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Invited Speaker 

 

Atomic resolution studies of nanomaterials in the electron microscope 

 
María Varela 

Universidad Complutense de Madrid, Madrid 28040 Spain. 

email: mvarela@ucm.es 

 

Harnessing relevant behaviors in multifunctional materials relies, now more than ever, on understanding and 

controlling the properties and responses of relevant point defects. The success of aberration correction in the 

electron microscope, in fact, has allowed electron probes to bear on this task with atomic resolution in real 

space and with single atom sensitivity both in imaging and spectroscopy. Recent years have also witnessed 

the development of specimen holders that allow modifying samples in-situ. The effects of external stimuli, 

such as temperature or bias, can be now explored at the flick of a switch. This talk will review examples of 

in-situ atomic resolution characterization of functional materials of interest for fields as diverse as spintronics 

or energy in the scanning transmission electron microscope (STEM). An example can be found in the study 

of single Bi dopants in Cu nanowires with very low doping levels.  These are very interesting systems due to 

the spin Hall effect associated with the presence of Bi. However, the dopant size and the presence of defects 

such as grain boundaries may promote Bi segregation when the temperature is raised or electric polarization 

is applied, which may affect the electrical performance of future devices based on these wires. Other relevant 

electronic properties, such as the possibility of detecting orbital currents can be probed in the STEM. This talk 

will review preliminary results along this front and discuss future avenues for nanomaterial characterization 

in the STEM.  

 

 
Acknowledgements: A. Guedeja-Marron,  J. I. Beltran, M. Saura-Muzquiz, P. Perna, L. Perez. 
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“Chema Gómez-Rodríguez” award to the best paper 

 

Heat Dissipation Mechanisms in Hybrid Superconductor–

Semiconductor Devices Revealed by Joule Spectroscopy 

 
A. Ibabe1,3, M. Gomez1,3, G. O. Steffensen2,3, I. Casal1,3, T. Kanne5, J. Nygard5, A. Levy Yeyati2,3,4, and E. J. H. 

Lee1,3,4 
1 Department of Condensed Matter Physics, Universidad Autónoma de Madrid, Spain. 

2 Department of Theoretical Condensed Matter Physics, Universidad Autónoma de Madrid, Spain. 
3 Condensed Matter Physics Center (IFIMAC), UAM, 28049 Madrid, Spain 

4 Instituto Nicolas Cabrera, Madrid, Spain. 
5 Center for Quantum Devices and Station Q Copenhagen, Niels Bohr Institute, Univ of Copenhagen, Copenhagen, Denmark. 

angel.ibabe@uam.es 

 

Hybrid superconductor-semiconductor systems have been widely studied in the past decade for the development of 

novel quantum devices, with focus on both the topological and trivial regimes. Heat transport, on the other hand, still 

remains relatively unexplored in such systems, and self-heating effects have been generally overlooked, which is 

surprising given that heating becomes increasingly more important at very low temperatures, with potential implications 

for device performance. To minimize detrimental effects, it is then crucial to understand the fundamental heating and 

cooling processes in such hybrid systems. In this work, we address these issues by studying devices based on full-shell 

InAs-Al nanowires. Concretely, we develop a technique dubbed “Joule spectroscopy” that detects Joule effect-driven 

superconductor-to-normal transitions in a device by means of signatures in electron transport [1].  

 

We further make use of the Little-Parks effect to reveal the dominant heat dissipation mechanism for distinct 

superconducting regions of a hybrid device. We find that the primary cooling mechanism for grounded and floating 

superconductors is different, i.e., quasiparticle diffusion and electron-phonon coupling, respectively. As a result, we 

conclude that floating superconductors are significantly more susceptible to heating, with a cooling power 

approximately two orders of magnitude lower than that of grounded superconductors [2].  
 

 

 

 

 

 

 

 

Figure 1| a) SEM micrograph of a hybrid superconductor-semiconductor nanowire device. b) Little-Parks oscillations of the Joule-driven 

superconductor-to-normal metal transition of a superconducting island defined in a nanowire. 

 
[1] A. Ibabe, M. Gomez, G. O. Steffensen, T. Kanne, J. Nygard, A. Levy Yeyati, E. J. H. Lee, Nat. Commun. 14, 2873 (2023). 

[2] A. Ibabe, G. O. Steffensen, I. Casal, M. Gomez, T. Kanne, J. Nygard, A. Levy Yeyati, E. J. H. Lee, Nano Lett. 24 (2024). 

 

 

 

 

 

 

 

a) b) 
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“Chema Gómez-Rodríguez” award to the best paper 

 

All-optical domain inversion in LiNbO3 crystals by visible 

continuous-wave laser irradiation 

 
C. Sebastián-Vicente1, J. Imbrock2, S. Laubrock2, O. Caballero-Calero3, A. García-Cabañes1 and M. 

Carrascosa1 

1Departamento de Física de Materiales and Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, 28049 Madrid, Spain  

2Institute of Applied Physics, University of Münster, 48149 Münster, Germany 
3Instituto de Micro y Nanotecnología, IMN-CNM, CSIC (CEI UAM+CSIC), 28760 Madrid, Spain 

Email: carlos.sebastian@estudiante.uam.es 
 

 

LiNbO3 is a distinguished multifunctional material where ferroelectric domain engineering is of paramount importance. 

This degree of freedom of the spontaneous polarization remarkably enhances the applicability of LiNbO3, for instance, 

in photonics. Electrical poling is the standard method to create ferroelectric domain structures in LiNbO3. This method 

consists in the application of an external electric field above the coercive threshold of LiNbO3 to locally switch the 

spontaneous polarization [1]. In this work, we report the first method for all-optical domain inversion of LiNbO3 crystals 

using continuous-wave visible light [2]. While we focus mainly on iron-doped LiNbO3, the applicability of the method 

is also showcased in undoped congruent LiNbO3. The technique is simple, cheap, and readily accessible. It relies on 

ubiquitous elements: a light source with low/moderate intensity, basic optics, and a conductive surrounding medium, 

e.g. water (see Figure 1a). Light-induced domain inversion is unequivocally demonstrated and characterized by 

combination of several experimental techniques: selective chemical etching (Figure 1b), surface topography 

profilometry, pyroelectric trapping of charged microparticles, scanning electron microscopy, and 3D Čerenkov 

microscopy. The influence of light intensity, exposure time, laser spot size, and surrounding medium is thoroughly 

studied. To explain all-optical domain inversion, we propose a novel physical mechanism based on an anomalous 

interplay between the bulk photovoltaic effect and external electrostatic screening. Finally, we also explore the 

possibility to fabricate arbitrary domain patterns using structured light (see Figure 1c). Overall, our all-optical method 

offers straightforward implementation of LiNbO3 ferroelectric domain engineering, potentially sparking new research 

endeavors aimed at novel optoelectronic applications of photovoltaic LiNbO3 platforms. 

 

 

Figure 1. a) Experimental setup for all-optical domain inversion. b) Example of local domain inversion with a focused Gaussian beam in 

Fe:LiNbO3. c) QR code of ferroelectric nanodomains obtained with structured light in Fe:LiNbO3. Both images were acquired after chemical 

etching in HF acid. 

 
 

[1] V. Shur et al., Appl. Phys. Rev., 2, 040604 (2015) 

[2] C. Sebastián-Vicente et al., ACS Photonics, 11, 2624 (2024) 
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Oral Contributions 

 

Unlocking the Potential of Gold Nanostars: Enhanced Heat 

Delivery through Geometry Optimization 
 

Nicol Caetano Zeballos1,2,3, Alejandro Casillas4, Óscar G. Calderón4, Sonia Melle4, Marta Quintanilla2,5, 

Antonio Benayas 1,3,5 
1Nanomaterials for Bioimaging Group (nanoBIG) Dpto. Física Materiales, Universidad Autónoma de Madrid, 28049, Spain. 

2Dpto. Física Materiales, Universidad Autónoma de Madrid, 28049, Spain. 
3Nanomaterials for Bioimaging Group (nanoBIG), Instituto Ramón y Cajal de Investigación Sanitaria, Ctra. Colmenar Viejo, Km. 

9,100, 28034 Madrid, Spain.  
4Dpto. Óptica, Facultad de Ciencias Físicas, Universidad Complutense de Madrid, Ciudad Universitaria, 28040 Madrid, Spain 

5Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, C. Francisco Tomás y Valiente 7, 28049, Madrid, Spain 

Email: nicol.caetano@estudiante.uam.es 

 

Nowadays, optical biomedical 

applications increasingly rely on 

plasmonic nanoparticles due to their 

strong interaction with 

electromagnetic radiation. These 

nanoparticles show promise in 

advanced biomedical techniques such 

as Photothermal Therapy (PTT), 

Photoacoustic Imaging (PAI). [1,2] These 

applications are based on the large 

extinction cross-section of 

nanoparticles’ plasmonic 

resonance, which enables either 

absorption or scattering of photons, 

depending on the application. In this sense, both PTT and PAI require nanoparticles with high light absorption to 

facilitate optically triggered local heat release, which can treat infections or generate pressure waves for imaging. 

Consequently, PAI and PTT, both relying on heat delivery probes, offer promising approaches for non-invasive and 

better resolved biomedicine. Through optical excitation, it is possible to activate and control the heat release of these 

plasmonic nanoparticles in a specific spectral range, allowing the research community to design them, so far, mainly for 

the first biological window (BW-I, 700-980 nm [3]). However, the second biological window (BW-II, 1000-1350 nm 

[3]) has advantages for biomedical imaging, as it reduces scattering in tissues, increases penetration depth, and improves 

control over excitation light, making it ideal for techniques such as PTT and PAI. For such heating-oriented oriented 

applications, and to minimize light-tissue interaction, gold nanostars constitute a particularly attractive material. That is 

due to the high control over the heating properties achievable by tuning the geometrical design of the nanoparticles [4] 

and the shifting to the longer wavelengths within the BW-II range. Upon choosing nanostars, we have developed a 

palette of synthesis parameters (concentration of hydrochloric acid, and the size and amount of gold seeds), rendering 

an effective lever to shift the extinction to larger wavelengths (BW-II). Moreover, such a synthesis toolkit allows us to 

maximize the absorption over the scattering, thus increasing heat delivery. Since GNSt should also exhibit high thermal 

stability under irradiation, we have carefully studied the changes in the structure and optical properties depending on 

the illumination dose. This new generation of optical actuators will become key towards upgraded PAI and PTT, able 

to reach deeper into biomedical systems and to act with better-resolved performance. 
 

 

[1] Ge, Xiaoguang, et al. New J. Chem. 43,23,8835-8851. (2019) 

[2] Fang C, et.al. Biomater. Sci. 9, 367-390. (2021) 

[3] Schellenberg, M. W. & Hunt, H.. Photoacoustics 11, 14–27 (2018). 

[4] Li, W. & Chen, X. Nanomedicine (Lond) 10, 299 (2015) 
 

  

 
 

 

 

 

 

Figure 1. Thermal stability of gold nanostars synthesized in water using a gold seeds 

diameter of 33 nm and hydrochloric acid concentration of 13 mM A) TEM image of 

Gold nanostars at room temperature (left) and after heating the NPs at 60 ºC (right). 

