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Small-Angle Neutron Scattering, a mesoscope for condensed-matter 
 

Nicolas Martin 
 
Université Paris-Saclay, CNRS, CEA, Laboratoire Léon Brillouin, 91191 Gif-sur-Yvette, France 
 
Small-Angle Neutron Scattering (SANS) is a ubiquitous technique in condensed-matter physics, with 
applications spanning a broad number of scientific areas. The main strength of this method is its ability 
to probe structures with typical sizes in the 1-100 nm range. This makes it an ideal tool to bridge the 
gap between diffraction and microscopy. Although traditionally devoted to the study of soft-matter 
and biophysical systems, SANS is now also considered as a method of choice for understanding the 
properties of magnetic meso-structures. 
 
I will introduce the principles of SANS and illustrate its potential through various examples. Possible 
extensions of the method will then be briefly discussed. Finally, I will describe the SAM project for a 
fourth SANS instrument at the Institut Laue Langevin (ILL). SAM is currently under construction through 
a collaboration between the Laboratoire Léon Brillouin (LLB, Saclay) and the ILL. It should receive its 
first neutrons by the end of February 2024 and, soon after, welcome its first users. 
 
  



Electric field manipulation of magnetic properties of Pt/Co/oxide thin films  
 
Cristina Balan1, Aymen Fassatoui2, Laurent Ranno1, Jan Vogel1, Hélène Béa2, Capucine Guéneau2, 
Johanna Fischer2 and Stefania Pizzini1 
 
1 Univ. Grenoble Alpes, CNRS, Institut Néel, Grenoble 38042, France 
2 Univ. Grenoble Alpes, CNRS, CEA, Grenoble INP, Spintec, 38000 Grenoble, France 
Email: stefania.pizzini@neel.cnrs.fr 
 
The manipulation of magnetism with a gate voltage, and in particular by magneto-ionics - where the 
magnetization is controlled by an electric field driving the migration of ionic species - is a fast 
developing research field which opens the perspective of energy efficient magnetic devices. 
Magnetoionic effects under micropatterned electrodes in solid-state devices allow modifying magnetic 
properties locally, in a nonvolatile and reversible way. In this work, we illustrate some of the results 
obtained on Pt/Co/AlOx thin films using HfO2 as a high-k dielectric layer as well as a ionic conductor. 
We demonstrate that tuning magnetic anisotropy, magnetization and Dzyaloshinskii-Moriya 
interaction with gating allows modifying “at will” the dynamics of nontrivial magnetic textures such as 
skyrmions and chiral domain walls. Through hard x-rays photoelectron spectroscopy (HAXPES) 
measurements carried out at SOLEIL synchrotron, we show that the change of magnetic properties can 
be directly attributed to the modification of the oxidation state of the cobalt layer via electric field 
driven oxygen ion migration. 
 
  



High temperature superconducting oxychlorides: A light element model for cuprates 
 
Chafic Fawaz1, Benjamin Bacq-Labreuil2, Victor Porée3, Benjamin Lenz4, Alessandro Nicolaou3, Hervé 
Cercellier1, Laura Chaix1, Silke Biermann2, Matteo d'Astuto1 
 
1 Institut Néel CNRS/UGA UPR2940, 25 rue des Martyrs, 38042 Grenoble, France 
2 CPHT, Ecole Polytechnique, CNRS UMR7644, IP Paris, 91128 Palaiseau, France 
3 Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, BP 48, 91192, Gif-sur-Yvette, France. 
4 IMPMC, Sorbonne Université, CNRS, MNHN, IRD, 4 Place Jussieu, 75252 Paris, France 
 
