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Tutorials + coffee break 

Welcome and Introduction to the Tutorials

Tutorials + coffee break 

X-ray Photon Correlation Spectroscopy (XPCS) - I
Author: Sophie Morley1

1 Lawrence Berkeley National Laboratory

Corresponding Author: smorley@lbl.gov

Many of the world’s synchrotrons are completing upgrades to fourth generation light sources this
decade which provides the source with a huge boost in brightness and coherence. X-ray photon
correlation spectroscopy (XPCS) is a powerful technique which relies on the coherence of x-rays
and is used to study dynamics in materials at the micro to atomic scale. When coherent light is used
to illuminate a sample, it scatters and forms an interference pattern on the two-dimensional detector
known as speckle. Measuring speckle patterns as a function of time is the basis of XPCS. Using the
speckle pattern movies, you can compute characteristic fluctuation times of your sample and further
connect them to specific spatial features such as defect motion using theory and modelling1. In this
way XPCS provides insight into the temporal and spatial evolution of material properties, from
diffusion and relaxation processes to phase transitions and non-equilibrium phenomena2,3.

This tutorial will provide a comprehensive introduction to the principles and applications of XPCS,
combining short lectures with hands-on analysis examples and exercises. The lecture portion will
cover the fundamental concepts of XPCS, including the theory of x-ray coherence, speckle and pho-
ton correlation spectroscopy, experimental implementation, and data analysis techniques. Topics
will include the advantages and limitations of XPCS compared to other techniques, instrument de-
sign and optimization, data interpretation and some of the possible pitfalls.

The hands-on component will allow participants to gain practical experience with XPCS data analy-
sis using Python, as well as explore case studies of XPCS applications in magnetic materials. By the
end of this tutorial, participants will have a solid understanding of the principles and practices of
XPCS, as well as the skills to design XPCS experiments and analyze data. This tutorial is intended for
researchers and students interested in using XPCS to study dynamics in materials and will provide
a valuable opportunity for hands-on learning and discussion.

Tutorials + coffee break 

Practical Coherent Diffractive Imaging (CDI) - I
Authors: Daniel Pérez Salinas1; Riccardo Battistelli2

1 ALBA Synchrotron
2 Helmholtz-Zentrum Berlin & University of Augsburg

This tutorial provides a hands-on introduction to Fourier Transform Holography (FTH) and Coher-
ent Diffractive Imaging (CDI), with a focus on practical implementation at synchrotron facilities.
Aimed at both new and experienced users, the session will cover the fundamentals of lensless imag-
ing, including experimental setup considerations, data acquisition strategies, and reconstruction
workflows. Participants will gain insight into the comparative strengths of FTH and CDI, when
and how to use each technique, and how to troubleshoot common challenges encountered during

Page 1



REXS 2025 Almadraba / Book of Abstracts

beamtime—such as coherence constraints, reference design, and detection limitations. Real and sim-
ulated datasets will be used to demonstrate key steps in phase retrieval and image analysis. By the
end of the session, attendees will be equipped with the knowledge to plan and analyze FTH/CDI
experiments, and to critically assess the quality and limitations of their reconstructions. No prior
experience with CDI is required, though familiarity with basic diffraction and synchrotron instru-
mentation is assumed.

Tutorials + coffee break 

Simulation O REXS With FDMNES -I
Author: Yves Joly1

1 Institut Néel, CNRS

Corresponding Author: yves.joly@neel.cnrs.fr

The tutorial is devoted to the ab initio simulations of resonant X-ray diffraction spectra using the
FDMNES code1.
First a little lecture will be given. It will include a brief historical overview, the basics in theory
necessary to understand the sensitivity of the technique, and some typical examples. To introduce
the practical, an introduction to the FDMNES code and its specificities will also be given.
Then, the participants will start simulations on different examples. They will learn at the same time
the use of the FDMNES code and the way to check specific properties as the polarization in and out
dependence, the effect of dipole and quadrupole transitions, what can be seen in azimuthal scans,
etc⋯
We will also show how the extraction of the spherical components of the scattering tensors can give
information on specific projections of the density of states on the absorbing atoms. Relation to the
magnetic and spatial symmetries will be evocated. Effects of self-absorption and birefringence will
also be simulated.

Examples at K edges in magnetite, V2O3 and L23 in CuO will illustrate all this for non-magnetic and
magnetic studies. Eventually on demand, examples from the participants could be addressed.

Participants must have their own laptop. A specific package with documentation, in-data files and
the FDMNES executables for Mac OS, Windows 64 and Linux are provided. They must nevertheless
have their own software to plot spectra (Origin, Kaleidagraph,⋯).

Tutorials + coffee break 

Circular Dichroism in Resonant Elastic X-ray Scattering-I
Author: Shilei Zhang1

1 ShanghaiTech University

Corresponding Author: shilei.zhang@shanghaitech.edu.cn

Circular dichroism in resonant elastic X-ray scattering (CD-REXS) has emerged as a uniquely probe
for chiral and topological magnetic orders in condensedmatter systems. In this extended tutorial, we
provide a comprehensive introduction to the fundamental principles, experimental implementations,
and practical applications of CD-REXS, with a focus on its ability to extract symmetry, chirality, and
topological invariants from spin textures.
We begin with the theoretical foundation of resonant scattering processes, highlighting the role
of x-ray polarization in magnetic scattering cross-sections. Particular emphasis is placed on the
geometric and symmetry constraints that govern dichroic signal formation, and how they relate
to the vectorial structure of magnetization. We will then introduce the Dichroism Extinction Rule
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(DER), a recently developed principle that allows a one-to-one correspondence between spin motif
and circular dichroic intensity, enabling direct determination of spin helicity and winding number.
The tutorial will feature case studies from chiral magnets, magnetic multilayers and heterostructures,
demonstrating how CD-REXS can resolve complex spin structures, and even with a 3D depth profile.
By the end of the session, participants will gain the conceptual and practical tools necessary to
design, perform, and interpret CD-REXS experiments, as well as appreciate its unique role in modern
spin and topological materials research.
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Opening session

Welcome REXS2025
Authors: Gloria Subias-Peruga1; Javier Herrero MartinNone; Klaus AttenkoferNone; Manuel ValvidaresNone; Nicolas 
Jaouen2

1 INMA, CSIC-Universidad de Zaragoza
2 Synchrotron SOLEIL

CorrespondingAuthors: mvalvidares@cells.es, jherrero@cells.es, gloria@unizar.es, kattenkofer@cells.es

REXS 2025 local chairs and int.comm. chair
ALBA management (research director)

Opening session

REXS Opening Keynote talk : REXS: a Journey Across Space and 
Time

Corresponding Author: cmazzoli@bnl.gov

In this introductive talk, an overview of Resonant Elastic X-ray Scattering will be presented, with
the intent of introducing the audience to the following talks.

After a short historical perspective, a reminder on the complementarity to other technique (mainly
neutrons) for the determination of magnetic structures, and on the relevance of the character of
resonances and higher-rank orders, an introduction to more modern contributions across electronic
orderings as realized in intriguing states of correlated materials will be proposed. Spanning across
multiferroics and magnetoelectrics, high temperature superconductors and charge density waves,
Skyrmions and AlterMagnets, examples of relevant microscopic information on structures and inter-
actions, on phases and transitions across a broad spectrum of materials, resonances and approaches,
will be provided.

Then, the discussion will naturally progress on the opportunities and challenges offered by coherent
beams available at the new generation machines. Together with the development of various imaging
techniques, the extraction of time scales characteristic of collective dynamics will be introduced.
Few ideas on possible approaches to the investigation of space- and-time (either extrinsically –by
informed average, or intrinsically –by Orbital Angular Momentum) will be considered.
Finally, current scientific questions and technical requirements will be surfed upon.
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Beyond the Surface: 3D Probing of Antiferromagnets —A Jour-
neyThrough Failures and Breakthroughs
Author: Valerio Scagnoli1

1 ETHZ - PSI

Corresponding Author: valerios@ethz.ch

Three dimensional magnetic systems hold the promise to provide new functionality associated with
greater degrees of freedom. Over the last years we have worked towards developing methods to
fabricate and characterize three dimensional magnetic structures. Specifically, we have combined X-
ray magnetic imaging via circular dichroism (XMCD) with new iterative reconstruction algorithms
to achieve X-ray (ferro)magnetic tomography and laminography in 3D volumes with sub 100 nm
spatial resolution [1-4]. Recent revival of interest on antiferromagnets have driven our recent efforts
in developing an approach to image the antiferromagneticorder parameter in micron-size sample
with nm spatial resolution.

To this end, we have attempted to use coherent magnetic diffraction and antiferromagnetic tomo-
graphic imaging via X-ray linear dichroism. Over the course of several experimental campaigns,
we have advanced these approaches and ultimately developed X-ray Linear Dichroic Orientation
Tomography (XL-DOT) —a novel, quantitative, and non-invasive technique for three-dimensional
characterization of extended polycrystalline and non-crystalline materials at the intra- and inter-
granular levels [5-6].

The figure included here shows a reconstructed grain structure along with the local crystallographic
c-axis alignment. The spectroscopic and non-destructive nature of XL-DOT makes it ideally suited
for operando investigations, enabling simultaneous chemical and microstructural analysis of func-
tional materials, including antiferromagnets.

REFERENCES
1. C. Donnelly et al., Nature 547, 328 (2017), https://doi.org/10.1038/nature23006.
2. C. Donnelly et al., New J. Phys. 20, 083009 (2018), https://doi.org/10.1088/1367-2630/aad35a.
3. C. Donnelly et al., Nat. Phys. 17, 316 (2021), https://doi.org/10.1038/s41567-020-01057-3.
4. C. Donnelly et al., Nat. Nanotechnol. 15, 356 (2020), https://doi.org/10.1038/s41565-020-0649-x.
5. A. Apseros et al., Nature 636, 354 (2024), https://doi.org/10.1038/s41586-024-08233-y.
6. A. Apseros et al., submitted to New J. Phys., https://arxiv.org/abs/2504.12978.

Talks Tuesday Morning

SoftiMAX-CXI: A new soft x-ray branch or scattering and diffrac-
tion methods at MAX IV
Authors: Jörg Schwenke1; Erik Malm2; Niklas Johansson2; Joaquin Gonzalez3

Co-author: Karina Thånell 2

1 MAX IV Laboratory / Lund University
2 MAX IV Laboratory
3 MAXIV Laboratory

CorrespondingAuthors: niklas.johansson@maxiv.lu.se, jorg.schwenke@maxiv.lu.se, joaquin.gonzalez@maxiv.lu.se,
karina.thanell@maxiv.lu.se, erik.malm@maxiv.lu.se

SoftiMAX is a soft X-ray spectro-microscopy beamline at MAX IV Laboratory, the Swedish national
synchrotron center in Lund, Sweden. It is situated at the 3 GeV ring at MAX IV and provides a very
high average coherent flux owing to the low emittance properties of the ring1,2.
SoftiMAX consists of two branch lines utilizing different focusing solutions and catering to various
imaging methods. The main branch, in user operation since 2021, hosts an end-station optimized
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for scanning techniques such as Scanning Transmission X-ray Microscopy (STXM) and diffraction
imaging such as ptychography3.

Here we report on the design and commissioning of the second branch of the beamline SoftiMAX-
CXI, which hosts a dedicated end-station for X-ray Photon Correlation Spectroscopy (XPCS), and
diffraction and scattering experiments with a flexible detector geometry.
SoftiMAX-CXI, which started commissioning in 2024 and has since been part of our user program as
an open port, operates over an X-ray photon energy range of 275 eV to 2200 eV with full polarization
control above 400 eV. This branch line has a Kirkpatrick-Baez mirror pair to focus the beam to a size
down to about 20 µm. External end-stations have been used for XPCS measurements and Fourier
Transform Holography of magnetic thin films, and for developing a TIMEPIX imaging detector for
the soft X-ray regime.

The commissioning of the main CXI end-station has started. It is built around a rotatable detec-
tor arm that can accommodate sample-detector distances of at least 2m over 120-degree scattering
angles. This makes the CXI end-station suitable for XPCS, scattering, diffraction experiments, and
measurements in reflection.

Talks Tuesday Morning

Imprinted emergent textures in amorphous rare-earth transition-
metal errimagnets
Authors: Felix Buettner1; Tamer Karaman2

Co-authors: Aladin Ullrich 2; Andrada-Oana Mandru 3; Bastian Pfau 4; Christopher Klose 4; Daniel Metternich 
1; Daniel Pérez Salinas 5; Hans J. Hug 3; Jordi Llobet 5; Kai Litzius 2; Konrad Samwer 6; Manas Patra 1; Manfred 
Albrecht 2; Manuel Valvidares 5; Michael Schneider 4; Reshma Peremadathil Pradeep 3; Riccardo Battistelli 1 ; Timo 
Schmidt 2

1 Helmholtz-Zentrum Berlin & University of Augsburg
2 University of Augsburg
3 Empa Switzerland
4 MBI Berlin
5 ALBA Synchrotron
6 University of Göttingen

Corresponding Author: felix.buettner@helmholtz-berlin.de

Amorphous rare-earth transition-metal (RE-TM) ferrimagnets are workhorse materials in the field
of spintronics. Developed chiefly for magneto-optical recording and bubble memories in the second
half of the 20th century, they have remained at the forefront of the field, for example because they
allow for ultrafast all-optical switching1, ultrafast current-driven domain wall motion2, and easy,
gradual tuning from ferromagnetic to antiferromagnetic behavior. However, these materials are
also known to exhibit chemical heterogeneity, both laterally3 and in thickness direction4, as well
as sperimagnetism5, i.e., intrinsically non-collinear alignment of spins. So far, these effects were
largely ignored in spintronics research.
Here, we report on the discovery of emergent textures in the structure of amorphous RE-TM ferri-
magnets (Fig. 1), which are imprints the magnetic domains walls of the as-grown state and can be
traced back to long-range-ordered patterns of chemical heterogeneity and sperimagnetism. The na-
ture and implications of these imprinted emergent textures are revealed by resonant x-ray scattering
and imaging experiments, in concert with advanced transmission electron microscopy and scanning
probe microscopy, as discussed in this talk.

