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Monday, December 2, 9:00; Session 1, Part 1

Topological or not? An ARPES answer on the candidate high-TC
FM TI Mn, ;,Sb,_,Te,

Mark Golden

University of Amsterdam, Institute of Physics, van der Waals-Zeeman Intitute, Quantum Materials, The Nether-
lands.

e-mail: m.s.golden@uva.nl

The combination of nontrivial band topology & magnetism results in a wide variety of exotic electronic
phases that -if realised at high temperatures- could revolutionise fields like spintronics or low-power
consumption electronics. The new, second-generation ferrimagnetic compound Mn;,Sba_,Tes (0.1
< X =< 1, abbreviated here as MST) promises to host the quantum anomalous Hall effect (QAHE) and
other topological phases at higher temperatures than any of its predecessors, wth TCurie’s up to 73K.
Their long-range magnetic order is confirmed and thus the big question is “are they topologically
non-trivial?”. MST crystals are significantly p-type doped, meaning the Dirac point of the putative
TSS’s is well above EF. Nevertheless, I will aim to persuade you that our temperature-dependent ARPES
data (recorded at MAX-IV and CLS) clearly argue that the answer is “yes”.

Research carried out in collaboration with:

Sergio Barquero Pierantoni (UvA), Anna Isaeva (UvA and TU Dortmund), Katya Kochetkova (IFW Dres-
den & UvA), Saumya Mukherjee (UvA, now SPECS), M. Farhan Tanzim (UvA), Irene Aguilera (UvA),
Marie Tardieux (UvA), Falk Pabst (UvA), Floris Kooij (UU), J. Oziecki (MAX-IV), Craig Polley (MAX-IV),
Sergey Gorovokov (CLS) and Marta Zonno (CLS, now SOLEIL) and Steef Smit (UBC)

Funded by an IoP grant, associated to the QuMat Consortium (qumat.org)

Monday, December 2, 9:30; Session 1, Part 1
Graphene on magnetic substrates

Daniela Pacile

Dipartimento di Fisica, Universita della Calabria, Italy.

e-mail: daniela.pacile@fis.unical.it

One of the limitations in exploiting the spin injection and transport properties of graphene is its strong
electronic interaction with magnetic contacts. The m-states form complex and non-linear hybrid states
when graphene is interfaced with 3d magnetic materials, such as Fe, Co, and Ni. Using density func-
tional theory calculations and angle- and spin-resolved photoemission spectroscopy, I show that the
graphene/Eu/Ni(111) system presents a largely doped and nearly freestanding dispersion of the mm*
states, along with a lifting of spin degeneracy (Phys. Rev. Lett. 2024, 132, 266401). The interaction with
the Eu states leads to the opening of a large gap in the Dirac cones, which significantly differs for the
two spin channels, and to the presence of a spin-polarized van Hove singularity at the Fermi level. The
results obtained for this specific system will be discussed in the context of the current literature and
used to outline potential developments.
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Monday, December 2, 10:00; Session 1, Part 1
Indenene - a triangular lattice goes topological
Simon Moser

Physikalisches Institut, Julius-Maximilians-Universitit, Wiirzburg, Germany.

e-mail: simon.moser@uni-wuerzburg.de

Large gap atomic quantum spin Hall insulators (QSHIs) grown epitaxially on SiC(0001) are promising
candidates for spintronics at room temperature. The newly discovered QSHI indenene, a triangular
monolayer of indium, exhibits a 120 meV gap and substrate-matched monodomainic growth yielding
high quality films on the technologically relevant Xm scale. Orbital interference on the lattice triangle
produces a honeycomb connectivity that is reminiscent of graphene, and a characteristic energy stagger-
ing of its orbital angular momentum (OAM) polarized Dirac states that can be experimentally probed by
scanning tunneling (STS) and dichroic angle-resolved photoelectron spectroscopy (CD-ARPES). While
pristine indenene is unstable in air, which destroys the system along with its topological character,
indenene intercalation into epitaxial graphene offers effective protection from the oxidizing environ-
ment and fully conserves its topological character. This opens an unprecedented realm of experimental
opportunities for ex-situ experiments, and brings the QSHI indenene one step closer towards actual
devices.

Monday, December 2, 11:00; Session 1, Part 2

Nanoscale engineering of quantum systems at surfaces

Stefan Tautz

Forschungszentrum Jiilich, Germany.

e-mail: s.tautz@fz-juelich.de

The increasing interest in quantum technologies calls for purpose-designed nanoscale structures at sur-
faces. In my talk I will focus on tailored-made molecular structures that are made for two very different
purposes: firstly, self-assembled molecular layers engineered for orbital cinematography, i.e., spatial
and temporal imaging of electron dynamics in molecules at their intrinsic time scales, and secondly,
single-molecule devices created at the tip apices of scanning probe microscopes that can be used as
quantum sensors to investigate the properties of surfaces and two-dimensional quantum materials with
unprecedented sensitivity and resolution.

Monday, December 2, 11:30; Session 1, Part 2

Strong inter-valley electron-phonon coupling in magic-angle
twisted bilayer graphene

Yulin Chen

Department of Physics, Oxford University, United Kingdom.

e-mail: yulin.chen@physics.ox.ac.uk

The unusual properties of superconductivity in magic-angle twisted bilayer graphene (MATBG) have
sparked enormous research interest. However, despite the dedication of intensive experimental efforts
and the proposal of several possible pairing mechanisms, the origin of its superconductivity remains
elusive. Here, using angle-resolved photoemission spectroscopy with micrometer spatial resolution, we
discover replicas of the flat bands in superconducting MATBG unaligned with its hexagonal boron ni-
tride (hBN) substrate, which are absent in non-superconducting MATBG aligned with the hBN substrate.
Crucially, the replicas are evenly spaced in energy, separated by 150 £ 15 meV, signalling the strong
coupling of electrons in MATBG to a bosonic mode of this energy. By comparing our observations
to simulations, the formation of replicas is attributed to the presence of strong inter-valley electron-
phonon coupling to a K-point phonon mode. In total, the observation of these replica flat bands and the
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corresponding phonon mode in MATBG could provide important information for understanding the
origin and the unusual properties of its superconducting phase.

Monday, December 2, 12:00; Session 1, Part 2

KISS exfoliation of quantum materials for surface science stud-
ies

Antonija Grubisic-Cabo

University of Groningen, The Netherlands.

e-mail: a.grubisic-cabo@rug.nl

Two-dimensional (2D) materials offer a versatile platform for exploring novel quantum phenomena and
designing nanostructures with tailored functionalities. However, techniques such as photoemission
spectroscopy, commonly used in 2D material studies, impose strict requirements for sample quality,
uniformity, surface cleanliness, and size. Achieving these standards via traditional mechanical exfolia-
tion in glove boxes is often challenging.