The origin of high temperature superconductivity (HTS) in cuprates remains highly controversial in 
spite of an unprecedented research effort for almost 30 years [1]. HTS appears in close proximity to 
other symmetry-broken states of matter such as antiferromagnetic (AF) insulator and a still mysterious 
pseudogap (PG) phase at moderate doping. In this context, the discovery of hole-doped Ca2CuO2Cl2 
(CCOC) HTS oxychloride cuprates [2-3], such as (Ca1-xNax)2CuO2Cl2 (Na-CCOC), is very promising to 
investigate all these phases on common ground. Most notably, it has a simple I4/mmm 1-layer 
structure, which is stable at all doping and temperatures, and has a strong 2D character due to the 
replacements of apical oxygen with chlorine [2].  
In the PG phase, AF excitations (paramagnons) are a promising candidate for being at the basis of this 
rich phase diagram: opening the pseudo-gap, and perhaps being the boson exchanged in the Cooper 
pairing, leading to superconductivity. 
Here, I will show Resonant Inelastic X-ray Scattering, at the Cu L3 edge, measured on doped Na-CCOC, 
up to the optimal doped region (x=0.18), showing the evolution of the magnon dispersion with doping, 
that I will compare to the electronic structure near Fermi energy for the same dopings, measured in 
Angle Resolved Photo-Emission Spectroscopy. 
 
[1] M. R. Norman, Science 332 196 (2011). 
[2] Z. Hiroi et al., Nature 371, 139 (1994). 
[3] I.Yamada et al., PRB 72, 224503 (2005). 
[4] B. W. Lebert, et al., PRB 95, 155110 (2017). 
 
  



Time-resolved X-ray diffraction of geomaterials under high pressure and high temperature 
 
Guillaume Morard 
 
Understanding the mechanisms and chemistry in play in the deep Earth without direct rock samples is 
a strong motivation to study the physical properties and phase relations of materials constituting our 
planetary interior.  
As it formed, the Earth experienced a molten state as a result of large impacts, accretional energy and 
the contribution of short-lived radio-nuclides. This fully molten stage in planetary accretion, the so-
called Magma Ocean (Tonks and Melosh, 1993), has strong implications for the subsequent evolution 
of the planet, from internal processes such as mantle convection and plate tectonics, up to the 
distribution of chemical elements, and notably the distribution of volatiles between the atmosphere 
and the interior of the planet (Elkins-Tanton, 2012), and may be different on Venus or other planets. 
The Earth then formed a differentiated structure, with a rocky mantle and metallic core, which is 
common among Earth-like planets and asteroids in the solar system. Past differentiation, as the 
solidification process starts upon cooling, the mechanical properties of the solid in coexistence with 
the liquid are required to constrain the heat dissipation related to orbital resonances, core-mantle 
differentiation mechanisms, and the long-term evolution of a mantle heat over the core 
Conventional static compression using Diamond Anvil Cell recently allowed in situ X-ray diagnostics for 
samples over 500 GPa (Dewaele et al., 2018), albeit at ambient temperature. In addition, dynamic 
compression driven by high-power lasers easily reach pressures over 500 GPa and temperature over 
10 000 K for geomaterials. Until recently, however, conventional diagnostics for laser-driven shock 
compression experiments were limited to optical measurement of pyrometry and velocimetry. The 
advent of new X-ray sources, such as Free Electron Laser (FEL) or upgraded synchrotrons (such as the 
Extremely Brilliant Source (EBS) upgrade at ESRF available since September 2020), opens a favorable 
window to develop new diagnostics or rethink the existing experimental programs. Indeed, the high 
brilliance of these new X-ray sources offers the possibility of unprecedented time-resolved in situ X-
ray diagnostics, allowing to track high P-T processes at the nanosecond (ns) to microsecond (µs) 
timescales. Preventing chemical migration, contamination or grain growth, these diagnostics can now 
be coupled with dynamic or static compression, to unravel the structure and mechanical properties of 
geomaterials over a wide density range.  
 
