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Nontrivial entanglement passively mediated by a quenched mag-
netic impurity

Authors: Adelina Orlandini'; Claudio Gazza'; Franco Lisandrini?; Germéan Blesio'; Luis Manuel'

! Instituto de Fisica Rosario

? Physikalisches Institut, University of Bonn
Corresponding Author: adelina_andrea@hotmail.com

The Kondo-Sarachik effect, introduced in the 1960s, continues to represent a paradigm of strongly
correlated electronic systems today, occurring when a magnetic moment is screened by conduc-
tion electrons. The S=1 spin impurity model, composed of two orbitals coupled to two conduction
channels, which includes a single-ion anisotropy D, exhibits a topological quantum phase transi-
tion (TQPT) for a finite value of anisotropy Dc [1, 3] between two topologically different Fermi
liquids (Landau for D<Dc and non-Landau for D>Dc). Although this transition can be character-
ized by a Luttinger integral, it is novel and of great interest to study it through the lens of quantum
entanglement structures. By using various entanglement measures and implementing two different
numerical methods, we study the entanglement properties of the systems across this quantum phase
transition, allowing us to go deeper into the study of the entanglement properties of the model. We
find that the non-Landau Fermi liquid, present for higher anisotropies, displays a non-trivial entan-
glement structure: while the impurity is disentangled from the rest of the system due to the Kondo
effect destruction by the anisotropy, the two conductions channels, that are coupled only through
the impurity, become highly entangled between them. Our results show that a magnetic impurity
can passively mediate the entanglement between spatially separated conduction bands.

Poster Session 2/ 4

Magnetic and spin-wave properties of amorphous CoFeB/Ta bi-
layers

Author: Angel Alejandro Perez Martinez'

Co-authors: Dafne Goijman !. Javier Gomez !; Julian Milano !; Matthieu Bailleul ?; Quentin Rossi 2. Yunlin Zheng
3

! Instituto de Nanociencia y Nanotecnolog 1a (CNEA - CONICET), Nodo Bariloche, Av. Bustillo 9500, (8400) Bariloche,
Rio Negro, Argentina

2 Institut de Physique et Chimie des Mat eriaux de Strasbourg, UMR 7504 CNRS, Universit’e de Strasbourg, 23 rue du
Loess, BP 43, 67034 Strasbourg Cedex 2, France.

3 Sorbonne Universite, CNRS UMR7588, Institut des NanoSciences de Paris (INSP), Paris 75005, France
Corresponding Author: aaperezmtnez92@gmail.com

In this study, two series of bilayers, CoggFe49B2g/Ta and CoggFeogBoo/Ta, were deposited on Si/SiO,
substrates by magnetron sputtering. X-ray diffraction shows that both compositions have an amor-
phous structure. The magnetic properties of the samples were characterized by vibrating sample
magnetometry (VSM) and magneto-optical Kerr effect (MOKE) magnetometry. The VSM results
are consistent with the MOKE measurements, revealing a coercive field that decreases from approxi-
mately 50 Oe to 3—11 Oe as the film thickness increases, and a saturation magnetization of about 1100
emu/cm?. The hysteresis loops exhibit different shapes depending on the direction of the applied
magnetic field. Along the easy axis, magnetization reversal occurs abruptly, indicating a dominant
domain-wall-motion process, whereas along the hard axis it proceeds mainly through magnetization
rotation. In-plane and out-of-plane ferromagnetic resonance (FMR) measurements were performed
in the X-band at 9.78 GHz. The results were analyzed using the Smit-Beljers formalism. The in-plane
measurements reveal the presence of an in-plane uniaxial magnetic anisotropy field of up to approx-
imately 60 Oe. Frequency-dependent FMR linewidth measurements were also carried out, allowing
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the determination of the Gilbert damping parameter, which decreases to 4.4 x 103 for thicker films.
In addition, propagating spin-wave spectroscopy was performed using antennas patterned on top
of the films. In this configuration, magnetostatic surface spin waves were excited in the Damon-
Eshbach geometry. From the transmission parameter Lq9, it is possible to identify the contribution
of the uniform thickness mode (n=0) as well as the first perpendicular standing spin-wave (PSSW)
mode, composed of k=0 and k=0.7um~! antenna contributions. From these experiments, a group ve-
locity of 24 pm/ns was obtained, in good agreement with the value predicted by the Kalinikos-Slavin
theory.

Poster Session 2/ 5

Chemical order influence on the electric properties of BaT'i,_,Zr,O;
solid solution.

Author: Matias Baldassin’

Co-authors: Marcelo G. Stachiotti %; Rodrigo Machado 2

' UNR - Facultad de ciencias exactas

? IFIR - CONICET
Corresponding Author: matiasbaldassin@gmail.com

Barium zirconate titanate (BZT) is a lead-free relaxor ferroelectric that exhibits a rich phase phe-
nomenology depending on zirconium concentration: conventional ferroelectric and type I and type
II relaxors, among others. The relaxor phase is characterized by the absence of macroscopic po-
larization, a diffuse transition with strong frequency dependence of the dielectric permittivity, and
the Burns temperature which it is believed is related to the nucleation of polar nanoregions (PNRs),
whose microscopic origin is not yet fully understood.

In this work, we systematically study the effect of chemical disorder, specifically the local segrega-
tion of zirconium into spherical clusters, on the structural and ferroelectric properties of BZT, using
Molecular Dynamics simulations based on an ionic shell model with parameters tuned to DFT cal-
culations. Two representative concentrations were considered, z = 0.2 (ferroelectric phase) and
x = 0.4 (relaxor phase), with three degrees of zirconium segregation: 0, 50, and 100\%.

The results show that the formation of zirconium-rich clusters exerts a negative chemical pressure on
the BTO matrix, increasing the cell volume and significantly favoring the local polarizations of the
titanium cells without altering the macroscopic character of each phase. The Burns temperature was
determined using three independent methodologies, reinterpreting it as the temperature at which
the system begins to polarize locally; its increase was quantified relative to the degree of segregation.
Furthermore, it was found that the diffusivity of the relaxor phase transition grows with aggregation,
while remaining practically constant in the ferroelectric phase.

Through a machine learning algorithm (MultiSOM), local structural phases were classified, observing
that segregation stabilizes rhombohedral and orthorhombic configurations at low temperatures.

Finally, three-dimensional visualization of the polarization field reveals the spontaneous formation
of stable topological structures: vortex-like configurations in the titanium cells and anti-hedgehog
configurations in the zirconium clusters. These topologies exhibit high resistance to thermal varia-
tions and are directly related to the increase in the coercive field observed in the hysteresis loops.

These results establish chemical order as a control parameter for the topological and ferroelectric
properties of BZT, with direct implications for the design of lead-free functional materials.

Poster Session 2/ 6
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Thermomagnetic Properties of Mixed-Valence La(1-x)Sr(x)MnO3
Films near the x ~ 0.2 Phase Transition

Authors: Dante Peluso'; Solange Di Napoli'; Andrea Barral'; Myriam Aguirre®

Co-authors: Mariano Quintero '; Miguel Rengifo ?; José Santiso

! Instituto de Nanociencia y Nanotecnologia (CNEA - CONICET)
? Instituto de Nanociencias y Materiales de Aragon

* Catalan Institute of Nanoscience and Nanotechnology, (CSIC - BIST)
Corresponding Author: dantepelusol@gmail.com

Among the mechanisms enabling spin-current generation, the longitudinal spin Seebeck effect (LSSE),
driven by an out of plane thermal gradient, represents a key

phenomenon for spin-caloritronic applications, allowing the direct conversion of waste heat into

spin and electrical signals. In this work, we investigate the LSSE response

in epitaxial La;—,SryMnO; thin films with x »~ 0.2, due to its proximity to the ferromagnetic insulat-
ing Pnma — metallic R3c phase boundary, where enhanced magnetic,

electronic and thermomagnetic responses are expected. An epitaxial thin film was grown by pulsed

laser deposition (PLD) on SrTiO3

(STO) substrate and the LSSE

voltage was measured by swiping the in-plane external magnetic field. The observed nontrivial tem-
perature dependence of the thermoelectric signal strongly suggests a

dominant magnon-mediated thermal transport mechanism. Complementary first-principles density
functional theory (DFT) calculations were done to investigate the

evolution of the structural, electronic and magnetic properties for different Sr concentrations, both

below and above x = 0.2
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FeSe superconductor flakes at nanometer scale

Authors: Gonzalo Alfredo Mogensen'; Diego Javier Perez-Morelo'; Guillermo Rozas'; Gladys Nieva'

! Instituto Balseiro (UNCuyo-CNEA), INN (CNEA-CONICET)
Corresponding Author: gonzalomogensen@gmail.com

The increasing interest in the production and study of thin flakes of Van der Waals (VAW) materials
for potential application is driving the need to understand de fundamental physics underlying these
systems. Recently, chalcogenide materials have gained attention due to the emergence of extraordi-
nary properties when their thickness is reduced to a few layers.

