJOF MFBSOJOH FOIBODFE HMPCBM PQUJN.
UIFBUPNJD TUSVDUVSFTPG GVODUJPOBM NBUFSJBMT GSPNUIFJSFYQFSJNFOL
BUJPOTPGDBOEJEBUF TUSVDUVSFT XJUIUIFJSBHSFFNFOUGBDUPS 3X GSPN
QFSGPSNTBHMPCBMPQUJNJ[BUJPOJOBOPO UIF XZ NBDIJOF MFBSOJOH USBJ
TPMWJOHUIFBUPNJD TUSVDUVSF GSPNUIF 1%'

1SINBSZBVUILPF& .BHOVT "BSIVT 60JWFSTJUZ

$P BVUIPS%D/0/&--* 8JMLF 60JWFSISBB #SF&FR/ #P #SVNNFSTUFE "BSIVT 60
TJUuz


Gabriel Julio Cuello
Magnus Kløve

Gabriel Julio Cuello

Gabriel Julio Cuello


||%%

Yoo
. > k_;' H >
NEUTRONS : <
FOR SOCIETY : . ’ jedgsewnd > 16'21 ucT 2"22
‘ 3 : GRENOBLE, FRANCE

"CTUSBDU *%

5PUBM TDBAFSJOH BOE QBJS EJTUSJCV
TUVEJFTPG5J0 CSPO[FOBOPDSZTUBMT
-J JPO CBAFSJFT

Martin Karlsen

_FQPMZNPSQITPG5J0 DPOTUJUVUF B MBSHF BOE EJWFSTF GBNJMZ PG NBUFSJ
UJWF FMFDUSPEFT JO -J JPOCBRFSJFT FTQFDJBMMZ UIF CSPO[F QPMZNPSQI P
EVF UP BRSBDUJWF GFBUVSFT JODMVEJOH MPX JOUFSDBMBUJPO QPUFOUJBM
NBODF < > )PXFWFS UIF BRFOUJPO IBT CFFO HJWFO UP DSZTUBMMJOF TUBUFT
QPXEFS EJVSBDUJPO UFDIOJRVFT DPNCJOFE XJUI 3JFUWFME SFWOFNFOU QSPV
EFSFE DSZTUBMMJOF TUSVDUVSF PG UIF NBUFSJBM *OTUFBE UIF GPDVT IFSF
BQQSPYJNBUFMZ BOE ONJO TJ[F XIJDIMJNJUTUIFJOGPSNBUJPO FYUSBD
EFS EJVSBDUJPO NFUIPET 5PUBM TDBRFSJOH BOE QBJS EJTUSJCVUJPO GVOD!
JOUP UIF BUPNJD BOE OBOP TDBMF TUSVDUVSFT PG UIFTF OBOPTJ[FE NBUFSJB
BT PQFSBOEP &MVDJEBUJOH UIF TUSVDUVSBM FWPMVUJPO GSPN UIF 1%' EBU|
CZ UIF SFDFOUMZ PVFSFE UPPMT PG U1%' JO UIF DMPVEY BU QEWUD PSH< > X|
WJB TUSVDUVSF.JOJOH< > GPS FYBNJOBUJPO PG SFWFSTJCJMJUZ VTJOH TJINJ
QIBTF CFIBWJPS EVSJOH DIBSHF BOE EJTDIBSHF UISPVHI ONG.BQQJOH< > _J°
WBSJPVTBOBMZTJTBQQSPBDIFTDBO CFVTFEBTUIFCBTJTPGUIFNPEFMMJOH
EFTDSJCF UIF OPWFM JOTJHIUHBJOFEBCPVUUIF5J0 CSPO[FOBOPDSZTUBMT
"SBWJOEBO FUBM .BUFSJBMTS5PEBZ

'BOHFUBM "DUB$SZTU

'BOHFUBM "DUB$SZTU

-JVFUBM + "QQM $SZTU

_BUDIFSFUBM "DUB $SZTU

+VIiTFUBM "DUB $SZTU

1SINBSZBVU]RBS4&/ .BSUJO 60JWFSTIJUZPGLEP\A I %E&QOOFORBBUIBO 60JWFST.
PG #BTIAW G #*--*/(& 4JNPO $PMVNCJIB6OJWFSTJUZ #3SBPGIBWFA#BUJPOBM -B
%PSUIF#PNIPMEU