Scale bar-200 nm B) Normalized extinction spectrum in water of gold nanostars at 

room temperature (blue line) and after heating the NPs at 60 ºC (orange line). 

mailto:nicol.caetano@estudiante.uam.es
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New insights into tobacco mosaic virus: stability, disassembly and 

uncoating 

Alejandro Díez-Martínez a,b, Pablo Ibáñez-Freire a,b, Diego Alonso Aldave a,b, Salvatore Assenza a,b, David 

Reguera c, Pablo Ares a,b, Julio Gómez-Herrero a,b, Alexander Bittner d and Pedro J. de Pablo a,b 

a Department of Condensed Matter Physics, Universidad Autónoma de Madrid, Spain. 

b Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, Madrid 28049, Spain. 

c Departament de Física Fonamental, Facultat de Física, Universitat de Barcelona, Barcelona, Spain. 

d CIC nanoGUNE Consolider, 20018 Donostia-San Sebastián, Spain 

Email: alejandro.diez@uam.es 
 

Tobacco mosaic virus (TMV) serves as a key model in both virology and nanotechnology, admired for its robust 

structure and ease of assembly. While the mechanical resistance of TMV has attracted interest for nanostructure 

applications [1], the intricate details of its disassembly mechanics remain poorly understood. In this study, we integrate 

three key aspects of TMV behavior: its mechanical resilience, its thermal stability and the role of genome-protein 

interactions. By combining nanoindentation experiments with coarse-grain and finite elements simulations [2], we 

investigate how the viral capsid disassembles as a function of the force applied. Which reveals that the central cavity 

plays a critical role in the distribution of mechanical stress. We also heated TMV up to 175ºC and found almost no 

structural degradation. Beyond this temperature, its height follows a sigmoidal curve until its complete degradation at 

250ºC. Additionally, we explore how the specific nucleotide sequence of the TMV RNA affects the weakening of 

specific regions during mechanical disassembly [3]. Using Atomic Force Microscopy (AFM), we correlate the 

formation of rifts along the capsid with the trimers in the genomic sequence, shedding light on how these interactions 

contribute to the mechanical stability of the virus. Together, this combined approach provides a deeper understanding 

of the structural integrity of TMV and the factors that govern its disassembly process. 

 
 

Figure 1. (a) Mechanical fatigue on TMV particle: #1 first frame, #10 beginning of disassembly, #50 disappearance of the upper half, and #81 

final remains. (b) Coarse grain simulation of an indentation showing an uneven mechanical stress distribution. (c) TMV average disassembly 

pattern. (d) Distribution of TMV heights at different temperatures. 

 

[1] Lee, K. Z. et al., Biotechnology Journal 16 (2021). 

[2] Y. Zhao. Et al., Soft Matter Phys. 78 (2008). 

[3] J. J. Steckert et al., Nature, 299, 32-36 (1982). 

 
*The results presented here are part of three ongoing manuscripts currently in preparation. 

 

 

 

mailto:alejandro.diez@uam.es)
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Adsorption-driven deformation and footprints of the RBD proteins 

in SARS-CoV-2 variants on biological and inanimate surface 

 
Antonio M. Bosch1*, Horacio V. Guzmán1,2, Rubén Pérez1,3 

1
Departamento de Física Teórica de la Materia Condensada, Universidad Autónoma de Madrid, Madrid, Spain 

2
Department of Theoretical Physics, Jozef Stefan Institute, Ljubljana, Slovenia 

3
Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, Madrid, Spain 

*antonio.bosch@uam.es 

Computational Biophysics has provided a broad and deep understanding of molecular-scale phenomena, during the 
recent pandemics, the direct transmission of the SARS-CoV-2 has elucidated the mechanisms of infection for the 
different variants that contributed to the development of vaccines and therapies. However, respiratory viruses, carried 
through airborne microdroplets, frequently adhere to surfaces, including plastics and metals. Our understanding of the 
interactions between viruses and materials remains limited, particularly in scenarios involving polarizable surfaces. 
Here, we investigate the role of receptor-binding domain (RBD) mutations on the adsorption of SARS- CoV-2 to 
hydrophobic and hydrophilic surfaces employing molecular simulations. To contextualize our findings, we contrast the 
interactions on inanimate surfaces with those on native-biological interfaces, specifically the ACE2 receptor. Notably, 
we identify a twofold increase in structural deformations for the protein’s receptor binding motif onto the inanimate 
surfaces, indicative of enhanced shock-absorbing mechanisms [1]. Furthermore, the distribution of amino acids (landing 
footprints) on the inanimate surface reveals a distinct regional asymmetry relative to the biological interface. Despite 
the H-bonds formed at the hydrophilic substrate, the simulations consistently show a higher number of contacts and 
interfacial area with the hydrophobic surface. In contrast, the adsorption of delta and omicron to hydrophilic surfaces 
was characterized by a distinctive hopping pattern. The novel shock-absorbing mechanisms identified in the virus 
adsorption on inanimate surfaces could lead to current experimental efforts in the design of virucidal surfaces and 
sensors. 

 

 
 

Figure 1: (a,b) Perpendicular versus parallel Radius gyration and (c,d) the landing footprints of the group 1 of the RBM(depicted in green in 

insets) onto the (a,c)ACE2 and PBL0 (b,d). 𝑅𝑔2/𝑅𝑔2 ratio on the legend [2]. 

 
[1] A. Bosch, H. V. Guzmán, R. Pérez, (2024). Adsorption-Driven Deformation and Footprints of the RBD Proteins in SARS- CoV-

2  Variants  on  Biological  and  Inanimate  Surfaces.  J.  Chem.  Inf.  Model.  2024,  64,  15,  5977–5990 

[2] S. Poblete et al. 2021. ACS omega, 6(48), pp.32823-32831. 
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Unraveling different contributions to spin orbit coupling in 

superconductor/ferromagnet hybrids 

 
P. Tuero1, C. González-Ruano1, A. Costa2, J. Fabian2, Y. Lu3, C. Tiusan3 and F. G. Aliev 1 

1Universidad Autónoma de Madrid, Comunidad de Madrid, Spain 
2Institute for Theoretical Physics, University of Regensburg, Regensburg, Germany 

3Institut Jean Lamour, Nancy Universitè, Vandoeuvre-les-Nancy Cedex, France 

Email: pablo.tuero@uam.es 

 

Over the past decade, it has been proposed theoretically and confirmed experimentally that long-range spin-triplet (LRT) 

superconductivity can be generated in superconductor/ferromagnet hybrids either by the presence of spin textures (ST-

LRT) or owing to spin-orbit coupling (SOC-LRT). Nevertheless, there has been no theoretical or experimental 

investigation to date suggesting that both contributions could simultaneously exist within an experimental system. First, 

we show that there is an interplay between SOC-LRT and ST-LRT in the samples under study, and disentangle these 

two contributions. In [1] we present a comprehensive study of superconducting quasiparticle interference effects taking 

place inside a ferromagnetic layer interfacing a superconductor, through the investigation of above-gap conductance 

anomalies (CAs) related to MacMillan-Rowell resonances. The magnetic field dependence of the CAs is studied under 

a wide range of in-plane (IP) and out-of-plane (OOP) magnetic fields in two types of epitaxial, V/MgO/Fe-based 

ferromagnet-superconductor junctions with interfacial spin-orbit coupling. CA amplitude anisotropy in weak IP and 

OOP magnetic fields allows us to distinguish between the field independent SOC and the field “controlled” ST 

contributions to LRT generation. 

 

Second, we aim to investigate the physical origin of interfacial SOC in the same ferromagnet- superconductor junctions. 

When Rashba and Dresselhaus-type SOC contributions coexist, an in-plane anisotropy arises in the effective spin-orbit 

field. Theory [2] predicts that LRT contribution to zero bias conductance (ZBC) in FSF hybrid junctions could be 

strongly dependent on the in-plane angle of the ferromagnets polarization when under an anisotropic interfacial spin-

orbit field. Here we present experimental study of the dependence of ZBC on IP magnetic field orientation in 

Fe/MgO/V/MgO/Fe junctions, observing an anisotropy that allows to estimate the relative Rashba and Dresselhaus 

contributions to spin-orbit coupling. Comparison between experimental findings and theoretical modelling indicates 

that the Dresselhaus contribution to SOC is approximately 10% of the Rashba-type SOC. This relatively small addition 

to interfacial SOC could be associated with extended defects caused by the ~3% lattice mismatch between the Fe(V) 

and MgO bcc lattices in Fe/MgO/V-based superconducting spintronic devices. 

 

 
 
Figure 1. (a) Sketch of the F/S/F sample under study. (b) and (c) show the evolution of conductance anomaly peaks under applied IP and 

OOP magnetic field. 
 

 

[1] P. Tuero et al., Phys. Rev. B, 110, 094504 (2024) 

[2] A. Costa and J. Fabian., Phys. Rev. B, 104, 174504 (2021) 
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Transport of exciton-polaritons on halide perovskites 

 

P. Vaquer de Nieves1, C. Anton-Solanas1, F. Prins 1 

1Universidad Autónoma de Madrid, Comunidad de Madrid, Spain 

Email: pablo.vaquer@uam.es 
 

 

This research project, currently at a very initial state, aims to develop a platform to control exciton-polariton propagation 

resulting from the strong coupling between cavity photons and excitons in semiconductors. The core of this investigation 

will be the construction and utilization of a Fabry-Perot open cavity embedding excitons in order to study the dynamics 

of the resulting exciton-polariton system. The study will focus on various semiconductor materials, exploring their 

transport dynamics as a function of the micro-structured cavity topology. 

 

Figure 1. Visualisation of an exciton-polariton in a cavity. 

 

Understanding and controlling transport in exciton-polaritons is essential for the advancement of polariton-based 

electronic and optoelectronic devices, operated at room temperature. Traditional microscopy methods often fall short in 

providing the spatial and temporal resolution necessary to study these processes at the nanoscale. Moreover, detailed 

control of polaritonic states is limited in conventional monolithic cavities. This PhD research project, part of the ERC-

CoG EnVision initiative, proposes to overcome these limitations by coupling Transient Microscopy equipped with 

scanning open cavities. While the super-resolution capabilities of transient microscopy provide the level of detail to 

visualize the transport of exciton-polaritons directly, the open cavity will provide full versatility to reconfigure the light-

matter coupled system (active materials of choice, mirror design) and deterministically control its coupling in space and 

energy. 

 

 
[1] Seitz, M., Magdaleno, A.J., Alcázar-Cano, N. et al. Exciton diffusion in two-dimensional metal-halide perovskites. Nat 

Commun 11, 2035 (2020).  https://doi.org/10.1038/s41467-020-15882-w 

[2] Seitz, M., Magdaleno, A. J., Alcázar-Cano, N., Meléndez, M., Lubbers, T. J., Walraven, S. W., ... & Prins, F. . Exciton 

diffusion in two-dimensional metal-halide perovskites. Nature communications, 11(1), 2035 (2020). DOI 

https://doi.org/10.1039/D0MH01723J 

[3] Anton-Solanas, C., Waldherr, M., Klaas, M., Suchomel, H., Harder, T. H., Cai, H., ... & Schneider, C. Bosonic condensation 

of exciton–polaritons in an atomically thin crystal. Nature materials, 20(9), 1233-1239 (2021) 

https://doi.org/10.6084/m9.figshare.14342471. 

[4] Adrados, C., Liew, T. C. H., Amo, A., Martín, M. D., Sanvitto, D., Antón, C., ... & Viña, L.. Motion of spin polariton bullets 

in semiconductor microcavities. Physical Review Letters, 107(14), 146402 (2011). 
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The feedback driven atomic scale Josephson microscope 
 

S. D. Escribano1,2, J. A. Moreno3, V. Barrena3, D. Perconte3,4, M. Fernández Lomana3, M. Águeda3, E. 

Herrera3, B. Wu3, J. G. Rodrigo3, E. Prada5, I. Guillamón3, A. Levy Yeyati1, H. Suderow3 
 1Departamento de Física Teórica de la Materia Condensada, Instituto Nicolás Cabrera and Condensed Matter Physics Center 

(IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid, Spain  
2Department of Condensed Matter Physics, Weizmann Institute of Science, Rehovot 7610, Israel  

3Laboratorio de Bajas Temperaturas, Departamento de Física de la Materia Condensada, Instituto Nicolás Cabrera and 

Condensed Matter Physics Center (IFIMAC), Unidad Asociada UAM-CSIC, Universidad Autónoma de Madrid, E-28049 Madrid, 

Spain  
4Institut Néel, Univ. Grenoble Alpes, CNRS, Grenoble INP, 25 avenue des martyrs, Grenoble, 38000 France  
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The ultimate spatial limit to establish a Josephson coupling between two superconducting electrodes is an atomic-scale 

junction. The Josephson effect in such ultrasmall junctions has been used to unveil new switching dynamics, study 

coupling close to superconducting bound states or unveil non-reciprocal effects. However, coupling is weak and thermal 

smearing reduces the Cooper pair current magnitude. Here we show that a feedback element induces a time-dependent 

bistable regime which consists of spontaneous periodic oscillations between two different Cooper pair tunneling states 

(corresponding to the DC and AC Josephson regimes respectively). The amplitude of the time-averaged current within 

the bistable regime is robust against thermal smearing. By tracing the periodic oscillations in the new bistable regime 

as a function of the position in a Scanning Tunneling Microscope (STM), we obtain atomic scale map of the critical 

current in 2H-NbSe2 and find spatial modulations due to a pair density wave. Our results fundamentally improve our 

understanding of atomic size Josephson junctions including a feedback element in the circuit and provide a promising 

new route to study superconducting materials through atomic scale maps of the Josephson coupling [1]. 