Talks Tuesday Morning
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Coherent x-ray studies of spontaneous fluctuations in rare earth
nickelates

Rare-earth nickelates (RNiO₃) exhibit a rich interplay of electronic, magnetic, and structural phase
transitions, including ametal-to-insulator transition (MIT), charge ordering, and a symmetry change
from orthorhombic to monoclinic structure [1]. While these transitions have been widely studied,
the spatio-temporal nature of spontaneous fluctuations across the phase boundary remains largely
unexplored. Such fluctuations are increasingly recognized as crucial for stabilizing emergent mag-
netic textures and for enabling stochastic functionality in neuromorphic computing. Here, we em-
ploy X-ray photon correlation spectroscopy (XPCS) [2-3] to directly probe the dynamics of structural
and magnetic fluctuations in epitaxial thin films of NdNiO₃ and SmNiO₃. For NdNiO₃, we observe
a pronounced slowdown in fluctuation timescales—by an order of magnitude—near the Néel tem-
perature, highlighting strong coupling between structural and magnetic order parameters, indepen-
dent of epitaxial strain. In contrast, SmNiO₃ shows no such slowdown, emphasizing the distinct
dynamics. Unexpectedly, wavevector-dependent measurements reveal that short-range structural
fluctuations are significantly slower (by a factor of 3–5) than long-range fluctuations [4]. Our results
demonstrate the power of coherent X-ray techniques in capturing nanoscale fluctuation dynamics
in quantum materials and provide new insight into the role of fluctuations near phase transitions in
complex oxides.

1. Middey S., Chakhalian J., Mahadevan P., Freeland J. W., Millis A. J., Sarma D. D. Physics of ul-
trathin films and heterostructures of rare earth nickelates. Annual Review of Materials Research
46, 305 (2016)

2. Sinha S. K., Jiang Z., Lurio L.B. X-ray photon correlation spectroscopy studies of surfaces and
thin films. Advanced Materials 26, 7764 (2014)

3. Shpyrko O.G. X-ray photon correlation spectroscopy. Journal of Synchrotron Radiation 21, 1057
(2014)

4. Zhou Hagstroem, N. et al. Critical slowdown of spontaneous fluctuaitons in the vicinity of metal-
insulator transition in rare earth nickelates, in review (2025).

Talks Tuesday Morning 

Controlling Skyrmion Lattice Dynamics with Thermal and Mag-
netic Field Gradients
Author: Thorsten Hesjedal1

Co-authors: Gerrit van der Laan 2; Jingyi Chen 3; Shilei Zhang 3; haonan jin 3

1 University of Oxford
2 Diamond Light Source
3 ShanghaiTech University

CorrespondingAuthors: gerrit.vanderlaan@diamond.ac.uk, shilei.zhang@shanghaitech.edu.cn, jinhn1@shanghaitech.edu.cn,
chenjy2023@shanghaitech.edu.cn, thorsten.hesjedal@physics.ox.ac.uk

Magnetic skyrmions exhibit a rich landscape of dynamical behavior shaped by their topological
character and collective organization. In this work, we explore the motion of skyrmion lattices in
chiral magnets under two orthogonal driving mechanisms: magnetic field gradients [1] and thermal
gradients [2,3]. Using resonant elastic x-ray scattering (REXS) on Cu2OSeO3, we demonstrate how
finite-sized skyrmion lattices respond to these drives not only by translation, but also by rotation,
undergoing a coherent rolling motion driven either by magnon flow (in thermal gradients) [2] or by
field-induced torques [1]. The rotational sense and velocity scale predictably with gradient strength
and crystallite size, revealing the emergence of a chiral lattice torque, also allowing for the direct
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measurement of the skyrmion Hall angle in the lattice state [4]. To access the three-dimensional na-
ture of skyrmion textures, we complement these surface-sensitive studies with small-angle neutron
scattering (SANS) experiments on MnSi [3]. There, we uncover depth-resolved bending of skyrmion
strings under two-dimensional thermal gradients, driven by a temperature-dependent skyrmionHall
effect and governed by a modified Thiele equation incorporating magnon friction. This dual ap-
proach, combining high-resolution REXS at the surface and SANS through the bulk, offers a unified
view of skyrmion lattice dynamics and demonstrates new modalities for manipulating topological
spin textures in three dimensions.

Talks Tuesday Morning 

Fluctuation and phase transition in amorphous FeGe thin film

Author: Sujoy Roy1

1 Lawrence Berkeley National Lab

Corresponding Author: sroy@lbl.gov

The question of fluctuation and population growth at the local level and how that influences global
properties has been studied extensively in physical, biological and social sciences. In quantummate-
rial interplay of fluctuation and phase transitions provide deep insight into the phase transition
pathways. Using coherent x-ray scattering we have shown that phase transition in amorphous
FeGe (a-FeGe) involve existence of nanoscale fluctuation “hot-spots”whose origin lies in local non-
equilibrium states. The fluctuating hot spots start over a small fraction of the domains at random
length scales, and the fluctuating population gradually grows non-linearly into collective fluctua-
tions. The growth of the fluctuation population resembles dynamic coherence length which forms
the basis of phase transition. We further showed that are exists a highly non-trivial fluctuating phase
that can be described as a helical nematic phase. We also studied the distribution of the fluctuation
amplitude and it followed a gaussian distribution implying ergodic dynamics whereas few kelvins be-
low this transition temperature the distribution becomes skewed or asymmetric due to non-ergodic
behavior. We also showed that our approach provides a new way to evaluate the statistics of the
fluctuations in many classes of heterogeneous materials. Work is funded by U.S. DOE.

[1]. A. Singh, et al. , Adv. Funct. Mater. (2023), 2300224
[2]. A. Singh, et al. , Phys. Rev. B 110, L220406 (2024)

Talks Tuesday Afternoon

Advancing the Sample Space to Elevate the Power o Resonant 
X-ray Scattering.
Author: Philip Ryan1

1 Argonne National Laboratory

Corresponding Author: pryan@anl.gov

Deploying in-situ strain with electrical multi-modal x-ray scattering measurements has allowed for
powerful experimental configurations deepening our understanding of complex quantum phenom-
ena. Touching upon a few recent topics e.g., nematic behavior in Fe superconductors (1-4) and
quantum paraelectric behavior in SrTO3 membranes (5) I’ll demonstrate the value-added power of
investing in the sample space and overview our plans to explore dopant-vacancy color center qubit
behavior with symmetry and strain combining photoluminescent spectroscopy and x-ray scatter-
ing.
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The ability to measure and control structure, symmetry or domain population of a twinned sys-
tem, like an orthorhombic crystal or magnetic orientated domains can be a critical sample control
parameter to study intricate quantum behaviors. In the iron based superconductor, electronic ne-
maticity is coupled to both the lattice and the conducting electrons leading to both structural and
transport measurements sensitive to nematic fluctuations. While spin driven nematicity is prevalent
in Fe pnictides, the role of spin versus orbit in the chalcogenide nematic behavior has been under
investigation. The consortium of electrical and x-ray scattering measurements keenly addresses the
relationship of lattice, spin and orbital order in the nematic phase space. SrTO3 is a ubiquitous pro-
totype material but is itself an intriguing enigmatic host of quantum behaviors, using strain as a
tuning parameter we investigate the transition from classical to quantum behaviors and consider
the unbounded potential studies deploying this combination of strained single crystal membranes
with resonant x-ray scattering.

1. Strain-Switchable Field-Induced Superconductivity, Joshua J. Sanchez, Gilberto Fabbris, Yongseong
Choi, Jonathan M. DeStefano, Elliott Rosenberg, Yue Shi, Paul Malinowski, Yina Huang, Igor
I. Mazin, Jong-Woo Kim, Jiun-Haw Chu, Philip J. Ryan*, Science Advances 9, eadj5200(2023).
DOI:10.1126/sciadv.adj5200 Incommensurate

2. Suppression of superconductivity by anisotropic strain near a nematic quantum critical point, P.
Malinowski, Q Jiang, JJ Sanchez, J Mutch, Z Liu, P Went, J Liu, P.J. Ryan, JW Kim, Jiun-Haw Chu,
Nature Physics, 1-5, (2020)

3. Spontaneous orbital polarization in the nematic phase of FeSe. Connor A. Occhialini, Joshua J.
Sanchez, Qian Song, Gilberto Fabbris, Yongseong Choi, Jong-Woo Kim, Philip J. Ryan and Ric-
cardo Comin, Nature Materials 22, 985 (2023). doi:10.1038/s41563-023-01585-2

4. Joshua J. Sanchez, Paul Malinowski, Joshua Mutch, Jian Liu, J.-W. Kim, Philip J. Ryan, Jiun-Haw
Chu, The transport–structural correspondence across the nematic phase transition probed by
elasto X-ray diffraction. Nat. Mater. (2021). https://doi.org/10.1038/s41563-021-01082-4

5. Li, J., Lee, Y., Choi, Y. et al. The classical-to-quantum crossover in the strain-induced ferroelectric
transition in SrTiO3 membranes. Nat Commun 16, 4445 (2025).
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Authors: Alessandro Bombardi1; Anuradha Vibhakar1; C.J. Won2; Fellipe Carneiro1; Ketty BeauvoisNone; Navid 
qureshi3; Rebecca Scatena1; Sang-Wook Cheong4

1 Diamond Light Source
2 Pohang University
3 Institut Laue-Langevin
4 Rutgers University

CorrespondingAuthors: qureshi@ill.fr, fellipe.carneiro@diamond.ac.uk, rebecca.scatena@diamond.ac.uk, alessan-
dro.bombardi@diamond.ac.uk

A. Bombardi [1], N. Qureshi [2], A. Vibhakar [1], K. Beauvois [3], R. Scatena [1], F. Carneiro [1], C.
J. Won [4] and S.-W. Cheong [5]
[1] Diamond Light Source, Harwell Science and Innovation Campus Didcot OX11 0DE, Oxfordshire,
UK
[2] Institut Laue-Langevin, 71 avenue des Martyrs, CS 20156, 38042 Grenoble Cedex 9, France
[3] Université Grenoble Alpes, CEA, IRIG, MEM, MDN, 38000 Grenoble, France
[4] Laboratory for Pohang EmergentMaterials andMax Planck POSTECHCenter for Complex Phase
Materials, Pohang Univ. of Science and Technology, Dept. Phys., Pohang, Korea
[5] Rutgers Center for Emergent Materials and Department of Physics and Astronomy,
Rutgers University, Piscataway, NJ, 08854, USA
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ABSTRACT

The chiral nature of our immediate environment is obvious to us structurally and functionally, and
it seems to be a key ingredient of life, yet it remains one of the most elusive properties to understand
and investigate at the atomic length scale.
X-rays measure structural chirality via the interference of the anomalous scattering factor. This
provides a tiny variation in themeasured intensity, usually sufficient to distinguish between different
enantiomers, whereas both non-resonant and resonant magnetic scattering can be used to assess
inversion domains in non collinear magnetic structure via the helicity of the probe, see [1] and
references therein. The case of neutrons is similar, with polarized neutrons able to assess magnetic
chirality and inversion domains [1], whereas the tiny relativistic Schwinger term is the only cross
section term to measure the structural chirality [1].
Here, we present a combined X-ray and polarized neutron scattering study on chiral, polar and
magnetoelectric compound NiCo2TeO6[2,3]. This system adopts a structural arrangement derived
from the corundumR3c of Al2O3, but the introduction of Co and Te at the Al site breaks the inversion
and the c-glide symmetry, generating a ferri-chiral structural arrangements, with often both chirality
present in the same crystal.
Using a similar methodology to the one adopted in the case of Ba3NbFe3Si2O14 [1], we determine
the relation between the magnetic and structural chirality in this system.
A clear theoretical framework of the microscopic interactions driving the chirality of NiCo2TeO6 is
still missing, but our experimental results provide a sound foundation to understand the origin of
this phenomenon and to future application of the magnetoelectric properties of this system.
REFERENCES
1. N. Qureshi et al. Phys. Rev. B 102, 054417 (2020).
2. X. Wang et al. APL Mater. 3, 076105 (2015).
3. N. Qureshi et al. to be submitted to Phys Rev B
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Dispersion-Induced Pseudo-Extinction o the Bragg Reflection and 
the Magnetic Asymmetry in REXS rom Ferromagnets
Author: H AdachiNone

Corresponding Author: adachih@shinshu-u.ac.jp

The signal of the x-ray magnetic scattering is usually much weaker than that of the electric one.
One of the well-known methods of making up for this disadvantage is to tune the x-ray energy to
an absorption edge of the magnetic element. Since the theoretical prediction and the pioneering
experiments in 1980’s [1-3], an enhancement of the magnetic signal at, for example, the rare-earth
L2,3 edges, has been observed for many systems.
Another method of improving the detectability for the magnetic signal is to utilize the polarization
dependence of the x-ray scattering. When the incident x rays are linearly polarized within the scat-
tering plane, for example, the electric Thomson scattering is largely suppressed at the scattering
angle of around 90 degrees. With such a scattering geometry, therefore, the magnetic scattering
having different polarization properties can be relatively magnified [4,5].
In the resonant diffraction from ferromagnetic compounds, there can be an additional method of
clarifying the originally weak magnetic signal. That is to aim at the reflection indexes where the
electric diffraction signal almost disappears in the vicinity of an absorption edge by the destructive
interference among the scattered waves from plural types of constituent elements and the modifica-
tion of the scattering power of the resonating element due to the so-called dispersion effects. The
444 reflection of the ferromagnetic intermetallic compound GdAl2 meets such a fortuitous pseudo-
extinction condition at the Gd L3 edge [6]. In the presentation, the experimental results for this
reflection at the L3 edge together with those at the L2 one will be shown, and the large magnetic
asymmetry will be discussed [7].
REFERENCES
1. M. Blume, J. Appl. Phys. 57, 3615-3618 (1985).
2. Doon Gibbs, D. R. Harshman, E. D. Isaacs, D. B. McWhan, D. Mills, and C. Vettier, Phys. Rev. Lett.
61, 1241-1244 (1988).
3. J. P. Hannon, G. T. Trammell, M. Blume, and Doon Gibbs, Phys. Rev. Lett. 61, 1245-1248 (1988);
Phys. Rev. Lett. 62, 2644(E) (1989).
4. D. Laundy, S. P. Collins, and A. J. Rollason, J. Phys.: Condens. Matter 3, 369-372 (1991).
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5. D. Hupfeld, O. Seeck, J. Voigt, J. Bos, K. Fischer, and Th. Brückel, Europhys. Lett. 59, 284-290
(2002).
6. H. Adachi, H. Kawata, and M. Ito, J. Appl. Cryst. 48, 1114-1121 (2015).
7. H. Adachi, E. Arakawa, and K. Mori, unpublished.
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Uniaxial Pressure Control of Charge Density Wave in ScV6Sn6

Fellipe B. Carneiro (1), Eduardo M. Bittar (2), Priscila Rosa (3) and Sean M. Thomas (3).