Gabriel Julio Cuello
Martin Karlsen

Gabriel Julio Cuello

Gabriel Julio Cuello
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4UVEZIJOHUIFTQJO M IBWJPS JO
J

BOE EFS

Pragati Pherwani

JRVIJE CF
WBUJWEFT

,BHPNFTUSVDUVSFTBSFUSJBOHVMBS MBRJDFTUSVDUVSFTFYIJCJUJOHGSVTI
EJNFOTJPOBM BOBMPHVF PG UIF ,BHPNF MBRJDFJT UIF QZSPDIMPSF MBRJDF &
TUSVDUFE GSPN DPSOFS TIBSJOH UFUSBIFESB ;IBP 'FOH %JOH FU BM IBWF
HSPVQ'E N DPOUBJOJOH"BOE#UZQFPGDBUJPOT NBHOFUJD OPO NBHOFUJI
BT" #BOE# "MBZFST #ZTFMFDUJWFEPQJOHPGOPONBHOFUJDJPOT FH ;0O
DBOCFJTPMBUFE GSPNUIFQZSPDIMPSF MBRJDF ; - %VO FU BMBMTP TUVEJI
DPNQPVOE TQJOT SFNBJO FOUBOHMFE BOE EP OPU PSEFS JO UIF [FSP UFNQFE
DPNQPVOETBSFQPUFOUJBM DBOEJEBUFT GPS RVBOUVNTQJO MJRVIJE

8F BJNUP TDSVUJOJ[FUIFTUSVDUVSBM BOE QIZTIJDBM QSPQFSUJFT PG " 3 4C (
_FTDPQF PG UIF TUVEZ JODMVEFT NBHOFUJD BOE USBOTQPSU QSPQFSUJFT B
OFUJD TUSVDUVSF PG UIFTF DPNQPVOET B8F IBWF QSFQBSFE .H )P 4C O ;0 )
$B 1S 4C 0 DPNQPVOETCZTPMJE TUBUF SFBDUJPO NFUIPEBOE UIF 93% TUVE.
JT .H )P 4C O .H )P XJUITPNFJIJNQVSJUZQIBTF ;0 )PJOTJOHMF QIBTF XIFSF
TUIJMMVOEFSTUVEZ .BHOFUJ[BUJPO TUVEZGPS ;O )PIBTCFFODBSSJFEPVULC
TVSIJOH4ZTUFNT 11.4 XJUIBNBHOFUJD WFME PG OFJOUIFUFNQFSBUVSF S
PSEFSJOH XBT PCTFSWFE EPXOUP , _FUFNQFSBUVSF EFQFOEFOU OFVUSPO E
OFVUSPO EJVSBDUPNFUFS 1% JTVOEFSXBZ "OBMZTJT PG UFNQFSBUVSF EF
VT UP VOEFSTUBOEJOH PG NBHOFUJTN JOWPMWFE _SPVHIUIJTTZTUFENBUJD -
RVBOUVNTQJO MJRVJETUBUFJOUIFTFDPNQPVOET

1SINBSZ BVUILRS1T&38"/* 13"("9%S ,"64)*, 4 %


Gabriel Julio Cuello
Pragati Pherwani

Gabriel Julio Cuello

Gabriel Julio Cuello
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$PSSFMBUJPO CFUXFFO DPNQPTJUJP
$E Z.0 ,OZ5SF Z DSZTUBMT BC
TUSVDUVSF
Vasylyna Kopach
%JMVUFE NBHOFUJD TFNJDPOEVDUPST $E Z.0 ;0Z5F Z IBWF CFFC
TUSVDUVSFVTJOHBWFSUJDBM #SJEHNBO NFUIPE 8JUIUIFIFMQPG93% BOBMZ
PG UIF MBRJDF DPOTUBOU PG $E Z.0 ;0Z5F z JOHPUT Z x