 

 
[1] S.D. Escribano et al., https://arxiv.org/html/2311.12783v2 (2023). 
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Zero-Excess Solid-State Batteries (ZESSB), in which an anode is formed in situ during charging, have received much 

attention in recent years. ZESSBs have great potential to increase energy density and facilitate battery production, 

thereby reducing cost as well as material and energy consumption. Practical application of ZESSBs has so far been 

limited by challenges related to the non-uniform growth of alkali anodes during cycling, leading to poor performance. 

To address this issue, various strategies have been reported so far to control the morphology of the alkali anodes to be 

homogeneous and dense, but until now, the microstructure of the anodes during the nucleation and early growth stages 

is unknown [1, 2, 3]. 

 

Here we have developed the virtual electrode method that enables in-situ anode plating and stripping of a ZESSB, with 

nanoscale chemical and morphological analysis using nanospectroscopy and nanomicroscopy. Combining Atomic Force 

Microscopy (AFM) at UAM and Photoemission Electron Microscopy (PEEM) at the CIRCE beamline of ALBA 

synchrotron, we have been able to study the nucleation and growth kinetics, morphology and chemical state of the grown 

anodes with nanoscale resolution. This technique circumvents issues related to the physical current collector by creating 

surface charge with an electron beam, which drives cation migration to form clusters of Na/Li on the electrolyte surface. 

For stripping, a photon beam induces positive surface charge, driving Na/Li ions back into the electrolyte and allowing 

in-depth analysis of stripping at the nanoscale. The virtual electrode method successfully offers insights into early-stage 

nucleation, with various experimental parameters significantly impacting anode morphology and growth efficiency. 

 

 
[1] M. Motoyama, M. Hirota, T. Yamamoto, and Y. Iriyama, “Temperature Effects on Li Nucleation at Cu/LiPON Interfaces”, 

ACS Applied Materials & Interfaces 12, 38045-38053 (2020). 

[2] T. Fuchs, T. Ortmann, J. Becker, et al. “Imaging the microstructure of lithium and sodium metal in anode-free solid-state 

batteries using electron backscatter diffraction”, Nat. Mater. 23, 1678-1685 (2024). [3] K. Lee, J. Sakamoto, “Li Stripping 

Behavior of Anode-Free Solid-State Batteries Under Intermittent-Current Discharge Conditions”, Adv. Energy Mater. 14, 

2303571 (2024). 
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Luminescence nanothermometry analyzes the changes in the luminescent properties of nanoparticles to provide remote 

thermal readouts with high spatial resolution and in a minimally invasive way.[1] This technology has advanced our 

understanding of biological mechanisms and physical processes at the submicrometric scale. However, current 

luminescence-based techniques typically provide only two- dimensional (2D) thermal images. This is a limiting factor 

in biological applications, where precise localization of temperature variations is crucial. Yet, despite first attempts,[2] a 

credible method that allows extracting three-dimensional (3D) thermal maps via luminescence is missing. 

Here, we design such a method combining Ag2S nanothermometers and convolutional neural networks (CNN). The 

approach leverages the distortions in the emission spectra of luminescent nanothermometers caused by changes in 

temperature and tissue-induced photon extinction. The optimized, neural network- based algorithm can extract this 

information and provide 3D thermal maps of complex nanothermometer patterns (Figure 1). Although tested for 

luminescence thermometry, this method has far-reaching implications for luminescence-supported 3D sensing in 

biological systems in general. This is because it offers a means to simultaneously capture spatial distribution information 

of sensors and the magnitude of the parameter of interest. 

 

 
 
Figure 1. (a) Scheme of the phantom with inserted Ag2S NTs-filled capillaries (outer diameter = 1 mm, inner diameter = 0.5 mm). (b) Top view 

of the phantom and (c) corresponding hyperspectral image used to obtain the 3D thermal maps shown in (d). (e) Thermal maps obtained 

considering the depth measured from a photo and the temperature resulting from simulations. 

 

 

[1] Adv. Mater. 35 (2023) 2302749, DOI: 10.1002/adma.202302749 

[2] Adv. Mater. 36 (2024) 2309452, DOI: 10.1002/adma.202309452 
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Modern electronic devices are currently operated at the nanoscale regime, where overheating becomes a problem. 

Controlling the undesired heat flows in a useful manner is another less explored way of improving its performance. For 

this, efficient thermal diodes need to be designed [1]. We investigate the minimal requirements that induce a 

nonreciprocal response to temperature differences in a quantum electronic conductor. We identify two distinct 

mechanisms due electron-electron interactions, namely inelastic scattering and screening, to locally affect the internal 

temperature and potential of the device, leading to thermal and thermoelectric rectification effects in the presence of an 

inversion symmetry breaking. We propose resonant tunneling samples to efficiently exploit these effects, and find 

configurations acting as bipolar thermoelectric diodes whose current flows in the same direction irrespective of the sign 

of the temperature difference, a case of antireciprocity. 
 

 

[1] G. Benenti, G. Casati, C. Mejía-Monasterio and M. Peyrard, Springer International Publishing (Cham, Switzerland, 2016). 

[2] J. Balduque, R. Sánchez, arXiv:2407.14167 (2024). 
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Peptide nanotubes consist of cyclic peptides stacked on top of each other and held together by hydrogen bonds, making 

them similar to carbon nanotubes in morphology. These materials are very interesting from both a fundamental point of 

view, as they serve as a testing ground to study proton transport in more complex biomolecular systems, and from a 

technological perspective, as they are promising proton conducting materials for the development of fuel cells, batteries, 

sensors, and other advanced technologies. However, proton transport in peptide nanotubes remains poorly understood. 

Recent experiments on cyclic peptides based on phenylalanine and functionalized with either lysine, arginine, or 

histidine [1, 2] have shown an order-of-magnitude higher proton conductivity in lysine- containing nanotubes, which 

also varies drastically with the system's hydration level and counter-ion doping. Motivated by these results, we carried 

out molecular dynamics simulations to study the structure and dynamics of these systems. We find that peptides 

nanotubes can form bundles with channels between them, where the water molecules and counter-ions can enter and 

form a rich and dynamic structure of hydrogen bonds with the lysine sidechains. This structure appears to be a viable 

candidate for mediating proton transport through a Grotthuss-like mechanism. We have also analyzed the influence of 

varying the water content and counter-ion doping on this network. Finally, preliminary QM-MM simulations have 

suggested that classical potentials may not accurately describe the hydrogen bonds within the peptide nanotubes, which 

may be an important information to consider when attempting to understand proton transport through these systems. 

 

 
 

Figure 1: (a) Side view of a section of the peptide nanotube c(KF)4. Each peptide ring contains 4 lysine (K) and 4 phenylalanine (F) amino 

acids in an alternate fashion. (b) Top view of a bundle of 4 nanotubes. Water molecules can be hosted inside the nanotubes and in the channel 

between them. 

 

 

[1] O. Silberbush, M. Engel, I. Sivron, S. Roy, and N. Ashkenasy, J. Phys. Chem. B, 123, 46, 9882-9888 (2019) 

[2] S. Roy, L. Zheng, O. Silberbush, M. Engel, Y. Atsmon-Raz, Y. Miller, A. Migliore, D. N. Beratan, and Nurit Ashkenasy, J. 

Phys. Chem. B, 125, 46, 12741-12752 (2021) 
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The Kitaev model is a paradigmatic model of quantum interacting spins on a honeycomb lattice whose exact ground 

state is a quantum spin liquid and its spin excitations fractionalize onto Majorana fermions. The recent observation of 

an anomalous thermal Hall effect in the quasi-two-dimensional material, -RuCl3, suggests that it may host a Kitaev spin 

liquid with Majorana excitations. This has driven an intense research activity around finding materials realizing the 

Kitaev model such as Na2IrO3, α-Li2IrO3. 

 
In the present project we explore the exact solution to the Kitaev spin model on a three-dimensional tri- coordinated 

hyperhoneycomb lattice [2] (see figure), which has been experimentally suggested to be an accurate model for 

describing the magnetic properties of β-Li2IrO3. After revising the exact solution to the Kitaev model on a honeycomb 

lattice we explore the three-dimensional situation. We focus on understanding the analytical zero-flux solution to the 

Kitaev model on the three-dimensional tri-coordinated lattice by fractionalizing the spins into Majorana fermions. By 

analysing the behavior of the Majorana energy bands we conclude on the nature of the possible magnetic ground states 

encountered for different parameter regimes of the model. We finally discuss possible signatures of the spin 

fractionalization predicted from the model in experimental observations on β-Li2IrO3. 

 

 

 
Figure 1. This figure shows the hyperhoneycomb lattice on which the Kitaev model is solved. The red, green and blue bonds correspond to the 

xx, yy and zz interactions on the tri-coordinated lattice. The numbering 1 to 4 denotes the sites comprising the unit cell of the lattice. [2] 

 

 

 
[1] A. Kitaev, Ann. Phys. 321, 2 (2006). 

[2] E. Kin-Ho Lee et al., Phys. Rev. Lett., B 89, 045117 (2014) 
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Systems composed of antiferromagnetic (AFM) and ferromagnetic (FM) layers have been investigated in recent 

decades because of their impact on spintronics applications, as spin-valves for commercial magnetic field sensors and 

magnetic random-access memories (MRAMs). Some hybrid AFM/FM systems with a strong exchange coupling at the 

interface [1] are able to a perfect imprint of the magnetic domain pattern of the AFM into the FM layer, so that it can 

be used as a read-out mechanism in antiferromagnetic spintronics. NiO is one of the most studied AFM for applications 

with Néel temperature above room temperature (RT) showing a very complex domain structure that depends on 

deposition conditions and crystalline orientation. In fact, one of the factors that can affect the exchange coupling of the 

NiO / FM hybrid system is related to the presence of the uncompensated spin at the NiO / FM interface that depends 

on the texture of the AFM layer [2]. 

In this work we have grown NiO / FM (FM = Fe and FeCo) bilayers with different FM thickness on single crystal MgO 

(100), (110), (111) and Al2O3 (0001) substrates by reactive ion beam sputtering. Raman spectroscopy combined with 

vectorial Kerr magnetometry have been used to characterize the bilayers, both as deposited and after a field cooling 

procedure (FC), which involves heating the bilayer above its Néel temperature in vacuum and cooling it down under 

the presence of an external magnetic field. 
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Figure 1. Both graphs are from the NiO/Fe grown on MgO (110) with measures before and after FC. a) Polar plot of remanent 

magnetization Mr/Ms. b) Angular dependence of the coercive field. 

Figure 1 shows the results of the NiO/Fe grown on MgO (110), graph a) is a polar plot of remanent magnetization 

(Mr/Ms) and b) the angular dependence of the coercive field. Before FC, it exhibited biaxial magnetic anisotropy, 

with an easy magnetization axis (e.a) at 0º, and a slightly smaller one at 90º, and after FC, it changes to uniaxial 

anisotropy, with an e.a at 90º due to the direction of the external field applied, and an increase in the coercive 

field is observed at the e.a. Additionally, Raman spectroscopy measurements showed that, after FC, magnetite 

appeared, which may have been formed at the interface. 