In this presentation, I will introduce an innovative in situ exfoliation method for 2D materials per-
formed directly under ultra-high vacuum conditions [1]. This approach yields large flakes with excep-
tional crystallinity and surface purity. Our experiments focused on exfoliating various semiconducting
and metallic transition metal dichalcogenides onto Au, Ag, and Ge substrates, demonstrating the broad
applicability of this technique. The materials were characterized using angle-resolved photoemission
spectroscopy, a well-established surface analysis technique.

Crucially, this method is straightforward, requiring no specialized equipment, making it ideal for study-
ing the electronic structure of air-sensitive 2D materials. The entire sample preparation and exfoliation
process occurs within an ultra-high vacuum environment, ensuring pristine sample conditions through-
out.

[1] A. Grubisi¢-Cabo et al., In-situ exfoliation method of large-area 2D materials, Advanced Science 10,
2023; DOI: 10.1002/advs.202301243, 2023

Page 3



QUEST - QUantum matErials for Sustainable Technologies / Book of Abstracts

Monday, December 2, 14:00; Session 2, Part 1

Probing condensates’ coherence by time-resolved ARPES: from
superconductors to excitonic insulators

Andrea Damascelli

University of British Columbia, Canada.

e-mail: damascelli@physics.ubc.ca

With its direct correspondence to the electronic structure, angle-resolved photoemission spectroscopy
(ARPES) is a ubiquitous tool for the study of quantum materials. When ex-tended to the temporal
domain, time-resolved ARPES offers the potential to move beyond equilibrium properties, exploring
both the unoccupied electronic structure as well as its dy-namical response under ultrafast perturba-
tion [1]. In this talk, I will discuss how time-resolved ARPES can probe the coherence of many-body
condensates, from high-temperature superconductivity [2,3], to spin-correlation-driven pseudogap [4],
and ex-citonic insulating behavior [5].

[1] F. Boschini, M. Zonno, A. Damascelli, Rev. Mod. Phys. 96, 015003 (2024).
[2] F. Boschini et al., Nature Materials 17, 416 (2018).

[3] M. Zonno, F. Boschini, A. Damascelli, JESRP 251, 147091 (2021).

[4] F. Boschini et al., npj Quantum Materials 5, 6 (2020).

[5] D. Golez et al., Phys. Rev. B 106, L121106 (2022).

Monday, December 2, 14:30; Session 2, Part 1

Higgs-spectroscopy of superconductors
Stefan Kaiser

TU Dresden, Germany.

e-mail: stefan.kaiser@tu-dresden.de

High field THz-pulses allow accessing the Higgs mode, the amplitude mode of the order parameter,
in superconductors. Using a phase-resolved THz-high-harmonics-spectroscopy we perform a complex
Higgs-spectroscopy of the order parameter dynamics, symmetry and interaction with other collective
modes [1,2]. In high-Tc cuprates and NbSe2 this allows investigating the interplay of charge density
waves (fluctuations) and superconductivity based on a generalised Fano-interference of the driven order
parameters [1,3,4]. As time-resolved technique THz-Higgs spectroscopy also allows probing transient
superconducting states driven by ultrashort light pulses [5] and applying a 2D THz-third harmonics
spectroscopy disentangles different sources of third harmonics generation. A novel and direct view on
Higgs can be opened by non-equilibrium Raman spectroscopy in the anti-Stokes channel [6].

[1] H. Chu et al. Nat. Commun. 11, 1793 (2020)

1]
[2] L. Schwarz et al. Nat Commun. 11, 287 (2020)
[3] H. Chu et al. Nat Commun. 14, 1343 (2023)
[4] L. Feng et al. PRB 108, 1100504 (2023)
[5] M.-]. Kim et al. Sci. Adv. 10, eadi7598 (2024)
[6] T. Glier et al. arxiv:2310.08162
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Monday, December 2, 15:00; Session 2, Part 1

Charge and lattice dynamics in hybrid materials probed by time
resolved soft X-ray spectroscopies at Elettra synchrotron

Martina Dell’Angela

CNR-IOM, Trieste, Italy.

e-mail: dellangela@iom.cnr.it

In the fields of optoelectronics and photochemistry, there is growing interest in studying the response to
optical excitation of hybrid heterojunctions involving organic molecules. These systems are critical for
developing the next generation of environmentally sustainable optoelectronic devices and catalysts. To
investigate charge and lattice dynamics in hybrid heterojunctions at the sub-nanosecond timescale, we
have developed a setup at the ALOISA beamline of the Elettra synchrotron which takes advantage from
the chemical selectivity of X-ray absorption spectroscopy (XAS) and X-ray photoemission spectroscopy
(XPS) in an optical pump/X-ray probe experiment.

In this talk, I will present our recent findings on tracking charge dynamics in perylene thin films within
hybrid heterojunction systems. We will explore how film morphology affects these dynamics by com-
paring the behavior of perylene molecules with varying terminations at their interfaces. Finally, I will
demonstrate how our setup can monitor structural transitions in several examples of 2D materials, pro-
viding deeper insights into the behavior of hybrid heterojunctions under optical excitation.

Monday, December 2, 16:00; Session 2, Part 2
Effects of uniaxial strain on the electronic structure of 2H-NbSe-

Tonica Valla®, Asish Kundu?, Elio Vescovo? Helmuth Berger?®, Ilya Klimovskikh*

'Donostia International Physics Center; ?NSLS II, *EPFL; *DIPC.

e-mail: tonica.valla@dipc.org

Interplay of superconductivity and density wave orders has been at the forefront of research of corre-
lated electronic phases for a long time. The balance between these two competing orders can be tuned
by means of lattice deformation, i.e. pressure or strain. 2H-NbSe, is considered to be an ideal system
for studying this interplay, but the origin of charge density wave in this material is still unresolved.
Here, by using angle-resolved photoemission spectroscopy, we revisit the charge density wave order
and study the effects of uniaxial strain on the electronic structure of 2H-NbSes. Our results indicate pre-
viously undetected signatures of charge density waves on the Fermi surface. The application of small
amount of uniaxial strain induces substantial changes in the electronic structure and lowers its symme-
try. This, and the altered lattice should affect both the charge density wave phase and superconductivity
and should be observable in the macroscopic properties.

Page 5
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Monday, December 2, 16:30; Session 2, Part 2

Metallic and insulating domains in the CDW system 1T-TaSe;

Anna Tamai

DQMP, University of Geneva, Switzerland.

e-mail: anna.tamai@unige.ch

We study the electronic structure of bulk 1T-TaSey in the charge density wave (CDW) phase at low
temperature. Our spatially and angle resolved photoemission (ARPES) data show insulating areas coex-
isting with metallic regions characterised by a chiral Fermi surface and weakly correlated low energy
quasiparticle bands. Additionally, high-resolution laser ARPES reveals strong variations in the metallic
regions, with series of low-energy states, whose energy and number are consistent with the formation of
quantum well states of different thicknesses. Dynamical mean field calculations show that the observed
rich behaviour can be explained naturally by assuming occasional stacking faults of the charge density
wave. Our results indicate that the diverse electronic phenomena reported previously in 1T-TaSey are
dictated by the stacking arrangement while correlation effects play a secondary role.