(1) Diamond Light Source Ltd, Harwell Science and InnovationCampus, Didcot, Oxfordshire, UK.

(2) Centro Brasileiro de Pesquisas Fisicas, 22290-180, Rio de Janeiro, RJ, Brazil.

(3) Los Alamos National Laboratory, Los Alamos New Mexico, USA.

ScV6Sn6 is a bi-layer Kagome system in which the structural degrees of freedom in the out-of-plane
direction are suggested to play a major role in the stabilization of the charge density wave (CDW)
order [1-3]. Here, we investigate the effects of uniaxial pressure along the c axis in this material. Our
electrical resistivity measurements under c-axis uniaxial stress reveal a fast suppression of the CDW
transition followed by a change in the CDW character at 0.9 GPa. In contrast, our x-ray diffraction
measurements show that at near-zero stress, CDW reflections are initially enhanced by c-axis com-
pression, with suppression occurring beyond 0.05 GPa. Our findings highlight the importance of the
c-axis lattice parameter for the tuning and stabilization of the CDW order in this material.

1. W. S. Arachchige, W. R. Meier, M. Marshall, T. Matsuoka, R. Xue, M. A. McGuire, R. P. Hermann,
H. Cao, and D. Mandrus, Charge Density Wave in Kagome Lattice Intermetallic ScV6Sn6, Phys.
Rev. Lett. 129, 216402 (2022).

2. K. Wang, S. Chen, S.-W. Kim, and B. Monserrat, Origin of competing charge density waves in
Kagome metal ScV6Sn6, Nat. Commun. 15, 10428 (2024).

3. G. Pokharel, B. R. Ortiz, L. Kautzsch, S. J. Gomez Alvarado, K. Mallayya, G. Wu, E.-A. Kim, J.
P. C. Ruff, S. Sarker, and S. D. Wilson, Frustrated Charge Order and Cooperative Distortions in
ScV6Sn6, Phys. Rev. Materials 7, 104201 (2023).
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XMaS, The UK Materials Science Beamline At The ESRF
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Co-authors: Laurence Bouchenoire ; Oier Bikondoa ; Rachel Kilbride ; Florence Legg ; Paul Thompson ; Malcolm 
Cooper ; Yvonne Gründer ; Tom Hase ; Chris Lucas
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Corresponding Author: wermeil@esrf.fr

XMaS/BM28 is a UK-National Research Facility funded by EPSRC and located at the ESRF, the Eu-
ropean Synchrotron in Grenoble (France). The project is jointly managed by the Universities of
Warwick and Liverpool. The beamline has been supporting UK materials scientists since 1997 in a
wide range of disciplines spanning physics, chemistry, environmental sciences, materials and engi-
neering but also medicine and cultural heritage.
XMaS was originally designed for the exploration of magnetic materials using scattering techniques
that remains a core activity of the facility, benefiting from a large suite of sample environments
available on the beamline (e.g. low/high temperatures, magnetic and electric fields ⋯). The recent
facility upgrade has extended the energy spectrum of the facility from 2.035 keV up to 47 keV thus
opening new opportunities for studies at the L-edges of 4d-transition metals and K-edges of light
rare-earths (e.g. Sm, Nd⋯).
In addition to the main synchrotron beamline, XMaS also provides access to two offline laboratories.
The first one, equipped with a Cu micro-source and a 4-circle Huber diffractometer, is optimized for
diffraction and reflectometry studies using a 2D MAXIPIX detector. The second one is used to per-
form electrical characterization as a function of temperature (2 - 800 K) and applied magnetic fields
(up to 4 T).
Some case studies will be presented to illustrate the capabilities of the beamline. More highlights
can be found in our annual Newsletter1. A complete description of the beamline is available at
www.xmas.ac.uk. One can also follow us on the social media X (@XMaSBeam) or contact us di-
rectly at xmas@esrf.fr.

REFERENCES
1. www.xmas.ac.uk/impact/newsletters/
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Molecular and Electronic Structure at Electrochemical Interaces 
rom In Situ Resonant X-Ray Diffraction
Author: Yvonne Soldo1

Co-authors: Eric Sibert ; Yves Joly ; Yvonne Grunder ; maurizio De Santis

1 Institut Néel - CNRS

Corresponding Authors: maurizio.de-santis@neel.cnrs.fr, eric.sibert@grenoble-inp.fr, yvonne.soldo@neel.cnrs.fr, 
yvonne.grunder@liverpool.ac.uk, yves.joly@neel.cnrs.fr

In electrocatalysis, reactivities are crucially affected by the structure at the electrochemical inter-
face, the few Å thick region at the metal-liquid interface. A precise understanding of the charge and
molecular distribution is a mandatory step for the comprehension of the underlying mechanisms.
Nevertheless, up to now direct experimental methods probing electronic/molecular structure at the
atomistic level in the electrochemical interface were lacking.
We recently proposed an original method [1,2] coupling in situ Surface Resonant X-Ray Diffraction
(SRXRD) to DFT calculations. Following the Helmholtz description, we modelled the interface as a
double layer, where an ionic plane in the liquid phase faces the oppositely charged metal surface.
After a preliminary attempt [3], allowing only a semi-quantitative description of the charge distri-
bution at the interface, we have now introduced a realistic physical model [1] which gives access
quantitatively to the molecular and electronic structure both in the crystal surface layers and in the
close solution. The ionic layer is here described by chemically defined ions/molecules set in front of
the metal. Their occupation rate, charge, position and Debye Waller factor are the parameters we
have to solve by comparison with SRXRD spectra, thanks to a confidence factor. Because our system
is neutral and our simulations are self-consistent, we also obtain the atomic charge distribution in
the crystal surface layers.
We successfully applied our method to the archetypal Pt(111) system in an acidic medium, focusing
on the potential region where no adsorbates are present. In situ SRXRD measurements were made
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at the D2AM beamline (ESRF, Grenoble). The spectra were recorded at several reciprocal space po-
sitions and with different orientations of the polarization to probe the chemical bonds in and out of
the surface plane.
Contrarily to the typical assumption of zero free charge on the Pt metal surface at this potential, our
experimental data clearly reveal the presence of partially ordered water molecules and hydronium
ions close to the negatively charged metal surface, signature of a significant interaction between the
metal and water.
We believe that our original approach will significantly contribute to bridging the knowledge gaps
surrounding electrocatalytic mechanisms comprehension and will be instrumental in enhancing the-
oretical predictions, which have lacked data from physical characterization techniques.

1. Y. Soldo-Olivier, Y. Joly, M. De Santis, Y. Gründer, N. Blanc and E.Sibert, JACS 147(6), 5106 (2025)

2. Y. Gründer; C. Lucas, P. Thompson, Y. Joly and Y. Soldo-Olivier, J. Phys. Chem C 126, 4612 (2022)

3. Y. Soldo-Olivier, E. Sibert, M. De Santis, Y. Joly and Y. Gründer, ACS Catalysis 12, 2375 (2022)
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1 Deutsches Elektronen-Synchrotron DESY
2 Institut Laue-Langevin ILL

Corresponding Authors: sonia.francoual@desy.de, rodriguez-carvajal@ill.fr, pablo.bereciartua@desy.de

Resonant Elastic X-ray Scattering (REXS) is a powerful technique successfully employed to investi-
gate a wide range of phenomena both in solids and thin films, including different charge, spin, and
orbital orderings [1, 2]. In particular, REXS has proven to be a valuable method for the determina-
tion of magnetic structures, becoming a suitable complement to neutron techniques. However, the
analysis of diffraction data collected in REXS experiments is, in general, very intricate and the lack
of any tool to facilitate these calculations hinders the use of this technique by the non-specialists in
the field.
MagStREXS is a crystallographic computing program aimed to ease the analysis of REXS diffrac-
tion data for the study of magnetic structures. This software is based on both theoretical concepts
and computing tools developed in the context of magnetic crystallography [3, 4], applying them
to the analysis of data collected with the different experimental possibilities available in the REXS
technique. Being under active development at beamline P09 (PETRA III, DESY), a beta version of
MagStREXS is available on DESY computing platform for the users to analyse their data.
In this presentation, the fundamental equations implemented in MagStRES will be discussed, to-
gether with the main features available in the software. Finally, some examples of magnetic struc-
tures determined with this software will be presented to illustrate the main capabilities available in
the current version.

REFERENCES
1. Y. Murakami and S. Ishihara (Eds.), Resonant X-Ray Scattering in Correlated Systems, Berlin-
Heidelberg: Springer, 2017
2. S. Di Matteo, J. Phys. D: Appl. Phys. 45, 163001 (2012)
3. J. Rodríguez-Carvajal and J. Villain, C. R. Phys. 20, 770-802 (2019)
4. J. M. Perez-Mato, S. V. Gallego, et al., Annu. Rev. Mater. Res. 45, 217-248 (2015)
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Hyperspectral Imaging of Ultrafast and Nanoscale Phase Transi-
tions in quantum Materials
Author: Simon Wall1 

1 Aarhus University
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Corresponding Author: simon.wall@phys.au.dk

Using light to drive phase transitions in quantummaterials is an emerging tool for inducing material
properties “on demand”[1]. However, while we have many methods to measure the average change
in material properties on the femtosecond timescale, observing the spatial dynamics of the phase
transition with femtosecond time resolution has remained challenging.

In this work, I will summarize our recent work to use coherent diffractive imaging to image light-
induced phase transitions in the quantum material vanadium dioxide (VO2) on the femtosecond
timescale. In particular, I will show how spectrally-dependent imaging at the oxygen K and Vana-
dium L edges can be used to obtain contrast and identify phase transitions [2,3] and how the use
of X-ray lasers enables direct measurement of the phase transition pathway [4]. In addition, I will
present some unpublished work on the stability of light-induced domains and the recovery pathway
for the light induced phase transition.

1. D. N. Basov, R. D. Averitt, and D. Hsieh, Nature Materials 16, 1077 (2017).

2. L. Vidas, et al, Nano. Letters 18, 3449 (2018).

3. A. S. Johnson, et al, Science Advances 7, eabf1386 (2021)

4. A. S. Johnson, et al, Nature Physics 19, 215 (2023)
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Laser-driven resonant soft-X-ray scattering or probing picosec-
ond dynamics o nanometre-scale order
Author: Daniel Schick1

1 Max Born Institute

Corresponding Author: schick@mbi-berlin.de

Magnetic domains are fingerprints of the complex interactions within magnetic materials. In addi-
tion to a local magnetic order, these emergent textures exhibit lateral periodicities on the nanoscale
with a specific orientation and distribution. Statically, the relevant magnetic interactions can be tai-
lored by growing heterostructures of magnetic nanolayers and by applying external stimuli such as
magnetic fields and temperature changes. However, the laser-driven dynamics of magnetic domains
result from an intricate interplay of local and non-local processes in the depth and in the plane of
the sample.

Here, we investigate the ultrafast dynamics ofmagneticmaze domains in a ferrimagnetic [Fe(0.4nm)/Gd(0.5nm)]116
multilayer sample by time-resolved resonant magnetic small-angle-X-ray scattering (SAXS). This
technique is an ideal tool to probe the local and lateral magnetic order element selectively on the
relevant femto- to picosecond time and nanometer length scale - but so far the use of this approach
has been exclusive to installations at X-ray free-electron lasers. We utilize a novel, laboratory-based
setup for transient SAXS experiments at the Fe L (707 eV) and Gd M (1189 eV) absorption edges with
9-ps-temporal resolution [1-4] to benefit from the strong magnetic contrast and large penetration
depths at such high photon energies.