EFUFSNJOFE UIBU UIF WBMVF PG UIF MBRJDF DPOTUBOU MJOFBSMZ EFDSFBTF
JOH PG ;O5F DPODFOUSBUJPO _F QPXEFS EJVSBDUPHSBNT PG UIF TUVEJFE TB
PG $E .0 ;O 5F BOE $E .0 ;O 5F <> _JTJOEJDBUFT UIF TBNF DSZ"
DPNQBSFE TBNQMFT 6TJOH UIF 4&. &%9 BOE 93"BOBMZTFT UIF NPMBS SBUJP F
PCUBJOFE _FUZQJDBM*3 NJDSPTDPQF JIJNBHFTPGBMMBT HSPXO DSZTUBMT T
BCPVU N #Z NFBTVSJOH UIFUSBOTNJTTIJPO TQFDUSB JU XBTFTUBCMJTIFI
UIFHSPXO TFNJDPOEVDUPSDSZTUBMT JODSFBTFT MJOFBSMZ XJUIBO JODSFBT

< >: )XBOH 4 $IVOH BOE: 6N 11ZT 4UBU 4PMJE 7PM D Q x

1SINBSZBVUIPS 01"$) 7BTZMZOB :VSIZ'FELPWZDI$IFSOISNVUITLI$BUIPOBM 60J
OMFI :VSJZ'FELPWZDI $IFSOJWUTLS/BG JPOGB6L, 6DRIWSFSTYS4Z '"FELPWZDI $IFSOJW
UJPOBM 6OJWFSTJUZ

UTJ/BUJPOBM 60JWF


Gabriel Julio Cuello
Vasylyna Kopach

Gabriel Julio Cuello

Gabriel Julio Cuello
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"OBQQSPBDIUPXBSET DP QSPEVDUJPO
BOEDBSCPOBDFPVT NBUFSJBM BT WBMVE
UIFSNP DBUBMZUJD DPOWFSTJPO PG QMB

EPQFE 400 OBOPQBSUJDMFT

Bhawna Bhawna

1ZSPMZTJT PG QPMZQSPQZMFOF 11 QMBTUJD IBT CFFO QFSGPSNFE XJUI $F E
/1T XJUIBSFNBSLBCMF QSPEVDUJPO PG IZESPHFO HBT 5P BDIJFWF UIF NBYJN
EPQFE XJUIEJVFSFOUDPODFOUSBUJPOTPG $FJ F BOE *OTQJUF PG
$F EPQJOHJO 400 UIF SFTVMUT XFSFDPNQBSFE XJUIQVSF 400 4JHOJWDBO!
QFSGPSNJOHUIFQZSPMZUJD SFBDUJPO XJUI $F 400 3FBDUJPODPOEJUJPOT
BOE UFNQFSBUVSF UP JOWFTUJHBUF UIF FVFDU PO $/5 QSPEVDUJPO " NBYJNV
XBT PCUBJOFE XIFO UIF IFBUJOH SBUF XBT LFQU UP z NJO 5FNQFSBUVSF QS
IZESPHFO HBT BOE $/5 XFSF DPMMFDUFE BU B MPXFS UFNQFSBUVSF PG z$ XI
PG SFBDUJPOTBU IJHIFS UFNQFSBUVSF _FTZOUIFTJ[FEDBUBMZTU BOE UIF DE
UISPVHI EJVFSFOU UFDIOJRVFT TVDI BT 93% 4&. 5&. 5(" _F SFTFBSDI FOMJH
TZOUIFTJ[FEEPQFENFUBMPYJEFTUPTVTUBJOUIFQZSPMZUJD DPOWFSTJPO P
WBMVF BEEFE QSPEVDUT

1SINBSZBVUIPS#I"8/" #IBXOB . %3 ,6."3 7*/0% 1138%° G 4*/() 13"4)"/5
11 %

v)


Gabriel Julio Cuello
Bhawna Bhawna

Gabriel Julio Cuello
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0SJFOUBUJPO NBQQJOHPGDIPMFTUFSP N
HBMMTUPOFT VUJMJ[JOH 9 SBZ EJaSBL
UPNPHSBQIZ