Monday, December 2, 17:00; Session 2, Part 2

On the origin of circular dichroism in ARPES spectra from gra-
phene, WSe,, and other quantum materials

Lukasz Plucinski

PGI-6 FZ Filich, Germany.
e-mail: Lplucinski@fz-juelich.de

On the example of graphene, we will discuss various contributions to circular dichroism in angle-
resolved photoemission (CD-ARPES) [1,2] which include phase shifts of the participating partial waves
[3], the interatomic phase shifts [4], and the CD due to elastic scattering of an excited electron [5]. Mul-
tiple scattering calculations are performed using the EDAC cluster code [6] and the KKR-based one-step
model [7]. Subsequently, we perform similar analysis for WSes, a material where orbital characters are
relatively well-defined.

Finally, a simple interatomic interference model that qualitatively explains asymmetric spin-polarized
ARPES (spin-ARPES) spin texture from WTes single crystal surface [4] is presented.

This study aims to explore how CD-ARPES and spin-ARPES techniques can enhance the understanding
of topological materials.

[1] arXiv:2309.02187 (2023)
[2] JESRP 258, 147219 (2022)
[3] JESRP 214, 29 (2017)

[4] PRL 130, 146401 (2023)
[5] JJAP 32, L1480 (1993)

[6] PRB 63, 75404 (2001)

[7] PRB 83, 121408(R) (2011)
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Monday, December 2, 17:30; Session 3, Posters

Insights into the electronic band structure of TCNB-based 2D metal-
organic frameworks

Simone Mearini?!, Daniel Baranowski!, Dominik Brandstetter?, Andreas Windischbacher?,
Iulia Cojocariu®, Pierluigi Gargiani?, Manuel Valvidares®, Luca Schio®, Luca Floreano®, Peter
Puschnig?, Vitaliy Feyer®, Claus Michael Schneider’

!Peter Griinberg Institute (PGI-6), Jiilich Research Centre, 52428 Jiilich, Germany; *Institute of Physics, University
of Graz, 8010 Graz, Austria; *Physics Department, University of Trieste, 34127 Trieste, Italy; *ALBA Synchrotron
Light Source, 08290 Barcelona, Spain; >CNR - Istituto Officina dei Materiali (IOM), TASC Laboratory, 34149 Trieste,
Italy; °Peter Griinberg Institute (PGI-6), Jiilich Research Centre, 52428 Fiilich, Germany; Faculty of Physics and
Center for Nanointegration Duisburg-Essen (CENIDE), University of Duisburg-Essen, 47048 Duisburg, Germany:.;
" Peter Griinberg Institute (PGI-6), Jiilich Research Centre, 52428 Fiilich, Germany; Faculty of Physics and Center for
Nanointegration Duisburg-Essen (CENIDE), University of Duisburg-Essen, 47048 Duisburg, Germany; Department
of Physics and Astronomy, UC Davis, Davis CA 95616, U.S.A.

e-mail: s.mearini@fz-juelich.de

The intrusion of transition metals (TMs) into two-dimensional (2D) layers of organic molecules self-
assembled over metallic substrates significantly affects the properties of the resulting metal-organic
frameworks (MOFs). A previous study demonstrated the impactful effect of Ni adsorption on the ge-
ometrical arrangement and electronic properties of a 1,2,4,5-tetracyanobenzene (TCNB) monolayer de-
posited over Ag(100).!") In this study, Fe and Co are introduced as alternative TMs, while maintaining the
same organic ligand, with the aim to engineer the electronic structures of the corresponding MOFs.[?!
After establishing the equivalent geometrical arrangement of the three MOFs, a combined experimental
and theoretical approach is applied to evaluate the electronic features near the Fermi level. Experimen-
tally, photoelectron emission microscopy (PEEM) is employed to investigate the evolution of the band
structure in the three MOFs relative to a monolayer of TCNB molecules on Ag(100). The experimental
data suggest that the introduction of TMs induces the formation of new hybrid states, primarily with
m-character, whose energy positions and bandwidths vary strongly depending on the TM.

To further interpret the experimental data, structural models of the three MOFs are optimized using
DFT calculations based on the geometrical insights. The resulting density of states and band structures
manifest strong agreement with the experimental data, confirming the formation of hybrid states and a
predominantly 7-character interaction. Indeed, the overlap involves mainly the TM d, . /. orbitals and
the TCNB LUMO, all of which are out-of-plane orbitals. Additionally, the differing energy distribution
of the 3d states in the three TMs explain the varying energy positions and bandwidths of the hybrid
features, with the orbital overlap increasing from Ni to Fe.

[1] D. Baranowski et al., ACS Nano 18, 19618 (2024)
[2] S. Mearini et al., Adv Sci, 2404667 (2024)
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Monday, December 2, 17:30; Session 3, Posters

Giant tunable out-of-plane spin polarization in a two-dimensional
bilayer of topological antimonene

Paolo Moras’, Polina Sheverdyaeva', Conor Hogan?, Gustav Bihlmayer?®, Jun Fujii*, Ivana
Vobornik*, Matteo Jugovac®, Asish Kundu®, Sandra Gardonio’; Zipporah Rini Benher’, Giovanni
Di Santo?, Sara Gonzales?, Luca Petaccia®, Carlo Carbone®

'Consiglio Nazionale delle Ricerche —Istituto di Struttura della Materia, Trieste, Italy, *Consiglio Nazionale delle
Ricerche —Istituto di Struttura della Materia, Roma, Italy and Dipartimento di Fisica, Universita di Roma “Tor
Vergata”, Roma, Italy; *PGI and Institute for Advanced Simulation, Forschungszentrum Jiilich and JARA, Jiilich,
Germany; *Consiglio Nazionale delle Ricerche —Istituto Officina dei Materiali, Trieste, Italy; *Consiglio Nazionale
delle Ricerche —Istituto di Struttura della Materia, Trieste, Italy and PGI, Forschungszentrum Fiilich, Filich, Ger-
many; °Consiglio Nazionale delle Ricerche —Istituto di Struttura della Materia, Trieste, Italy and International
Center for Theoretical Physics (ICTP), Trieste, Italy; "University of Nova Gorica, Ajdovscina, Slovenia; ®Elettra -
Sincrotrone Trieste S.C.p.A, Trieste, Italy.

e-mail: paolo.moras@elettra.eu

We show first-principles calculations and angle- and spin- resolved photoemission spectroscopy studies
of a two-dimensional bilayer of S-antimonene supported on bulk bismuth selenide. The trivial insula-
tor S-antimonene inherits the topological surface state of the substrate as a result of the topological
proximity effect. The new topological state exhibits an unusually high, almost complete out-of-plane
spin polarization within the substrate gap, that we explain by a symmetry-protected band crossing
of spin-polarized surface states. The spin polarization can be finely and reversibly tuned from nearly
full out-of-plane to nearly full in-plane by electron doping. Our findings pave the way towards ad-
vanced spintronics applications exploiting the giant out-of-plane spin polarization of topological surface
states.