References 

 Dewaele, A., Loubeyre, P., Occelli, F., Marie, O., Mezouar, M., 2018. Toroidal diamond anvil cell 
for detailed measurements under extreme static pressures. Nat. Commun. 9, 1–9. 
https://doi.org/10.1038/s41467-018-05294-2 

 Elkins-Tanton, L.T., 2012. Magma Oceans in the Inner Solar System. Annu. Rev. Earth Planet. Sci. 
40, 113–139. https://doi.org/10.1146/annurev-earth-042711-105503 

 Tonks, W.B., Melosh, H.J., 1993. Magma ocean formation due to giant impacts. J. Geophys. Res. 
Planets 98, 5319–5333. https://doi.org/10.1029/92JE02726 
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Neutron diffraction in MnSb2O6: coupled chiralities in a polar magnet 
 
Edmond Chan 
 
Univ. Grenoble Alpes, CNRS, Institut Néel, Grenoble 38042, France 
 
Multiferroic materials have been intensively studied these last decades for their interesting physics 
and their promising magnetoelectric applications [1]. Materials having a crystallographic chirality are 
particularly interesting in the sense that their structure couples to magnetism and can display novel 
magnetoelectric coupling. This is the case of MnSb2O6 which crystallizes in P321 space-group.  
Neutron diffraction techniques are powerful in determining both nuclear and magnetic structures. In 
addition, the use of polarized neutrons in our work allows to investigate on the structural chirality 
(using Schwinger scattering), and detailed magnetic ground state (using Spherical Neutron 
Polarimetry) [2]. By a combination of neutron experiments, we have determined a mixture of chiral 
structural and magnetic domains in MnSb2O6, highlighting the debated magnetic ground state [3]. We 
subsequently propose a mechanism leading to previously observed electric polarization based on 
coupled structural and magnetic chiralities. 
 
[1] S. W. Cheong et al. Nature Mater 6, 13 (2007) 
[2] E. Chan et al., Phys. Rev. B 106, 064403 (2022). 
[3] R. D. Johnson et al. Phys. Rev. Lett. 111, 017202 (2013); M. Kinoshita et al. Phys. Rev. Lett. 117, 
047201 (2016) 
 
 
  



ID32, the soft X-ray spectroscopy beamline at ESRF 
 
Flora Yakhou 
 
ESRF 
 
ID32 is the only beamline at the European Synchrotron Radiation Facility that operates in the soft x-
ray range with energies spanning from 400 to 1800 eV. It is making full use of all the unique 
characteristics of synchrotron radiation: high brilliance, energy tunability, polarisation and coherence 
of the beam to enable state-of-the-art studies of the magnetic and electronic properties of materials. 
Low temperature X-ray Magnetic Circular dichroism experiments are performed in a 9 Tesla high field 
magnet with a full surface science sample preparation facility attached to it. Very high resolution 
Resonant Inelastic X-ray Scattering measurements with a resolving power exceeding 30000 are 
routinely performed with our rotating arm spectrometer and various sample environments, with the 
added possibility of analysing the polarisation of the scattered photons. Transmission holography 
experiments exploiting the inherent coherence of the beam and the magnetic contrast arising from 
opposed polarisations enable the – possibly time-resolved - imaging of nanoscale magnetic domains 
with stunning resolution. 
I will present all the capabilities presently offered by the beamline, future developments and the 
different access modes to beam time on ID32. 
 
  



Magneto-optical sensing of the pressure-driven magnetic ground states in bulk CrSBr 
 
Amit Pawbake,1,∗Thomas Pelini,1 Ivan Mohelsky,1 Dipankar Jana,1 Ivan Breslavetz,1 Chang-Woo Cho,1 
Milan Orlita,1 Marek Potemski,1 Marie-Aude Measson,2 Nathan Wilson,3 Kseniia Mosina,4 Aljoscha 
Soll,4 Zdenek Sofer,4 Benjamin Piot,1 M. E. Zhitomirsky,5, 6 and Clement Faugeras,1,∗ 
 