Ingvild Hageberg

(BMMTUPOFTBSFQBUIPMPHIDBM GPSNBUJPOTBVFDUJOHQFPQMFBDSPTTUIF X
%FTQJUF UIF SFMBUJWFMZ IJHIQSFWBMFODF PG HBMMTUPOFT UIFGPSNBUJPC
UVSBM OVDMFBUJPO FWFOUT SFNBJOTMFTTVOEFSTUPPE "TUIFEFMJDBUF CE
FJUIFS GSPN FOWJSPONFOUBM PS HFOFUJD GBDUPST OVDMFBUJPO FWFOUT P
UXP UZQFT PG HBMMTUPOFT DIPMFTUFSPM BOE QJHNFOU TUPOFT 1JHNFOU T
DBMDJVN CIJMJSVCJOBUF DBMDJVN DPQQFS BOE NVDJO HMZDPQSPUFJOT XI.
QVSFDIPMFTUFSPM DSZTUBMT

9 SBZEJVSBDUJPO UFOTPS UPNPHSBQIZ 93% 55 JT B OFXMZ EFWFMPQFE JNB
EJNFOTJPOBM JNBHJOH XJUI DIFNJDBM BT XFMM BT PSJFOUBUJPOBM DPOUSB
TUVEZUIFPSJFOUBUJPOBM JOGPSNBUJPOPGDIPMFTUFSPM NPOPIZESBUF DSZ
BOEUPWJTVBMJ[FUIFJS QSFGFSSFE PSJFOUBUJPO _FEJVSBDUJPO QBRFSOJ
UFSPM NPOPIZESBUF XJUIJOUIFHBMMTUPOFT XJUIPVUUIFQSFTFODFPGBOZI
UJPO QFBLT XFSFVUJMIJ[FEGPS UIF93%55BOBMZTFT $PNQMFNFOUBSZ BRFO)\
CFFOQFSGPSNFEUPVOEFSTUBOEUIFJOUFSOBM TUSVDUVSFTPGUIFTUVEJFE
EFOTJUZ WBSJBUJPOT _FTUVEZ EFNPOTUSBUFT UIF VOJRVF DBQBCJIJMJUZ PG
JOGPSNBUJPO XIJDIJTFYQFDUFEUP QSPWJEF OFX JOTJHIUTJOUP UIF QSPDFT

1SINBSZBVUIPS)'T&#&3( *OHWJIME 6SJ /PSXFHIJBO60OJWFSTJUZPG4DJFODF BC

$P BVUIPSWS .e3&3 'SFESJL, 4*/5&S)FNBFMB®EOJZBM /PSXFHJBO 60JWFST
PG 4DJFODF BOE AP IORRM®BHZ,BUIBSJOB /PSXFHJBO 60JWFSTJW3 PG*4DIJFODF B(
.*$)*&- .BSDP &¥48'$)64),*/ :VSIZ%EAF)"5501"%):": #BTBC /PSXFHIBO 60JWFST]J
4DJFODF BOE 5FIdP® M#BZ#: %BH 8FSOFS /PSXFHIJBO 60JWFSTJUZPG 4DJFODFE

JUZPG4DJFODF BOE 5


Gabriel Julio Cuello
Ingvild Hageberg

Gabriel Julio Cuello

Gabriel Julio Cuello
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IEX*OTJHIUJOUP 'PSNBUJPO PG $PQQFS
IBOPDPNQPTJUFUP #PPTU 1IPUPDBUBM
4QMIAJOH GPS (FOFSBUJPO PG %JIZE