[1] S. P. Bommanaboyena et al., Readout of antiferromagnetic spintronics system by strong exchange coupling of 

Mn2Au and Permalloy, Nat. Commun, 2021, 12, 6539. 

[2] I. Lorenzo-Feijoo et al., Influence of the Substrate on the Exchange Coupling of NiO/FeCo Bilayers, Crystals, 2024, 

14(4), 369. 
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High-harmonic generation (HHG) is a nonlinear process which arises when illuminating a system of atoms with an 

intense laser pulse in which the electric field strength approaches that of the Coulomb field binding the electrons to the 

nucleus. While HHG has mostly been studied under driving by classical fields, there has been a recent surge in interest 

in its properties using intense quantum (i.e., non-classical) light fields, which promise to enable phenomena that cannot 

be reproduced by classical driving. To investigate this, we study a model atom driven by an external monochromatic 

EM field in an arbitrary quantum state, following a recently developed theoretical approach [1]. The emission spectrum 

depends on the (average) intensity of the driving laser field and the quantum state of the driving light. 
 

Figure 1. Spectrum of the light emitted through HHG as a function of mean intensity under driving by light in different quantum states: coherent 

& Fock, a thermal distribution, and bright squeezed vacuum (BSV). 

We study the HHG spectrum emitted for four different states of the driving light: (i) coherent (equivalent to classical 

light), (ii) Fock (or number state), (iii) thermal, and (iv) bright squeezed vacuum (BSV) [2]. As shown in Figure 1, the 

spectra generated by these states are qualitatively different: For the same average intensity, driving by thermal light or 

a BSV produces significantly higher harmonics compared to coherent and Fock states, which give identical results. 

Our results agree qualitatively with those published in [1], but differ quantitatively – to the best of our knowledge, due 

to mistakes in [1]. Furthermore, it should be noted that the differences observed here are not due to quantum properties 

of the light, but simply because thermal and BSV states have much larger statistical uncertainty in the intensity 

compared to coherent or Fock states. In other words, these results can be reproduced by a statistical mixture of classical 

fields. We are currently working on ways to identify truly quantum effects within HHG. 

[1] Gorlach, A., Tzur, M. E., Birk, M., Krüger, M., Rivera, N., Cohen, O., & Kaminer, I. (2023). High-harmonic generation 

driven by quantum light. Nature Physics, 19(11), 1689-1696. 

[2] Kim, M. S., De Oliveira, F. A. M., & Knight, P. L. (1989). Properties of squeezed number states and squeezed thermal 

states. Physical Review A, 40(5), 2494. 
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Semiconductor microcavities, defined by a Fabry-Perot cavity embedding a quantum well, enable strong confinement of 

both light and electronic excitations [1]. In these heterostructures, the strong interaction between light and matter induces 

the emergence of hybrid light-matter bosonic quasiparticles known as exciton-polaritons. Polaritons inherit properties 

from their two fundamental constituents: the photonic part (providing a light polariton mass) and the excitonic 

component (responsible for Coulomb interactions in polaritons) [1,2,3]. 

 

The combination of the planar cavity DBRs with an additional lateral confinement results in the discretization of the 

optical modes in the microcavity [2], forming a micrometric lattice potential for photons. This lattice engineers polariton 

dispersion relations in different geometries (in this work, we focus on the Hofstadter geometry), allowing the exploration 

of topological polariton effects with tailored interactions [3]. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Scheme of the polarisation input and output 

 

In this work, we first study the dispersion relation of polaritons in a planar microcavity at various detunings. 

Subsequently, we will investigate whether an asymmetry in the Hofstadter lattice design induces an intrinsic circular 

polarization in the emitted light under a linear, non-resonant laser pump. To address this, we developed a polarization 

tomography tool designed to accurately characterize the emitted polarization state [4]. Ongoing simulations of the 

polarisation resolved, two-dimensional Gross-Pitaevskii equation will allow us to confirm the hypothesis on the intrinsic 

circular polarisation effects of the emission from the lattice. 

 

 

[1] Kavokin, A. V., Baumberg, J., Malpuech, G., & Laussy, F. P. (2017). Microcavities (Second edition). Oxford University 

Press. 

[2] Zambon, N. C. (2020). Chirality and nonlinear dynamics in polariton microresonators. 

[3] Ouellet-Plamondon, C. (2017). On the physics of multimode polaritons. 

[4] Wilkinson, T. A., Maurer, C. E., Flood, C. J., Lander, G., Chafin, S., & Flagg, E. B. (2021). Complete Stokes vector analysis 

with a compact, portable rotating waveplate polarimeter. Review of Scientific Instruments, 92(9), 093101. 
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Zero-Excess Solid-State batteries (ZESSB) refer to batteries where the anode is formed during the charge of the battery 

instead of being already built. This feature could lead to an increase in energy density and cost reduction for future 

batteries. To achieve this behavior, we need to be able to migrate ions across the solid electrolyte and grow a 

homogeneous layer to work as the battery anode. In this project we studied the ion migration process using the AFM 

tip to induce a voltage difference in the electrolyte, with the goal of mobilizing Na/Li to the surface. 
 

 

Figure 1. Diagram of the experimental setup and goal. 

 

We studied two different types of Li/Na solid-state ion conductors: Li7-xLa3Zr2-xTaxO prepared by NTNU and 

Na5GdSi4O12 prepared at Fraunhofer IKTS. As complementary measurements we also conducted Impedance 

Spectroscopy to some of the samples to better understand their electrical behavior. We concluded that the sample 

thickness is an essential parameter to induce local ion migration with the AFM tip. 

 

[1] Sun, Q., An Sam Oh, J., Lu, L., & Zeng, K. (2021). Respone and Implication of NASICON Solid- State Electrolytes to Local 

Electrical Stimulation: From Surface Engineering to Interfacial Manipulation. Applied Materials & Interfaces, 46588-46597. 

[2] Valon Lushta, D. D. (2019). Nanoscale Characterization of Ion Mobility Growth by Temperature- Controlled Li-Nanoparticle 

Growth. Applied Materials & Interfaces, 5476-5483. 

 
 

mailto:marcos.jimenezl@estudiante.uam.es


23 

 

Tunable Fabry-Pérot Microcavity for Photonic Coupling of 

Emission in Quantum Materials 

 
A. Menendez Rua1*, J. V. Vidal Martinez-Pons1, H. P. Van der Meulen1, C. Antón Solanas1 

1Depto. Física de Materiales, Instituto Nicolás Cabrera, Instituto de Física de la Materia Condensada, Universidad 

Autónoma de Madrid, 28049 Madrid, Spain 

*adolfo.menendezr@estudiante.uam.es 

Light-matter interaction is responsible for many phenomena in nonlinear photonics, spectroscopy, photovoltaics, and 

optoelectronics. Optical microcavities constitute a fundamental platform to investigate such interactions, enabling 

applications in quantum photonic technologies and material science [1]. 

In this work we study theoretically and experimentally a Fabry-Pérot resonator, a microcavity composed by two 

opposed mirrors with air filling the cavity space, allowing us to freely tune their relative positions with piezoelectric 

nanomotors. Using Transfer Matrix Methods (TMM) simulations, we theoretically study the characteristics 

(reflectivity, quality factor) of such an empty open cavity. In the future, we will use this cavity for investigating 

light-matter coupling with various quantum materials at room temperature, such as two-dimensional perovskite 

excitons or single defects in hexagonal Boron Nitride. This type of reconfigurable microcavity allows its spectral 

tunning (changing the mirror distance) and in-plane spatial translation (displacing laterally the mirrors) [3]. Figure 

1a shows the refractive index profile of the planar microcavity (designed to confine one optical mode at 650 nm) with 

an air gap of 1 µm, panel (b) shows the corresponding simulated reflectivity spectrum. Figure 1c shows the open 

cavity designed for our experiments, alongside preliminary experimental results on the dispersion relation of the 

microcavity reflectivity map. 

 

 

Figure 1. a) Real part of the refractive index vs depth of the cavity. b) Reflectivity vs wavelength. c) Open microcavity in the lab. d) 
Reflectivity map of the microcavity represented versus wavelength (horizontal axis) and in- plane momentum of the emission (vertical axis, 

representing the range of angles of collection). 

 

[1] Kavokin, A. V., Baumberg, J., Malpuech, G., & Laussy, F. P. (2017). Microcavities (Second edition). Oxford University 

Press. 

[2] Byrnes, S. J. (2020). Multilayer optical calculations (No. arXiv:1603.02720). arXiv. 

https://doi.org/10.48550/arXiv.1603.02720 

[3] Greuter, L., Starosielec, S., Najer, D., Ludwig, A., Duempelmann, L., Rohner, D., & Warburton, R. J. (2014). A 

small mode volume tunable microcavity: Development and characterization. Applied Physics Letters, 105(12), 121105. 

https://doi.org/10.1063/1.4896415 
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Charge carrier density of 2D-TMDs are typically controlled through chemical doping, electrostatic gating, or their 

association with ferroelectric substrates. In the latter case, periodically poled structures (i.e, antiparallel 

ferroelectric domains) enable the creation of reconfigurable and nonvolatile p-n homojunctions, which can also be 

further modulated by light [1]. In this work, we investigate the interplay between light, ferroelectricity and 

electronic doping in 2D materials by analyzing the photoluminescence (PL) properties of 1L-MoSe2 deposited onto 

the polar surface of a periodically poled LiNbO3 crystal. Specifically, we study the PL response as a function of 

the incident light intensity and/or the illumination time on domains with opposite polarity. We show that light-

induced charging processes are strongly influenced by the underlying spontaneous polarization of the substrate, 

leading to opposite trends in the PL dynamics depending on the polarization sense. The results highlight the 

critical role of interfacial charge transfer in TMD-based ferroelectric heterostructures, paving the way for 

advanced spatial and temporal modulation of charge carriers using all- optical methods. 

 

 
[1] M.O Ramírez et al. Adv. Opt. Mater. 2400624 (2024). 
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The objective of this project is to understand the movement of colloidal particles within fluids in the presence of a 

periodic grid of obstacles, which could eventually give insight on how transport occurs in certain biological systems. 

These colloids are solid, microscopic particles, of a few microns in size, subjected to the stochastic motion caused by 

the molecules in the fluid and the hydrodynamic forces created by the obstacles. The evolution of the probability density 

distribution for this colloidal particle is described by the Fokker-Planck equation. The density will go to equilibrium 

following certain relaxation frequencies, which are precisely the eigenvalues of the Fokker-Planck operator. 

 

Figure 1. Eigenvalue spectrum of the Fokker-Planck operator for a certain periodic grid. A gap appears 

in the frequency values. 

 

For the time being we have focused on a one-dimensional grid of obstacles. We have exploited the fact that the grid’s 

periodicity causes the Fokker-Planck operator to commute with the translation operator, and thus Bloch’s theorem can 

be applied to obtain the eigenvalue spectrum of frequencies, in a similar way to how the energy levels are obtained in 

crystalline solids. In contrast to the Hamiltonian, the Fokker-Planck operator is not Hermitian, meaning that complex 

eigenvalues can be obtained that lead to propagation of these colloids. Furthermore, gaps in the frequency spectrum 

have been shown to appear, meaning that there are certain frequencies through which the probability density cannot 

relax towards equilibrium. It would be of great interest to excite the system at those prohibited values to study its 

behavior. 
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The goal of this project is to develop and implement a novel machine learning algorithm, inspired by principles from 

statistical and quantum physics, to address the computational challenges inherent in solving many-body quantum 

physics problems. Traditional exact methods for these problems are computationally intensive for systems with a 

large number of particles. 

 

a) b) 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Magnetic spin correlation for wave function of the 1D-Ising Hamiltonian solved using exact diagonalization(a) and learnt by RBM(b). 