In this work, we focus on the FeSe superconductor, a system highly sensitive to strain, doping, and
interfacial effects. Furthermore, FeSe is air-sensitive, which is particularly critical for thin flakes due
to their rapid degradation under ambient conditions. We have investigated mechanically exfoliated
nm-thin flakes of FeSe under an inert atmosphere, and characterizing them through Raman spec-
troscopy, electrical transport measurements, and optical contrast calculations and measurements
[1]. We present a selection of our latest results.

[1] G. A. Mogensen et al 2026 EPL 153 66003, DOI 10.1209/0295-5075/ae4fec

Poster Session 1/ 9

Electrostatically-induced topological phase transitions in poly-
acetylene molecules

Authors: Alejandro Lobos!; Anibal Tucci?; Tomas Suleiman®
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% Instituto de Fisica de La Plata (CONICET)

Corresponding Author: tfsuleiman@gmail.com

We study the electronic properties of a linear trans-polyacetylene (tPA) molecule capacitively cou-
pled to an external gate voltage V,; of width d. We describe this system using the Takayama-Lin—
Liu-Maki (TLM) model in the continuum, and analyze it within the Abelian bosonization formalism,
which allows us to treat both electronic and lattice degrees of freedom and to incorporate the effects
of repulsive Coulomb interactions among electrons. The global ground state describing simultane-
ously the electronic charge-density field as well as the lattice dimerization field of a tPA molecule is
shown to consist of multikink solutions of a modified sine-Gordon equation for the charge-density
field, which is controlled by Vj, the width d, and the Luttinger parameter K encoding the strength
of electron-electron interactions. These solutions belong to distinct topological sectors labeled by
an integer invariant ¢ that simultaneously quantifies both the bound charge and the number of
domain walls in the dimerization pattern induced at the gated region. Increasing V drives a se-
quence of topological phase transitions characterized by abrupt changes in q. We further examine
the effect of repulsive Coulomb interactions on the resulting topological phase diagram, and finally,
we discuss the relevance of our findings for potential nanoelectronic devices based on gated tPA
molecules.

Poster Session 1/ 10

Quantum Synchronization in Superconducting Circuits: Role of
the Dynamical Casimir Effect in Open Systems

Authors: Fernando Lombardo™°"¢; Sebastian Francisquezl

! Universidad de buenos aires
Corresponding Author: lombardo@df.uba.ar

Superconducting microwave circuits have become a versatile platform for the simulation and control
of quantum phenomena in solid-state systems. In particular, they enable the implementation of
time-dependent boundary conditions using devices such as SQUIDs, allowing the exploration of the
dynamical Casimir effect (DCE), where photons are generated from the vacuum.

On the other hand, a phenomenon that has attracted increasing interest in the community is quan-
tum synchronization, understood as the adjustment of rhythms or phases between weakly coupled
or externally driven oscillators, with potential applications in quantum sensing and communica-
tion.

In this work, we explore the interplay between both phenomena within a superconducting circuit
architecture. We consider a realistic implementation in which two superconducting qubits are cou-
pled to a coplanar waveguide resonator, terminated at one end by a SQUID acting as a dynamical
boundary. Modulation of the external flux through the SQUID induces the DCE, generating photons
that mediate synchronization between the qubits. We extend previous analyses to an open quantum
systems framework, incorporating dissipation, relaxation, and decoherence relevant to experimental
devices.

We show that unavoidable losses in the system do not prevent the emergence or persistence of syn-
chronization, even in regimes where dissipation rates are orders of magnitude larger than those
typically observed in experiments. Furthermore, we study nonclassical correlations, such as entan-
glement and quantum discord, as a function of time and their relation to the onset of synchronization,
providing evidence of their connection in open superconducting platforms.

Poster Session 2/ 11
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Charge-to-Spin Interconversion in Py/W Bilayers

Author: Nuria Sofia Abellan Lorenzo’

Co-authors: Alejandro Butera 2. Chiara Nicole Lombardo *; Javier Gomez ?; Lara Solis *; Luis Aviles Felix *; Marcelo
Vasquez-Mansilla %; Mauricio Pacheco Rodriguez *; Myriam Aguirre ®; Yumeng Yang ’; Yuteng Ma ®

! Departamento de Magnetismo y Materiales Magnéticos, CNEA. Instituto Balseiro

? Departamento de Magnetismo y Materiales Magnéticos, CNEA. Instituto de Nanociencia y Nanotecnologia (CNEA -
CONICET), Nodo Bariloche.

% Instituto Balseiro, CNEA.

* Instituto de Nanociencia y Nanotecnologia, CNEA-CONICET, Nodo Constituyentes.
> Facultad de Ciencias, Universidad Nacional de Ingenieria, Lima, Perii

¢ Instituto de Nanociencia y Materiales de Aragon (INMA-CSIC), Zaragoza, Espafia

7 State Key Laboratory of Quantum Functional Materials, School of Information Science and Technology, ShanghaiTech
University, Shanghai, China

8 Department of Electrical and Computer Engineering, National University of Singapore, Chongqing, China

Corresponding Author: nuria.abellan@ib.edu.ar

Heavy-metal/ferromagnet heterostructures are essential for the development of energy-efficient
spin-orbit torque (SOT) devices. Among the various heavy metal materials, tungsten (W) plays a
crucial role in this field due to its strong spin-orbit coupling and high charge-to-spin conversion
efficiency. In this context, permalloy (Py)/W bilayers serve as a model system to investigate interfa-
cial spin-dependent transport properties. In this work, we investigate the magnetization dynamics
and spin transport in Py(¢p,)/W(3 nm) bilayers, with Py thicknesses ranging from 2.4 nm to 12 nm.
Structural characterization via TEM-EDX and XRR confirmed the high quality of the interfaces. DC
magnetometry and magnetization dynamics measurements revealed an easy-plane anisotropy and
confirmed a surface anisotropy induced by the W layer. We performed broadband and cavity ferro-
magnetic resonance (FMR) to extract the effective magnetization and the damping parameter as a
function of the Py thickness. Furthermore, spin transport properties were characterized through spin
pumping-inverse spin Hall effect (SP-ISHE) and spin-torque FMR measurements. We successfully
detected the ISHE signal and estimated the effective spin Hall angle for each sample, demonstrat-
ing reciprocity between both techniques. Notably, the measurements revealed a non-monotonic
thickness dependence, finding a maximum charge-to-spin interconversion efficiency for a Py thick-
ness of approximately 7.2 nm. These results provide valuable insight into thickness-dependent spin
transport mechanisms and highlight the potential of Py/W bilayers for SOT-based spintronic appli-
cations.

Poster Session 1/ 12

Non Hermitian Anomalous Floquet Anderson Insulator

Authors: Diego Bautista Aviles'; Luis E. F. Foa Torres'

! Universidad de Chile

Corresponding Author: diego.bau.avi@gmail.com

The Anomalous Floquet Anderson Insulator [1] is a topological phase unique to driven systems, in
which topological edge states persist even when all bulk states become localized by disorder. In this
work, we analyze the spectral properties of a non-Hermitian version of the AFAI (NH-AFAI). We
describe a square lattice tight-binding model driven by a periodically applied, piecewise-constant
non-Hermitian term, treated within Floquet theory. Motivated by the presence of chiral gap states
in the Hermitian AFAI [1], we investigate whether these states survive the introduction of non-
Hermiticity. We further examine the role of the non-Hermitian skin effect [2] in this setting. To this
end, we compute the quasi-energy spectrum under periodic boundary conditions to test the winding
number condition for the skin effect [3], and analyze the spectra and inverse participation ratio (IPR)
of eigenstates in a 1D ribbon geometry.
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Spintronic transport in semiconductor-based pseudovalves: in-
terplay between exchange energy and spin—-orbit coupling

Author: Julian Andrés Zuiiga'
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! Universidad Nacional de La Plata, Instituto de Fisica La Plata (IFLP)
Corresponding Author: jzuniga@iflp.unlp.edu.ar

Spintronics takes advantage of the electronic spin degree of freedom and magnetic order as funda-
mental variables for information storage and processing. In this context, magnetic tunnel junctions
constitute essential devices, where tunnel magnetoresistance (TMR) makes it possible to distinguish
low- and high-resistance states associated with parallel and antiparallel magnetization configura-
tions, serving as a key mechanism in magnetic memory technologies.

In this work, a theoretical study of spintronic transport in three-layer pseudovalve (PSV) heterostruc-
tures of the form FeCr/SC/FeCr is presented, where the semiconductor (SC) acts as a tunnel barrier
with a zinc-blende structure. Semiconductors from III-V (GaSb, InSb, InAs, and GaAs) and II-VI
(ZnSe) groups are considered, allowing a systematic analysis of different electronic properties and
spin-orbit coupling (SOC) effects in quantum transport.

The theoretical model is based on the Slonczewski formalism, incorporating the exchange energy
in the FeCr ferromagnetic electrodes and the effects of Dresselhaus- and Rashba-type SOC in the
semiconductor region. This combination allows control of the wave vector dynamics associated
with spin states during the tunneling process.