Sanjev Kumar

4PMBS FOFSHZBOE MJHIU IBWF CFFO UIF TPVSDF PG TVTUFOBODF PG MJGF PO |
QIPUPTZOUIFTJT BSF DPSOFSTUPOFT PG PVS FOFSHZ TPVSDFT XIFUIFS JO UFS
NBO QPQVMBUJPO NVMUJQMIJFTFYQPOFOUJBMMZ UIFBOUISPQPHFOJD TUSFTT
BMBSNJOH GPSNT < > $POWFOUJPOBM GPTTJM GVFMT TVDI BT DPBM BOE QF
PG FOFSHZ GPS NJMMFOOJB CVU UIFJS EXJOEMJOH BWBJMBCJMJUZ BOE HFOF¢
HBTFTJODMVEJOHDBSCPOEJPYJEF OPUPOMZ MFBWF VT XJUIUIFDIBMMFOHF |
BMTP UP FYQMPSF BWFOVFT UP SFNFEZ UIFIBSN BMSFBEZ DBVTFE JO PVS FDP’
XBSNJOH < > 5P PWFSDPNFUIFTF DJSDVNTUBODFT a"MUFSOBUJWF &0FSHZ 3F
%JIZESPHFOJTBOPO QPMMVUJOHBMUFSOBUJWFGVFM CFDBVTFJUDPOUBJOT
IBTUIFIJHIFTUDBMPSIJWD WBMVFPGBOZPUIFS GVFMT < >
_FTZOUIFTJTPGDPQQFSPYJEF CBTFEOBOPDPNQPTJUF XBTEPOF WJB XFUDIF
QFSGPSNTBTBQIPUPDBUBMZTUGPSHFOFSBUJPOPG) HBTUISPVHIXBUFS TQM
BOE .FO)BTTBDSJWDJBMBHFOU 7BSJPVTDIBSBDUFSJ[BUJPOUFDIOJRVFTTVD
FMFDUSPO NJDSPTDPQZ 4&. 'PVSJFS USBOTGPSN JOGSBSFE TQFDUSPTDPQZ
USPTDPQZ XFSFVTFEGPS UIFEFUBJIMFETUVEZPG OBOPDPNQPTJUF
,FZXPSET /BOPDPNQPTJUF 1IPUPDBUBMZTU 8BUFS4QMJRJOH 4BDSJWDJBM"
3FGFSFODFT

$SFVU[JH ' FUBM _FVOEFSFTUJNBUFEQPUFOUJBMPGTPMBSFOFSHZUPN

Q
WBO 3VJKWFO # + & %F $JBO BOE* 4 8JOH "NQMJWDBUJPO PG GVUVSF FO
DIBOHF /BUVSFDPNNVOJDBUJPOT Q

4/FI[BE / FUBM "DSJUJDBM SFWJFX PO 5J0 CBTFE QIPUPDBUBMZUJD $0
JNQSPWFFYDJFODZ Q

:BNBEB : FUBM $V $P 0 OBOPQBSUJDMFT BT DBUBMZTUT GPSIZESPHFO F
IZESPMZTJT _F+PVSOBMPG1IZTIJDBM $IFNJTUSZ $ Q

1SINBSZ BVUIPS T6."3 4"/+&&7 %&1"35.&/50' $)&.*453: 6/*7&34*5: 0' % &-)*

$P BVUIPS %S #)"35* ", )*-&4) %&1"35.&/50' $)&.*453: ,*303* ."%$0--&(&

, 6.

"3 7*/0% 41&%$*"-$&/53&'03/"/04%*&/%$&
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JPX SFM CMFJTUIFQBJS EJT
TJU UVEJFT PG IZES F

Rasmus Christensen

SJCVUJIP!
NBM SFBI

*O SFDFOUCKFBSBZ UPUBM TDBRFSJOH FYQFSJIJNFOUT IBT CFDPNF B XJEFTQSFE
QBSUJDMF GPSNBUJPO GSPN TPMVUJPO BT JU VOJRVFMZ QSPCFT UIF DIBOHF"
DSZTuBMMJOJUZ 1BJS EJTUSJCVUJPO BOBMZTJT BMMPXT GPS UIF FYUSBDUJ
IZESPUIFSNBM SFBDUJPO XIJDIUIFO QSPWJEFJOGPSNBUJPO SFHBSEJOH UIF S
_FFYUSBDUFE NPEFMMJOH QBESPNBWMFSOBRFEN BEHEB QB IDNFOU[F JT VTVBMMZ
FWBMVBUFE VTJOHUIF TUBOEBSE EFWJBUJPO )PXFWFS UIFTUBOEBSE EFWJB|
UIFUSVFFYQFSIJNFOUBM VODFSUBJOUZJTVOLOPXO