Monday, December 2, 17:30; Session 3, Posters

The structural, chemical and surface electronic properties of
BigSeg_ySy (y 0.66) and Bi1,993Cr0,007Se3

Zipporah Rini Benher?’, Sandra Gardonio?, Mattia Fanetti?, Paolo Moras®, Polina Sheverdyaeva®,
Matjaz Valant®

'CNR-ISM, Italy; *Materials Research Laboratory, Univerza v Novi Gorici, Slovenia; *Consiglio Nazionale delle
Ricerche - Istituto di Struttura della Materia, Italy; *Istituto di Struttura della Materia-CNR (ISM-CNR), S.S. 14,
km 163.5, I-34149 Trieste, Italy.

e-mail: zipporahrini.benher@trieste.ism.cnr.it

Bi2Se3 belongs to a class of compounds known as tetradymites, is a well-known thermoelectric ma-
terial that has also come into focus in recent years for its topological insulating properties. A three
dimensional (3D) topological insulator (TT) is a material that is an insulator in the bulk and has metallic
conductivity at the surface. The surface conductivity of T arises from spin-orbit interactions. Electronic
states called topological surface states (TSSs) occur on the surface of TI, and exhibit linear dependence
of energy on momentum [1]. TSSs are spin polarized and their backscattering from non-magnetic de-
fects/impurities is prevented. The addition of magnetic impurities on the surface of TIs, should have
an effect on TSSs, i.e., an opening of an energy gap. These properties make TIs attractive for a vari-
ety of nano electronic applications such as spin-transfer torque non-volatile memories and field-effect
transistors [2], but also in the field of optoelectronics for helicity-dependent photocurrents and catal-
ysis. Presently, material scientists are working on the synthesis and characterization of new TIs and
revisiting previously known compounds from the topological insulating prospective. This is the general
context of the studies reported here, where BisSejs is the starting material.

For the quasi binary system BisSe3-BisS3, some publications have suggested that BisSesS in its stoi-
chiometric form should be a stable TI [3], but the few available experimental results are not yet conclu-
sive on this issue [4,5]. We investigated the topological insulating nature of BisSes-BisS3 quasi binary
system for a S content in the range 0<y=<0.66. We prepared single crystals of BizSes_,S, by the Bridg-
man method, study their electronic properties by means of angle-resolved photoemission spectroscopy
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(ARPES) and the spin-polarized ARPES. We demonstrated that the BirSes_,,S, solid solution supports
spin-polarized TSSs for S content in the range 0<y=<0.66 [6].

The interest in the quasi-binary BisSe3-CrySes system stems from the search for conditions for the syn-
thesis of Cr-doped BisSes bulk single crystals as an alternative to Cr-doped BizSes thin films [8-10].
The preparation of Cr doped BiaSes single crystals was reported to be challenging due to the presence
of secondary phase precipitates [7], while the growth of Cr doped Bi,Seg thin films by molecular beam
epitaxy has been reported, and the opening of the gap has been observed [8-10]. Starting from a super-
saturated melt, through a process of crystallization and phase separation, we showed that is possible to
prepare BisSes single-crystal with Cr dopant at a concentration exactly corresponding to the solubility
limit without introducing secondary phases, allowing accurate measurement of ARPES maps and the
observation of an apparent energy gap similarly to the case of BisSes thin films [11].

[1] C. L. Kane and E. J. Mele, Phys. Rev. Lett. 2005, 95, 226801.

[2] W. Tian, W. Yu, J. Shi, and Y. Wang, Materials (Basel). 2017, 10, 814.

[3] H. Lin, T. Das, L. A. Wray, S. Y. Xu, M. Z. Hasan, and A. Bansil, New J. Phys. 2011, 13, 095005.

[4] R. Singh, V. K. Gangwar, D. D. Daga et al., Appl. Phys. Lett. 2018, 112, 102401.

[5] M. Neupane, S. Y. Xu, L. A. Wray, A. Petersen, Phys. Rev. B, 2012, 85, 235406.

[6] Z. R. Benher, S. Gardonio, M. Fanetti, P. Moras, A. K. Kundu, C. Bigi, and M. Valant, J. Mater. Chem.
C, 2021, 9, 3058.

[7] P. Cermak, P. Ruleova, V. Holy, J. Prokleska, V. Kucek, K. Palka, L. Benes, and C. Drasar, J. Solid State
Chem., 2018, 258, 768.

[8] T. Yilmaz, W. Hines, F. C. Sun, L Pletikosi¢, J. Budnick, T. Valla, and B. Sinkovic, Appl. Surf. Sci.,
2017, 407, 371.

[9] T. Yilmaz, G. D. Gu, E. Vescovo, K. Kaznatcheev et al., Phys. Rev. Mater., 2020, 4, 024201.

[10] X. F. Kou, W. J. Jiang, M. R. Lang, F. X. Xiu et al., J. Appl. Phys., 2012, 112, 063912.

[11] S.Gardonio, Z.R. Benher, et al. J. Mater. Chem. C, 2024, 12, 13236-13241.

Monday, December 2, 17:30; Session 3, Posters

Emergence of electronic hybrid states and magnetism in 2D metal-
organic frameworks

Yan Yan Grisan Qiu’, Andreas Windischbacher?, Claus Michael Schneider’, Daniel Baranowski*;
Dominik Brandstetter?, Giovanni Zamborlini? Iulia Cojocariu®, Manuel Valvidares®*, Matteo Ju-
govac®, Peter Puschnig? Pierluigi Gargiani*, Simone Mearini’, Vitaliy Feyer®

'Peter Griinberg Institute (PGI-6), Fiilich Research Centre, 52428 Fiilich, Germany; *Institute of Physics, University
of Graz, 8010 Graz, Austria; *Physics Department, University of Trieste, 34127 Trieste, Italy; *ALBA Synchrotron
Light Source, 08290 Barcelona, Spain; *Elettra —Sincrotrone Trieste S.C.p.A, S.S. 14 km 163.5, 34149 Trieste, Italy.