Restricted Boltzmann Machines, recently awarded the Nobel Prize, are able to learn probability distributions from a 

given dataset to generate new data. As one of the first generative AI algorithms, RBMs have generally been applied to 

non-physics-related tasks, such as generating images or improving their resolution. In this project, RBM will be trained 

with quantum system measurement data to reconstruct the wave function to obtain macroscopic properties of the 

system and then compared to exact solutions [1]. 

 

 

 
[1] G. Hinton, A Practical Guide to Training Restricted Boltzmann Machines (2010) 

[2] G. Torlai et al., Neural-network quantum state tomography for many-body systems (2017) 

[3] M.F Aldana, Quantum Boltzmann Machine: Emergence & Applications (2018) 
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Magnetite nanoparticles (Fe3O4 NPs) are promising materials for improving the performance of lithium- ion batteries 

[1]; however, achieving both environmentally friendly synthesis methods and optimal particle properties is a major 

challenge. This study investigates two approaches to synthesize Fe3O4 nanoparticles using the co-precipitation method, 

utilizing a base to induce the reaction: one approach employs ammonium hydroxide (S1) [2], while the other uses sodium 

hydroxide (S2) [3]. 

Both methods successfully produced nanoparticles with a size of 7-9 nm. However, S2 outperformed S1 in several key 

areas. This resulted in more uniform deposition on the membranes, reduced aggregation, and better electrochemical 

performance, with oxidation and reduction peaks close to the theoretical values. Although S2 showed more aggregation 

compared to S1, it proved to be the more effective method overall, as cracking was evident in the S1 samples even 

before cycling, while S2 materials demonstrated greater resistance to such damage. 

These results demonstrate that optimizing the synthesis conditions can significantly enhance the properties of 

nanoparticles for battery applications. Future work will focus on combining these materials with carbon nanotubes in 

a composite, as an electrode for ion-Li batteries, aiming to increase conductivity and establish a strong network with 

the nanoparticles while buffering volume expansion during cycling. This approach is likely to have a positive impact 

on battery efficiency, paving the way for greener and more powerful batteries. [1] 

 
 

Figure 1. SEM image showing the surface morphology of the synthesized Fe3O4 nanoparticles (a). 

Cyclic voltammetry (CV) curves for Fe3O4-based electrodes over two cycles (b). 

 

[1] Bao, S. et al. Heterogeneous iron oxide nanoparticles anchored on carbon nanotubes for high- performance lithium-ion 

storage and fenton-like oxidation. Journal of Colloid and Interface Science 601, 283–293 (2021). 

[2] Braim, F. S. et al., green-assisted synthesis and functionalization of superparamagnetic magnetite nanoparticles using Sumac 

extract and assessment of their cellular toxicity, uptake, and anti-metastasis property. Ceramics International 49, 7359–7369 

(2023). 

[3] Asimakidou, T. et al. Continuous production of magnetic iron oxide nanocrystals by oxidative precipitation. Chemical 

Engineering Journal 393, 124593 (2020). 
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Materials with topological band structures are one of the most active fields in condensed matter physics. Rare-earth 

monopnictides are known to have complex magnetic phase diagrams and some of them have been proposed to have 

topological properties [1]. In this project, STM studies are being carried out to determine if the topological properties 

of NdSb are linked to its antiferromagnetic structure below the Néel critical temperature (TN = 15 K). We have analyzed 

topographical images of the samples with atomic resolution to study its crystal structure, the presence of defects and 

steps at low temperatures. We have also studied the density of states and identified edge states around the steps at 

temperatures below TN. We will present these results and discuss preliminary measurements of the temperature 

dependence across TN. 

[1] B. Schrunk et al., Nature 603, 610-615 (2022) 
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The magnetic entropy in a compound containing magnetic ions and itinerant electrons can be reduced to reach the 

ground state through two competing interactions. Either Kondo screening creates a spin- singlet nonmagnetic coherent 

state, or Ruderman-Kittel-Kasuya-Yoshida interactions produce magnetic order. CeRu2Si2 is an archetypical heavy 

fermion compound with a large electronic specific heat at low temperatures and no magnetic order. On the contrary, 

CeRh2Si2 presents AFM order below about 36 K. Ce(Ru0.92Rh0.08)2Si2 shows a combined behavior, with an 

antiferromagnetic phase (AFM) below 4.2 K, which vanishes above 2.5 T, and a metamagnetic transition at 5.5 T. The 

electronic properties of Ce(Ru0.92Rh0.08)2Si2 are highly susceptible to a magnetic field. Here we present atomically 

resolved tunneling spectroscopy studies in a millikelvin Scanning Tunneling Microscope across the magnetic phase 

diagram. We visualize directly atomic site dependent Kondo hybridization and its evolution across the different phases 

with applied magnetic field. 
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Two-dimensional (2D) semiconductor materials are being explored for applications including photocatalysis and 
optoelectronic devices. This class of materials showcases high surface-to-volume ratio, which imparts unique physical 
properties but also heightens the interaction with the environment. Large-scale application of these materials requires a 
deep understanding of degradation processes towards the design of strategies to increase their stability.1 Indium sulfide 

(In2S3) is a promising material for photovoltaic and (opto)electronic applications because of its wide band gap energy, 
and photoconductive properties. It presents three different polymorphs: cubic (α), tetragonal (β) and trigonal (γ), in 
which the most stable one is the β-phase. However, the defective crystal structure presented by the β-phase makes the 

material more prone to oxidation. On the other hand, γ-In2S3 is a polymorph, that has been stabilized at room temperature 

as colloidal nanoplatelet dispersion.4 In this work, the photoluminescence properties of γ-In2S3 were studied at cryogenic 
temperatures, observing that the emission of this material comes from the different intra-band gap defect levels. To study 
the effect of oxidation, the material was exposed to air for a prolonged time, observing the appearance of oxygen- 

containing chemical species in the surface of γ-In2S3. This oxidation is translated into a change in the photoluminescence 

spectra, where oxygen-related intra-band gap defects states were identified though their characteristic spectral 

fingerprints. By leveraging this knowledge, we were able to modify the photoluminescence properties of γ-In2S3 by 
treating it with an oxygen-containing molecule. This study offers new insight into the properties of less studied material, 
providing key information for its application in several fields including luminescence thermometry and oxygen sensing. 

 

Figure 1. Change in the photoluminescence properties between a recently synthesized nanoplatelet (yellow) and  

a sample exposed to air for months (orange). 

 
[1] Dai, M. et al., Adv. Mater. Technol. 7, 2200321 (2022). 

[2] Li, X. et al., ACS Appl. Nano Mater. 5, 3229–3236 (2022). 

[3] Li, Z. et al., Phys. Chem. Chem. Phys. 19, 16758–16764 (2017). 

[4] Horani, F. & Lifshitz, E., Chem. Mater. 31, 1784–1793 (2019). 
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Transition metal (TM) and lanthanoid (Ln) ion-doped nanoparticles (NPs) are photoluminescent nanomaterials with 

applications across diverse fields, such as bioimaging and theranostics, sensing, light conversion and energy   

applications, data storage, quantum computing, and anti-counterfeiting. Fluoride NPs stand out among nanomaterials 

in this context owing to their unique physical properties, such as low- energy phonons, size and architecture tunability, 

as well as colloidal stability and low cytotoxicity. Despite the many advances in the development of fluoride NPs in 

recent years, most of them are primarily designed to incorporate only Ln ions. TM ions cannot be easily accommodated 

into the crystal lattice of fluoride NPs due to their distinct electronic configurations, ionic radii (lower sizes) and 

coordination preferences (lower coordination number). 

 

Here, we present a wet-chemistry synthesis approach for the preparation of an In-based fluoride NPs that can be doped 

with Cr3+, used as model luminescent TM ion. 

 

The synthetic protocol of In-based fluoride NPs was optimized to identify the NPs growth mechanism, which involves 

a phase transition from cubic to monoclinic crystalline structure, similar to the cubic-to- hexagonal phase conversion 

in NaYF4 NPs. The optimization revealed that reaction time and temperature (above 250 ºC) had minimal effects 

on NP size and morphology. Importantly, the size of these NPs can be tuned by adjusting the amounts of fluoride 

source and oleylamine in the reaction mixture. Additionally, these NPs can be easily made hydrophilic, enhancing 

their potential for biological applications, showing their low in vitro cytotoxicity. The efficient incorporation of 

Cr3+ ions and the crystal field experienced by them in this crystalline host matrix has been explored by 

photoluminescence (PL) studies at room temperature (RT) and at cryogenic temperatures (15 - 298 K). Time-

resolved PL measurements of Na3InF6: Cr3+ NPs showed thermal dependence in the range of 20-50 ºC, thus 

paving the way for the use of luminescent TM-doped fluoride NPs in including in sensing in biological 

environments. 

 

[1] Wang et al., Nat Protoc, 9, 1634–1644 (2014). 

[2] Zhang et al., Angew Chem Int Ed, 62, e202212549 (2023). 

[3] Ming et al., Nat. Photon (2024). 
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Approximately 70 years ago, it was observed that amorphous bismuth ―a strongly diamagnetic semimetal with 

unconventional properties― and some of its alloys, particularly those with antimony (Bi– Sb), exhibit superconductivity 

with a critical temperature of about 6 K [1], unlike their crystalline counterparts, which do not display such behavior. 

More recently, Bi–Sb alloys have gained renewed interest due to their behavior as topological insulators [2]. The 

possibility of combining this feature with the superconducting properties renders amorphous Bi–Sb alloys promising 

candidates for topological superconductivity [3]. However, a significant challenge arises as both pure Bi and Bi–Sb 

alloys tend to crystallize when exposed to temperatures above 20 K [1,4]. 

 

In this study, we aimed to address this limitation by creating controlled structural disorder in crystalline Bi–Sb alloys 

using MeV ion irradiation. We fabricated various polycrystalline Bi100-xSbx films (x = 0, 5, 10, 15) using thermal 

evaporation and melt‒spinning techniques, and then exposed these films to ion beam irradiation with swift heavy ions 

(Bi and I ions in the 10‒40 MeV range) to induce localized amorphization in a deeper region. To evaluate the effects of 

irradiation, we performed multiple characterizations before and after the process, including X‒ray Diffraction, Scanning 

Electron Microscopy, and low-temperature electrical resistivity measurements spanning from room temperature down 

to nearly 2 K. We assessed the impact of both preparation method and degree of disorder when trying to modify the 

properties of these materials for superconducting and thermoelectric technologies [5]. 

 
[1] J. S. Shier and D. M. Ginsberg, Physical Review 147 (1966) 84. 

[2] D. Hsieh et al., Nature 452 (2008) 970–974. 

[3] C. Beenakker and L. Kouwenhoven, Nature Physics 12 (2016) 618-621. 

[4] J. Barzola-Quiquia et al., Superconductor Science and Technology 30 (2016) 015013. 

[5] A. Andrino-Gómez et al., Low Temperature Physics 50 (2024) 427-433. 
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Nanotechnology requires the use of specialized experimental techniques to investigate the physical properties of 

materials at the nanoscale. One such powerful technique is Scanning Tunneling Microscopy (STM), which allows the 

study of material surfaces at the atomic level. In STM, a sharp metal tip is positioned extremely close to the sample 

surface, typically of the order of angstroms. At this proximity, electrons can tunnel between the tip and the sample, 

generating a tunneling current [1]. This current is measured and used to produce images of the surface topography with 

atomic resolution, as well as to probe the local density of states through tunnel conductance. 

 

STM can be modified to incorporate additional measurement modes, enabling the exploration of physical phenomena 

beyond those addressed by the conventional technique [2]. In this poster, we present a novel approach involving the 

development of a high-resolution Scanning Tunneling Microscope adapted as a Thermopower Microscope 

(STM/SThEM), which operates in a high vacuum environment and at room temperature. This innovative setup allows 

for the measurement of the Seebeck coefficient (S), a critical parameter in thermoelectric studies, and offers valuable 

insights into material propertiesWe demonstrate the application of this technique using our custom-built STM/SThEM 

microscope to study the effect of chemical doping on the thermoelectric power of the transition metal dichalcogenide 

WSe2, a novel material with additional properties such as ferroelectricity and ferromagnetism [3]. 