Upon photoexcitation, we observe distinctively different time scales for the quenching and recovery
of the local magnetization compared to the changes in the domain periodicity. In contrast to previous
work [5-7], we find both a transient decrease and increase in the domain periodicity for different
pump-probe delays. Based on a detailed analysis of the time-resolved SAXS signal in reciprocal
space and heat diffusion simulations [8], we understand these results as indicators for a strongly
inhomogeneous magnetic order along the depth of the 100-nm-thick sample.

REFERENCES
[1] D. Schick, M. Borchert, et al., Optica 8, 1237 (2021).
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[2] M. Borchert, et al., Optica 10, 450 (2023).
[3] M. Borchert et al., Rev. Sci. Instrum. 94, (2023).
[4] L. Lunin, M. Borchert, et al., in review.
[5] B. Pfau et al., Nat. Commun. 3, 1100 (2012).
[6] D. Zusin et al., Phys. Rev. B 106, 144422 (2022).
[7] N. Zhou Hagström et al., Phys. Rev. B 106, 224424 (2022).
[8] D. Schick, Comput. Phys. Commun. 266, 108031 (2021).
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Complementary Insights into Ultraast Element- and Lengthscale-
specific Dynamics
Author: Laura Foglia1

1 Elettra Sincrotrone Trieste S.c.p.A

Corresponding Author: laura.foglia@elettra.eu

The properties and functionalities of solids, molecules and hybrid compounds used in modern tech-
nology is dictated by the interplay between the electronic, lattice and spin degrees of freedoms.
Pump-probe techniques are ideal to selectively investigate their time evolution and disentangle com-
plex processes. Their extension to the Extreme Ultraviolet and X-ray regime allows element speci-
ficity and the possibility to access meso- and nanoscopic length scales.
In this talk I will introduce two spectroscopy techniques aiming at accessing the mesoscopic range,
inaccessible with common optical laser spectroscopies or X-ray and neutron scattering experiments.
I’ll start by showing how Extreme Ultraviolet (EUV) Transient Grating spectroscopy, pioneered at
the FERMI free electron laser, accesses thermo- and magnetoelastic properties of matter. Then, I’ll
discuss its complementarity with the recently demonstrated extension to the hard X-ray. Finally, I
will present EUV diffuse scattering as a complementary technique and address how it could poten-
tially be performed at synchrotrons with ps time resolution.

Talks Wed Morning 

Skyrmion Dynamics Using FMR In Resonant Elastic X-ray Scat-
tering
Author: Gerrit van der Laan1

1 Diamond Light Source

Corresponding Author: gerrit.vanderlaan@diamond.ac.uk

Magnetic diffraction using x-ray detected ferromagnetic resonance (DFMR) offers a powerful and
novel technique for performing time-resolvedmeasurements on individual spin textures [1,2]. DFMR
combines FMR and circular dichroism in REXS as pump and probe, respectively. This allows us to
study the element-, layer-, and mode-selective magnetisation dynamics by stroboscopic probing, uti-
lizing the time structure of the synchrotron (∼500 MHz). The radio-frequency field that drives the
spin precession is synchronized with the x-ray pulses using the clock of the synchrotron such that
each x-ray pulse measures the magnetisation cone at precisely the same point in the precession cycle
[3].

We studied the FMR modes of both the conical and field-polarized phases in the chiral magnet
Cu2OSeO3 [4]. Following the identification of these modes at different temperatures using broad-
band vector network analyser FMR, we used DFMR on the crystalline (001) Bragg peak to reveal
the time-dependent spin configurations of the selected FMR modes. By being able to measure both
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the amplitude and phase response of the spin system across the resonance, a continuous phase ad-
vance (by 180°) in the conical mode and a phase lag (by −180°) in the field-polarized mode is found.
By performing dynamic measurements in the conical phase as a function of the linear polarization
angle of the x-rays, i.e., successively probing the dynamics of the moments, we found an inversion
of the dynamics along the conical axis upon inverting the applied field direction. By enabling time-
resolved measurements of the phase and amplitude of individual magnetic structures, DFMR opens
new opportunities for obtaining a deeper understanding of the complex dynamics of chiral magnets.
REFERENCES
1. D. M. Burn, S. L. Zhang, K. Zhai, Y. Chai, Y. Sun, G. van der Laan, and T. Hesjedal. Mode-resolved
detection of magnetization dynamics using diffractive ferromagnetic resonance. Nano Lett. 20, 345
(2020).
2. G. van der Laan and T. Hesjedal. X-ray detected ferromagnetic resonance techniques for the study
of magnetization dynamics. Nucl. Instrum. Meth. B 540, 85 (2023).
3. G. van der Laan. Time-resolved x-ray detected ferromagnetic resonance of spin currents. J. Elec-
tron Spectrosc. Relat. Phenom. 220, 137-146 (2017)
4. D. M. Burn, S. L. Zhang, G. van der Laan, and T. Hesjedal. Time-resolved measurement of spin
excitations in Cu2OSeO3. Phys. Rev. B 106, 174409 (2022).
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Corresponding Author: hermann.durr@physics.uu.seSpin waves are the fundamental excitations in magnetic systems. At low densities, they behave as
independent quasiparticles that canmediate solid-state interactions such as superconducting pairing
or can be used to transport information in technology. At sufficiently high densities, spin waves can
condense into solitons that derive their stability from nonlinear spin precession. Nonequilibrium
conditions via demagnetization with a femtosecond (fs) laser pulse provide an alternative generation
mechanism for spin-wave solitons [1] and skyrmions [2] as seen by time-resolved soft x-raymagnetic
scattering [1,2]. Spin-wave solitons nucleated in FePt nanoparticles of ~16nm size are characterized
by an in-plane spin precession at the soliton boundary. We have recently shown that this spin
precession perturbs the lattice by means of the magneto-elastic coupling [3]. Here we show new
experiments performed at the European XFEL that identify the formation of spin-wave soliton in
the smaller FePt particles with the average size of 7 nm. Such a spin-wave soliton would have the
smallest size of 5 nm, and the fastest precession frequency of 0.12 THz, observed so far. This new
information allows us to address the scaling of spin-wave soliton in the FePt nanoparticles, as well
as the aspects of spin-lattice coupling and other related non-equilibrium magnetic phenomena in
material with exchange length approaching the atomic scale.
REFERENCES
1. E. Iacocca, et al., Nat. Commun. 10, 1756 (2019).
2. F. Büttner, et al., Nat. Mater. 20, 30 (2021).
3. D. Turenne, et al., Sci. Adv. 8, eabn0523 (2022).
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Ultrafast manipulation of magnetic order has challenged our understanding of the fundamental and
dynamic properties of magnetic materials. Until now, single-shot magnetic switching has been lim-
ited to ferrimagnetic alloys, multilayers, and engineered ferromagnetic heterostructures [1-2]. In
ferromagnetic (FM)/antiferromagnetic (AFM) bilayers, the exchange bias field (He) arises from inter-
facial exchange coupling and reflects the microscopic orientation of the antiferromagnet [3]. In our
previous studies, we demonstrated single-shot switching of the antiferromagnet using a single fem-
tosecond laser pulse in IrMn/CoGd bilayers (ref). We have shown that the exchange bias field can be
manipulated across a wide range of laser fluences, layer thicknesses, and compositions [4]. We will
show in the presentation that using element-specific circular dichroism X-ray resonant magnetic
scattering (CD-XRMS), we can directly probe the depth and temperature dependence of uncompen-
sated antiferromagnetic spins at the IrMn/CoGd interface. A time-resolved CD-XRMS experiment is
scheduled at the FERMI free-electron laser facility to further investigate the ultrafast switching dy-
namics of Co and Mn in an element-selective manner. These dynamics are expected to reinforce our
observation of ultrafast exchange bias switching. Our results present the fastest and most energy-
efficient method for setting the exchange bias to date, opening new avenues for ultrafast spintronic
device applications.
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The emergence of d-wave superconductivity from the Mott insulating state in the cuprates is widely
understood to result from the action of strong electron-electron interactions. Nevertheless, the par-
allel role of the electron-phonon interaction in defining the cuprate phase-diagram is highlighted
by the ubiquitous presence of charge-density-wave correlations in these materials. Although non-
equilibrium studies have reported the observation of a transient superconducting state generated in
response to the resonant pumping of select phonon modes [1], relatively little is understood about
the dynamic properties of the electron-phonon interaction itself. Using time-resolved resonant x-ray
scattering from La1.65Eu0.2Sr0.15CuO4 we studied the dynamic evolution of charge-density-wave or-
der in response to ultrafast optical excitation, as a function of temperature and excitation fluence
[2]. In a recent follow-up investigation, we tracked the corresponding structural dynamics across
a wide doping range in both La1.6−xNd0.4SrxCuO4 and La1.8−xEu0.2SrxCuO4, which demonstrates
that the transfer of energy from the transiently excited electronic system to the lattice becomes
more rapid by at least one order of magnitude when entering the charge-density-wave phase. Most
intriguingly, we demonstrate that the electron-phonon interaction strength can be renormalized by
manipulating electronic degrees of freedom alone, thereby allowing ultrafast control of the electron-
phonon coupling in these cuprates.

References:
1. D. Fausti et al. Science 331, 189–191 (2011).
2. M. Bluschke, N. Gupta et al. PNAS 121, e2400727121 (2024).
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Ultrafast spin manipulation carries great potential for future information technology. Ferromagnets,
which are commonly studied in this context, are limited by the dissipation of angular momentum.
This is not the case for antiferromagnets, which offer both the prospect of faster and more efficient
spin dynamics, as well as the possibility to exploit magnetic properties that are unavailable in ferro-
magnets. One such property is the internal arrangement of the spins. Controlling this arrangement
can alter how the antiferromagnet stores data, interacts with neighboring materials, and more.
Resonant X-ray diffraction is commonly used to study spin arrangements in antiferro-magnets, and
the azimuthal dependence of diffracted intensity can be collected. This information is particularly
important when the Ewald sphere is limited by the use of soft X-ray resonance, so only a few reflec-
tions can be recorded.
Here I will discuss femtosecond soft X-ray resonant diffraction studies of antiferromagnetic spin
dynamics. In these projects we take advantage of azimuthal angle dependences to disentangle the
rearrangement of spin order from the “usual”demagnetization. We demonstrate deterministic ultra-
fast control of the spin arrangement, and we use the dynamic azimuthal data to retrieve intrinsic
material properties associated with the spin dynamics.
The materials of focus are Lanthanide-based intermetallics [1-3].

REFERENCES
1. Y. W. Windsor et al., Communications Physics 3, 139 (2020)
2. Y. W. Windsor et al., Nature Materials 21, 514–517 (2022)
3. S.-E. Lee, et al., Phys. Rev. Research 6, 043019 (2024)
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Since the discovery of ultrafast demagnetization occurring on sub-picosecond timescales [1], numer-
ous intriguing phenomena have been observed, especially in ferrimagnetic rare-earth (RE)–transi-
tion metal (TM) alloys [2]. In these materials, the two sub- systems exhibit distinct ultrafast magne-
tization dynamics when subjected to a femtosecond infrared pulse. For exemple, this has also been
observed in CoTb thin films [3], but Co and Tb were probed separately so far, preventing the study
of a possible difference in the onset of the Co and Tb demagnetization as seen in other alloys [4].
Furthermore, the optically-induced change of the magnetic structure observed in [3] highlights the
need for systematic measurements.

We performed time-resolved Small-Angle X-ray Scattering (Tr-SAXS) at theDIPROI beamline (FERMI)
to study CoTb alloys after femtosecond laser excitation. Using FERMI’s dual-wavelength X-ray
pulses, we probed simultaneously Co 3d and Tb 4f electrons at their respective absorption edges
(58.9 eV and 150.5 eV), enabling element-specific, nanometer-resolved magnetization dynamics. By
fitting the azimuthal integration of the scattered intensity we can extract the dynamics of the magne-
tization amplitude, domain size and domain size distribution for both TM and RE. We observed two
demagnetization regimes: a fast sub-ps quenching and a slower picosecond-scale reduction, linked
to anisotropy changes. Additionally, we detected a 2% domain size reduction within 500 ps and the
emergence of a surface acoustic wave mediated by sample roughness [5].
REFERENCES
1. E. Beaurepaire et al.; Phys. Rev. Lett., 1996, 76, 22.
2. P.Scheid et al., J. Magn. Magn. Mater., 560, 169596 (2022).
3. M. Hennes et al.; Phys. Rev. B, 2020, 102, 17, 174437.
4. S. Jana et al.; Appl. Phys. Lett., 2022, 120, 10, 102404.
5. F. Capotondi et al.; Proc. SPIE, 2025, 12854, PC135360M.
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Antiferromagnetic (AF) spintronics is a promising route towards more efficient and stable devices,
because antiferromagnets are less susceptible to external fields and foster a broad range of mag-
netic interactions with the potential for higher speeds and energy efficient manipulation. However,
their self-cancelling magnetic moment makes the interaction with magnetic order challenging. One
way to achieve this is to utilize the magnetic anisotropy (MA) to manipulate the spin arrangement
which was demonstrated recently using ultrafast optical excitation [1]. External magnetic fields, as
regularly used in ferromagnetic materials, can also have a strong influence on MA, providing an
additional control knob on the AF magnetic order. Therefore, understanding the interaction of laser
excitation induced transient MA with magnetic fields is of strong interest. To this end, we perform
femtosecond time-resolved resonant soft X-ray diffraction (RSXRD) in the prototypical A-type anti-
ferromagnet GdRh2Si2. Consistent with our previous study, we observe an ultrafast rotation of the
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AF arrangement of Gd 4f spins followed by coherent oscillations of the AF order as a consequence
of a light-induced change in the MA potential.
Remarkably, while the AF order undergoes a spin-flop transition upon increasing magnetic field, the
oscillations persist and their frequency increases while the amplitude of reorientation upon photoex-
citation reverses its direction. To understand our observations, a phenomenological model is built
based on the MA potential and Zeeman energy as two competing mechanisms, which reproduces
the key features of the observed ultrafast dynamics. Our results demonstrate magnetic field control
of the MA potential and may offer a new way towards deterministic control of spin order using
combined electromagnetic and magnetic fields.
[1] Windsor et al. Commun Phys 3, 139 (2020)
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It has been known that soft x-ray magnetic reflectivity is a technique for studying the magnetization
profile, and therefore interfacial effects, in thin films with perpendicular magnetic anisotropy [1].
This specificity is related to the photon wavelength in the energy range, which allows measuring
the reflectivity at very large angles and therefore being sensitive to the out-of-plane component of
the magnetization [2]. Until now, studies were limited to magnetic layers whose magnetization was
close to saturation at remanence [1,3,4].
We report on the implementation of a new magnetic device in the RESOXS chamber dedicated to
x-ray resonant magnetic scattering and reflectivity in the soft x-ray range at the SEXTANTS beam
line at SOLEIL. Based on five water cooled coils, it allows not only to applied the magnetic field in
all the directions in the sample plane but also perpendicular to it. The amplitude of the field can
be varied from -0.7 to +0.7T in the sample plane, which represents an increase by a factor 3.5 with
respect to the initial device, and from -0.4 to +0.4T out-of-plane (-0.7 to 0.7 is aimed shortly) which
is unique in the world to the best of our knowledge. The magnetization device allows reflectivity
measurements over a large angular range, from 0 to 72° in the horizontal plane. The device capabil-
ities (Fig. 1a) are illustrated by out-of-plane hysteresis loops exhibiting inversion sequences of 2-
and 5-layer magnetic heterostructures at large and small applied field, respectively (Figs. 1a and 1b).
Figure 1c displays the magnetic asymmetry variations at 3 particular field values for the latter. A
reorganization of a skyrmion lattice induced by out-of-plane field was also evidenced (Fig. 1e) using
CD-REXS [5].