*OUIJT TUVEZ UIFIZESPUIFRSNB) $SBBOUYEQPEBYSUEMRY UPUBM TDBRFSJOH "
UPUBM PG SFQFUJUJPOTPGUIFFYQFSINFOUXFSFQFSGPSNFEUPTUVEZUIF S
BT XFMMBTFMVDJEBUJOH QJUGBMMT $ENBBEBNM F UBREBIUBHEPPFIINPBGW G BC

1SINBSZBVUILBS B)3*45&/4&/ 3BTNVT "BSIVT 60JWFSTJUZ

$P BVUIPS IISPG *7&34&/ #P #SVNNFSTUFE ."SBS,HWT36 CBIMMASITJMZWF "BSIVT
60JWFSTJUZ

VFSTJUZ

ICFS
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9 SBZJOWFTUJHBUJPO PG .04 OBOPD

| Viktoriia Pylypko

.BOHBOFTF TVMWEF .04 JTBO JNQPSUBOU TFNJDPOEVDUPS NBUFSJBM EVF U
QSPQFSUJFTDPNCJOBUJPO BOE QPUFOUJBM BQQMJIDBUJPOTJO TPMBS DFMMT
EFWJDFT BOE FMFDUSPEF NBUFSJBM *U JT XFMM LOPXO UIBU CVML .04 IBT Ul
CMF® .04 NFUBTUBCMFa .04 BOEDb .O4TUSVDUVSFT /BOPTJ[FE .O4IBE BRSB
NBUFSJBMJO MBTU UJNFBMTP %FQFOEJOH PO UIF OBOPDSZTUBMT /$T QSFQI
QPTTJCMFUPPCUBJOF /$T XJUIEJVFSFOUNPSQIPMPHJFTBOEDSZTUBM TUSVD
JPXFWFS UIFSFBSFGFXTUVEJFTUPJOWFTUJHBUF UIFJOXVFODFPGUIFTPMW
TUSVDUVSF PG .04 /$T 6TJOH B XFUDIFNJDBM QBRFSO XF JOWFTUJHBUFE UIF .
BOE QPMBS PSHBOJD TVCTUBODFT PO UIF DSZTUBM TUSVDUVSF PG UIF .04 /$
.0 $) $00 BOE4PEJVNTVMWEF /B 4 ) 0 XJUIEJVFSFOUTPMWFOUT TVDIBT |
MFOFHMZDPM &( XFSFVTFEGPSUIFTZOUIFTJT
_FQIBTFTUSVDUVSFTPGUIFBT QSFQBSFEQSPEVDU XFSFJOWFTUJHBUFE VTJ
FOFSHZ EJTQFSTIWF TQFDUSPNFUFS &%4 BOEBUPNJD GPSDF NJDSPTDPQZ
HBUFECZQIPUPMVNJOFTDFODFTQFDUSB 1-
_FDPOEVDUFETUVEJFTDPOWSNFEUIFTIHOJWDBOU JOXVFODFPGUIFTPMWEFC
UIFPCUBJOFEOBOPQBSUJDMFT BOEDPOWSNFEUIFGPSNBUJPOPGb .O4PS a .
XJUI EJVFSFOU QBSBNFUFSTPG UIFDSZTUBM MBRJDF < >

< >;IBOH+ FUBM 4PMWPUIFSNBM TZOUIFTJT PG NBOHBOFTFTVMWEFT BOE DI
+ .BUFS 3FT 7PM *TTVF 1

1SINBSZBVUIBS T:-:1,0 7JLUPSJIBSMB&UDRB$6, 1FUSP DP BVUIPS
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Yuming An