TMR is calculated in the single-channel regime at low temperature within the Landauer—Biittiker
formalism, as a function of semiconductor thickness and crystallographic orientation. The results
show that TMR exhibits well-defined maxima that strongly depend on the type of semiconductor
used, being particularly sensitive to SOC effects. Among the analyzed materials, the most efficient
configuration corresponds to FegyCry9/GaSb/FegyCryg, reaching a maximum TMR value of 83.60\%.
In all cases, the contribution of Dresselhaus-type SOC is more significant than that of Rashba-type
SOC. These results highlight the critical role of the interplay between exchange energy and SOC in
modulating spintronic transport in FeCr/SC/FeCr structures.

Poster Session 2/ 14

Hylin-Pul3 Pore formation in bacterial model membrane by Molec-
ular Dynamics Simulations

Author: Victor Manuel Caliva'

Co-authors: Mariela Marani 2; Monica Pickholz ; Santiago Di Lella 3. Silvana Aguilar 2
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Hylin-Pul3, an antimicrobial peptide (AMP) from the frog Boana Puchella shows promising activity
against Gram-positive and Gram-negative bacteria [1]. To understand its mechanism of action at the
molecular level we carried out Molecular Dynamics simulations to explore the process of peptide
pore formation in simple bacterial model membranes. We found that hylin-Pul3 was able to disrupt
membranes with 16 pore-forming peptides, and 18 arranged in square matrices.

We observed that 16 hylin-Pul3 form stable aggregates at the time scale of microseconds. Aggregate
analysis revealed hydrogen-bonding interactions between adjacent peptides. Furthermore, using the
package SUAVE [2], we quantified changes in lipid density associated with local curvature induced
by the peptides, confirming the peptide aggregation is associated with the membrane alteration.
These results provide a structural basis for designing mutants with enhanced activity.

Keywords. Antimicrobial, Boana, Molecular Dynamics, pore, matrices.
Acknowledgements. PICT 2019 1045 and CONICET
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Topological phase transitions in group-14 Xenes tuned by adsor-
bate coverage and perpendicular electric field

Authors: Julian Antonio Villarreal Murta'; Martin Esteves'; Ricardo Faccio®
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Corresponding Author: javillarrealmurua@gmail.com

<br/>

Materials with topological properties are of high current technological relevance due to their po-
tential applications in nanoelectronics. Particularly significant are topological insulators, which,
despite exhibiting a bandgap in their bulk band structure, possess symmetry-protected conducting
states at their edges.

This work aimed to theoretically identify the different topological phases in functionalized silicene,
germanene, and stanene with varying Hydrogen adsorbate coverage and a perpendicular electric
field. The Z, topological invariant proposed by Kane and Mele \[1] to characterize phases in sys-
tems that respect time-reversal symmetry was determined using the methodology proposed by Yu
et al. \[2]. Critical values of adsorbate coverage and perpendicular electric field at which the mate-
rials underwent a topological phase transition were identified.

The materials were simulated using the Quantum Espresso software, and subsequently a tight-binding
representation of the systems was obtained by means of highly localized Wannier functions. Finally,
the evolution of the Wannier function centers was tracked with respect to one of the directions of
crystal momentum, which allowed the Z, invariant to be computed. This procedure was repeated
for different values of adsorbate coverage and electric field, enabling the precise identification of
topologically distinct insulating phases for each of the materials studied.<br/>

\[1] C. L. Kane y E. J. Mele. Z5 Topological Order and the Quantum Spin Hall Effect. Phys. Rev. Lett.
95, 146802, (2005). DOI: 10.1103/PhysRevLett.95.146802.

\[2] R. Yu, X. L. Qi, A. Bernevig, Z. Fang, and X. Dai. Equivalent expression of Z topological invariant
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for band insulators using the non-Abelian Berry connection. Phys. Rev. B 84, 075119, (2011). DOIL:
10.1103/PhysRevB.84.075119.

Poster Session 2 / 16

Electric Field-Induced Tunability of Local Magnetic Moments in
Two-Dimensional Group-14 Xenes

Authors: Julidn Antonio Villarreal Murda'; Facundo Arreyesz; Juan Sebastian Ardenghiz; Ricardo Faccio®

! Facultad de Quimica, Universidad de la Repiiblica
2 Departamento de Fisica, Universidad Nacional del Sur e Instituto de Fisica del Sur, CONICET

Corresponding Author: javillarrealmurua@gmail.com

<br/>

In this work, a tight-binding Anderson model was used to theoretically study the formation of local
magnetic moments when an impurity is adsorbed at either a hollow or top site in two-dimensional
group-14 Xenes—namely, silicene, germanene and stanene—and the results were compared with
graphene. A comparison was made between a numerical renormalization group approach that uses
the software NRG Ljubljana \[1], and a mean-field approximation \[2] that uses approximate analyt-
ical expressions for the self-energy. The spin-polarized electronic density of states at the impurity
was computed with both methods with the aim of calculating the local magnetic moments at the
impurity, taking into account the effect of a perpendicularly applied external electric field. For each
of the Xenes considered, a magnetic domain was identified in terms of the hybridization strength of
the impurity with the sublattices, the Fermi energy and the Hubbard parameter for different electric
field intensities. The effect of the electric field was studied for negative and positive on-site impurity
energies, generalizing the results found in the literature for graphene. The results obtained have
potential applications in nanoelectronics and spintronics, particularly where tunability of local mag-
netic moments is required and can be achieved through an electric field.<br/>

\[1] R. Zitko, “NRG Ljubljana”. Zenodo, (2021). DOI: 10.5281/zenodo0.4841075.

\[2] P. W. Anderson. Localized Magnetic States in Metals. Phys. Rev. 124, 41-53, (1961). DOI:
10.1103/PhysRev.124.41.

Poster Session 2/ 17

Two-spinon bound states in the spectrum of frustrated quantum
magnets
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Co-authors: Claudio Gazza ?; Esteban Ghioldi !; Adolfo Trumper 3. Luis Manuel 2

! Instituto de Fisica Rosario (CONICET - UNR)
2 Instituto de Fisica Rosario
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Corresponding Author: ignaciopomponio@gmail.com

Frustrated quantum antiferromagnets offer a playground for studying highly fluctuating systems
at low temperatures. In these systems, a strong renormalization of the magnetic order parameter
occurs, and semiclassical spin-wave theory often fails to reproduce their dynamical and static prop-
erties. Numerical approaches to the problem also exhibit difficulties in describing the dynamics of
these systems (sign problem in QMC, strong bias related to boundary conditions in DMRG, and
more), and even if they can be trusted in some regimes, most numerical techniques cannot account
for the mechanisms underlying the anomalous behaviour. Analytical treatments of the problem
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can shed light on these mechanisms, as spin-wave theory provides a picture of excitations as quan-
tized oscillations of the magnetic moments around the rigid ordered state in most non-frustrated
magnets.

Here, we present results using a large-N Schwinger boson theory (SBT) that goes beyond the mean-
field level for multiple-sublattice magnetic structures. This is a parton theory where the spin de-
gree of freedom is written in terms of two bosonic operators, and the dynamics is described by the
emergence of fluctuating gauge fields. The elementary excitations at the saddle-point level are free
spinons, which, after including Gaussian fluctuations of the gauge fields, give rise to two-spinon
bound states related to the magnon excitations in the large-S limit. The SBT allows us to interpret
the magnetic spectra of some ordered magnets with strong quantum fluctuations as an interact-
ing gas of bosons, where low-energy signals are typically associated with two-spinon bound states
(magnons) and a two-free-spinon continuum emerges at higher energies.

Recently, this framework has successfully captured the main features observed in the dynamical spin
structure (DSSF) factor of several compounds that can be modeled as triangular-lattice Heisenberg
antiferromagnets.

In this poster, we show results for the DSSF of the triangular Heisenberg model in the presence of
an external magnetic field and in the case where an easy-axis XXZ exchange anisotropy is included,
where a plethora of exotic magnetic phases arise that must be treated as a three-site motif on a
Bravais lattice.

References

E. A. Ghioldi et al, Phys. Rev. B 98, 184403 (2018).

E. A. Ghioldi et al, Phys. Rev. B 106, 064418 (2022)
A. O. Scheie et al, Nature Physics 20, 74-81 (2024)

L. L. Pomponio et al, Phys. Rev. B 110, 224402 (2024).

Poster Session 1/ 18

Effects of Nitric Oxide Adsorption on Topological Surface States
in Bi,Se, via DFT and Effective Model Hamiltonian

Author: Julian Castro’

Co-authors: Jorge Facio 2. Verénica Vildosola *

! CONICET, CNEA, INN
2 CONICET, CNEA, Instituto Balseiro

Corresponding Author: swiftmasterz@gmail.com

Topological insulators are materials characterized by an insulating bulk and the emergence of con-
ducting surface states enforced by the bulk-boundary correspondence. Among them, Bismuth se-
lenide (Bi,Se;) is a prototypical example, where a non-trivial Z, topological invariant gives rise to
gapless Dirac-like surface states protected by time-reversal symmetry.