1LNCMI, UPR 3228, CNRS, EMFL, Universite Grenoble Alpes, 38000 Grenoble, France. 
2Institut Neel, Universite Grenoble Alpes, 38000 Grenoble, France 
3Walter Schottky Institut, Physics Department and MCQST, Technische Universitat Munchen, 85748 
Garching, Germany 
4Chemistry Department, University of Chemistry and Technology Prague, 16628 Prague, Czech 
Republic 
5Universite Grenoble Alpes, CEA, Grenoble INP, IRIG, Pheliqs, 38000 Grenoble, France 
6Institut Laue-Langevin, F-38042 Grenoble Cedex 9, France 
 
*corresponding author: amit.pawbake@lncmi.cnrs.fr ; clement.faugeras@lncmi.cnrs.fr 
 
Competition between exchange interactions and magnetocrystalline anisotropy may bring new 
magnetic states that are of great current interest. An applied hydrostatic pressure can further be used 
to tune their balance. In this work, we investigate the magnetization process of a bi-axial 
antiferromagnet CrSBr in an external magnetic field applied along the easy axis. We find that the single 
metamagnetic transition of the Ising type observed in this material under ambient pressure transforms 
under hydrostatic pressure into two transitions, a first-order spin-flop transition followed by a second-
order transition toward a polarized ferromagnetic state near saturation. This reversible tuning into a 
new magnetic phase is obtained in layered bulk CrSBr at low temperature by varying the interlayer 
distance using high hydrostatic pressure, which efficiently acts on the interlayer magnetic exchange 
and is probed by magneto-optical spectroscopy. 
 
References: 
[1] E. Telford et.al, Adv. Mater. 32, 2003240 (2020). 
[2] N. Wilson et.al, Nat. Mater. 20, 1657 (2021).  
[3] A. Pawbake et.al, Nano Lett. (2023). 
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Réacteur à cellule haute-pression/température pour l’étude des catalyseurs par XAS operando au 
Synchrotron 
 
A. Nassereddine1, A. Aguilar Tapia2, S. Ould-Chikh3, E. Lahera4, O. Proux4, I. Kieffer4, S. Min4, D. 
Testemale1, M. Rovezzi4, I. Maurin1, J. Gascon3 and J-L. Hazemann1 
 
1 Institut Néel, Univ. Grenoble Alpes, CNRS, Grenoble INP, 38000 Grenoble, France 
2 Institut de Chimie Moléculaire de Grenoble, UAR2607 CNRS- Université Grenoble Alpes, Grenoble F-
38000, France 
3 KAUST Catalysis Center (KCC), King Abdullah University of Science and Technology (KAUST), Thuwal, 
23955, Saudi Arabia 
4 OSUG, UMS 832 CNRS - Université Grenoble Alpes, F-38041 Grenoble, France 
 