e-mail: y.grisan@fz-juelich.de

Significant efforts in fundamental research have been dedicated to the study of two-dimensional metal-
organic frameworks (2D MOFs) due to their potential in technological applications. These materials com-
bine the structural flexibility of molecular systems with the ordered crystalline arrangement of solids.
However, in metal-supported 2D MOFs, interactions with the substrate can significantly alter this flex-
ibility. Consequently, the reported electronic and magnetic properties of metal-supported 2D MOFs do
not exclusively reflect their intrinsic characteristics. In this study, we investigate a single-layer MOF,
comprised of Ni metal ions coordinated by 7,7,8,8-tetracyanoquinodimethane (TCNQ) ligands, grown
on a graphene substrate. Through a combination of spectroscopic characterization and theoretical mod-
eling, two distinct coordination environments of transition metal (TM) centers within the 2D MOF are
identified. Specifically, variations in the ligand field induce different hybridization pathways between
Ni 3d orbitals and the sm-symmetric molecular orbitals of the TCNQ ligands. These variations result in
the coexistence of two Ni redox states: a Ni(I) state, favored by a “planar”configuration and a Ni(II) state,
stabilized by a “twisted”configuration. Each state exhibits a distinct spin configuration, leading to a com-
plex magnetic response within the system. Furthermore, we extend our study to MOFs synthesized on
Au(111) and Ag(100) substrates to explore how substrate interactions influence the electronic and mag-
netic structure. Specifically, substrate interactions contribute to an axial displacement of the Ni metal
centers in the MOF, leading to further modulations of the system properties. Our findings contribute
to advancing the general understanding of MOFs and offer insights into the development of functional
materials, finding applications in single-atom catalysis, molecular electronics and spintronics.

Page 9



QUEST - QUantum matErials for Sustainable Technologies / Book of Abstracts

Monday, December 2, 17:30; Session 3, Posters

Quench of the electronic order in VTe; by enhanced lattice fluc-
tuations

Manuel Tuniz’, Denny Puntel’, Federico Cilento?, Francesco Sammartino’, Fulvio Parmigiani’,
Wibke Bronsch?

! Universita degli studi di Trieste, Italy, * Elettra-Sincrotrone Trieste S.C.p.A., Treste, Italy.

e-mail: manuel.tuniz@elettra.eu

Charge-density-wave (CDW) materials, in which electrons and phonons cooperatively interact to form
a new symmetry-broken state, stand as ideal candidates to study the mechanisms governing the melt-
ing of a macroscopically ordered phase. Furthermore, given their sensitivity to external stimuli, CDW
materials constitute a promising platform to investigate the possibility of controlling their properties.
Particularly interesting, although little explored, is the case in which the CDW phase transition is de-
termined by the presence of a strong momentum dependent electron-phonon coupling, since it can lead
to significant modifications of the properties of these compounds.

TR-ARPES experiments performed on the TMDC compound VTes have revealed that the closure of the
CDW gap is not driven by the amplitude modes (AMs) of the system, but is instead dominated by an
incoherent process. By applying a so-called three-temperature model (3TM), we demonstrated that the
quench of the CDW gap arises a consequence of the excitation of a subset of strongly-coupled phonon
modes which determine a loss of the long-range CDW order. These results therefore suggest that the
photoinduced phase transition is determined by non-CDW phonons that interact with the CDW order,
thus highlighting the role played by the phonon-phonon interactions.

Monday, December 2, 17:30; Session 3, Posters

Static electronic analysis of the as-prepared and aged Ti;C,Tx
MXene using x-ray photoemission and absorption spectroscopy

Rokaya Osama’, Barbara Ressel?, Cesare Grazioli®, Egon Pavlica?, Giovanni De Ninno?, Jurij
Urbancic?, Lakshmi Rajan?, Martina Dell’Angela®, Roberto Castantini*, Samon Vand®

'University of Nova Gorica, Quatum Optics Laboratory, Slovenia; *University of Nova Gorica, Slovenia; *IOM-
CNR, Italy, *University of Trieste, Italy, *Dresden University, Germany.

e-mail: rokaya.osama95@gmail.com

MXenes, the two-dimensional class of nanomaterials consisting of transition metal carbides, nitrides,
or carbonitrides, have been spotlighted in the last decade due to their exceptional properties allowing
them to be applicable in different fields. In particular, the TizCoTx MXene phase has been paid a great
deal of attention from the whole scientific community due to its unique characteristics which make it
possible for that phase to be intensively used in electronic and optoelectronic applications. Therefore, it
is crucial for such applications to understand the stability of that phase, which gets oxidized very easily,
after applying an X-ray beam. Testing the stability of the aged sample governs the possibility of engi-
neering that phase of MXene in different durable applications to ensure their long-term performance.
Accordingly, X-ray photoelectron spectroscopy (XPS), and near-edge X-ray absorption fine structure
(NEXAFS) measurements with the synchrotron soft X-ray source have been implemented on TizCoTx
MXene thin film deposited on a quartz substrate for the same sample right following the preparation
and a year later.
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Monday, December 2, 17:30; Session 3, Posters
Correlated-electron transport in flat-band systems

Nicolino Lo Gullo?, Francesco Cosco?, Francesco Plastina’, Riku Tuovinen?

*Universita della Calabria, Italy, *VTT Technical Research Centre of Finland Ltd., Finland, *University of Jyvdskyld,
Finland.

e-mail: nicolino.logullo@unical.it

Flatband systems have attracted quite some interests due to their peculiar transport properties. The
vanishing of the group velocity in the flatband makes the standard theory of transport not applicable.
In recent years it has been shown that the underlying mechanism which allows transport in these sys-
tem might be related to quantum geometric effects. In our work we study the transport through a
model system featuring a flatband in the presence of electron-electron interactions. By using the non-
equilibirum Green’s function approach we show that interactions can indeed restore the transport in
these systems and, unlike in normal dispersive bands, in flatbands a moderate interaction can actually
favor the transport.

Monday, December 2, 17:30; Session 3, Posters
Tune MoS; doping by switching its support material

Marco Bianchi’, Charlotte Sanders? Davide Curcio®, Daniel Lizzit*, Paolo Lacovig', Ezequiel
Tosi®, Jill Miwa®, Silvano Lizzit* Philip Hofmann®

'Elettra - Sincrotrone Trieste S.C.p.A., Trieste, Italy; > Artemis Program, UK Central Laser Facility, Harwell, STFC,
United Kingdom; *CNR-IOM, Trieste, Italy; *DPIA - University of Udine, Italy, *Instituto de Ciencia de Materiales
de Madrid, Spain; *Dep. Physics and Astronomy, Aarhus University, Denmark

e-mail: marco.bianchi@elettra.eu

Tuning the electronic properties of a 2D crystal by the interaction with its support is the key to design
well-controlled nanoelectronic devices based on transition metal dichalcogenides (TMDCs). In particu-
lar, the establishing of a low resistance between a metallic contact and the TMDC has been challenging
and different strategies for this have been introduced. It was suggested that a low Schottky barrier could
be achieved not only by choosing contact materials with the suitable work function but also by intro-
ducing interface defects that can contribute independent of the metal contact work function®.

Here we present a combined ARPES, STM, LEED and XPS study of MoSs grown on Au(111) using well
established methods?. After intercalation of Bi, which is semimetallic, and its further treatment we
observe a doping consistent with what was inferred from recent transport measurements?.