These states can be sensitive to external perturbations such as molecular adsorption, which can mod-
ify their electronic structure and potentially influence surface reactivity. In this context, we investi-
gate the effect of nitric oxide (NO) adsorption using first-principles density functional theory (DFT).
Due to its small HOMO-LUMO gap, NO is highly reactive, enabling a direct interaction between its
molecular orbitals and the topological surface states. We analyze the resulting modifications to the
band structure, including Fermi surfaces and spin textures, and find a clear hybridization between
NO states and the Dirac cone.

To rationalize these effects, we construct an effective model Hamiltonian that captures the inter-
action between the aforementioned states. The model considers different types of hybridizations
between the molecular levels and the Dirac states and the influence in the anomalous Hall conduc-
tivities.
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Lattice dynamic and electronic structure of the (Cu,Zn)-doped
MgO

Authors: Arles Victor Gil Rebaza'; Segundo Rosali Jauregui Rosas®

Co-authors: Christian Portilla Liberato ?; Hans Kevin Narro Arias *; Santos Lizeth Chucchucan Gonzalez !

! Instituto de Fisica La Plata

% Grupo de Investigacion en la Nanociencia y Nanotecnologia (GMIN-UNT), Universidad Nacional de Trujillo, Trujillo,
Pert

Corresponding Author: hansnarrol @gmail.com

Magnesium oxide (MgO) is a highly versatile material, with applications ranging from biological uses
due to its biocompatibility® to electronic applications as an excellent insulator due to large band gap
of 7.8 eV2. Related to the band gap, for (Zn, Cu)-doped MgO its decrease, allowing it to be used as a
semiconductor with applications in the degradation of pollutants®.

In this work, we have studied the systems (Cu, Zn)-doped MgO at 3%, analyzing the formation en-
ergy, crystal structure variation, the lattice dynamics (phonons frequencies, IR and Raman), and the
changes in the electronic structure, band gap and semiconductor type induced by the dopants. All cal-
culations were based on the Density Functional Theory (DFT) using the pseudopotential plane-wave
(PP-PW) method implemented in the Quantum ESPRESSO code. Our results agree with experimen-
tal ones.

1. Sabbagh, F. et al. Effect of zinc content on structural, functional, morphological, and thermal
properties of kappa-carrageenan/NaCMC nanocomposites. Polym. Test. 93, (2021).

2. Desai, P. et al. High yield synthesis and study of Cu substitution on characteristics and dielectric
properties of MgO nanostructures. Mater. Chem. Phys. 299, (2023).

3. Chauhan, D., Kumar, R., Thakur, N. & Kumar, K. Exploring transition metal (Co, Cu, and Zn)
doped magnesium oxide nanoparticles for their environmental remediation potential. Materials
Science and Engineering: B 302, (2024).

Poster Session 1/ 20

Effects of Quantum Fluctuations on the Emergence of Topologi-
cal Superconductivity

Authors: Alejandro Lobos!; Claudio Gazza®; Ignacio Javier Hamad?®; Luis Manuel?; Stefano Rossi™°"

! Instituto Interdisciplinario de Ciencias Basicas (CONICET-UNCuyo
2 Instituto de Fisica Rosario

* Instituto de Fisica de Rosario
Corresponding Author: stefarossi99@gmail.com

We theoretically study the influence of quantum fluctuations on the emergence of topological phases
in a superconductor. Specifically, we consider a model consisting of a spin chain coupled to an s-
wave superconductor. The chain exhibits a spiral texture, and when it behaves classically, it is known
to induce Rashba-type spin—orbit coupling in the superconductor, a mechanism that is essential for
the emergence of topological phases. By introducing a Heisenberg exchange interaction between
the spins in the chain, we investigate to what extent the induced Rashba coupling, and the resulting
topological superconductivity, are preserved as quantum fluctuations increase.
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Magnetization dynamics in wedge-shaped MgO/CoFeB/Ta heterostruc-
tures
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Co-authors: Abellan %; Gémez *; Sousa *; Trinh %; Vasquez-Mansilla 2. Auffret *; Butera 2; Avilés-Félix 2

! Instituto Balseiro

? Instituto Balseiro, Departamento Magnetismo y Materiales Magnéticos, INN
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4 University Grenoble Alpes, CEA, CNRS, Grenoble-INP, Spintec, 38000 Grenoble, France

Corresponding Author: chiara.lombardo@ib.edu.ar

The emergence of spin—orbit torque magnetic random access memory (SOT-MRAM) is driving re-
search toward materials with strong spin—orbit coupling, such as tantalum and tungsten, and their
integration into conventional CoFeB-based magnetic tunnel junction structures. In this work, we
study Ta/CoFeB/MgO stacks grown directly on Si/SiO9 substrates. The samples were fabricated with
CoFeB thicknesses ranging from 1.2 nm to 4.9 nm.

In-plane variations of the Kerr hysteresis loops for Ta/CoFeB (4 nm)/MgO samples reveal that the
direction of the induced uniaxial anisotropy, relative to the substrate crystallographic orientation, is
determined by the wedged material (Ta or CoFeB). SQUID measurements indicate a magnetic dead
layer of approximately 1 nm. From the in-plane and out-of-plane dependence of the resonance field
and linewidth, extracted from cavity ferromagnetic resonance experiments, we determine an effec-
tive anisotropy field of poH, = 1.9 mT and an effective magnetization My = 1290 mT for the
CoFeB (4 nm) stack. Additionally, we explore the influence of annealing temperature and CoFeB
thickness on the damping constant. These results provide valuable insight into thickness-dependent
magnetic properties and the effect of annealing temperature on magnetization dynamics in CoFeB-
based systems, as well as their role in SOT-driven spintronic applications

Poster Session 1/ 22

Quantum Hall Thermoelectric Response in GaAs Corbino Struc-
tures

Author: Nicolas Molina’

Co-authors: Juan Herrera Mateos ?; Kelvin Ramos *; Leandro Tosi ; Leonardo Salazar ; Liliana Arrachea ; Paula
Giudici *; Mariano Real °

! Departamento de Fisica de la Materia Condensada, Instituto de Nanociencia y Nanotecnologia (INN), CNEA, Centro
Atoémico Constituyentes, San Martin, Argentina.

% International Center for Advanced Studies and ICIFI, ECYyT-UNSAM, 25 de Mayo y Francia, 1650 Buenos Aires,
Argentina

% Instituto Balseiro

* Departamento de Fisica de la Materia Condensada, Instituto de Nanociencia y Nanotecnologia (INN), CNEA-CONICET,
Centro Atomico Constituyentes, San Martin, Argentina.

3 Instituto Nacional de Tecnologia Industrial (INTI)

Corresponding Author: nicoagustinmol@gmail.com

The Quantum Hall effect (QHE) is a mesoscopic phenomenon characterized by a Hall resistance
quantized in fractions of h/e?. This quantization is remarkably robust against sample geometry and
disorder, a property that arises from the underlying topological nature of the quantum Hall state
[1]. While fundamentally known for defining the international standard of electrical resistance (the
ohm), these systems also provide a platform for energy conversion, with potential applications as
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solid-state thermal engines [2,3]. In this sense, the quantum Hall effect constitutes a remarkable
example of the synergy between the study of fundamental physical phenomena and technological
applications.

As a thermoelectric system we present a study of Corbino devices, focusing on the measurement of
thermovoltage (V4,,), thermocurrent (I3;,), and electrical conductance (G). This work extends on pre-
vious research, where thermoelectric properties in quantum-Hall Corbino structures were studied
using a single transmission function inferred from conductance, and the measured thermovoltage
was shown to be dominated by electron diffusion with negligible phonon-drag contribution [2,3].
In this regime, temperature gradients give rise to charge transport that can be described within the
Landauer-Bittiker formalism.

As a quantum resistance standard, we report a key technical milestone: the characterization of the
first completely national GaAs/AlGaAs-based heterostructures hosting a two-dimensional electron
gas in the quantum Hall regime, grown and processed entirely at CNEA. This development marks
a significant step toward local autonomy in the fabrication of high-mobility semiconductor nanos-

tructures, paving the way for independence in establishing the national electrical resistance stan-
dard.

[1] S. M. Girvin, The Quantum Hall Effect: Novel Excitations and Broken Symmetries, in Topological
Aspects of Low Dimensional Systems, Les Houches Summer School Proceedings Vol. 69, pp. 53-175
(Springer, 1999).

[2] M. Real, D. Gresta, C. Reichl, J. Weis, A. Tonina, P. Giudici, L. Arrachea, W. Wegscheider, and W.
Dietsche, Phys. Rev. Appl. 14, 034019 (2020).