1. J.-M. Tonnerre et al., Phys. Rev. Lett. 100, 157202 (2008)

2. J.-M. Tonnerre, et al., Eur. Phys. J. Special Topics 208, 177 (2012)

3. J.-M. Tonnerre, et al., Phys. Rev. B 84, 100407(R) (2011)

4. V. Bansal et al., AIP Advances 12, 035129 (2022)

5. J.Y. Chauleau et al., Phys. Rev. Lett. 120, 037202 (2018)
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MnGe is a cubic helimagnet belonging to the B20 family of compounds known to host skyrmion
phases. MnGe exhibits the shortest helical wavelength among these compounds that varies between
3 nm at low temperature, up to 6 nm at the ordering temperature near 200 K. While skyrmions
have not been observed in this material, there are reports of a unique topological magnetic phase
consisting of localized three-dimensional spin textures called spin-hedgehogs at low temperature
[1]. Other studies claim that this phase is not topological, but rather a multi-domain helical state
[2,3].

We present a study of MnGe(111) films where the thickness is comparable to the helical pitch. In
this thickness limit, the twisting of the magnetic textures at the surfaces play an important role in
the stability of the magnetic phases. The growth of MnGe films was facilitated by the development
of atomically smooth non-magnetic B20 CrSi buffer layers on Si(111) substrates, which replaced the
need for the magnetic B20 MnSi or FeGe layers used by others [1,2]. MnGe films with thicknesses
between 2.5 nm and 23 nm were measured by resonant X-ray magnetic reflectometery (RXMR). For
the thicker films, RXMR shows helical magnetic order that has a wavelength that is shorter than
bulk, and with wavevector along the film normal. At low temperature, no evidence of topological
textures was found. For film thicknesses below 9 nm, we discovered evidence for a reorientation
of the helical state from out-of-plane to in-plane, revealing the influence of surfaces twists in this
material.

REFERENCES
1. N. Kanazawa, J. S. White, H. M. Rønnow, C. D. Dewhurst, D. Morikawa, K. Shibata, T. Arima, F.
Kagawa, A. Tsukazaki, Y. Kozuka, M. Ichikawa, M. Kawasaki, and Y. Tokura. Phys. Rev. B 96, 220414
(2017).
2. J. Repicky, P.-K. Wu, T. Liu, J. P. Corbett, T. Zhu, S. Cheng, A. S. Ahmed, N. Takeuchi, J. Guerrero-
Sanchez, M. Randeria, R. K. Kawakami, and J. A. Gupta. Science 374,1484 (2021).
3. A. Yaouanc, P. Dalmas de R´eotier, A. Maisuradze, and B. Roessli. Phys. Rev. B 95, 174422
(2017).
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ABSTRACT
Electrical control of magnetisation offers a promising alternative to conventional external magnetic
fields for manipulating magnetic materials. This work investigates the current driven magnetisation
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reversal in CoFeTaB/Pt taking advantage of the magnetisation direction and the polarisation depen-
dence of the X-ray scattering cross-section [1]. A current is applied perpendicular to the scattering
plane to induce magnetisation reorientation within the plane [2]. Hysteresis curves are measured
during the current cycle using both positive circular (pc) and negative circular (nc) polarisation at
Fe-L3 resonance. The asymmetry ratios ((Rpc-Rnc)/(Rpc+Rnc)) derived from the X-ray magnetic
reflectivity (XRMR) measured during the current cycle indicate transitions between two magnetic
states. The XRMR measurements are performed in these magnetic states with circular polarisation
as a function of angle. The asymmetry ratios in this case show slight variations in both magnetic
states. The measurements with linear polarisation (sensitive to the out of scattering plane compo-
nents of magnetisation) show significant asymmetries, suggesting a substantial perpendicular mag-
netisation component in the current-driven states and hence, incomplete magnetisation switching
with applied current [3]. The optical modelling suggests that the magnetisation switching occurs
primarily in the region close to the interface. Therefore, the interfacial magnetisation is probed
by proximity-induced magnetism in the Pt layer. The XRMR measurements at Pt L3 edge during
a current cycle reveal a hysteresis curve with sharp transitions between two magnetic states. The
measurements on field driven hysteresis curves show that the Pt moments are aligned transverse to
the bulk CoFeTaB magnetisation. The application of electric current results in the reorientation of
this transverse magnetisation only, resulting in the incomplete magnetisation switching of the film.
REFERENCES
1. R. Fan, Kiranjot, R.O.M. Aboljadayel, K. Alsaeed, P. Bencok, D.M. Burn, A.T. Hindmarch, P. Stead-
man., J. Synchrotron Radiat. 31, 493 (2024).
2. D. M. Burn, R. Fan, O. Inyang, M. Tokac, L. Bouchenoire, A.T. Hindmarch, P. Steadman, Phys Rev
B 106, 094429 (2022).
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Appl. Phys. 63, 098004 (2024).
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Noncollinear spin structures have received tremendous interest in recent years as they
provide a versatile platform for spin control and manipulation desirable for spintronics1.
Realization of noncollinearity in ferrimagnetic insulators is of particular interest as the
combined effect of both ferro- and antiferromagnetic orders opens up opportunities for their poten-
tial utilization in low-damping spintronic devices with desirable magnetic order and minimal stray
fields2.

Inverse spinel nickel ferrite is a classical ferrimagnetic insulator with a collinear in-plane magnetic
structure3. The substitution of Zn and Al in the nickel ferrite (NiZAF) makes it an excellent choice
especially for low-damping spintronics4. However, the realization of noncollinearity together with
low-damping has remained challenging so far. Here we show
the evidence of noncollinearity in the ultrathin films (3-5 nm thickness) of NiZAF induced by the rare
earth ion Dy3+-doping. Motivated by our in-house laboratory measurements (SQUID and MOKE)
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and XMCD experiments using synchrotron x-rays, we performed soft x-ray resonant magnetic re-
flectivity (XRMR)5 and related simulations to probe the magnetic depth profile. The magnetic asym-
metry analysis for the Fe-L3 edge (Fig. 1a) using Dyna software shows nice agreement for a model
considering an in-plane spiral-type spin structure with weak out-of-plane magnetization compo-
nent, confirming the noncollinear (and noncoplanar) spin- configuration in the Dy-doped NiZAF.
This spiral spin structure for the Fe-spins is sketched in Fig. 1b. We attribute the stabilization of
such noncollinearity to the formation of a local strain field created by the Dy3+ (evidenced by Dy-
L3 EXAFS analysis) thereby involving local space- inversion symmetry breaking and emergence of
asymmetric Dzyaloshinskii-Moriya interaction.This is supported by our first-principle DFT calcula-
tions.
The realization of noncollinear spin structure in the insulating spinel-ferrite opens further pathway
to explore the possibility of chiral magnetic domain and topological spin textures (e. g., skyrmions)
potential for the oxide-based spintronic applications.
This work is supported by the DFG (grant no. Mo 4198/2-1) and FWF (grant no. I-5384).
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21, 24-34 (2022).
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Magnetic REXS (RMXS) has been used for many years as a complementary tool to neutron scattering
for the determination of magnetic structures. Although limited in many cases by the small size of
the Ewald sphere, RMXS has two great advantages over neutron scattering: firstly, an exquisite
control of the incident and scattered polarisation, analogous to neutron spherical polarimetry (NSP)
but without the requirement of zero magnetic field on the sample; and, secondly, beam spots in
the range of tens of micrometers, enabling one to isolate and study individual domains in multi-
domain samples and to image them as a function of parameters such as temperature, magnetic and
electric fields. These approaches were successfully applied to the field of multiferroics1,2, where
one encounters particularly rich phase diagrams that are highly suitable for RMXS imaging at these
length scales. In these studies, limited attention was often paid to the underlying spectroscopy:
a common approach was to maximise the magnetic resonance signal and assume that this arose
principally from a E1-F(1) term with spherical symmetry.

Later, a growth of interest for real-space topological structures such as skyrmions prompted a sig-
nificant evolution of this approach. The highly disordered nature3,4-6 or sometimes the complete
absence of a magnetic lattice or propagation vector drove the requirements for much higher resolu-
tion in real space, down to a few nanometres. Moreover, individual topological structures are much
larger than the structural unit cell, which means that most of the magnetic scattering occurs at small
angle even with soft X-rays. A natural connection can then be made, via the optical theorem and
the Kramers–Kronig relation, between RMXS and related scattering techniques and X-ray absorp-
tion spectroscopy (XAS) and imaging. In particular, the well-developed spectroscopic framework
developed in the context of XAS is increasingly being employed for RMXS and RMX imaging, very
often in conjunction with real-space reconstruction of RMX images via holography7 and ptychogra-
phy.

The current worldwide trend in synchrotron radiation source upgrades is heralding a true revolu-
tion in the way we think about magnetic scattering. Dichroic small-angle RMXS imaging in 2D
(ptychography) and 3D (laminography) will become routine, thanks to powerful real-time image
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reconstruction techniques. Two challenges can be envisaged in the near future: to design suitable
sample environments (especially difficult with soft X-rays) and to exploit the full spectroscopic and
tensorial framework beyond the ‘pretty pictures’.
REFERENCES
1. F.P. Chmiel, Phys. Rev. B 100, 104411 (2019)
2. Jiahao Chen et al., Phys. Rev. B 110, 134410 (2024).
3. N. Waterfield Price et al., Phys. Rev. Lett. 117, 177601 (2016)
4. F.P. Chmiel, et al.. Nature Materials 17, 581-585 (2018)
5. H. K. Jani, et al. Nature 590, 74-79 (2021).
6. H.K. Jani et al., Nat. Mater. 23, 619–626 (2024).
7. J. Harrison, et al., Optics Express 32(4), 5885-5897 (2024).

Talks Thursday Morning 

Helicities o Magnetic Skyrmion Lattices Studied by Circularly 
Polarized Resonant X-ray Scattering
Author: Takeshi MatsumuraNone

In noncentrosymmetric magnetic materials, various types of nontrivial magnetic structures are real-
ized as a result of competing interactions of symmetricmagnetic exchange interaction, Dzyaloshinskii-
Moriya type antisymmetric exchange interaction, and Zeeman energy in external magnetic fields,
especially in Gd and Eu compounds with weak crystal field anisotropy. In many cases, they are non-
collinear or non-coplanar structures associated with incommensurate spiral ordering. In this talk,
we focus on the tetragonal EuTGe3 family without an inversion center but with mirror planes in-
cluding the c-axis (space group I4mm). From our recent studies on EuIrGe3, EuNiGe3, and EuRhGe3,
using circularly polarized resonant X-ray diffraction to investigate magnetic helicities, it was clari-
fied that each compound exhibits distinctive ordering phenomena reflecting competing interactions.
In EuIrGe3, successive transitions take place from sinusoidal (m || c) to cycloidal (m || ac or bc) struc-
tures with a tiny reorientation of the propagation vector from q=(0, 0, 0.792) to (0.017, 0, 0.792). Each
of the four cycloidal domains has its own helicity. In EuNiGe3, single-q helical ordering at zero field
with q=(0.26, 0.053, 0) transforms into a triple-q distorted triangular skyrmion lattice state in a mag-
netic field. Surprisingly, the original helicity at zero field is reversed to form a skyrmion lattice with
unified helicity. In EuRhGe3, in contrast, the helical order propagating along the c-axis is free from
the antisymmetric interaction.