La catalyse hétérogène joue un rôle essentiel dans de nombreux processus industriels et offre un grand 
potentiel pour relever les défis mondiaux actuels [1]. Cependant, bien que le potentiel des catalyseurs 
hétérogènes soit indéniable, notre capacité à concevoir des catalyseurs plus actifs est entravée par le 
manque de compréhension détaillée du catalyseur pendant la réaction. Ce manque d'informations est 
préjudiciable à la détermination des relations structure-réactivité catalytique des catalyseurs et à 
l'identification de leurs sites actifs, ce qui est nécessaire pour une meilleure compréhension des 
mécanismes catalytiques. Il est donc essentiel d'étudier les catalyseurs hétérogènes dans des 
conditions "operando", par des techniques expérimentales permettant, en parallèle, le suivi de 
l'évolution éventuelle de la structure du catalyseur sous gaz, et l'évaluation de son activité catalytique. 
La spectroscopie d'absorption des rayons X (XAS) utilisant le rayonnement synchrotron est bien 
adaptée à l'étude des matériaux catalytiques dans des conditions de fonctionnement. Cette technique 
permet une analyse adéquate de la structure électronique et géométrique d'un élément, en particulier 
la phase active d'un catalyseur [2]. Dans cette contribution, nous présentons plusieurs exemples 
d'études operando XAS de catalyseurs au cours de différentes réactions, en utilisant différents 
dispositifs expérimentaux. Notre premier réacteur (Fig.1.A) peut fonctionner à des températures 
élevées (jusqu'à 1000 °C) et à la pression atmosphérique [3], c'est-à-dire dans des conditions 
couramment appliquées dans la catalyse hétérogène d'intérêt industriel et environnemental. La 
conception offre la possibilité d'utiliser les modes de détection par fluorescence et par transmission et 
comprend un réacteur à flux continu en carbone vitreux, qui permet à la majorité des rayons X d'être 
transmis à l'échantillon. En revanche, notre second réacteur (Fig. 1.B) peut fonctionner à des pressions 
élevées (jusqu'à 1000 bar) [4], ce qui le rend idéal pour la caractérisation des catalyseurs dans des 
réactions nécessitant des conditions de haute pression. Les cellules de ces différents réacteurs ont été 
utilisées avec succès dans différentes expériences (Fig. 1.C) et sont à la disposition des utilisateurs des 
lignes de lumière FAME (BM30) et FAME-UHD (BM16) à l'ESRF. 
 

 

Figure 1. 
Set-up de catalyse operando disponible sur la ligne 
lumière BM30 (FAME) et BM16 (FAME-UHD) à l'ESRF 
utilisant (A) un réacteur à cellule haute température 
(jusqu'à 1000 °C) et (B) un réacteur à cellule haute 
température/pression (1000 °C/1000 bar). (C) Spectre au 
seuil K du Co d'un catalyseur InCo dans des conditions de 
réaction d’hydrogénation de CO2 à 50 bar et 300 °C 

 
[1] Fechete, I.; Wang, Y.; Védrine, J. C., Catal. Today 189, 2–27 (2012) 
[2] Nachtegaal, M., Müller, O., König, C. and Frahm, R., 2016. X‐Ray Absorption and X‐Ray Emission Spectroscopy: Theory and 
Applications, 155-183 (2016). 
[3] Aguilar-Tapia, A., Ould-Chikh, S., Lahera, E., Prat, A., Delnet, W., Proux, O., Kieffer, I., Basset, J.-M., Takanabe, K., & 
Hazemann, J.-L., Review of Scientific Instruments 89, 035109 (2018). 
[4] Testemale, D., Argoud, R., Geaymond, O., & Hazemann, J.-L., Review of Scientific Instruments 76, 043905 (2005). 

  



IN20 upgrade and polarization analysis with PASTIS3 
 
U. B. Hansen1, D. Jullien1, M. Enderle1 
1 Institut Laue-Langevin, Grenoble, France 
bengaardhansen@ill.fr 
 
IN20 is a thermal triple-axis instrument at the Institut Laue Langevin optimised for excitations in single 
crystals in the energy transfer range from 1 to 100 meV. The spectrometer can be equipped with 
various sample environments but is primarily used for polarised experiments.  Its non-magnetic 
construction allows to use of all types§ and field strengths of ILL’s cryomagnets (horizontal, vertical) in 
the full spectral range, as well as zero-field polarimetry (spherical polarization analysis).  For the 
endurance program [1], IN20 has been upgraded with a new neutron velocity selector, as well as a 
double-focusing pyrolytic graphite monochromator and -analyser, improving both the neutron flux at 
the sample position and the background suppression.    
 