[3]J. Herrera Mateos, M. A. Real, C. Reichl, A. Tonina, W. Wegscheider, W. Dietsche, and L. Arrachea,
Phys. Rev. B 103, 125404 (2021).

Poster Session 2 / 23

Quantum skyrmions in the antiferromagnetic triangular lattice
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Corresponding Author: ines.corte@iflp.unlp.edu.ar

Magnetic skyrmions are topological quasiparticles potentially useful for memory and computing
devices. Antiferromagnetic (AF) skyrmions present no transverse deflection, making them suitable
candidates for data storage applications. After the discovery of skyrmions with length scales compa-
rable to the lattice constant, several works presented quantum analogues of classical ferromagnetic
skyrmions in spin systems. However, studies about quantum analogues of AF skyrmions are still
lacking.

Here, we explore the phases of the AF quantum spin-1/2 Heisenberg model with Dzyaloshinskii-
Moriya interactions on the triangular lattice using the density matrix renormalization group (DMRG)
algorithm. We study the magnetization profile, spin structure factor and quantum entanglement of
the resulting ground states to characterize the corresponding phases and signal the emergence of
quantum AF skyrmions.

Poster Session 1/ 24

Quantum Systems in Cavities: Spectral properties of an SSH chain
coupled to a cavity mode
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Floquet engineering consists of applying periodic time-dependent perturbations to a given system
to induce topological properties or design non-trivial effective Hamiltonians. However, this frame-
work is inherently a non-equilibrium regime and presents several associated drawbacks (heating,
uncontrolled level populations, etc.).

Recently, the use of cavity quantum electrodynamics (c-QED) in the strong light-matter coupling
regime has emerged as an alternative. This approach exploits the vacuum fluctuations of the cavity
field to modify material properties, particularly the equilibrium features of the polaritonic” system.
Understanding how these quantum phases persist in regimes where light-matter correlations and
many-body effects are significant is crucial for the design of robust quantum technologies.

In this work, we investigate the coupling between a cavity mode of energy h£2 and fermions in a Su-
Schrieffer-Heeger (SSH) chain. Our results show that the 7-gap present in the semi-classical Floquet
limit persists in the cavity framework only for the single-fermion case; away from this limit, the gap
closes when h{) > 2Ep. Finally, we characterize the formation and dynamics of anomalous edge
states in this system.

Poster Session 1/ 26

Applications of superconducting quantum circuits in a realistic
laboratory setting: analogue Hawking radiation

Author: Elian Urtubey’

! Universidad de Buenos Aires
Corresponding Author: elian.urtubey@gmail.com

Recent advances in superconducting circuit platforms have enabled the controlled engineering of
quantum many-body systems and their nonequilibrium dynamics, opening new avenues for quan-
tum simulation of otherwise inaccessible physical regimes. In this work, we propose a circuit quan-
tum electrodynamics architecture that simulates quantum field theory in curved spacetime, imple-
menting an analogue of a Schwarzschild black hole.

In this superconducting platform, Hawking radiation emerges as a nonequilibrium quantum effect
associated with horizon formation. We show that the analogue system reproduces the characteristic
thermal spectrum and enable access to quantum correlations, allowing for the measurement of en-
tanglement between emitted particle pairs. Using an open quantum systems approach, we further
analyze the robustness of the effect under realistic noise and dissipation.

Our results indicate that, given current experimental parameters in circuit QED, the analogue Hawk-
ing signal persists on timescales (~10 ps) well above typical measurement times (~100 ns), making
its detection feasible. This work positions superconducting circuits as a versatile condensed mat-
ter platform for exploring emergent spacetime phenomena, nonequilibrium quantum physics, and
entanglement generation in engineered quantum systems.

Poster Session 2 / 27
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Charge Transfer Dynamics in Li" Ion Scattering from Sulfur Sites
on MoS, Surfaces: Effects of Local Topography and Atomic Ba-
sis.
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Transition metal dichalcogenides, such as molybdenum disulfide (MoS;), have attracted great techno-
logical interest due to their remarkable two-dimensional electronic properties. To study the surface
electronic structure of these materials, the low-energy ion scattering (LEIS) technique proves to be
an invaluable tool. Recent work has demonstrated that resonant charge transfer during Li* colli-
sions with Molybdenum (Mo) atoms requires rigorous modeling that includes excited orbitals of the
projectile. In this work, we extend that investigation by presenting a purely theoretical analysis of
Li" ion scattering focused on the Sulfur (S) atoms in the outermost layer of MoSs.

The dynamics of the final charge fractions were simulated using a resonant transfer model based
on the Anderson Hamiltonian, incorporating multichannel statistical electronic correlation. Unlike
what is observed in collisions at the Mo site, our calculations reveal that the dynamical evolution of
the charge at the S site is significantly less sensitive to the geometric complexity of the projectile’s
wave function. In particular, we demonstrate that the implementation of an extended Huzinaga
atomic basis (73 + 2p) for lithium does not substantially modify the results obtained with a less
computationally expensive spherical basis (43). This behavior is attributed to the local topography
of the collision: in the case of scattering by S, the p,, and p,, orbitals would not contribute appreciably
to the modification of the levels due to second-order orthogonalization with respect to neighboring
atoms.

Additionally, the neutral ion fraction was calculated, simultaneously evaluating the formation of
negative ions through the hole formalism. The theoretical results for the neutral fraction show a
qualitative dependence on the incident energy (2.5 to 8 keV) analogous to that reported experimen-
tally, albeit shifted. Although the reported experimental results only estimate the neutralization by
S (due to the impossibility of isolating the elastic S peak in the spectra), we discuss how this quan-
titative discrepancy (between theory and experiment) reflects an extreme sensitivity of the electron
capture mechanisms to the value of the local electrostatic potential (effective work function), which
differs notably between the Mo and S impact sites due to the formation of the surface dipole charac-
teristic of the 2H phase of MoS,. These results underscore that charge dynamics in heterogeneous
two-dimensional materials are strongly modulated by the specific microscopic scattering site on
multiatomic surfaces.

Poster Session 1/ 28

Magnetization-induced topological phases in Kane-Mele model

Author: Cristian Fanjul’

Co-author: Javier Daniel Fuhr 2
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The Kane—Mele model is a tight-binding system on a honeycomb lattice that realices a two-dimensional
topological insulator with time-reversal symmetry, characterized by a Z2 invariant and the presence
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of helical edge states. The introduction of a perpendicular electric field breaks inversion symmetry,
allowing one to tune transitions between topological and trivial phases.

When a magnetic field is included, time-reversal symmetry is explicitly broken. Within the Altland-
Zirnbauer classification, this suggests the disappearance of the conventional topological phase. How-
ever, recent developments have shown that higher-order topological phases can emerge, where pro-
tected states appear at boundaries of lower dimensionality, such as corners.

In this work, we study the phase diagram of the Kane—-Mele model in the simultaneous presence of
a perpendicular electric field and an in-plane magnetic field. We analyze bulk gap closings and the
emergence of edge and corner states, with the goal of identifying and characterizing the resulting
topological phases.

Poster Session 2 / 29

Thermo-electrical properties of FeRh alloys doped with Co and
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1Departamento de Fisica, Universidad Nacional del Sur (UNS), Argentina
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The ordered FeRh alloy (B2 structure) exhibits a first-order phase transition between an antiferromag-
netic (AFM) state and a ferromagnetic (FM) state[1], accompanied by abrupt changes in its electronic
and transport properties. The incorporation of dopants into this system provides an effective route
to tune both the relative stability of the magnetic phases and the transition temperature[2,3], thereby
opening possibilities for functional applications.

In this work, we present a theoretical study based on first-principles calculations of the structural,
energetic, magnetic, and electronic transport properties of FeRh alloys doped with Z = Pt, Co at
different concentrations (x = 6.25, 12.5, 18.75, and 25). Dopants are introduced at both Fe sites
(Feso—zRhsoZ;) and Rh sites (FesgRhso—o Z;), allowing us to analyze the role of the local chem-
ical environment on the system properties. Spin—orbit coupling is included to achieve an accurate
description of magnetic effects.

Additionally, based on the calculated electronic structures, we investigate thermoelectric properties
within the semiclassical Boltzmann transport theory as implemented in BoltzTraP. This approach
enables the analysis of electrical conductivity, electronic specific heat, and the Seebeck coefficient,
among other transport-related properties, as well as the impact of dopant incorporation on these
quantities.