REFERENCES
1. T. Matsumura et al., J. Phys. Soc. Jpn. 91, 073703 (2022). (arXiv:2206.06596).
2. K. Kurauchi et al., J. Phys. Soc. Jpn. 92, 083701 (2023). (arXiv:2306.12669).
3. T. Matsumura et al., J. Phys. Soc. Jpn. 93, 074705 (2024). (Open Select).
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Non-colinear spin structures have gained interest due to their connection to multiferroicity. One
of most well-known examples of such materials is the helical antiferromagnetic Holmium. The oc-
currence of domain-wall fluctuations over a wide range of time scales has been observed [1]. These
fluctuations show a slow dynamic on the order of nanoseconds to seconds and are important to un-
derstand thermally-activated magnetization reversal processes. In order to probe these dynamics,
techniques with nanometer spatial resolution and nanosecond temporal resolution are necessary
and thus making X-ray photon correlation spectroscopy (XPCS) the ideal method. However, the
temporal resolution in the soft X-ray range is often-case still limited, among others due to the detec-
tor as well the lack of coherent soft X-ray scattering beamlines in fourth-generation sources. Until
now, the dynamics of Ho on the micro- to nanosecond scale has therefore not been investigated
yet.

In order to increase the temporal resolution in XPCS, we have recently commissioned a mobile
resonant scattering endstation at the new coherent scattering beamline SoftiMAX at the fourth-
generation synchrotron source MAX IV, Sweden. Even with a slow readout CCD, this setup com-
bined with the high coherent flux provided new intriguing insights into the dynamics of domain
fluctuations: Over only a small temperature range of 10 K the dynamics change by more than two
orders of magnitude. In the long-term, the goal of this instrument is to push the resolution down to
the nanosecond scale and enable single-shot XPCS in the soft X-range at synchrotrons.

[1] Konings et al., Physical Review Letters 106, 7 077402 (2011).
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Investigating Charge Density Waves with Resonant Scattering
Author: Mirian Garcia Fernandez1
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High-Tc superconductors represent one of themost intriguing challenges of condensedmatter physics.
Over the years, plenty of effort has been devoted to address two fundamental questions: What is the
microscopic mechanism for superconductivity and how can the superconducting transition temper-
ature be elevated?
Although these questions remain still unanswered, it has been revealed that in several unconven-
tional superconductors the superconducting phase co-exists and sometimes competes with other
types of order like charge density waves (CDW), nematic order and several forms of magnetic or-
der.
Consequently, a possible way to optimize superconductivity could arise from tunning the relation-
ship between superconductivity and other existing ordered phases. To be able to accomplish this,
identifying and understanding ordered phases in unconventional superconductors is essential.
In this talk it will be presented how over the last decade Resonant X-ray Scattering has emerged as
a unique tool to investigate CDW and more precisely how the new generation of Resonant Inelastic
X-Ray Scattering (RIXS) beamlines have contributed to these studies.
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Resonant Scattering Investigations o Density Wave Ordering in 
the Bilayer Nickelate La3Ni2O7
Author: Kyle Shen1

Co-authors: Chris Parzyck 1; Darrell Schlom 1; David Hawthorn 2; Yi Wu 1

1 Cornell University
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CorrespondingAuthors: kmshen@cornell.edu, yw2522@cornell.edu, david.hawthorn@uwaterloo.ca, schlom@cornell.edu,
parzyck@stanford.edu

The discovery of high-temperature superconductivity in La3Ni2O7 under has motivated the investi-
gation of parent or competing phases which could shed light on the underlying pairing interaction
and phase diagram. Here, we employ resonant elastic and inelastic soft x-ray scattering and po-
larimetry on thin films of bilayer La3Ni2O7 to reveal the existing of a spin density wave (SDW)
which forms unidirectional diagonal spin stripes with moments lying within the NiO2 plane and
perpendicular to the SDW wavevector. These stripes form anisotropic domains with shorter corre-
lation lengths perpendicular versus parallel to the SDW wavevector, revealing nanoscale rotational
and translational symmetry breaking analogous to the cuprate and Fe-based superconductors [1].
In addition, we also investigate another polymorph of La3Ni2O7, a repeating monolayer-trilayer
structure (so-called “1313”) and compare the magnetic excitations and ordering between the two
polymorphs.
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Anisotropic Mesoscale Spin Structures In Non-Centrosymmetric 
Magnets Unveiled By Resonant Small-Angle X-ray Scattering
Author: Victor Ukleev1
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Corresponding Author: victor.ukleev@helmholtz-berlin.de

Resonant elastic small-angle soft x-ray scattering (SAXS) is a unique and powerful tool that offers
ultimate reciprocal-space resolution, enabling the study of long-periodic spin textures in noncen-
trosymmetric magnets. Its distinctive sample environment facilitates the exploration of previously
uncharted spin texture transformations and allows for the extraction of small parameters that are
inaccessible through other methods [1,2]. In this comprehensive study, we present recent SAXS
studies on the noncentrosymmetric magnets Co8Zn8Mn4 and FeNiPdP.
Co8Zn8Mn4 is a cubic chiral magnet that hosts Bloch-type skyrmions at room temperature. Here,
we employed SAXS in a vector magnetic field to control the propagation vector of magnetic spirals
in order to extract the magnitude of anisotropic exchange interaction (AEI) as a function of temper-
ature [2].

FeNiPdP (space group I4̅m2) has demonstrated the ability to host antiskyrmion spin textures [3]
at room temperature [4]. Furthermore, due to the interplay between anisotropic Dzyaloshinskii-
Moriya interaction and dipolar interaction, these textures can transform into elliptic Bloch-type
skyrmions or non-topological magnetic bubbles when subjected to magnetic fields applied at an an-
gle to the sample’s c-axis. Previous studies using Lorentz transmission electron microscopy (LTEM)
were limited to investigating tilting angles of up to approximately 45 degrees. In contrast, advance-
ments in soft x-ray instrumentation now allow for the investigation of nanometric magnetic modu-
lations under extreme sample conditions through resonant SAXS.
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These comprehensive studies using SAXS not only reveal the rich and exotic magnetic phase dia-
grams of noncentrosymmetric magnets but also enhance their tunability, providing a significant
platform for further fundamental research and potential applications in energy-saving technolo-
gies.

REFERENCES
1. P. R. Baral, et al., Phys. Rev. Res. 5, L032019, (2023).
2. V. Ukleev, et al., Phys. Rev. B 109, 184415, (2024).
3. A.K. Nayak, et al., Nature 548, 561, (2017).
4. K. Karube, et al., Nature Materials 20, 335, (2021).
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: In the centre of our here presented work was the Heusler compound Mn1.4PtSn characterized by
anisotropic DMI and known to host various chiral spin textures. In this study, we employed a combi-
nation of REXS and micromagnetic simulations to reveal distinct features consistent with a fan-like
[1] spin structure and its field driven evolution under increasing in-plane magnetic fields. Starting
from the chiral ground state (π-CSL [2]) of Mn1.4PtSn, this field-induced transition is accompanied
by a change in the quasi-one-dimensional magnetic topology via symmetry breaking. The resulting
fan state exhibits oscillatory spin arrangements confined to a finite angular range about the field
direction and lacks topological winding.
Fan structures are traditionally observed in non-chiral systems such as Yoshimori-type helimagnets,
where competing nearest- and next-nearest-neighbor exchange interactions stabilize helices of both
chiralities [2]. These can smoothly transform into fan phases under transverse magnetic fields with-
out an energy penalty [1,4]. In contrast, the emergence of a fan-like spin texture in chiral magnets
such as Mn1.4PtSn is unusual. Here, DMI enforces a fixed chirality, making the fan energetically
unfavorable by the DMI [1]. Historically, this has excluded fan states from consideration in DMI-
active systems.
Only recently, LTEM studies on the monoaxial helimagnet MnNb3S6 have reported domain-like
patterns reminiscent of fan structures [6,7]. However, due to limited spatial resolution and similar-
ities with stripe phases, these observations remain inconclusive [8]. Building on these findings, we
present the first unambiguous experimental identification of fan-like magnetic textures in a chiral
magnet, resolving ambiguities that have limited previous observations.
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Methods using coherent X-ray beams have blossomed with 3rd generation facilities and
are now benefiting from the huge brilliance increase of 4th generation facilities. The interest in com-
bining the REXS contrast with X-ray coherence has been recognised very early [1].
Coherence-based methods rely on the measurement of a portion of the reciprocal space with a 2D
detector. Data analysis tools, developed for the vastly dominant case of Thomson scattering, assume
a uniform polarisation of the scattered X-rays. This assumption does not hold when REXS is in-
volved, except in a few particular cases, due to its complex polarisation dependence [2]. Extraction
of the REXS contrast then requires varying the polarisation of the incident beam and/or analysing
the scattered beam, which is routinely done with point detectors but not with 2D detectors.

I will present a few ideas and results about the possibility to perform a polarisation
analysis with a physical analyser and with an algorithmic analyser [3].

REFERENCES
1. F. Yakhou et al., ESRFNewsletter 32, 12-13 (1999), https://www.esrf.fr/Apache_files/Newsletter/NL32.pdf
2. J. P. Hill and D. F. McMorrow, Acta Cryst. A52, 236-244 (1996).
3. M. Di Pietro Martinez et al, Phys. Rev. Lett. 134, 016704 (2025).
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The interaction of polarized light beams with magnetic materials defines the rich set of tools in
magneto-optics, covering photon energies from infra-red to hard x-rays. Circular polarization im-
prints a well-defined handedness on the photon beam, associated with a spin angular momentum
(SAM) σ = ±1. It remains less common to exploit the orbital angular momentum (OAM) of value L
(ϵ ℤ) carried by light vortices, i.e. by photon beams characterized by a helical wavefront determined
by the azimuthal angular dependence of the electric field phase. Nonetheless, the use of OAM beams
in the visible range has found important applications over the last three decades [1].

More recently, the generation of OAM beams at shorter wavelengths, from XUV to hard x-rays [2-
7], is also finding an increasing number of applications, often based on extrapolations of previous
work carried out in the visible range. For instance, as it happened for the SAM, it was shown that
the handedness imposed by the OAM can be exploited to perform x-ray spectroscopic studies of
magnetic materials [4] and of chiral molecules [5], and a recent ptychography study [6] showed that
the attainable spatial resolution in the reconstructed XUV images increases with ℓ.

We will review recent extensions of OAM beams from visible to shorter wavelengths, with focus
on potential applications in element-selective x-ray spectroscopy and imaging at synchrotron and
free-electron laser sources [7].

REFERENCES
1. Y. Shen et al., Optical vortices 30 years on, Light: Sci. & Appl. 8 (2019). K.A. Forbes et al., Or-
bital angular momentum of twisted light: chirality and optical activity, J. Phys. Photonics 3, 022007
(2021).
2. R. Géneaux et al., Synthesis and characterization of attosecond light vortices in the extreme ultra-
violet, Nat. Comm. 7, 12583 (2016); P.R. Ribič et al., Extreme-ultraviolet vortices from a free-electron
laser, Phys. Rev. X 7, 031036 (2017).
3. M. Fanciulli et al., Electromagnetic theory of Helicoidal Dichroism in reflection from magnetic
structures, Phys. Rev. A 103, 013501 (2021); T. Ruchon, M. Fanciulli, M. Sacchi, Magneto-Optics
with light beams carrying orbital angular momentum, in The 2022 magneto-optics roadmap (Edited
by A. Berger and P. Vavassori), J. Phys. D: Appl. Phys. 55, 463003 (2022).
4. J.S. Woods et al., Switchable x-ray orbital angular momentum from an artificial spin ice, Phys.
Rev. Lett. 126, 117201 (2021).
5. J. R. Rouxel et al., Hard X-ray helical dichroism of disordered molecular media, Nature Phot. 16,
570 (2022).
6. M. Pancaldi et al., High-resolution ptychographic imaging at a seeded free-electron laser source
using OAM beams, Optica 11, 403 (2024).
7. M. Fanciulli et al., Observation of magnetic helicoidal dichroism with extreme ultraviolet light
vortices, Phys. Rev. Lett. 128, 077401 (2022); Magnetic Vortex Dynamics Probed by Time-Resolved
Magnetic Helicoidal Dichroism, Phys. Rev. Lett. 134, 156701 (2025).
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The soft X-ray beamline at ESRF (ID32) provides X-rays in the energy range 400 eV –1800 eV to
perform polarization dependent spectroscopic studies of magnetic and electronic properties of mat-
ter, with the main end-stations specialized in X-ray Resonant Inelastic Scattering (RIXS) and X-
ray Magnetic Circular Dichroism (XMCD) measurements. In addition, a small side-station located
in the experimental room designed to host specific and/or user end-stations is dedicated to trans-
mission holography experiments on magnetic samples, with time-resolved and 3D magnetic holo-
tomography capabilities.
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The end-station is equipped with a fast scientific grade fully in-vacuum sCMOS camera from Axis
Photonique (developed by synchrotron SOLEIL), provides a 0.4 T magnetic field along the beam
direction and a combination of sample rotations and translations enabling a variety of holographic
measurements to be performed.
Examples on studies of magnetic vortices, Landau domain wall structures and 3d magnetic tomo-
holography together with a detailed description of the experimental setup will be given.