 

[1] G.Binnig and H.Rohrer. Surf.Sci 126, 236 (1983). 

[2] Bermúdez-Perez, J.D., Herrera-Vasco, E., Casas-Salgado, J. et al. Ultramicroscopy 261, 113963 (2024) 

[3] Cardenas-Chirivi, G., Vega-Bustos, K., Rojas-Páez, H. et al. npj 2D Mater Appl 7, 54 (2023). 
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Vortices in a superconductor usually arrange themselves in an ordered lattice, but when a current is applied vortices 

move under the Lorentz force, leading to dissipation and loss of the superconducting coherence [1]. Vortices can be 

pinned by impurities and imperfections counteracting this motion. However, thermal excitation might provide sufficient 

energy to release vortices from their pinning centers. Superconducting applications require immobile vortices in the 

largest possible temperature range. This is particularly important in high Tc superconductors. Here we make vortex 

imaging experiments in the superconductor CaKFe4As4 (Tc=35 K, Hc2=90 T) from 10 K up to Tc and up to magnetic 

fields of 14 T. This compound has been used for manufacturing superconducting wires [2]. We construct the phase 

diagram for the vortex lattice, delineating the optimal pinning range and directly observing the transition to the vortex 

liquid phase. 

 

Figure 1. The vortex lattice of CaKFe4As4 taken at 10 K and under a magnetic field of 10 T. 

 

 

[1] G. Blatter et al., Reviews of modern physics, 66(4), 1125 (1994) 

[2] S. Pyon et al., Applied Physics Express, 11(12), 123101. (2018) 
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This work explores the tunable optoelectronic response of monolayer MoS₂ deposited on a ferroelectric substrate (SBN) 

that undergoes a transition from the ferroelectric to the paraelectric phase. Transition Metal Dichalcogenides (TMDs) 

like MoS₂ are known for their distinctive electronic and optical properties, which can be influenced by underlying 

substrates through electrostatic interactions. 

In this study, SBN—a relaxor ferroelectric crystal with a low Curie temperature—is used to induce electrostatic doping 

effects on MoS₂ in response to temperature changes. Confocal photoluminescence (PL) measurements performed across 

a temperature range of 30–90°C show significant enhancement of the exciton/trion rate within the MoS₂ layer as the 

substrate evolves from the ferroelectric to paraelectric state. This effect is attributed to the vanishing spontaneous 

polarization in the paraelectric phase, which alters the polarization and screening charge balance at the MoS2/SBN 

interface and therefore the electronic doping. The findings highlight a promising method for optoelectronic modulation 

in TMDs and suggest potential applications for temperature-responsive photonic devices that operate without external 

electric fields. 
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In biomedical research, light is an invaluable, non-invasive tool for engaging with biological samples, allowing 

advancements in super-resolution and live cell imaging. Although these methods are developed with in vivo applications 

in mind, results often vary from conventional monolayer assays conducted in vitro. In this context, 3D cell cultures—

particularly multicellular spheroids—offer a more accurate tissue- like model, bridging the gap between in vitro and in 

vivo. Spheroids are spherical aggregates of single or multiple cell lines that can be easily prepared in vitro, providing 

reproducibility through size and enabling controlled experiments.[1] Initially, we identified safe illumination ranges 

according to multiple wavelengths and established a rapid visual method for monitoring the health of the spheroid.[2] 

The interaction of light with spheroids can raise local temperatures, which may affect cell proliferation due to their strict 

thermal tolerances. This study aims to assess local temperature variations within spheroids to comprehend cell-light 

interactions and cellular thermal responses to external stimuli. 
 

Figure 1. (a) Schema of the irradiation of the nanoparticles inside the spheroid an its emission (b) Emission spectra of the 

 CaF2:Nd,Y nanoparticles inside the spheroid. 

 
Spheroids were developed by forced-floating method using U-87 MG cells from human brain cancer (glioblastoma 

astrocytoma), resulting in an approximately diameter of 200 μm. Given the microscale of this biological model, high 

spatial resolution for remote measurement is needed. To meet this requirement, CaF2:Nd, Y nanoparticles were 

synthesized by hydrothermal method. The electronic population of the levels involved in the emission of Ln3+- doped 

materials follows a Boltzmann distribution, making the emission temperature-dependent. After the optimization of 

several optical parameters (excitation wavelength, region where the Fluorescence Intensity Ratio determines the best 

sensitivity, …) they turn out to be nanothermometers with enough sensibility and precision. Following the internalization 

of the nanothermometers into the cells comprising the spheroid, emission temperature calibration was conducted. Since 

this, the temperature increases inside the spheroid due to 1450 nm illumination have been measured. 

 

[1] S.Pozzi et al., Advanced Drug Delivery Reviews, 175, 113760 (2021) 

[2] P.Camarero et al., Optical Materials, 142, 114055, (2023) 
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Spin-splitted superconductor-ferromagnet tunnel junctions demonstrate giant thermoelectric effects (TEs), which are 

being exploited to engineer ultra-sensitive terahertz radiation detectors. Here, we experimentally observe the recently 

predicted complete magnetic control over thermoelectric effects in superconducting epitaxial spin valve junction 

(V/MgO/Fe/MgO/Fe/Co), including the dependence of its sign on the magnetic state of the film [1,2]. The description of 

the experimental results is improved by the introduction of an interfacial domain wall in the spin filter layer interfacing the 

superconductor. The application of high in-plane magnetic fields induces a double sign inversion of the thermoelectric 

effect, which exhibits large values even at applied fields of twice the superconducting critical field, leading up to a “giant 

thermoelectric effect”. 

 

We also investigated experimentally and numerically [3] thermoelectric effects in fully epitaxial Fe/MgO/V/MgO/Fe/Co 

junctions as well as their dependence on the magnetic configuration of the FM electrodes. We observe sizeable Seebeck 

coefficients for the parallel alignment of the ferromagnetic electrodes, reaching values on about of 100 𝜇V/K. 

Importantly, we find a decrease of the thermoelectric signal of more than an order of magnitude when switching from a 

parallel to the antiparallel configuration, constituting a large thermoelectric spin-valve effect. Theoretical modeling 

based on a self-consistent non-equilibrium Keldysh-Usadel Green function theory, combined with micromagnetic 

simulations, qualitatively reproduce these experimental findings. 
 

 

Figure 1. (a) Colormap of the thermoelectric voltage ΔV as a function of the temperature difference ΔT and the applied in-plane field for a S/F/F 

junction, indicating the P and AP states. The sign inversion of the TE voltage becomes apparent with different magnetic alignment of the layers of 

the spin valve. (b) TE voltage of an S/F/F and S/F junctions at ΔT≈113 mK vs. applied in-plane field at T=0.3 K. The high-field sign inversion is 

achieved in both samples. The inset displays the measured TE voltage in the S/F/F junction under out-of-plane field. At the supercondunctong 

critical field, superconductivity and its associated TE voltage vanish. 

 
[1] C. González-Ruano et al., Phys. Rev. Lett., 130, 11111 (2023)  

[2] J. A. Ouassou et al., Phys. Rev. B, 106, 094514 (2022) 

[3] P. Tuero, et al., under preparation. 
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The importance of the use of upconversion particles (UCNPs) in biomedical applications has been evidenced over the 

years, primarily due to their ability to be excited in the near infrared (NIR) and emit in the visible or ultraviolet (UV). 

This property allows greater penetration into biological tissues and facilitates obtaining cleaner images. In addition, the 

strong dependence between UCNPs emission and temperature is well known [1,2]. Therefore, different samples of SrF2: 

Tm3+, Yb3+, co-doped with bismuth and dispersed in heavy water, were excited using a 980 nm laser to obtain strong UV 

emission at different temperatures, ranging from 10 ºC to 60 ºC. These samples have been studied in order to explore the 

correlation between emission and temperature, aiming to determine whether these particles are sensitive enough to 

function as nanothermometers [3]. 

 

Figure 1. Upconversion luminescence spectra of SrF2: 22% Yb, 0.5% Tm, 1.5% Bi UCNPs at the temperature range of 10 - 60 ˚C recorded with 

steps of 2 ˚C under 980 laser excitation. 

 

Through a serie of experiments, we synthesized different UCNPs samples to identify which offers the highest 

sensitivity, and consequently, the best suitability as nanothermometer for biological systems. 

 

[1] Sun, Ling-Dong, Ye-Fu Wang, and Chun-Hua Yan. "Paradigms and challenges for bioapplication of rare earth upconversion 

luminescent nanoparticles: small size and tunable emission/excitation spectra." Accounts of chemical research 47.4 (2014): 1001-

1009. 

[2] Brites, Carlos DS, Sangeetha Balabhadra, and Luís D. Carlos. "Lanthanide‐based thermometers: at the cutting‐edge of 

luminescence thermometry." Advanced Optical Materials 7.5 (2019): 1801239. 

[3] Quintanilla, M., et al. "Intense ultraviolet upconversion in water dispersible SrF 2: Tm 3+, Yb 3+ nanoparticles: the effect of 

the environment on light emissions." Journal of Materials Chemistry C 3.13 (2015): 3108-3113. 

 

 

 

 

 

 

 

 

 

 

mailto:ana.davila@estudiante.uam.es


39 

 

 

Synthesis of Magnetic Iron Oxide Nanoparticles via Rapid 

Microwave Plasma Hydrogenation for Biomedical Applications 
 

F. J. Fernández-Alonso1,2,3, B. Cortés-Llanos3, I. Martín-Tougui1, S. Caspani4, D. Navas5, V. Torres- Costa1,2, M. 

Manso-Silván1,2,3, C. Tavares De Sousa1,2,3 
1Applied Physics Department, Universidad Autónoma de Madrid, Madrid, Spain 

2Nicolás Cabrera Institute, Universidad Autónoma de Madrid, Madrid, Spain 
3Centre for Microanalysis of Materials, Universidad Autónoma de Madrid, Madrid, Spain 

4Departamento de Física e Astronomia, Universidade do Porto, Porto, Portugal 
5Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, Spain 

Email: francisco.fernandez01@uam.es 

 

Advancements in nanotechnology have led to the development of nanostructures with precise morphologies and 

customized surface properties for specific applications. Efforts focus on optimizing nanoparticle characteristics such as 

composition, shape, size, and magnetic properties [1]. Magnetic nanostructures are particularly promising for enhancing 

therapeutic procedures, clinical diagnostics, and biomedicine. However, synthesizing monodisperse magnetic 

nanoparticles larger than 30 nm remains very challenging, often requiring very long multi-step that can take over five 

hours. 

In this study, hematite nanoparticles (NPs) were hydrothermally synthesized. NPs were subsequently reduced using a 10-

minute microwave plasma hydrogenation process. The resulting nanoparticles exhibited excellent monodispersity and 

saturation magnetization above 40 emu/g. We examined the effects of plasma pressure and hydrogen concentration on 

magnetic properties, finding that higher hydrogen concentrations and lower plasma pressures increased saturation 

magnetization. These magnetic NPs have been tested for cellular magnetic stimulation and hold potential for other 

biomedical and environmental applications, such as magnetic hyperthermia, drug delivery, and water purification. [2]. 

 

Figure 1: (a) SEM images of the magnetic NPs. (b) Hysteresis loop of the magnetic NPs as a function of the concentration of hydrogen used in 

the reduction process. 

[1] A. Lu, E.L. Salabas and F. Schüth, Angew Chem Int Ed 46 (2007) 1222–1244. 