The results shown here sheds light on a potential way for tuning the effects of contacts of a 2D layer
and their influence on the TMDC electronic structure.

[1] S. McDonnell et al., ACS Nano 8, 3, 2880-2888, 2014.
[2] Harsh Bana et al., 2D Mater. 5, 035012, 2018.
[3] P.C. Shen et al., Nature vol. 593, pages 211-217, 2021.
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Monday, December 2, 17:30; Session 3, Posters
Ultrafast band structure dynamics in bulk VSe,

Wibke Bronsch®, Alessandro Giammarino?, Denny Puntel?, Federico Cilento*, Francesco Sam-
martino? Fulvio Parmigiani®, Manuel Tuniz?, Marco Morvillo?, Yang-hao Chan®

'Elettra - Sincrotrone Trieste S.C.p.A., Trieste, Italy, *Universita degli Studi di Trieste, Italy; *Academia Sinica,
PRC.

e-mail: wibke.bronsch@elettra.eu

Complex materials encompassing different phases of matter can display new photoinduced metastable
states differing from those attainable under equilibrium conditions. These states can be realized when
energy is injected in the material following a non-equilibrium pathway, unbalancing the unperturbed
energy landscape of the material. Guided by the fact that photoemission experiments allow for detailed
insights in the electronic band structure of ordered systems, here we study bulk 1T-VSes in its metallic
and charge-density-wave phase by time- and angle-resolved photoelectron spectroscopy. After near-
infrared optical excitation, the system shows a net increase of the density of states in the energy range of
the valence bands, in the vicinity of the Fermi level, lasting for several picoseconds. We discuss possible
origins as band shifts or correlation effects on the basis of a band structure analysis. Our results uncover
the possibility of altering the electronic band structure of bulk 1T-VSesy for low excitation fluences,
contributing to the understanding of light-induced electronic states.

Monday, December 2, 17:30; Session 3, Posters

Impact of coherent phonons on the linear and non linear time-
resolved optical properties of tellurium and tungsten ditelluride

Francesco Sammartino’, Federico Cilento?; Fulvio Parmigiani'; Manuel Tuniz'; Wibke Bron-
sch?

*Universita degli Studi di Trieste, Italy; *Elettra - Sincrotrone Trieste S.C.p.A., Trieste, Italy.

e-mail: francesco.sammartino@elettra.eu

The study of transient, far-from-equilibrium states in complex materials can offer profound insights
into their microscopic properties, particularly when multiple observables are examined simultaneously.
A central question in this field is whether atomic lattice displacements can be accurately tracked and
controlled.

In this work, we investigate the ultrafast dynamics of Tellurium (Te) and Tungsten ditelluride (WTez)
through time-resolved reflectivity (TR-R) and second-harmonic generation (TR-SHG) measurements, as
a function of the pump fluence. This dual-probe approach, comprising both linear and nonlinear optical
responses, provides a comprehensive framework for analyzing electronic and lattice dynamics in both
crystals.

Tellurium has four zone-center optical phonons, three of which are Raman active. These include the
non-degenerate A; mode, which is linked to symmetric intrachain dilation and compression along the
chain axis, impacting bond lengths and angles. Our measurements specifically identify the A; mode
in tellurium sample, where a marked reduction of the SHG signal after Te photoexcitation suggests a
transient transition toward a more centrosymmetric phase.

We conducted TR-R and TR-SHG measurements on WTeq, with the electric field oriented along two or-
thogonal in-plane axes of its orthorhombic unit cell. We identified two primary coherent phonon modes.
One, having frequency of ~ 0.24 THz, consists in a uniform in-plane atomic shift and is termed shear
mode, while the other, at~ 2.4 THz, reflects atomic displacements depending on the specific atom.

A notable (" 90°) phase shift in the shear mode, as induced by varying the pump fluence, is observed in
both the TR-R and TR-SHG signals, and along the two crystallographic directions. This finding suggests
that the phase shift of the coherent oscillation is induced by a true fluence-dependent modification of the
initial phase of the atomic displacements, allowing for a precise control of the atom dynamics.
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These findings provide new perspectives on the interactions between coherent phonons and the elec-
tronic and lattice properties of complex materials, emphasizing the importance of selecting appropri-
ate experimental observables to extract quantitative information on material properties. Notably, we
demonstrate that pump fluence can serve as an effective tool to significantly adjust and tune the initial
oscillation phase of coherent displacements.

Monday, December 2, 17:30; Session 3, Posters

Fermi surface topology and spin-polarized surface states in
Pngigseg

Indrani Kar', Anupam Jana', Nicole Paulette Guerrero Cabrera®, Stefano Zenone®, Gianluca
D’Olimpio?, Pritesh Srivastava®, Rahul Verma®, Bahadur Singh?, Antonio Politano?, Jun Fujii’,
Ivana Vobornik®

'CNR-Istituto Officina dei Materiali (CNR-IOM), Trieste, Italy, *Department of Physical and Chemical Sciences,
University of L' Aquila, 67100 L’ Aquila, Italy; *Department of Condensed Matter Physics and Materials Science,
Tata Institute of Fundamental Research, Colaba, Mumbai 400005, India;

e-mail: indranikar972@gmail.com

Topological superconductors are of great interest in the study of quantum materials due to their unique
properties and potential applications in the fields like quantum computation and spintronics. Pd3BisSes,
a topological superconductor with a superconducting transition temperature of 0.80 K, is a promising
candidate. Although it has been theoretically identified as a nontrivial topological material, direct ex-
perimental evidence is still lacking. In this work, we will present ARPES and Spin-ARPES studies on
Pd3BisSes, focusing on its Fermi surface topology, surface states, and spin-polarized states at low tem-
peratures. These insights will contribute to a deeper understanding of its electronic structure and fun-
damental properties, which are critical for advancing research on topological superconductors.

Monday, December 2, 17:30; Session 3, Posters

Electronic structure of catalytically active topological semimetal
N iQGa3

Anupam Jana', Debasis Dutta? Jun Fujii*, Amit Agarwal®, Antonio Politano®, Ivana Vobornik!

'CNR-Istituto Officina dei Materiali (CNR-IOM), Strada Statale 14, km 163.5, 34149 Trieste, Italy, *Department
of Physics, Indian Institute of Technology - Kanpur, Kanpur 208016, India; *Dipartimento di Scienze Fisiche e
Chimiche (DSFC), Universita dell’Aquila, Via Vetoio 10, I-67100 L’Aquila, Italy.

e-mail: jana@iom.cnr.it

Recently, alloys and intermetallic compounds have gained significant attention due to their unique elec-
tronic and geometric structure, which are favourable for efficient catalytic applications. They offer
promising alternatives to traditional monometallic catalysts, particularly in terms of cost, activity, sta-
bility, and selectivity. In this context, Ni-Ga bimetallic based catalysts demonstrates effective catalyse
that reduces CO2 to methanol at ambient pressure. The surface electronic structure is expected to play
an important role in the material’s catalytic activity.