The Extremely Brilliant Source (ESRF upgrade phase 2) has boosted the partial degree of coherence
of the ID32 source by a factor 10, approaching 50%, satisfactorily preserved throughout the numer-
ous beamline optical elements. The examples listed above will illustrate how challenging coherent
scattering experiments onmagnetic materials can be better (or more easily) performed on a beamline
optimized for magnetism rather than coherence.
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Magnetic nano-domain microscopy and topology-sensitive mod-
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ABSTRACT

Fe3GeTe2 (FGT) is a layered ferromagnetic solid with a Curie temperature of TC ≈ 205K. It is a
layered material with out-of-plane magnetic anisotropy. We have performed microscopy investiga-
tions of the magnetic nano-domain structures in thin flakes of FGT. The data are acquired using the
Fourier Transform Holography (FTH) technique with circular dichroism contrast at the iron L3 edge
[1]. These studies complement measurements by scanning x-ray techniques [2], but the extension
over a large range of temperatures and applied magnetic fields (B) allows for the creation of specific
initial states by cooling from the paramagnetic phase through TC. We observe labyrinthine domains
as well as small objects that are identified as Skyrmions. At low temperature, various structures
emerge with increasing B field, and the patterns are readily erased by fields exceeding the coerciv-
ity. At high temperature, the Skyrmions are denser and re-emerge after reducing the B field.
The experimental study is complemented by modelling calculations based on band structure models
with spin-orbit interactions explicitly considered [3]. The corresponding patterns match, and the
trends on Skyrmion density in changing B fields are found to be qualitatively different for temper-
ature well below TC and close to TC. This study allows us to conclude on the controllable transfor-
mation between these topological states in relation to the temperature dependence of the electronic
band structure in FGT.

REFERENCES

1. Eisebitt, S. et al. Lensless imaging of magnetic nanostructures by X-ray spectro-holography.
Nature 432, 885–888 (2004).

2. Powalla, L. et al. Seeding and emergence of composite Skyrmions in a van der Waals magnet.
Adv. Mater. 35, 2208930 (2023).

3. Kathyat, D. S., Mukherjee, A., & Kumar, S. Microscopic magnetic Hamiltonian for exotic spin
textures in metals. Phys. Rev. B 102, 075106 (2020).
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Coherent X-ray imaging is widely used to image nanoscale structures with high spatial resolution
[1], and more recently to spatiotemporal dynamics [2]. However additional stochastic dynamics
or birefringence of the sample lead to secondary scattering terms in diffractive signals. At high in-
tensities in pump-probe experiments it is even possible to generate additional non-linear frequency
shifted signals. Due to mutual incoherence of the probe signal and these additional components,
these kinds of signals do not appear in the reconstructions of Fourier Transform Holography (FTH)
and Coherent Diffraction Imaging (CDI) but can be of great significance to understanding the ma-
terial properties. Recent efforts have shown the possibility of tracking fluctuations [3] to improve
reconstruction or isolate the additional components through multi-wavelength CDI [4–6].
Here we present a framework called Coherence Isolated Diffraction Imaging (CIDI) to address these
issues [7]. Leveraging the property of mutual incoherence, CIDI is capable of isolating additional sig-
nals from the diffracted probe and reconstructing both components separately from a single dataset.
We demonstrate the working principle of CIDI and show the applicability of the method to isolate
stochastic dynamics in nanoscale quantum materials, birefringent systems and ultrafast nonlinear
processes in the X-ray domain.

[1] A. Sakdinawat and D. Attwood, Nanoscale X-ray imaging, Nat. Photonics 4, 840 (2010).
[2] A. S. Johnson et al., Ultrafast X-ray imaging of the light-induced phase transition in VO2, Nat.
Phys. 19, 215 (2023).
[3] C. Klose et al., Coherent correlation imaging for resolving fluctuating states of matter, Nature
614, 256 (2023).
[4] M. Di Pietro Martínez, A. Wartelle, N. Mille, S. Stanescu, R. Belkhou, F. Fettar, V. Favre-Nicolin,
and G. Beutier, Magnetic X-Ray Imaging Using a Single Polarization and Multimodal Ptychography,
Phys. Rev. Lett. 134, 016704 (2025).
[5] E. Malm, E. Fohtung, and A. Mikkelsen, Multi-wavelength phase retrieval for coherent diffractive
imaging, Opt. Lett. 46, 13 (2021).
[6] H. Lin, J. Niu, K. Li, P. Sheng, A. Lin, J. You, J. Li, X. Zhang, and F. Zhang, Single-frame mul-
tiwavelength coherent diffraction imaging using extreme ultraviolet high-harmonic comb sources,
Chin. Opt. Lett. 23, 4 (2025).
[7] A. Sarkar and A. S. Johnson, Coherent X-ray imaging of stochastic dynamics, Mater. Adv. 5,
6378 (2024).
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Characterizing nanoscale displacement fields, compositional variations, and defects in heteroge-
neous catalysts remains a central challenge in materials science and energy‐conversion research.
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Bragg coherent diffraction imaging (BCDI) [1] can deliver three-dimensional strainmapswith nanome-
tre resolution, yet chemical inhomogeneities often blur the distinction between strain and composi-
tional contributions. This is an especially acute issue for chemically heterogeneous structures such
as NiFe and PtPd, climate-critical alloyed bimetallic catalysts used in CO₂ hydrogenation. This un-
derscores the need for high-resolution chemical and spatial analysis of catalysts during catalytic
reactions.

We are therefore developping a nano-focused 3D spectroscopic Bragg coherent imaging technique
at the nanoprobe ID01-EBS beamline of The European Synchrotron (ESRF). By combining BCDI
with multiwavelength anomalous diffraction (MAD) [2], the spectro-BCDI technique will be used
to reveal both chemical (oxidation states and bond structure) and structural (lattice strain, defect(s),
morphology, composition) information of nanocatalysts under in-situ conditions to extract a mech-
anistic understanding for designing both effective and selective catalysts. By applying 3D spectro-
scopic BCDI, we aim to uncover critical information about the dynamic behavior of catalysts under
working conditions. Nano-focused diffraction anomalous fine structure (DAFS) and fluorescence
spectroscopy are applied as well [3].

This talk will present the application of the spectro-BCDI technique through simulations, comple-
mented by experimental results.
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Here, we present lensless coherent soft X-ray imaging of magnetic domains [1] in two-dimensional
(2D) van derWaals (vdW)materials[2] at low temperatures and under strongmagnetic fields. By inte-
grating micron-scale flakes of 2D materials onto nano-fabricated holography masks—either through
deterministic transfer in an inert-air glove box or via focused ion beam lamella preparation—we ex-
pand the applicability of soft X-ray holography to this emerging class of materials. This robus and
versatile approach, illustrated in Figure 1, also enables the study of air-sensitive systems. We apply
it to probe complex magnetic domain structures and non-collinear spin configurations in various 2D
vdW compounds at temperatures as low as 20 K and magnetic fields up to 2 T.

In addition to Fourier transform holography, we utilize holography-assisted phase retrieval [3] to en-
hance spatial resolution. Our results highlight the potential of lensless soft X-ray imaging—leverag-
ing circular and linear dichroism, as well as element-specific contrast—to reveal nanoscale magnetic
and electronic phenomena in 2D magnetic materials and related device architectures.
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Metallic RuO2 has been the subject of intense scrutiny following reports of anomalous antiferromagnetic 
(AFM) order [1,2] and the subsequent theoretical development of altermagnetism [3]. Despite being 
initially regarded as a representative altermagnet, recent studies have called into question the existence of 
magnetic order – in any form – in bulk RuO2 [4-6]. Here, we closely re-examine the origins of the reported 
resonant diffraction at the Ru L-edges [2], which provided the initial evidence of AFM order in thin films. 
Previous reports studied the Bragg-forbidden Q = (100) reflection, where the expected AFM and 
Templeton-Templeton (TT) scattering contributions from the rutile structure overlap exactly and cannot 
be disentangled. We thus investigate the distinct Bragg-forbidden Q = (001) versus temperature, azimuthal 
angle and incident energy, where AFM and TT scattering contributions can be clearly separated. We find 
that the resonant diffraction signal is fully consistent with TT scattering, as supported by azimuthal angle 
dependence and non-magnetic FDMNES calculations. Using the calculated resonance profiles for the TT 
and AFM contributions, we provide an estimated bound on the local ordered AFM moments of |m| < 0.1 
μB/Ru. Analogous measurements on high-quality (001) RuO2/TiO2 thin films grown by molecular beam 
epitaxy support the same conclusions. Combined with other recent reports, these results are consistent 
with the absence of k = 0 AFM order in RuO2. This work is timely as space groups supporting 
altermagnetism are likely to present a similar phenomenology in resonant diffraction with overlapping TT 
and AFM contributions at forbidden reflections.
 REFERENCES
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Metallic RuO2 has been the subject of intense scrutiny following reports of anomalous antiferromagnetic 
(AFM) order [1,2] and the subsequent theoretical development of altermagnetism [3]. Despite being 
initially regarded as a representative altermagnet, recent studies have called into question the existence of 
magnetic order – in any form – in bulk RuO2 [4-6]. Here, we closely re-examine the origins of the reported 
resonant diffraction at the Ru L-edges [2], which provided the initial evidence of AFM order in thin films. 
Previous reports studied the Bragg-forbidden Q = (100) reflection, where the expected AFM and 
Templeton-Templeton (TT) scattering contributions from the rutile structure overlap exactly and cannot 
be disentangled. We thus investigate the distinct Bragg-forbidden Q = (001) versus temperature, azimuthal 
angle and incident energy, where AFM and TT scattering contributions can be clearly separated. We find 
that the resonant diffraction signal is fully consistent with TT scattering, as supported by azimuthal angle 
dependence and non-magnetic FDMNES calculations. Using the calculated resonance profiles for the TT 
and AFM contributions, we provide an estimated bound on the local ordered AFM moments of |m| < 0.1 
μB/Ru. Analogous measurements on high-quality (001) RuO2/TiO2 thin films grown by molecular beam 
epitaxy support the same conclusions. Combined with other recent reports, these results are consistent with 
the absence of k = 0 AFM order in RuO2. This work is timely as space groups supporting altermagnetism 
are likely to present a similar phenomenology in resonant diffraction with overlapping TT and AFM 
contributions at forbidden reflections.
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Metal-Insulator transitions are among the most active topics in condensed matter physics. The elec-
tronic transition takes place concomitantly with a structural transition, making it hard to disentan-
gle the underlying mechanism. Two scenarios are possible and are at the core of an unresolved and
longstanding debate: i) the transition is driven by purely electronic interactions or ii) it is driven by
electron-phonon coupling.
Using VO2 as case study, we investigated the nature of electronic and structural fluctuations within
the metallic state by measuring resonant and off-resonance diffuse scattering. We found strong,
pre-transitional structural fluctuations above Tc, which show no enhancement on resonance. Our
results hint that structural and electronic fluctuations are strongly coupled in metallic VO2, support-
ing electron-phonon coupling as the driver of the metal-insulator transition.
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At PETRA III at DESY, at beamline P09, two experimental stations are dedicated to resonant X-ray
diffraction (REXS), each one equipped with different diffractometers to accomodate either light- or
heavy-weight sample environments. Low temperature experiments can be performed in combina-
tion with either magnetic fields up to 14 T or high pressure until 20 GPa allowing it to investigate a
diversity of long range ordered phases in strongly correlated and magnetic materials. State-of-the-
art polarization control and analysis are available in a wide range of energy from 3.0 to 13.5 keV,
for which dedicated data analysis pipelines are available for fast analysis of the Stokes parameters,
allowing it either to disentangle between different order parameters or eventually perform full mag-
netic structure determinations. Hereby, I will present an update of the REXS capabilities at beamline
P09 at PETRA III and some related recent highlights.
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The complex ground states of recently discovered two-dimensional (2D) magnets with Curie temper-
atures near room temperature present exciting opportunities for functional spintronic devices, but
remain poorly understood. We investigate the electronic and magnetic excitations in the van der
Waals ferromagnet Fe5GeTe2 (Tc=300K) using angle-resolved photoemission spectroscopy (ARPES)
and resonant inelastic X-ray scattering (RIXS). ARPES measurements reveal a pronounced kink in
the band dispersion below the Curie temperature, indicating strong many-body interactions. Com-
plementary RIXS spectra exhibit multiple energy loss features and point to electron-magnon cou-
pling. These findings highlight the interplay between electronic structure and magnetic excitations
in Fe5GeTe2 and its potential in room-temperature 2D spintronic applications.
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I16 is a high flux, high resolution x-ray beamline based at the Diamond Light Source. The beamline operates in the 2.7-15 KeV 
range and it is a diffraction facility optimized for the study of resonant and magnetic scattering processes from single crystal 
samples [1]. Resonant elastic X-ray scattering is ideal to characterize electronic, magnetic, and structural properties of 
materials thanks to the enhanced sensitivity to otherwise weak scattering processes providing spectroscopic information and 
chemical selectivity. I16 main instrument is a large 6-circles K-diffractometer able to accommodate a variety of ancillary 
environment.  The beamline offers full control of the incident photon polarization over most of its energy range. This is 
combined with large photon counting area detectors and an in vacuum linear polarization analyser installed on the K 
diffractometer that is used to isolate and enhance specific scattering processes related to ordering phenomena. 

Using circular light of opposite helicity allows the investigation of chiral magnetic structures, inversion domain in multiferroic 
materials and permits to separate collinear and non collinear magnetic textures in real and reciprocal space.  Other 
phenomena routinely investigated on I16 include charge density wave, metal-insulator transitions, orbital ordering, and subtle 
structural transitions. The beamline has been highly successful in examining weak scattering phenomena in small crystals, 
films, and multilayers between 6-800 K, often in combination with other generalised thermodynamic variables like electric or 
magnetic fields, and strain [2-5]. X-ray Bragg Coherent Diffraction Imaging is also possible at the beamline and allows 
researchers to peer into the inner structure of nanocrystals, with unparalleled detail and resolution by recording the 
interference patterns resulting from the interaction of a coherent beam with the lattice.

In this poster presentation, some of the new capabilities and features of the beamline will be shown, and recent results 
establishing the capabilities of the beamline will be highlighted.