In addition to the endurance upgrade program, a new setup for wide-angle XYZ polarization analysis, 
PASTIS3, has been commissioned on IN20. XYZ polarization analysis for inelastic neutron scattering is 
a powerful method for the separation of magnetic, nuclear coherent and incoherent scattering. 
However, in the thermal neutron range, these experiments have typically been carried out using the 
conventional triple-axis technique with a single analyser and detector, where polarized cross-sections 
are measured point by point. The PASTIS3 device uses two independent polarized 3He neutron spin 
filters for polarizing and analysing the neutron spins. Here, the 3He analyser cell provides a continuous 
102-degree coverage of scattering angles. The neutron polarization direction is controlled by a 
magnetic field and a coil has  been designed to deliver any field direction with high spatial 
homogeneity. The setup has been tested on IN20 together with the multi-angle analyser Flatcone [3]. 
I will here discuss the design of the setup and present our  first  results, as well as planned 
developments.  
 
References 
[1]https://www.ill.eu/fileadmin/user_upload/ILL/3_Users/Instruments/Modernisation_programmes/
Endurance-Brochure-web.pdf  
[2] D. Jullien, A. Petoukhov, M. Enderle, N. Thiery, P. Mouveau, U. B. Hansen, P. Chevalier, P. Courtois, 
NIM A, 1010, 165558 (2021). 
[3] M. Kempa, B. Janousova, J. Saroun, P. Flores, M. Boehm, F. Demmel, J. Kulda, Physica B: Condensed 
Matter, 385–386, 1080-1082 (2006). 
 
 
  



Unraveling the atomic dance in metallic glass-forming liquids and glasses in the multi-GPa range 
 
Antoine Cornet 
 
Univ. Grenoble Alpes, CNRS, Institut Néel, Grenoble 38042, France 
 
 
Glasses are dynamically defined materials: if crystallization can be bypassed, the viscosity of the liquid 
drastically rise by up to 10 orders of magnitude upon cooling, eventually leading to a “frozen” liquid 
which has lost its ability to flow [1]. In addition to this drastic dynamical arrest, the structure of the 
overall amorphous material does not suffer significant changes: the atomic structure of a glass is 
virtually undistinguishable from its liquid’s parent [2]. Therefore, a comprehensive microscopic theory 
of the glass forming liquids and glasses, a long-sought quest in condensed matter physics, requires an 
accurate description of the system dynamics i.e. its internal motion, from the inter-constituent’s length 
scale up to the macroscopic regime, and over the complete timescale of the ongoing relaxation 
processes. 
Down to the atomic scale, X-Ray Photon Correlation Spectroscopy (XPCS) takes advantage of the 
impinging of coherent x-rays to reveal such dynamics at the atomic scale in amorphous materials: the 
diffracted intensity consists of interference patterns which reflect the exact, non-averaged, location of 
the scattering units, and the timescale over which the diffraction pattern changes corresponds strictly 
to the timescale over which the scattering units move [3]. 
So far, the limited flux of coherent x-rays at high energy (>20keV) restricted the possibility of heavy 
sample environments, limiting the application of potential external parameters and the study of the 
subsequent response of the materials. The advance of the 4th generation of synchrotron sources such 
as the EBS-ESRF lifts this obstacle as x-ray with coherent flux of 1012 ph/s at high energy become 
available [4]. In this talk, I will present our work toward the development of XPCS in-situ under high 
pressure in the multi-GPa regime on samples compressed within a Diamond Anvil Cell (DAC). This 
opens the way to density dependent studies of the internal dynamics of glass and supercooled liquids 
in hard systems, characterized by a bulk modulus in the GPa range. As such I will present the technical 
developments needed to perform High Pressure XPCS, the current possibilities at the id10 beamline of 
the ESRF, and case studies in metallic systems. 
 
[1] P.G. Debenedetti and F.H. Stillinger, Nature 410, 259–267 (2001) 
[2] A.R. Yavari et al., Acta Materialia 53, 1611–1619 (2005) 
[3] A. Madsen et al., Synchrotron Light Sources and Free-Electron Lasers: Accelerator Physics, 
Instrumentation and Science Applications, Springer International Publishing, pp. 1617–1641 (2016) 
[4] M. Jankowski et al., Nuclear Instruments and Methods in Physics Research Section B: Beam 
Interactions with Materials and Atoms 538, 164–172 (2023)  
 