[1] V. Moruzzi, P.Marcus; Phys. Rev B 46 (1992) 2864
[2] MJ. Jiménez, RR. Gimaev, V.I. Zverev, G.F. Cabeza; J. Magn. Magn. Matter 538 (2021) 168258
[3] A. S. Komlev, Gabriela F. Cabeza, et al., Metals 13(2023) 1650
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Computational study of the structural, electronic and magnetic
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properties of the Fe304/TiO2 interface using DFT calculations
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' Universidad del Cauca
Corresponding Author: santchaves@unicauca.edu.co

The search for functional materials with high sensitivity and selectivity has driven the study of hy-
brid nanostructures capable of responding to external stimuli through changes in their electronic
properties. In this context, core/shell nanoparticles based on Fe;O, (magnetite) and TiO, (anatase)
have garnered significant interest due to their synergistic properties. The magnetic core of Fe;O,
responds to external magnetic fields, while the semiconducting shell of TiO, exhibits photoinduced
activity, making this system a promising candidate for the development of multifunctional sensors
based on magnetic and optical stimuli. However, the performance of these materials depends crit-
ically on the physicochemical properties of the interface between the two components, which can
significantly modify the system’s electronic response

This work presents a computational study of the Fe;0,/TiO, interface using first-principles simu-
lations based on Density Functional Theory (DFT), with the Quantum ESPRESSO software. The
research focuses on analyzing charge transfer and electronic coupling resulting from symmetry
breaking in the interfacial region, key factors in signal modulation in sensor devices. The methodol-
ogy was developed in three phases: (1) simulation and analysis of the bulk structures of Fe,O, and
TiO,, determining structural parameters, band gaps, density of states (DOS), and electronic charge
distribution; (2) construction of individual surfaces using periodic slab models, evaluating their sta-
bility and energy convergence; and (3) assembly of the interfaces through controlled coupling of
both surfaces, followed by complete structural relaxation and analysis of the interfacial electronic
properties.

As a result, a stable interfacial configuration was obtained, exhibiting a significant modification
in the density of states close to the Fermi level, demonstrating electronic coupling between the
two materials. Furthermore, a localized charge redistribution was observed in the contact region,
suggesting an electron transfer mechanism from magnetite to titanium dioxide. These effects can
induce modulation of the system’s conductivity and photoelectronic response under external stimuli,
fundamental characteristics for applications in photoelectrochemical, magnetic, or hybrid sensors.
Overall, this study provides an atomic-level understanding of the interfacial phenomena governing
the material’s response, contributing criteria for the design of optimized nanostructures in sensor
devices based on charge transfer and emergent electronic properties.

Poster Session 2/ 31

Map%)ing current-induced metastable phase in 1T-TaS2 by Raman
spectroscopy

Authors: Damjan Svetin'; Damjan Vengust?; Igor Vaskivsky'; Marco Morvillo®; Rafiqul Alam'

! CENN Nanocenter, Jamova 39, 1000 Ljubljana, Slovenia
2 Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
* University of Ljubljana and Institut “Jozef Stefan”
Corresponding Author: marco.morvillo@ijs.si
Applying external excitation, such as a laser or a current pulse, to a system with a multi-stable ground
state, may allow us to observe a nonequilibrium phase that does not exist, or is not accessible, under

near-equilibrium conditions. Such phase is often referred to as a hidden (H) state.
In transition-metal dichalcogenide 1T-TaS2, the H state appears near a metal-insulator transition .
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The transition between the commensurate charge density wave (C-CDW) state, stable below ~180
K, and the H state is accompanied by a strong drop in resistivity[1] and a reordering along the out-
of-plane direction. In the in-plane direction, the H state locally preserves the lattice distortion of
the C-CDW phase, namely a well-ordered superlattice of Star-of-David polarons, while disrupting
long-range CDW order([2].

The H state appears to be metastable at low temperatures (below ~50 K), making 1T-TaS2 the unique
material exhibiting significant metastability[3]. This, together with the fast switching to the H state,
makes this system a promising candidate for charge-configuration memory[3]. Previous experi-
ments suggested that external strain might affect the properties of the H state[4], making it an
efficient control parameter for optimising device operation and shedding light on underlying mech-
anisms responsible for metastability.

To investigate how strain and spatial inhomogeneities affect the stability and lifetime of the H state,
we tested devices made of exfoliated flakes of 1T-TaS2 with different geometries of lithographic elec-
trodes, in which the hidden state was induced by current pulses. Using confocal Raman microscopy,
we image the inhomogenously-switched devices for the first time, enabling direct observation of the
C-H transition and subsequent relaxation of the H state.

[1] L. Stojchevska et al., Ultrafast Switching to a Stable Hidden Quantum State in an Electronic Crys-
tal.Science 344,177-180 (2014)

[2] Gerasimenko, Y.A., Karpov, P., Vaskivskyi, I. et al. Intertwined chiral charge orders and topo-
logical stabilization of the light-induced state of a prototypical transition metal dichalcogenide. npj
Quantum Mater. 4, 32 (2019).

[3] Anze Mraz et al. Charge Configuration Memory Devices: Energy Efficiency and Switching Speed.
Nano Letters 22 (12), 4814-4821 (2022)

[4] Damjan Svetin et al. Transitions between photoinduced macroscopic quantum states in 1T-TaS2
controlled by substrate strain. Appl. Phys. Express 7 103201 (2018)
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Quantum simulations on hybrid cQED platforms
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We study a hybrid superconducting-circuit platform composed of conventional and anomalous trans-
mission lines coupled through a tunable SQUID. The resonant mode structure of the system was char-
acterized, and its dynamical response was analyzed through numerical simulations of coherent hop-
ping and cross-squeezing processes. The results demonstrate that this architecture provides a flexible
platform for quantum simulation while remaining robust in the presence of dissipation.

Poster Session 1/ 34
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We study theoretically the formation of topological Floquet bands induced by the incidence of near-
IR to visible circularly polarized light on transition-metal dichalcogenide (TMD) hetero-bilayers. We
developed effective 4-band models for the energy window of interest by applying Léwdin’s parti-
tioning to the Floquet-k.p theory, and numerically computed the Chern numbers using the Fukui-
Hatsugai-Suzuki algorithm. We mapped out topological phase diagrams for both parallel (P) and
anti-parallel (AP) alignments, exhibiting Chern numbers as large as +2 for gaps in the order of tens
of meV. These results position TMDs as top candidates for hosting nonequilibrium topological states
in solid-state media.
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The development of neuromorphic devices based on self-organized nanostructures is currently at
the forefront of advances in neuromorphic computing, increasingly outperforming memristive de-
vices fabricated via top-down approaches. Self-organized nanostructures emulate both the topology
and emergent behavior of biological neural networks, where self-organization governs structure and
functionality. The electrical response of systems composed of self-assembled nano-objects is dom-
inated by the interfaces between them, resulting in a variety of collective phenomena!. Among
the most extensively studied systems are metallic nanowires?, as well as assemblies of metallic
nanoparticles® and complex oxide nanoparticles*.

In this work, we investigate the design and characterization of self-assembled structures based in
Ag nanoparticles embedded in mesoporous TiOy matrices, with the aim of probing the memristive
behavior of this system.

Mesoporous thin films were synthesized via Evaporation-Induced Self-Assembly (EISA), enabling
precise control over pore morphology and distribution. Ag nanoparticles were subsequently incor-
porated through a photocatalytic reduction process®. Structural characterization was performed us-
ing scanning electron microscopy, energy-dispersive X-ray spectroscopy, X-ray reflectometry, and
Raman spectroscopy.

The Current-Voltage curves shows two diferent transport regimes depending on the amount of
nanoparticles. This suggests that the percolation threshold would be within the concentration
range of Ag nanoparticles where the transition between the two dominant mechanisms occurs.
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Study of the Spin-Wave Dispersion Relation in Thin Films
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Abstract

Spin waves, whose quantized excitations are magnons, describe the collective dynamics of magnetic
moments in materials with long-range magnetic order. In thin films, their behavior undergoes sub-
stantial modifications with respect to the bulk material due to geometric confinement, boundary
conditions, and the critical influence of surface anisotropies and interfaces.

The study of the dispersion relation in these low-dimensional systems is fundamental for under-
standing how size reduction and surface effects govern magnetic dynamics.

Understanding these mechanisms is essential for the design of cutting-edge devices in spintronics
and magnonics, aimed at information processing and transport through spin currents.

In this work, the study of spin waves through the Brillouin light scattering technique is proposed.
The results obtained from the measurements will be analyzed using models capable of describing
the observed phenomenology.
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We study the effective magnetic model corresponding to the Moir’e patterns that arise from
the relative rotation between two layers of transition metal dichalcogenides (W Se2), with an
interlayer potential Vz applied that allows the electronic correlation to be experimentally tuned
from a weak to a strong coupling regime. In the strong correlation regime, the effective spin
Hamiltonian is of the XXZ type with a Dzyaloshinskii-Moriya interaction [1] on a triangular
lattice. Using spin-wave theory and Schwinger boson theory, we find that the phase diagram as
a function of the applied potential Vz exhibits nontrivial magnetic orders, such as unsaturated
ferromagnetic phases or 120° N”eel-type antiferromagnetic phases with chiralities that depend
on the applied interlayer potential Vz .
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Modeling of Fast Quantum Gates in Fluxonium-like Supercon-
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In a context where low-frequency superconducting qubits are gaining increasing attention due to

their long coherence times, the search for fast quantum gates has motivated the development of ex-
perimental and theoretical techniques based on high frequency, large-amplitude sinusoidal pulses.
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In this thesis, we investigate the implementation of a universal set of quantum gates in a fluxonium
superconducting qubit, incorporating its multilevel structure and realistic device parameters. In the
first part, analytical results known for two-level systems are extended, and it is verified that the
analytical parameter curve agrees with numerical simulations in the low-amplitude regime, while
deviations arise as the pulse intensity increases. By calculating the fidelity of the gates, the dom-
inant source of error is identified as population loss to states outside the computational subspace.
Furthermore, as an optimization strategy, it is shown that this effect can be mitigated by tuning
the device parameters in order to reduce the qubit frequency and increase the anharmonicity of the
energy levels.