In this study we investigated the surface electronic structure of Ni2Ga3, a stable and active compound
in the Ni-Ga bimetallic family, utilizing angle-resolved photoemission spectroscopy (ARPES) combined
with density functional theory (DFT). Trigonal structure Ni2Ga3 represents a topological semimetal
characterized by a tilted type-II Dirac crossing within its unoccupied states which is robust, under sig-
nificant spin-orbit coupling effects. Moreover, the material is hosting multiple surface states.. ARPES
spectra display the presence of several bands across the Brillouine zone (BZ), including dispersive bulk
bands that form electron pocket-like states close to the Fermi level (EF) corresponding to the triangu-
lar warped pockets encircling the corner of the Brillouin zone. A bunch of hole-like bands across the
zone centre is crossing the EF forming a star-like Fermi contour around the centre of the BZ. In addition,
parabolic arc-like and Dirac-like surface states are also evident in the valence band. Since, the bulk band
entanglements and presence of robust surface states favours the topological materials to stand high as
a potentially active and highly efficient catalysts, the presence of multiple electron-hole pockets at EF
together with surface states Fermi contours may be favouring the Ni2Ga3 catalytic activity.
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Tuesday, December 3, 8:45; Session 4, Part 1

Elettra 2.0: new advances in synchrotron radiation research
Luca Gregoratti

Elettra Sincrotrone Trieste S.C.p.A, Trieste, Italy.

e-mail: luca.gregoratti@elettra.eu

Elettra 2.0 represents the latest evolution of Italy’s third-generation synchrotron radiation facility, which
has served scientific and industrial communities since 1993. Approved by the Italian Government in
2017, the Elettra 2.0 project involves replacing the current machine with a low-emittance storage ring,
marking a significant milestone in synchrotron research. With enhanced brightness and coherence,
Elettra 2.0 offers exceptional possibilities for cutting-edge scientific research across diverse fields.

Over 40% of the project’s budget is allocated to new beamline construction and upgrades. The diverse
portfolio of beamlines will enable experiments in a wide range of photon energies, from a few tens
of eV to several tens of keV. Researchers in fields such as physics, chemistry, biology, medicine, and
cultural heritage will benefit from access to advanced experimental techniques. My presentation will
start with an overview of the new machine’s features, then discuss the capabilities of the beamlines and
their potential for conducting advanced experimental research.

Tuesday, December 3, 9:15; Session 4, Part 1

Three different charge orders in kagome lattice materials

Min Gu Kang

Cornell University, U.S.A.

e-mail: jordia76@gmail.com

Kagome lattice is one of the most fertile geometric motifs in condensed matter physics, where a unique
interplay between topology, correlation, and frustration gives rise to a plethora of quantum phenom-
ena. Charge ordering is an example of quantum states prevalently observed in various Kagome lattice
materials, including AV3Sbs, ScVgSng, and FeGe, and is found to be intertwined with superconductivity,
magnetism, and anomalous Hall effect in a nontrivial manner.

In this talk, I will present our comprehensive investigations of charge orders in Kagome lattice materials
using a suite of scattering and spectroscopy techniques, including ARPES and time-resolved XRD. Our
results point toward that despite their apparently similar phenomenology, the charge orders in AV3Sbs,
ScVgSng, and FeGe each have a completely different nature, emerging from electronic instability, lattice
instability, and magnetism-driven transition, respectively. Our investigations not only provide guid-
ance on the classification of charge order in broader quantum materials, but also highlight the utility of
combining complementary photon science techniques —photon-in-electron-out, photon-in-photon-out,
static and time-resolved —for a deeper understanding of quantum phenomena in solids.

Tuesday, December 3, 9:45; Session 4, Part 1
The rich physics of bilayer kagome metals
Domenico Di Sante

University of Bologna, Italy.

e-mail: domenico.disante@unibo.it

Long-range electronic order descending from a metallic parent state constitutes a rich playground to
study the intricate interplay of structural and electronic degrees of freedom. Kagome materials appeared
as the perfect stage for such explorations. Specifically, RV4Sng (R = rare earth atom) bilayer kagome
metals are topological systems with Dirac-like itinerant states, van Hove singularities and correlated
flat bands [1,2]. Interestingly, within this family, ScV¢Sng also features a charge density wave (CDW)
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phase that affects the susceptibility, the neutron scattering, and the specific heat, and whose motif differs
significantly from that of the siblings AV3Sbs (A = K, Rb, Cs) and FeGe. As such, in this presentation, I
will give an overview about the rich physics recently unveiled in bilayer kagome metals, and will also
discuss about the dynamics of that CDW phase [3]. Specifically, while there is no consensus yet on
its microscopic origin, with contradicting affirmations supporting both electron- electron and electron-
phonon interaction, we reveal a prominent role played by the structural degrees of freedom in the
stabilization of the charge order.

[1] D. Di Sante et al, Nature Physics 19, 1135 (2023).
[2] H. Li et al, Nature Physics 20, 1103 (2024)
[3] M. Tuniz et al, Communications Materials 4, 103 (2023).

Tuesday, December 3, 10:45; Session 4, Part 2

2D twistronics

Neil Wilson', David Cobden?, Roman Gorbachev?®, Xiaodong Xu?

'University of Warwick, United Kingdom; *University of Washington, Seattle, U.S.A.; *University of Manchester,
United Kingdom.

e-mail: neil.wilson@warwick.ac.uk

The wide family of 2D materials (2DMs) includes metals, semiconductors, superconductors, dielectrics,
ferroics and more, each displaying novel phenomena due to the qualitatively different nature of interac-
tions in 2D. However, the real delight is in the ability to combine different 2D materials into atomically
defined heterostructures by simply stacking layers, engineering interactions between them. From this
a new parameter space arises, the twist angle between neighbouring layers. Changing the twist angle
can be used to tune interlayer interactions. This is exemplified by ‘magic-angle’twisted graphene, en-
gineering strongly correlated behaviour through moire interactions, an effect also used to trap ordered
arrays of excitons in transition metal dichalcogenide (TMDC) heterobilayers. moire effects convention-
ally require a moire wavelength much longer than the atomic scale. But for larger lattice mismatch,
Umklapp processes can result in unexpected electronic structure changes. Here, I will present our re-
cent studies of electronic structure measurements of twisted 2DMs, including twisted graphenes and
TMDCs, illustrating the effects of these twist-angle dependent inter-layer interactions.

Tuesday, December 3, 11:15; Session 4, Part 2

Kramers-Weyl fermions in chiral crystals

Alberto Crepaldi

Politecnico di Milano, Milano, Italy.

e-mail: alberto.crepaldi@polimi.it

The study of chiral crystals is one of the frontiers in the field of topological materials. Weyl fermions
with unique properties emerge in the absence of inversion and mirror symmetries [1]. Kramers-Weyl
fermions, for example, are pinned at different high-symmetry points and surface arcs can connect them
spanning over the entire Brillouin zone [2 - 4]. The physics of chiral crystals is further enriched by
the spin arrangements in momentum space [5], that can go beyond those described by Rashba [6] and
Dresselhaus [7].