[2] L. Peixoto, et al., Applied Physics Reviews 7 (2020) 011310. 
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Monolayer transition metal dichalcogenides (TMDs), such as MoS₂, are promising two-dimensional materials for 

nanoscale optoelectronic applications. Making use of their strong sensitivity to the surrounding environment, we 

investigate the modulation of electronic doping in a monolayer of MoS₂ deposited on a ferroelectric substrate (LiNbO₃) 

as the temperature varies from 300 K to 10 K. Temperature-dependent photoluminescence measurements were 

performed to determine the variation of the relative concentrations of excitons and trions, which correlate with the free 

carrier concentration. 

Our results reveal a distinct variation in electronic doping levels that correlates with changes in the electric polarization 

of the LiNbO₃ substrate across the 300 K to 10 K temperature range. These findings underscore the role of pyroelectricity 

in modulating the electronic environment of MoS₂ and demonstrate that ferroelectric substrates offer an effective strategy 

for precise control of electronic doping in TMDs. This work opens new avenues for engineering doping profiles in 2D 

materials, enhancing their potential in optoelectronic applications. 
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UTe2 is one of the most promising materials to show topological superconductivity. The intimate connection between 
bulk and boundary places the surface at the center of the debate on the topological properties. However, previous surface 

measurements by Scanning Tunneling Microscopy (STM) show in UTe2 a puzzling charge density wave (CDW) [1-4], 

apparently unrelated to the bulk [5-7]. In this work, we show results from STM measurements at the (011) surface of 
UTe2 under high magnetic fields up to 20 T. We present new insights into the CDW, possibly solving some of the issues 
concerning it. 
 
 

Figure 1. Orthorhombic unit cell of the UTe2 atomic lattice. Violet, red and green spheres are Te(1), Te(2) and U atoms, respectively. The (011) 

cleaving plane is given in grey. 

 
 

[1] L. Jiao et al., Nature 579, 523(2020) 
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In this study, experimental and theoretical methods are used to explore lead iodide's (PbI₂) structure and optoelectronic 

properties. By combining X-ray diffraction and photoelectron spectroscopy with density functional theory (DFT) 

simulations, the research reveals PbI₂’s two- dimensional layered structure and its strong transient photocurrent effect 

under visible light, attributed to a surface photovoltage effect. The prolonged lifetime and long relaxation times of this 

photocurrent are due to slow carrier mobility, which results from 2D electron confinement in the layered material. These 

insights help model the behavior of more complex 2D hybrid perovskites. 
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Zero-Excess Solid-State Batteries (ZESSBs), where the anode is formed during the charge cycle, are a promising 

alternative to today Li-ion batteries, as they offer a higher energy density, improve safety and cut on anode production. 

Further advances are done in substituting Li-based electrolytes to Na-based, as it is not a critical material. Deeper 

knowledge is needed in the early stages of anode nucleation [1,2] to bring this technology into daily use. 

We have studied the anode plating and stripping process in both Li and Na-based electrolytes, using the virtual 

electrode approach. Combining Atomic Force Microscopy (AFM) at UAM and Photoemission Electron Microscopy 

(PEEM) at the CIRCE beamline of ALBA synchrotron, we have been able to study the growth kinetics, morphology 

and chemical state of the grown anodes with nanoscale resolution. Multiple anode platings were done, varying the 

electron dose, current and energy, as to find the optimal growth parameters for the virtual electrode approach. With this 

work, we aim to unveil the mechanisms behind anode growth in ZESSBs. 
 
 

Figure 1. a) to i) study of dose effect on anode plating. a) to c) PEEM-XAS measures for chemical composition information. d) to f) visualization 

of surface chemical composition. g) to i) anodes topographies. j) virtual electrode approach plating setup scheme. k) to l) anode cycling done by 

the virtual electrode approach 

 
 

[1] Li, Q., Yi, T., et al, “In-situ visualization of lithium plating in all-solid-state lithium-metal battery.” Nano Energy 63 (2019). 

DOI: 10.1016/j.nanoen.2019.103895 

[2] Fuchs, T., Ortmann, T., Becker, J. et al. “Imaging the microstructure of lithium and sodium metal in anode-free solid-state 
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In the past few decades, an increasingly important trend in controlling physical and chemical properties at lower scales 

to develop new materials has been aimed. Among a variety of approaches to address this, the Langmuir-Blodgett (LB) 

technique is an efficient method for making ultrathin organic and inorganic colloidal self-assembled films, which has a 

wide range of optoelectronic and biomedical applications [1,2]. If a metallic and biocompatible semi-shell of gold is 

additionally deposited on top, either to increase the scattering cross-section of the particles, or the absorption cross-

section after a proper thermal treatment of the gold films, the resulting structure can also induce controlled temperature 

increments and contribute to thermal therapies with positive effects against ongoing diseases, such as cancer [3]. 

Additionally, the nanoscale combination of materials with magnetic and plasmonic properties has demonstrated a 

synergistic potential resulting from the association of both materials [4]. In this work, we present a variety of SiO2 

particles of sizes ranging from 200 to 500 nm transferred onto a substrate using a Langmuir-Blodgett trough (Figure 

1a). Later, 5-20 nm layers of Fe iron are first deposited on the surface of the particles via magnetron sputtering and then 

oxidized in a muffle furnace to form hematite. As an intermediate step of the fabrication, the synergetic hematite-gold 

capabilities of the particles are sought-after by depositing an additional quasi-continuous Au layer on top of the particles 

that is further annealed to form individual Au nanoparticles that increase the absorption cross-section, and therefore their 

heating efficiency. Their corresponding heating curves close from the plasmon resonance of the Au nanoparticles show 

an enhancement of the heating capabilities compared to the particles only covered with hematite (Figure 1b). 
 

Figure 1. a) Scanning Electron Microscopy (SEM) image of commercial 200 nm SiO2 particles transferred by LB assembly, after Fe and Au 

deposition via magnetron sputtering to ultimately form individual Au nanoparticles on the surface by thermal annealing. b) Heating curves 

recorded under 690  nm laser irradiation measurements of the SiO2@Fe2O3 with and without Au nanoparticles on top, showing a synergistic 

heating with the addition of Au nanoparticles. 

 

[1] P. Pellacani et al., Materials, 13(5), 1244 (2020) 
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Optical coherence tomography (OCT) is a high-resolution optical imaging technology that is substituting other 

conventional cardiovascular diagnostic procedures (ultrasound, angiography). Today, OCT is used as a minimally 

invasive technique to detect and assess atherosclerotic plaques in vivo and to guide intervention procedures such as 

atherosclerotic surgery and stent placement [1]. Despite its high resolution, the lack of molecular-scale information 

available in OCT images makes the use of contrast agents a step-forward in the implementation of this technique. For 

this purpose, innovative strategies like functionalized nanoparticles are being used to achieve molecular level contrast 

by targeting specific biomarkers. Proteins overexpressed by cells that are undergoing inflammatory processes, like 

intracellular adhesion molecule 1 (ICAM-1) are particularly interesting, as they are characteristic of the early stages of 

the atherosclerotic plaque development. 

 

Gold nanoshells (GNSs) functionalized with inflammation-targeting molecules have already been used as OCT contrast 

agents, and their specific adhesion to inflamed endothelial human cells has been demonstrated in vitro [2]. However, 

the translation of these experiments to tissues is challenging, since the presence of gold on the tissue can go undetected 

if the OCT signal provided by the GNSs is similar to the one provided by tissues, making the optimization of the 

experimental conditions challenging. In this work we have addressed this problem by determining the gold presence on 

inflamed rat-aorta tissue after incubation with functionalized-GNSs using Rutherford Back Scattering (RBS) and 

Particle Induced X-ray Emission (PIXE) with a 2 MeV proton beam. The technique has demonstrated the presence of 

gold undetected by OCT, and thus can be used as a guide towards a better understanding of the OCT detection of GNSs. 

The present study represents an important step forward for the use of contrast agents to target inflammation in the first 

stages of atherosclerosis by OCT. 
 

 
Figure 1. RBS gold signal in a basal state (top) vs. inflammed (bottom) mice aorta. 

 

[1] Tearney, G. J., et al., (2012). Consensus standards for acquisition, measurement, and reporting of intravascular optical coherence 

tomography studies: a report from the International Working Group for Intravascular Optical Coherence Tomography 

Standardization and Validation. Journal of the American College of Cardiology, 59(12), 1058- 1072. 

[2] Munoz-Ortiz, T., et al.. (2022). Optical detection of atherosclerosis at molecular level by optical coherence tomography: An in 

vitro study. Nanomedicine: Nanotechnology, Biology and Medicine, 43, 102556. 
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The influence of a magnetic field on single atom point contacts of nonmagnetic metals as Au and Ag is considered to be 

weak and generally negligible in the field range of a few tens of Tesla. The eventual modifications of the band structure 

by, say, a Zeeman shift, are nearly negligible in metals with a large bandwidth. However, it is also known that there are 

circumstances in which these metals respond to these values of magnetic field, particularly in nanoscale systems and 

surfaces. Here we measure Au and Ag atomic size contacts in magnetic fields from zero field to 20 T. We demonstrate 

a magnetic field induced torque which leads to atomic binding at shorter distances than those at zero field. Furthermore, 

the conductance drops below the quantum of conductance, G0 = 2e/h, at high magnetic fields by about 15% due  to (spin 

polarized) scattering from residual O2 molecules which are attracted to the contact region. 

 
 

Figure 1. Dependence of the quantum tunnelling conductance regime in single atom point contacts of Au and Ag samples under the effect of 

an external applied magnetic field. The tunnelling conductance is normalized to the value of the quantum of conductance, G0. The insets 

schematically show the evolution of the conductance value of the single atom point contact and the jump to contact distance when increasing 

the external magnetic field. 
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Reinforcement learning is a subfield of machine learning that is having a huge impact in the different conventional 

disciplines, including physical sciences. Here, we show how reinforcement learning methods can be applied to solve 

optimization problems in the context of radiative heat transfer. We illustrate their use with the optimization of the near-

field radiative heat transfer between multilayer hyperbolic metamaterials. Specifically, we show how this problem can 

be formulated in the language of reinforcement learning and tackled with a variety of algorithms. We show that these 

algorithms allow us to find solutions that outperform those obtained using physical intuition. Overall, our work shows 

the power and potential of reinforcement learning methods for the investigation of a wide variety of problems in the 

context of radiative heat transfer and related topics. 

 
 
 Figure 1. Reinforcement Learning schema for the enhancement of near-field radiative heat transfer through the design of a multilayer system. 

 

[1] E. Ortiz-Mansilla, J.J. García-Esteban, J. Bravo-Abad, J.C. Cuevas, Deep Reinforcement Learning for Radiative Heat 

Transfer Optimization Problems, arXiv: 2408.15727, to appear in Phys. Rev. Applied. 
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Luminescence sensing offers remote and minimally invasive inference of physicochemical conditions that modulate the 

readout of a luminescent probe. For example, biologically relevant parameters such as temperature, pressure, and 

dissolved oxygen may all induce a change in the steady state and temporal domain readout features (e.g., emission band 

peak position and shape, and luminescence lifetime, respectively).1-3 Calibration of a specific readout feature against 

one or more such parameters under controlled conditions thus offers luminescence sensing of said parameter(s), 

assuming that only one unknown parameter is targeted. A simple case is one in which only one parameter induces a 

large change in a specific readout feature – such a sensor is deemed highly selective and sensitive. However, it is almost 

always the case that multiple parameters modulate the same readout feature – a popular term for this phenomenon is 

“cross-sensitivity”, and a sensor prone to cross-sensitivity is deemed “biased”. Lack of consideration of the relevant 

parameters during calibration of a biased sensor thus hinders accurate inference of the parameter of interest under 

complex physicochemical conditions in which multiple parameters are changing simultaneously. Furthermore, even if 

diligent parameter control was established during multiparametric sensor calibration, cross-sensitivity makes it 

impossible to accurately infer the magnitude of two parameters of interest from a single readout if both are unknown. 