In the second part, we include the effects of the interaction with the environment in the fidelity
calculation, by solving the Born—-Markov master equation in the Floquet basis. It is observed that,
for very low qubit frequencies, the error increases again due to temperature effects, allowing the
identification of an optimal parameter region for device design.

For the two—qubit case, an effective model of tunable coupling in the flux variables is proposed.
Within this simplified framework, the results are analogous to the single-qubit case, with gate times
at least two orders of magnitude faster than traditional resonant schemes, providing a foundation
for future research with more complete coupling models.

[1] Céceres, ]. J., Dominguez, D., & Sanchez, M. J., Physical Review A (Vol. 108, Issue 5) (2023).

[2] Reparaz, V., Sanchez, M. J., Gatto, M., Dominguez, D., Tosi, L., Physical Review B

(Vol. 112, Issue 5) (2025).

[3] Nguyen, L. B., Koolstra, G., Kim, Y., Morvan, A., et al. PRX Quantum (Vol. 3, Issue 3) (2022)
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Kinetic Inductance Detectors (KIDs) are an emerging technology for radiation detection from the
infrared to X-rays. Their operating principle is based on the variation of the kinetic inductance
of a superconducting material induced by the absorption of photons with energies greater than
the superconducting gap. This variation manifests itself as a shift in the resonance frequency of a
resonant circuit fabricated from the superconductor. These devices can be integrated into arrays due
to their ease of frequency-division multiplexing.

In this work, we fabricated and characterized an array of 16 A/4 KIDs coupled to a single trans-
mission line, with resonance frequencies between 5 and 5.1 GHz and quality factors on the order
of Q~1e5. The resonators were fabricated from thin aluminum films deposited by RF sputtering,
using nanolithography and chemical etching techniques. We studied the dependence of the reso-
nance frequency and quality factor as a function of readout power and temperature. From these
measurements, we extracted the linear operating regime and the kinetic inductance fraction of the
superconducting film.

For multiplexed readout, we implemented an IQ modulation/demodulation scheme using a Red
Pitaya FPGA platform. The results were compared with measurements performed using a vector
network analyzer.

Poster Session 2 / 41
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Rare earth (RE)- transition metal (TM) alloys and multilayers have attracted significant interest due
to their highly tunable magnetic properties. Ferrimagnetic multilayers with strong perpendicular
magnetic anisotropy (PMA) are particularly relevant for spintronic devices.

Despite extensive research on ferrimagnetic multilayers and alloys, several issues remain unresolved.
Although a nearly linear dependence of the magnetic compensation temperature, T, on RE compo-
sition, is widely reported, its connection to other magnetic properties is still unclear. In addition, the
observation of in-plane hysteresis loops in Tb/Co multilayers with large PMA, as well as their un-
usual ultrafast dynamics, is inconsistent with the expected behavior of uniaxial magnetic systems.
In this work, we investigate the magnetic properties of a series of ferrimagnetic multilayers with
dominant PMA. The samples consist of five Tb( t7})/Co(1.7nm) bilayers, with the Tb thickness, t1y,
varied within the Co-rich side. We studied the T); and angular dependence of the magnetization
loops across the series. We propose a model to gain a better understanding of linear dependence of
T and in-plane hysteresis loop. Our analysis indicates that the origin of the in-plane hysteresis
arises from a slight tilt of the easy axis from the film normal [1].

We also performed systematic angular measurements of the longitudinal and transverse resistivi-
ties on patterned Hall bars, revealing unexpected in-plane anomalous Hall effect. Within the same
framework, we reproduce qualitatively and quantitatively the experimental angular dependence of
the magnetotransport in Th/Co multilayers.

Reference:

[1] Rodriguez E., J. C., et al. (2026). Perpendicularly magnetized Tb/Co multilayers featuring tilted
uniaxial anisotropy: Experiments and modeling. Journal of Magnetism and Magnetic Materials, 642,
173830. https://doi.org/10.1016/j.jmmm.2026.173830
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This work presents thermogravimetric measurements of Y BasCus3Og, powder during oxygena-
tion at a constant temperature of 550 °C. The observed evolution of mass as a function of oxygen
absorption is consistent with previous work reported in the literature [1,2]. Moreover, signatures
of the tetragonal-orthorhombic phase transition occurring during oxygenation of this material are
even identified.

Nevertheless, significant discrepancies arise between results obtained from experiments carried out
under similar conditions. Our results show that oxygen content reached at saturation conditions
(x value) vary by more than 40% between experiments. Additional studies performed under deoxy-
genation conditions in a nitrogen atmosphere reveal how the thermal history of the material affects
its subsequent oxygenation behavior. These results make it possible to identify systematic measure-
ment errors originating from intrinsic contributions of the instrumentation. We therefore propose
a set of key considerations for conducting these measurements and for the corresponding interpre-
tation of the obtained results.

[1] P. Diko et al., “Oxygenation mechanism of TSMG YBCO Bulk Superconductor”, Journal of Physics:
Conference Series 97, 012160 (2008). doi: 10.1088/1742-6596/97/1/012160.

[2] L. Gallo et al., “Observation of the Tetragonal-Orthorhombic transition in polycrystalline Y BasCu3Ogs
samples during the oxidation process at constant temperature via thermogravimetry and differential
thermometry analysis”, arXiv:2405.12650v2 (2024). doi: 10.48550/arXiv.2405.12650.
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During the last years, the feasibility of employing mesoporous thin films (MTFs) as matrices of
metallic nanoparticles (NPs) and/or nanocomposed systems has been widely investigated. Different
chemical methods have been developed, depending on the interaction and the functionality of the
involved materials.[1],[2] However, these methods are not usually compatible with the device in-
tegration processes, due to the solvents and/or wastes related with the NPs synthesis in the pores
of the film. Within this scenario, the physical deposition methods appear as a clean and controlled
alternative way to get the NPs inside the mesostructure of the film.

This work explores the nanocomposites resulted from Au sputtering on SiO2 and TiO2 mesoporous
thin films (named as SF and TF respectively). The MTFs were obtained by sol-gel and evaporation
induced self-assembled method, using Pluronic F127 as templating agent. The SF and TF films were
structurally characterised before and after the Au deposition by X rays reflectometry (XRR), UV-
Visible spectrophotometry, electronic and scanning probe microscopy. The thickness, the electronic
density and the accessible porosity were obtained through XRR measurements performed in differ-
ent relative humidity conditions. After the Au sputtering, the superficial Au layer was mechanically
removed in order to access to the MTF structure. However, comparing the structural results be-
fore and after Au deposition, they present a partial modification of accessible porosity, suggesting
a possible infiltration or occlusion of the pores originated by the Au presence. Finally, the differ-
ences between SF and TF after Au deposition and their implications for this method of integration
in mesoporous matrixes are discussed.

[1] P. Innocenzi, L. Malfatti, J. Nanopart. Res. 2018, 20, 167.

[2] I L. Violi, M. C. Fuertes, P. C. Angelomé, en Materials Nanoarchitectonics. From Integrated Molec-
ular Systems to Advanced Devices , Elsevier. 2024.
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Exceptional points induced by phonons in nonlinear non-Hermitian
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Exceptional point (EP) degeneracies are non-Hermitian spectral singularities where multiple eigen-
values and their corresponding eigenvectors coalesce. This collapse of the eigenbasis has profound
implications for the system’s response and enables a range of striking phenomena, such as unidirec-
tional invisibility, hypersensitive sensing, loss-induced transparency, and EP lasers. A key ingredi-
ent behind many of these effects is the enhancement of wave-matter interactions near an EP.

EPs typically emerge from symmetries in the non-Hermitian Hamiltonian, most notably parity-time
(PT) symmetry. When this symmetry is broken, the system shifts away from the EP regime. In this
work, we use analytical and numerical methods to show that phonons can dynamically restore an
effective PT symmetry, leading to the formation of an EP in nonlinear non-Hermitian polariton sys-
tems. This mechanism unveils a new route for engineering and controlling exceptional point physics
through vibrational modes. At the same time we propose a mechanism to exploit the sensitivity near
the EP to measure with high precision the phonon amplitude.
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The use of alternative energy sources to power nanomachines and micromachines has spurred in-
tense research activity. In recent years, thermal radiation has garnered increasing attention, and its
manipulation and utilization promise diverse applications, including thermal camouflage, passive
radiative cooling, and energy control in chip applications.