REFERENCES 
1.   Collins, S. P. et al. AIP Conference Proceedings. 1234. (2010).
2.   Dashwood C. D. et al. Nat. Commun (2023).
3.   Rusu, D., Peters, J.J.P., Hase, T.P.A. et al. Nature 602, 240–244 (2022).
4.   Porter, D.G., Forte, F., Granata, V. et al. Sci. Rep. 12, 10957 (2022).
5.   Nisbet, A. G. A. et al. Phys. Rev. Materials 5 (2021)

Page 36



Poster session Tuesday 

Ultrafast Diagnostics for Soft X-Ray Applications
Authors: Christian-Yves COTE1; Jinyang Liang2

1 Axis Photonique Inc.
2 INRS

Corresponding Authors: info@axis-photon.com, jinyang.liang@inrs.ca

We provide a comprehensive overview of our current line of detectors designed for soft-X-ray de-
tection in synchrotron and laser science. We will cover a variety of detector types, including streak
cameras and sCMOS cameras, highlighting their respective performance metrics, integration ca-
pabilities, and use cases in synchrotron beamlines, and laboratory setups. We also discuss recent
advancements in compressed ultrafast photography (CUP), a new computational imaging technique
that integrates compressed sensing with streak imaging for single-shot 2D ultrafast imaging. To
prove the concept, we designed and manufactured a patterned ultraviolet photocathode and inte-
grated it into a streak camera. This new system exhibits a sequence depth of up to 1500 frames
with a size of 1750 × 500 (x, y) pixels at an imaging speed of 0.5 trillion frames per second. This
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system can be easily adapted to soft x-ray, showing its potential for imaging and characterization at
synchrotrons.
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The search of magnetoelectric (ME) multiferroic (MF) materials, where magnetic order combines with ferroelectricity (FE) and 
both are coupled to each other, is an issue of keen interest in condensed matter physics and in spin-related emerging 
communication technologies. However, the low magnetic ordering temperatures of spiral multiferroics (typically < 100 K) 
critically restrict their potential use for spintronics and low-power ME devices. In the last years, we have investigated various 
single-phase spiral MF oxides with promising ME properties, like the (Mn1-xCox)WO4 and YBa(Cu1-xMx)(Fe1-yM’y)O5 
families.
YBaCuFeO5 shows a commensurate k1 antiferromagnetic (AF) phase that is followed by an incommensurate spiral magnetic 
order (k2) with the easy axis in the ac-plane. Spontaneous electrical polarization has been reported associated with the spiral 
magnetic order in polycrystalline samples, whose onset temperature (TN2=TS) shows an extraordinary tunability and can be 
increased by more than 170 K –up to far beyond room temperature– by manipulating the Cu/Fe chemical disorder in 
bipyramids. By means of Resonant Magnetic X-ray Scattering (RMXS) investigation at the transition metal K absorption edges 
on several high-quality YBCFO single crystals we aimed at conclusively confirming the proposed spiral magnetic order 
(indistinguishable from the sinusoidal solution from unpolarized neutron diffraction) and to examine their ME behaviour 
analysing the response of the magnetic chiral domain distribution to an externally applied electric field.
RMXS was also used to investigate the spiral/collinear magnetic orders in a Mn0.85Co0.15WO4 MF single crystal. For this 
critical composition we found that (above the FE cycloidal phase) Co and Mn arrange antiferromagnetically (AF4) but with 
their spins respectively pointing along different directions. While Co moments tend to follow their strong magnetocrystalline 
anisotropy axis, the nearly isotropic charge density distribution around Mn2+ cations allows them to adopt a variety of complex 
magnetic structures bearing distinct anisotropies. The macroscopic FE this compound exhibits would then mainly stem from 
the inverse Dzyaloshinskii-Moriya term associated to Mn spins. This effect got observed by looking at variations in the scattered 
light polarization as a function of the E-field applied across the wolframite crystal.
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The ultrafast manipulation of spin structures is a promising route toward the next generation spintronic devices. To 
this end, antiferromagnets are especially promising, as they can harbor faster spin dynamics compared to 
ferromagnets due to the inter-sublattice exchange of angular momentum. 

Europium (Eu)-based antiferromagnets are important candidate materials, since Eu2+ carries a large magnetic 
moment, and its localized 4f spins may be efficiently manipulated via the conduction electrons, which mediate the 
RKKY coupling. [1]

In this work, we study the Helical Heisenberg antiferromagnet EuCo2P2 [2] using resonant soft X-ray diffraction 
(RXD). By probing the magnetic Bragg reflections, we are experimentally sensitive both to the antiferromagnetic 
(AF) order parameter and to the 4f spin periodicity. We measure their response under three distinct perturbations: 
(a) femtosecond laser excitation (ultrafast RXD), (b) external magnetic fields, and (c) temperature variation.

Employing a Heisenberg model, our experimental data are shown to directly encode changes in the 4f-4f exchange 
coupling constants. We therefore directly reveal how they respond to each of the perturbations we apply. We further 
probe the response of the crystal lattice under the same conditions as the spin order and draw a relation between the 
dynamics of the two.

These results offer insight into different routes to control AF spin order and its couplings.

REFERENCES 
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In synthetic antiferromagnetic multilayers (SAFs), chiral magnetic structures such as spin spirals and
skyrmions have been stabilized at room temperature by precisely tuning the effective perpendicu-
lar magnetic anisotropy, the Dzyaloshinskii-Moriya interaction, and the Ruderman-Kittel-Kasuya-
Yoshida (RKKY) interlayer coupling [1-3]. In this study, we investigate the dynamics of chiral spin
spirals on ultrashort timescales after femtosecond laser pumping in SAFs. The access to ultrafast
magnetization dynamics, inaccessible by standard techniques due to zero net magnetization, has
been enabled by the use of time-resolved circular dichroism in x-ray resonant magnetic scattering
(CD-XRMS) [4]. A pair of two-dimensional X-ray scattering patterns for left and right elliptical
polarization (EL and ER) have been recorded for each delay. In contrast to our previous findings in
ferromagnetic multilayers, the magnetization (EL+ER) and dichroism (EL-ER) signals exhibit notably
similar ultrafast dynamics, with demagnetization occurring on a timescale of ~180 fs, followed by
rapid remagnetization within ~500 fs. This similarity in ultrafast dynamics can be attributed to the
continuous rotation of magnetization in the spin spiral of SAFs, which evolves smoothly in space
without forming sharp domains or alternating domain walls. The ultrafast response and stability in
its topological character highlight the potential of SAF-based chiral magnetic structures for future
high-speed, energy-efficient data storage and processing applications.
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Magnetic stripe domains have interesting properties, like unidimensional periodicity and rotatable
anisotropy [1], which makes them suitable for spintronics applications like reconfigurable spin wave
guides [2] or domain wall racetracks [3]. The understanding of the mechanisms that permit these
kinds of applications requires a complete characterization of the magnetic stripes. X ray Resonant
magnetic scattering (XRMS) seems an ideal tool for this purpose due to its sensitivity to magnetic
stripe domains characteristics [4] with no restrictions of field intensities or temperature, and with
enough intensity to allow magnetic stripe dynamics [5]. In this work, we present XRMS measure-
ments of the stripe domain configuration in amorphous NdCo5 thin films, 65 nm thick, with weak
perpendicular magnetic anisotropy (PMA) used as hard magnet substrate for different magnetic ap-
plications [1,2]. These thin films increase their PMA energy with film thickness, being close to the
maximum value at the thickness studied. The films are deposited by magnetron sputtering with
an oblique angle incidence for the Nd atoms (30°) which induces a magnetic easy axis in the plane.
Several features appear in the XRMS stripe pattern of the films that are connected to their magnetic
morphology: The shape of the XRMS peaks related to the periodicity of the stripes changes in width
depending on the orientation of the beamwith respect to the in-plane magnetic easy axis. The peaks
have a small but visible transfer moment component, q, parallel to the plane of incidence which is
absent in samples where the oblique incidence effect is reduced by rotating the sample during film
deposition. The evolution of these features was measured as a function of the applied field. This
experiment demonstrates the high sensitivity of XRMS to magnetic features that are not obvious to
deduce with other magnetic moment sensitive techniques.
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The investigation of electronic, magnetic, and structural dynamics in solid-state physics has made significant progress 
during the last decades due to the increasing availability of ultrashort electron and light pulses in a broad spectral range 
from THz to hard X-rays at large-scale facilities as well as in the laboratory. One of the primary goals of these experiments 
is to follow the coupling of different degrees of freedom on the relevant time and length scales. To understand and 
interpret such experimental data, scientists rely on a pool of simulations for modeling and fitting, which are available as 
software toolkits or as published formalisms. The implementation of these formalisms or the usage and adaption of 
available external software packages is very time-consuming, and each piece of software covers only very limited aspects of 
real-world, time-resolved experiments. To that end, the need for a generic, modular, and open-source toolbox that 
combines different functionalities is obvious. 
The udkm1Dsim toolbox [1] allows for creating arbitrary one-dimensional (1D) structures made of crystalline and/or 
amorphous layers, including stoichiometric mixtures, typically on the nanometer length scale. These 1D structures hold all 
relevant material information, such as structural, elastic, thermal, magnetic, and optical parameters. The toolbox allows for 
calculating thermal, structural, and magnetic dynamics on these 1D structures utilizing an N-temperature model (NTM) 
and multi-layer absorption formalism, a linear masses-and-springs model, as well as an interface for user-defined 
magnetization dynamics and a Landau-Lifshitz-Bloch (LLB) model, respectively. Different types of light-scattering 
theories can be applied to retrieve the static as well as the transient response from these sample structures due to the 
dynamics mentioned above, similar to actual pump-probe experiments. Currently, kinematical and dynamical X-ray 
theories, which can also include polarization-dependent resonant magnetic scattering, are supported. With that, the 
generally non-linear dependence of the actual observable (scattered light intensity) and the physical quantity of interest 
(temperature, strain, magnetization, ...) can be revealed.
The udkm1Dsim is freely available at github.com/dschick/udkm1Dsim, including complete version control, issue and 
feature tracking, as well as project management capabilities to facilitate better collaboration between users and developers. 
This also includes automatic code validation and unit testing, as well as source-code-based generation of the 
documentation at udkm1Dsim.readthedocs.org as part of the continuous integration (CI) concept. 
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PolSpecX: Simulation and Analysis Tool for Polarised X-Ray Ab- 
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PolSpecX [1] is an integrated software tool designed for the simulation and analysis of X-ray magnetic circular dichroism 
(XMCD) and X-ray magnetic linear dichroism (XMLD) spectra of 3d transition metal elements at the L₂ and L₃ absorption 
edges. Leveraging the capabilities of Quanty [2-4] for multiplet calculations, PolSpecX enables accurate theoretical modelling 
of dichroic spectra under various electronic and magnetic configurations. In parallel, the tool provides a robust framework for 
the analysis of experimental data acquired from the magnetic materials beamlines at Diamond Light Source [5], or in principle 
any beamline using the NeXus file definition. Key features include automated subtraction of polarized spectra, background 
correction, application of XMCD sum rules for quantitative magnetic moment extraction, and direct comparison between 
simulated and measured spectra. By bridging advanced theoretical simulations with high-quality synchrotron data analysis, 
PolSpecX offers a comprehensive platform for researchers investigating the electronic and magnetic properties of correlated 
electron systems. Such a platform will enable visiting scientists to quickly assess the quality of their data and concentrate on the 
scientific goals of their beamtime.

Here we will show the web-based interface, explain the user-friendly design choices and highlight some preliminary 
comparisons between beamline data and simulation.
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ABSTRACT
The Beamline for Advanced Dichroism Experiments delivers a soft X-ray beam in the 0.4–1.6 keV 
energy range. The a vailability o f a ll p olarisation s tates, c ombined w ith t he p ronounced dichroic 
effects characteristic of the soft X-ray re gime, has facilitated advanced research on magnetism in 
novel nanostructured systems. The beamline features two endstations, scattering and absorption, 
each utilising distinct interactions between magnetic materials and incident X-rays to probe mate-
rial properties.
The scattering endstation is equipped with a 2-circle diffractometer called RASOR [1] . The resonant 
elastic scattering measurements on RASOR range from magnetic reflectivity studies to soft X-ray 
diffraction probing magnetic ordering in crystals and m ultilayers. The scattered beam is detected 
either by a photodiode or one of the area detectors which may be fixed or movable. The detector arm 
includes a polarisation analyser which can be used with multilayers optimised for specific elemental 
absorption edges.
A Janis liquid helium cryostat enables measurements at sample temperatures down to 12K. A phi 
rotation can be added which allows rotation of the sample in situ about its surface normal. Its 
use, however, limits the minimum achievable sample temperatures to approximately 50K. The mea-
surements can be performed under applied electric and magnetic fields. Various configurations of 
electromagnets and permanent magnets are available, providing field strengths upto 0.2T. A Halbach 
array is currently under commissioning which will allow in vacuum roration of the magnetic field 
in all three dimensions.
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ABSTRACT 

We have used soft x-ray Fourier Transform holography and holography-assisted phase retrieval 
approaches[1] to image magnetic domain configurations in 2D van-der-Waals materials. Our results 
demonstrate imaging with a spatial resolution on the 20-25nm range at low temperatures and under 
high-applied magnetic fields[2] using the magnetic resonant scattering instrument “MaReS” at  the 
BOREAS beamline of the ALBA Synchrotron[3]. 

Our poster will also briefly discuss on-going efforts in using Heraldo coherent imaging approaches in a 
tilted geometry for trying to also image in-plane magnetization components in addition to out-of-plane 
magnetization components accessed in the more usual normal incidence configuration, as well as on-
going work and future directions of instrumentation improvement.   
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