*OUSPEVRSBEODBUJOH )*7 "*%4 CZ JTBDFOUSBM HPBM PG UIF 8PSME )FBML
QBUJFOU DPNQMJBODF XJUI NPTUBQQSPWFE )*7 "*%4 USFBUNFOUT JT MPX EV|
_FEFWFMPQNFOUPGBTIJNQMF MPOH UFSNGPSNVMBUJPODBO CFBO FVFDUJW
UFBNJT XPSLJOH PO B MPOH BDUJOH QFQUJEF CBTFE ESVH EFMJWFSZ QMBUG
NVTDMF 8F BIJNFEUP QSFQBSFBOJOTJUVIZESPHFM XIJDIDBQBCMF PG TFMG B
QSFTFOUJO UIF TVCDVUBOFPVT PSJOUSBNVTDVMBS ;JEPWVEJOFJT B NPEFM
CZBOFTUFS ESVHCPOE

.FUIPE4APMJE QIBTF TZOUIFTJT UFDIOPMPHZ JTVTFE UP QSFQBSF % - "QFQUJE
JT NPEJWFE XJUI/ IZESPYZTVDDJOJNJEF UP GPSN BO FTUFS CPOE UP DPOKVH!
QSPQFSUJFTPGUIFHFM XFSFTUVEJFEVTJOHPTDIMMBUPSZ SIFPMPHZ UJNF (
TUSVDUVSFPGIZESPHFMWCSFOFUXPSLT XFSFTUVEJFEVTJOHDJSDVMBS EJDI
4"/4 BU *-- (SFOPWMEPWVEJOF ESVH QMBTNB DPODFOUSBUJPOT XBT PCUBJ(
4QSBHVF %BXMFZ SBUTBOFS TVCDVUBOFPVTBENJOJTUSBUJPO PG /BQJ ";5 : Q
BFTVMUAPMPHZ TUVEJFT TIPXFEUIBU QFQUJEFT DPOKVHBUFE XJUI[JEPWVEJO
BDUJWBUFECZ 6 QIPTQIBUBTF 4"/4 EFNPOTUSBUFE QFQUJEF HFMTDMPTFMZ W
FMMJQUJDBM NPEFM _FQSFTFODFPGFOUBOHMFEHFMWCSFTBMTP TVHHFTUT
ulBU bBOCFDPOUSPMMFE CZFYUFSOBM DPOEJUJ®RONVIRWNWE UFRF AFAVKEEIJPO GPS
UilBUQMBTNB DPODFOUSBUJPOTPG [JEPWVEJOF XFSFNBJOUBJOFE BU EBZT C
$PODMVTIIJPQUVEZJTUP EFWFMPQ B OPWFM QFQUJEFIZESPHFM XJUI B MPOH B
ESVHEFMJWFSZ QMBUGPSN XIJDI DBO CF VTFE JO )*7 "*%4 USFBUNFOU BOE QS
JOUSPEVDF DPOUSBDFQUJWF ESVHT UP DPNCJOFJOUIFQSPEVDUUP FOSJDI UI

1SINBSZBVUI'PSVINJOH

$P BVUIPS%S 1&/5-"7"--* 4SFFLBOUI "FFOYT 8B V$BS ALY #PQGHETUFFOYT
60JWFSTIUZHF MGBZU &NJIMZ ~"FFOYT 60%WFBO3'UZBMNEMAB/MNBS "FFOYT 60JWFS
#FMGB$)B&*/4 3BMBG-"7&35: (BSSZ "FFOYT60JWFSTJUZ#FMGBTU
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'PSNBUJPO NFDIBOJTNT GPS NVMUJ NFUE
FOUSPQZBMMPZOBOPQBSUJDMFT 8IFO
J Tobias M¢ Igaard Nielsen