In this work, we present the theoretical and numerical study of an autonomous, nonlinear optome-
chanical motor whose activation and control depend on ambient thermal radiation. The device con-
sists of a Fabry-Perot optical cavity whose effective length can be modified by radiation-induced
forcing. The electromagnetic field within the cavity exhibits intrinsic Kerr-type nonlinearity, gener-
ating bistability in the system. We show that, under appropriate conditions, fluctuations induced by
thermal radiation can trigger trajectories that traverse the hysteresis loop, enabling the extraction
of mechanical work. We identified an optimal operating temperature where mechanical power and
temporal repeatability (coherence resonance) reach maximum values. Our results provide design
principles for optomechanical motors that leverage thermal noise as a functional resource.

Poster Session 2 / 47

Statistics of the impact force of a confined inertial self-propelled
agent
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Active matter refers to physical system whose constituents generate internal forces that allow them
to self-propel; therefore, they are called active or self-propelled agents. Examples of such systems
can be found in biology, such as the behavior of fish schools or bacterial colonies. The study of
active matter employs tools from non-equilibrium statistical mechanics, because these systems are
constantly exchanging energy with their surroundings to sustain their movement. A particularly
interesting and still debated topic is the definition of mechanical pressure in these systems. While it
has been studied for collections of active particles, it remains largely unexplored at the level of the
individual agent dynamics.

In this work, we study both experimentally and numerically the kinematics and dynamics of a sys-
tem consisting of a small self-propelled robot moving in a quasi-one-dimensional channel and im-
pacting a force sensor that acts as a rigid wall. The dynamic of the agent is given by a Langevin
equation considering the agent inertia, frictional damping and whose activity is described by an
Ornstein-Uhlenbeck random process. We characterize the statistical properties of position, velocity
and impact force, the latter being closely related to the concept of pressure in these systems. In addi-
tion, we compute the probability density distribution of the injected power delivered by the agent to
the sensor during collisions. For this variable, our experimental and numerical results are consistent
with a Craig distribution, which appears in several systems reaching non-equilibrium steady states
in the presence of fluctuations.
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The Ginzburg-Landau (GL) theory has proven to be a highly successful framework for describing the
phenomenology of superconducting materials. Although the theory is static by construction, in the
1960s Schmid proposed a dynamical extension [1] (time-dependent GL, TDGL), which enables the
study of time-dependent phenomena such as vortex dynamics and transport. In our group, we have
developed an approach based on pseudo-spectral methods to solve the TDGL equations, employing
the Geophysical High-Order Suite for Turbulence (GHOST) software [2-3].

The properties of type-II superconductors are primarily governed by the dynamics and spatial config-
urations of the vortex system. To investigate this, we simulate vortex dynamics in a model coupling
an s-wave superconducting order parameter to an Ising-type nematic order parameter (spontaneous
breaking of rotational symmetry in electronic properties, observed in several iron-based supercon-
ductors). This methodology has already been applied to study vortices in nematic superconductors
[4], vortex—domain-wall interactions [5], and vortex flow anisotropy [6].

In this work, we investigate the interaction between an isolated elliptical vortex and a columnar
defect. In particular, we analyze the pinning and depinning dynamics of the vortex trapped by the
defect. From the vortex motion, we quantify the interaction force and the corresponding depinning
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current density and Labusch constant, emphasizing the anisotropy induced by nematic symmetry
breaking in this properties. We then describe the pinning process for a vortex being captured by the
defect and show that the nematic—superconducting coupling leads to a nonlinear trajectories that
depends on both the vortex viscosity and Labusch constants.

On the experimental side, our group presents work based on low-temperature transport measure-
ments in single crystals under uniaxial stress and subjected to magnetic fields of variable orienta-
tion.

A. Schmid, Phys kondens Materie 5, 302-317 (1966)

P. D. Mininni et al, Parallel Computing 37(6), 316-326 (2011)

D. Rosenberg et al, Atmosphere 11(2), 178 (2020)

R. S. Severino et al, Phys. Rev. B 106, 094512 (2022)

R. S. Severino et al, Phys. Rev. B 109, 094513 (2024)

. Castillo Menegotto et al, Phys. Rev. B 112 (13), 134506 (2025)

i
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The breakdown of Fermi liquid theory remains a central challenge in the physics of strongly cor-
related electron systems. In this work, we investigate an extended Periodic Anderson Model using
Dynamical Mean-Field Theory (DMFT). We identify a distinct parameter regime exhibiting robust
non-Fermi liquid behavior, characterized by a finite residual scattering rate in the non-correlated
band. This anomalous scattering manifests as a pseudogap, leaving a clear signature as a displaced
Drude peak in the optical conductivity. Furthermore, we show a continuous transition from this
pseudogap state into a correlated Fermi liquid, driven by an increase in the hopping amplitude of
one of the constituent bands.
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Two-dimensional materials have become highly relevant in nanoscience because of the emerging

properties that appear when their thickness is reduced to only a few atomic layers. Among them,
transition metal dichalcogenides (TMDs) are particularly interesting due to their transition from an
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indirect to a direct bandgap in the monolayer limit [1]. Together with their high carrier mobility
and strong spin-valley coupling, this makes them promising candidates for advanced electronic,
optoelectronic and valleytronic devices [2]. In this work, we focus on the optimization of the fabri-
cation, transfer and nonlinear optical characterization of few-layer molybdenum disulfide (MoS,).
The synthesis was carried out using chemical vapor deposition (CVD), a relatively low-cost technique
that enables the growth of high-crystalline-quality monolayers with lateral sizes ranging from hun-
dreds of micrometers to millimeters [3]. We analyzed how the properties of the crystals change with
the mass and temperature of the precursors during the reaction. All samples showed a thickness gra-
dient, with regions where isolated atomically thin triangular crystals were predominant. Depending
on the precursor concentration, other morphologies were also obtained, including hexagonal and
dendritic-like structures. Mono-, bi- and trilayer regions were identified in the different morpholo-
gies. Under specific growth conditions, domains with uniaxial alignment of the triangular structures
were also observed.

Finally, second-harmonic generation (SHG) was studied in samples transferred onto nanostructured
substrates using confocal microscopy with a pulsed titanium-sapphire laser. The setup was combined
with an atomic force microscope (AFM) to apply localized deformations to MoS, regions that were
decoupled from the substrate. This allowed us to obtain SHG modulations of up to 15% for strains
on the order of 0.1%, representing a step toward the integration of these materials into nanoscale
photonic devices.

[1] Splendiani et. al., Emerging Photoluminescence in Monolayer MoS2, Nano Letters, 2010.

[2] Manzeli et. al., 2D transition metal dichalcogenides, Nature Reviews Materials, 2017

[3] Chen et. al.m, Chemical Vapor Deposition of Large-Size Monolayer MoSe2 Crystals on Molten
Glass, Journal of the American Chemical Society, 2017
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The international QUBIC project (Q&U Bolometric Interferometer for Cosmology) is an observa-
tional cosmology project dedicated to exploring the inflationary era of the universe. The most direct
evidence of inflation can be seen in the CMB anisotropies, in which the B-modes of CMB polariza-
tion generated by the primordial gravitational waves produced during inflation could potentially
be detected. QUBIC is a radio-interferometer, and its technological demonstrator (TD) is installed
and conducting test operations at Altos Chorrillos, near San Antonio de los Cobres, in the Province
of Salta, at an altitude of approximately 4,820 m above sea level. This first version of the QUBIC
project presents a significant limitation: the considerable difficulty of designing and fabricating the
dichroic plate that would allow the incident radiation to be separated into two frequency bands, cen-
tered at 150 GHz and 220 GHz, in order to distinguish CMB signals from other emission sources. To
overcome this constraint, the Argentine collaboration initiated the development of a new camera
for the instrument featuring multichroic detectors. These are based on Magnetic Micro-Bolometers
(MMB) coupled to antennas, whose readout will be performed by a microwave Superconducting
Quantum Interference Device (SQUID) Multiplexer (1MUX), enabling multiplexing in the frequency
domain.

A key element for the fabrication of the uMUX is the production and characterization of Nb/Al-
AlOx/Nb Josephson junctions with reproducible parameters. In this work, an experimental setup
was designed and built to characterize Josephson junctions, including two filtering stages: one at

Page 26



XXVIII Giambiagi Winter School "New Directions in Condensed Matter” /Book of Abstracts

room temperature and one cryogenic (at the sample temperature). The sample is cooled inside a
BlueFors LD250 dilution cryostat. The system was validated through measurements on a reference
junction fabricated at IMS-KIT.

Additionally, the characterization and optimization of the junction fabrication process was initiated,
including: (i) determination of the Nb and Al deposition rate; (ii) determination of the stress in Nb
thin films as a function of the Ar pressure used during the sputtering process; (iii) determination of
the RIE etch rate for Nb; and (iv) characterization of the superconducting properties of Nb thin films
(RRR, critical current, and critical temperature), among others.
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