In my talk, I will show the results of our research activity on chiral crystals. I will start by discussing
the radial spin texture observed in tellurium, one of the simplest chiral crystals available [8]. I will
explain how the spin texture evolves in the momentum space under the influence of the local point
group symmetry. Based on symmetry constrains, we have screened materials databases for compounds
that realize spin texture more complex than the basic hedgehog [9]. From this analysis we identify
several interesting crystals: I will show you that in the semiconducting CdAs2 Weyl fermions of different
origin and with different spin texture emerge in nearly degenerate valleys, connected by helicoid states
[10].

Page 15



QUEST - QUantum matErials for Sustainable Technologies / Book of Abstracts

Tuesday, December 3, 11:45; Session 4, Part 2
Signatures of surface spin-orbital chiral metal
Federico Mazzola

CNR-SPIN, Napoli, Italy.

e-mail: mazzola@iom.cnr.it

Surface experimental probes, such as angle-resolved photoelectron spectroscopy provide researchers
access to the electronic structure of solids. Despite the advances in the field, recently, new forms of
surface local magnetism completely different from standard descriptions have appeared. One example
of such forms of magnetism are the one generated by the so-called loop currents, generated by the
collective motion of electrons in solids.

Such currents are of paramount importance and their manifestation is tightly connected to the symme-
tries of a material. For example, if they involve the orbital and angular momentum, then there will be
asymmetries upon mirror operator which will affect the orbital-and-angular momentum conservation.
While this phenomenology can be often elucidated by muon spectroscopy in bulk systems, surface and
interface effects remain elusive.

Here, I aim to give an overview of a new powerful methodology, based on the combination of circular
dichroism and spin-resolved photoelectron spectroscopy, to uncover such elusive phases. I will do this
starting from simple concepts and showing, at the end, my current research. In particular, I will show a
new methodology able to access what is known as loop current, even if the latter manifest at the surface
of a certain material. I will use as a prototype material SroRuOy, and find out that the signal collected
is compatible with that of a surface spin-spin orbital chiral metal.
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Tuesday, December 3, 12:15; Fonda-Fasella Award

Advancing imaging and magnetization dynamics studies at the
FERMI DiProl beamline using OAM beams and THz pulses

Matteo Pancaldi’, Francesco Guzzi', Ivaylo Nikolov', Benedikt Roesner?, Emanuele Pedersoli’,
Georgios Kourousias®, Giovanni De Ninno!?, Giulia Fulvia Mancini*, Luka Novinek®, Maurizio
Sacchi®®, Mauro Fanciulli’®, Michele Manfredda’, Thierry Ruchon’, Stefano Bonetti*!°, Flavio

Capotondi’

!Elettra-Sincrotrone Trieste S.C.p.A., Trieste, Italy; *Paul Scherrer Institut, Villigen, Switzerland, *Laboratory of
Quantum Optics, University of Nova Gorica, Slovenia; *Laboratory for Ultrafast X-ray and Electron Microscopy
(LUXEM), Department of Physics, University of Pavia, Italy; *Sorbonne Université, CNRS, Institut des NanoSciences
de Paris, INSP, Paris, France; *Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, Gif-sur-Yvette, France; "CY
Cergy Paris Université, CEA, LIDYL, Gif-sur-Yvette, France; *Université Paris-Saclay, CEA, LIDYL, Gif-sur-Yvette,
France; °Department of Molecular Sciences and Nanosystems, Ca Foscari University of Venice, Venezia, Italy;
10Department of Physics, Stockholm University, Stockholm, Sweden.

e-mail: matteo.pancaldi@elettra.eu

During the past four years, I had the opportunity to participate in and contribute to the development of
new techniques that expand the capabilities of the DiProl beamline at the FERMI free-electron laser (FEL)
source. In particular, I will present a few results related (i) to the properties of light beams possessing
orbital angular momentum (OAM) and (ii) to the magnetic dynamics triggered by high-amplitude, quasi-
single-cycle terahertz (THz) pulses.

The use of OAM light beams is rapidly becoming a powerful way for probing condensed-matter sys-
tems, even in the extreme ultraviolet range. The wavefronts of these beams are characterized by an
azimuthal angular dependence of the electric field phase, associated with an OAM topological charge
¢ # 0. For imaging purposes, it has been shown that OAM beams can increase image resolution com-
pared to gaussian illumination (¢ = 0) [1]. We tested this feature at the DiProl beamline by conducting
ptychographic experiments with a standard sample [2,3]. Our results show that ptychographic recon-
structions with OAM beams exhibit higher image resolution, and the retrieved illumination functions
proved to be very sensitive to optical aberrations. This study could provide the basis for new character-
ization and diagnostic tools [4], as the extra degree of freedom given by ¢ can be exploited for tuning
light-matter interaction even during pump-probe experiments.

Indeed, although we primarily investigated the role of OAM beams as a probe, a FEL source demonstrates
its full potential while performing pump-probe experiments on an ultrafast time scale. In this context,
we developed a compact THz source to be mounted inside DiProl. It is based on optical rectification
in a BNA organic crystal [5], which allows us to obtain quasi-single-cycle THz pulses with a spectrum
centered at approx. 1 THz. These pulses serve as a pump to investigate, for instance, THz-induced nuta-
tion dynamics in ferromagnetic materials [6]. Nutation, which is related to magnetic inertia, manifests
as a perturbation of the precessional motion undertaken by the magnetization during its recovery to
equilibrium. As shown in refs. [6,7], the nutation resonance frequency in standard ferromagnetic ma-
terials lies in the 0.5 - 2 THz range, making this phenomenon an ideal test case for our THz source. A
detailed experimental characterization of the magnetization evolution on an ultrafast time scale is not
only of interest for fundamental research, but could also have a significant impact in the development
of future devices, as magnetic inertia affects the energy balance associated with ultrafast magnetization
switching [8].

[1] F. Tamburini et al., Phys. Rev. Lett. 97, 163903 (2006). [2] F. Guzzi et al., Condens. Matter 6, 36
(2021). [3] M. Pancaldi, F. Guzzi et al., Optica 11, 403 (2024). [4] M. Fanciulli, M. Pancaldi et al., Phys.
Rev. Lett. 128, 077401 (2022). [5] F. Roeder at el., Opt. Express 28, 36274 (2020). [6] K. Neeraj et al., Nat.
Phys. 17, 245 (2021). [7] V. Unikandanunni et al., Phys. Rev. Lett. 129, 237201 (2022). [8] K. Neeraj et
al., Phys. Rev. B 105, 054415 (2022).
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