)JHI &OUSPQZ "MMPZT )&"T IBWF CFDPNF BO JODSFBTJOHMZ JOUFSFTUJOH T'
DBUBMZTUT OOF PG UIF BEWBOUBHFT PG )&"TDPNQBSFE UP UIFJS CJ BOE USJ
JODSFBTFE DPOWHVSBUJPOBM FOUSPQZ SFTVMUJOH JO FYDFMMFOU TUBCJM
QSPQFSUJFT JUJTOFDFTTBSZUPCFBCMFUPDPOUSPMUIFDPNQPTJUJPO PG L
TZOUIFTIJT QBSBNFUFSTBVFDUUIFDSZTUBM TUSVDUVSF PG UIF )&" OBOPQBSU
8F IFSF QSFTFOU SFTVMUT GSPN B QSPKFDU XIPTFBJNJT UP JOWFTUJHBUF IP:
BVFDUT XI1JDI )&" DPNQPTJUJPOTDBO CF PCUBJOFE BOEIPXUIFOVNCFS PG NF
NJYJOHPS NFUBM TFHSFHBUJPO #Z DPNQBSJOHUIFPSFUJDBM DBMDVMBUJPOT
XJMM NBQ XIJDIBMMPZT DBO CF GPSNFEBOE JOWFTUJHBUF IPX XFMM XF DBO Q¢
PO UIFNFUBMT JODMVEFE _FQBSUJDMFT BSF DIBSBDUFSJ[FE VTJOH 1PXEFS ¢
'MVPSFTDFODF 93' 8F BMTP EJWF EFFQFS JOUP UIF GPSNBUJPO NFDIBOJTN F
BOE )&" OBOPQBSUJDMFT CZ EPJOH DPNCJOFE JO TJUV 93% BOE 9"/&4 TUVEJFT
_SPVHIUIFTFFYQFSIJNFOUT XFIPQFUPHBJOBCFRFSVOEFSTUBOEJOHPGUIF
UPJOWFTUJHBUF IPXUPBMUFSUIFDPNQPTJUJPO PG )&"TCZDIBOHJOH TZOUIF
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Stefanie Punke

5P FOHJOFFS UIFOFYUHFOFSBUJPODBUBMZTUT BOVOEFSTUBOEJOHPG UIFD
UJPOQSPDFTTJTFTTFOUJBM _JTIBTCFFOQSPWFEUPCFWFSZEJYDVMUUPBD
BXBZUPGPMMPXUIFTFQSPDFTTFT VOEFS FMFDUSPDIFNJDBM DPOEJUJPOT

_F NFUIPE UP BDIJFWF UIJTJT B TFUVQ XIFSF DPNCJOFE JO PQFSBOEP 1BJS %
4NBMM "OHMF 9 SBZ TDBRFSJOH 4"94 JT QPTTJCMF _F 1%' XJMM HIWF JOTJH
BOE UIF SBOHF PG PSEFS XJUIJOUIFDSZTUBMMJOF EPNBJOT .PEFMMJOH PG L
DIFNJDBM DPNQPTJUJPO UIF TUSVDUVSF BOE HIWF BO FTUJNBUF PG UIF DSZ’
UIFPWFSBMM OBOPQBSUJDMFTY GPSN BOE TJ[F EJTUSJCVUJPO DBO CF EFUFSI
GPMMPXDIBOHFTJOUIFNPSQIPMPHZBOEDPNQPTJUJPOPGUIFDBUBMZTUEJS
UIFFMFDUSPDIFNJDBM QFSGPSNBODFBMMPXT UP EJSFDUMZ DPSSFMBUF PCTF
TUSVDUVSBM DIBOHFT

8JUI UIJT LOPXMFEHF PG UIF BDUJWBUJPO BOE EFHSBEBUJPO QSPDFTTFT JN(
IBWIJPVS DBOCFHBJOFE &WFOUVBMMZ UIFTFJOTJHIUTDPVME IFMQ UP JNQSP
DBUBMZTUBOE UP NPWFBXBZGSPNFYQFOTIJWF BOE SBSFNBUFSJBMT

<>* .BSUFOT 3 $IBRPU + %SOFD %FDPVQMJOH DBUBMZTU BHHSFHBUJPO
JOTJEFPQFSBUJOHGVFMDFMMT +PVSOBMPG 1PXFS 4PVSDFT

1SINBSZBVUWLRBS & 4UFGBOJF 60JWFSTXWZ PIGHP,QB8OMBBAFOFDDB, 60JWFSTJL
PG $PQFOIBKEFAR/ ,JSTUFO .BSJF 60JWFSTUYRGPG'$SRQF@BHBO 60JWFSTJUZ P
#FSQ*3,&/4(""3% +BDPC+ , 60JWFSTIJUZPG $PQFOIBHFO
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