Motivated by the pursuit of reliable multiparametric sensing, we implement silver sulfide (Ag2S) nanoparticles as a 

platform to critically evaluate the possibility of reliable luminescence thermometry under conditions of simultaneously 

changing pressure and dissolved oxygen concentration (i.e., conditions of high relevance to in-vivo luminescence 

thermometry). In the scope of this work, we also propose new metrics for quantifying cross-sensitivity and identify 

machine learning strategies to decouple cross-sensitive readouts when targeting two unknown parameters 

simultaneously. 
 
 

 

Figure 1. Differential sensitivity of Ag2S emission toward O2, temperature, and pressure. 
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Gold nanoclusters (AuNCs) typically consist of a core made up of a few metal atoms, protected by an organic shell, 

with both elements influencing their photoluminescent characteristics. Although there has been progress in utilizing 

AuNCs emitting in the second biological window (NIR-II) as probes in biological systems,1,2 there remains limited 

understanding of their spectroscopic behavior within such environments. In this investigation, we explored the 

spectroscopic properties of NIR-II-emitting AuNCs3 in vitro, focusing on the alterations in their luminescence when 

incorporated into live cells. The infrared luminescent characteristics of AuNCs were systematically assessed as a 

function of pH, viscosity, ionic strength, proteins, aggregation state and the redox environment, providing deeper 

insights into the mechanisms underlying the modifications induced by the intracellular medium. Finally, we conducted 

in vivo studies to demonstrate that living organisms can modulate the response of AuNCs-based sensors, highlighting 

the critical need for comprehensive characterization of their properties to prevent erroneous redouts. 
 

 

 

Figure 1. Bright field and fluorescence images of NIR II AuNCs in U87 cell line. Lifetime and photoluminescence emission of AuNCs in 

dispersion and within living cells. 
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The angular momentum of the electrons underpins the field of spintronics, which focuses on designing materials with 

complementary magnetic and electrical properties for memory and logic applications [1]. Most spintronic phenomena, 

however, involve spin-orbit coupling (SOC) which is limited to a few number of materials, thus restricting the 

development of such technologies. Orbital angular momentum (OAM) has appeared as an interesting alternative to the 

use of spin and SOC in devices, yet holding better efficiencies [2]. Deploying OAM currents in experiments might be 

challenging, particularly in magnetic devices where conversion of orbital into spin currents is necessary for angular 

momentum transfer to the spin-lattice. This conversion is achievable by interfacing the OAM generator with an SOC 

metal [3], highlighting a critical step in the experimental validation and utilization of OAM in device applications. In 

our study, we explore the generation and propagation of OAM at copper (Cu)/oxide interfaces [4]. By employing cobalt 

(Co)/ platinum (Pt) thin films interfaced with our OAM generator we can assess the impact of OAM through spin-orbit 

torque (SOT) measurements. We conduct such study at room temperature via harmonic magneto-transport 

measurements in patterned hall-bar devices [5]. We find that orbital currents significantly enhance SOT in Co, as 

evidenced by an enhanced damping-like (DL) torque detected in the second harmonic response in in-plane angular 

dependent measurements. By interfacing copper (Cu) with AlOx and CuOx, we demonstrated a threefold enhancement 

of the DL torque in Co compared to the reference Co/Pt bilayer. Therefore, the use of orbital angular momentum currents 

result in a massive enhancement of the angular momentum transfer to the magnetic lattice. These results highlight the 

potential of orbitronics to extend the range of materials to be employed in the next generation of electronic devices.  

 
Figure 1. SOT analysis. The efficiency of the anti-damping torque is determined by the slope of the linear fit. A ~3-fold increase of the spin torque is observed in 

the Cu/oxide samples due to orbital angular 

momentum currents. 
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Photovoltaic optoelectronic tweezers (PVOT) are versatile tools widely used for manipulating and trapping micro- and 

nano-objects. PVOT take advantage of the electric fields generated by the bulk photovoltaic effect (PVE), present in 

certain ferroelectric crystals, such as LiNbO3:Fe (LN:Fe) [1]. Recently, a method for manipulating micro-droplets by 

PVOT has been developed, allowing for the manipulation of aqueous suspensions with biomaterials, such as DNA and 

sperm, homogenously dispersed within the droplets [2]. 

In this work, we report the manipulation and characterization of non-homogenous droplets containing individual 

multicellular spheroids — 3D models of cells whose metabolism is close to tissue metabolism [3]. Two cancerous human 

cell lines, U-87 MG and MCF-7, have been studied. 

The cell culture medium droplets containing a distinguishable spheroid, referred to as hybrid droplets, are suspended at 

the air-paraffin interface (see Figure 1). Upon illumination of the ferroelectric crystal, the droplet starts migrating due to 

interactions with the photo-generated electric field. 

Results show differences in the migration behavior of hybrid droplets compared to only cell culture medium droplets, 

depending on which face of the ferroelectric crystal is illuminated. The analysis of the migration of droplets of varying 

aqueous suspensions (water, cell culture medium, and hybrid droplets) demonstrates that the spheroids exhibit negative 

charge. Additionally, a model was developed to estimate the charge density of the spheroids. 

 

 

 

 

 

 

 

 

 
 
Figure 1. Schematics showing the hybrid droplet suspended in the air-oil interface on the ferroelectric platform. The substrate is illuminated by 

the laser beam, generating the electric field necessary to manipulate the droplet. 
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We have theoretically studied the electron-transport properties of a family of molecular junctions containing the 

antiaromatic pentalene moiety stabilised with various 5-membered heterocycles [1]. By electron-transport calculations 

based on density functional theory, we show that the position of the heteroatom affects the shape of the transmission 

curves significantly. We also observed that, despite causing a reduction of the HOMO-LUMO gap, a higher degree of 

antiaromaticity does not necessarily lead to an increase in conductance. This is due to the appearance of destructive 

quantum interference. This behaviour is well-modelled by tight-binding calculations and the graphical prediction scheme 

[2,3] but not by curly arrow rules. 

We developed an algorithm to efficiently determine analytically, using the graphical prediction method, whether 

destructive quantum interference will appear. This allows for a very fast and precise estimation of the conductive 

properties of different molecular. 

 

Figure 1. DFT transmission computations of different dithieno derivatives. 
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Cryogenic Scanning Tunneling Microscopy (STM) has been instrumental in the development of scanning probe 

microscopies. The addition of a magnetic field opens new prospects, such as the observation of vortex lattices in 

superconductors or of Landau quantization. For the latter, it is of particular importance to decrease as far as possible the 

size of the STM. Although efforts made during past years have led to some improvements, the size is still far above the 

typical sizes available for instruments used in high magnetic fields. Here we discuss the development of both a reduced 

size STM and a rotating platform meant to obtain measurements at different angles between the sample and the magnetic 

field. Both the head and the base of the main body of the STM have been manufactured through 3D printing in grade 3 

Titanium, which could turn out to be a good method to optimize the weight without modifying too much the stiffness 

of the microscope. Finite element calculations of the 3D printed system support the latter aspect. The STM has a 

diameter of 16 mm and a height of 25 mm. At the present time, we have performed successful measurements using a gold 

tip on a gold film at 4.2 K and applying magnetic fields up to 6 T. Namely, we have obtained topography images and 

observed the conductance quantization phenomenon with the STM at different tilted angles. 
 

 

a.                                                                                           b. 

 

 

 

 

 

 

 

 

 

 

Figure 1. a) Size comparison between some other STMs developed in the laboratory and the one presented in this work. b) Scheme showing 

the rotatory system operation and the STM. 

 

 
[1] H. Suderow et al., Rev. Sci. Instrum. 82, 033711 (2011). 

[2] M. Fernández-Lomana et al, Rev. Sci. Instrum. 92, 093701 (2021). 

[3] F. Martín Vega et al, Rev. Sci. Instrum. 92, 103705 (2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fel 

 

 

mailto:jaime.rumeu@uam.es


54 

 

 

General theory of cavity-mediated interactions between low-energy 
matter excitations 

Carlos J. Sánchez Martínez1,2, Frieder Lindel1,2, Francisco J. García-Vidal1,2 and Johannes Feist 1,2 
1Departamento de Física Teórica de la Materia Condensada, Universidad Autónoma de Madrid, E-28049 Madrid, Spain 

2Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid, Spain 

Email: carlosj.sanchez@uam.es 

 

The manipulation of low-energy matter properties such as superconductivity, ferromagnetism and ferroelectricity 

via cavity quantum electrodynamics engineering has been suggested as a way to enhance these many-body collective 

phenomena [1]. In this work [2], we investigate the effective interactions between low-energy matter excitations 

induced by the off-resonant coupling with cavity electromagnetic modes. We extend previous work [3] by going 

beyond the dipole approximation accounting for the full polarization and magnetization densities of matter. We 

further include the often-neglected diamagnetic interaction, and, for the cavity, we consider general linear absorbing 

media with possibly non-local and non-reciprocal response. We demonstrate that, even in this general scenario, the 

effective cavity-induced interactions between the matter degrees of freedom are of electrostatic and magnetostatic 

nature. This confirms the necessity of a multimode description for cavity engineering of matter systems where the 

low-energy assumption holds. Our findings provide a theoretical framework for studying the influence of general 

optical environments on extended low-energy matter excitations. 
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Hexagonal boron nitride is a 2D material which has recently emerged as a promising platform for quantum applications. 

Defects in the crystalline structure hBN have been associated with single photon emission at room temperature, which 

makes this material ideal for the design of integrated photonic devices for quantum information [1]. First, we describe the 

experimental setup to detect and characterize single- photon emitters, which involves the study of their brightness and 

spectral properties, demonstration of photon antibunching via a Handbury Brown and Twiss experiment, and 

measurement of the lifetime of the excited state [2]. Furthermore, the emission can be enhanced via Purcell effect by 

coupling the single- photon source to a Fabry-Pérot cavity in the weak coupling regime [3]. This source can be used to 

implement quantum key distribution protocols such as BB84, where encoding is performed by using different 

polarization states of the single photons [4]. 

 

 

 

 

 

 

 

 

Figure 1. hBN with crystallographic defects 
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The development of artificial nanomoter/nanomachine has attracted considerable attention due to their potential in 

various biomedical applications. Light, as an external stimulus, can drive the motion of nano- objects. For instance, 

optical tweezers create an optical potential well to confine nanoparticles within a small spatial range and transfer 

momentum and energy to the particles, enabling remote manipulation. 

To enable diverse motions in optically trapped micro-objects, optical tweezer systems generally adopt one of two main 

approaches. The first one involves modulating laser beams with techniques such as optical vortex beams, Bessel beams, 

Laguerre–Gaussian beams, and other specialized beam types. The second approach uses specially designed particles, 

incorporating asymmetric micro-objects like micro- turbines, gammadion-shaped micro-rotors, birefringent particles, 

or Janus particles. These asymmetrical particles exhibit distinctive mechanical behaviors when placed within Gaussian 

or other uniquely shaped optical traps. Among these, a promising approach relies on the so-called Janus particles 

composed of metal and a dielectric material, which has paved a way toward optical nanomachines. 

In this work, we combine the two approaches into one. A circularly polarized Laguerre–Gaussian beam, carrying both 

spin and orbital angular momentum (SAM, OAM), was applied to manipulate a Janus nanoparticle composed of gold 

and silica. The simultaneous spin and orbital rotation of the 200 nm Janus particles was experimentally observed 

(Figure 1). The rotational frequencies in both cases show a strong dependence on laser power, and a supra-linear 

dependence at high power (>40 mW), which can serve as an indicator of local temperature within the optical tweezers. 

Our work contributes to the development of optically driven nanomachines and promotes their applications in 

thermodynamics, microfluidics, biomechanics. 
 

Figure 1. (a) Schematic diagram of the orbital revolution and spin rotation of an optically trapped Janus nanoparticle in circularly polarized 

Laguerre–Gaussian beam. (b) Spin and orbital frequencies of a 200 nm Janus nanoparticle as functions of laser power. 
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Water under confinement has a major impact in life and nanotechnology[1,2]. The exotic behavior of nanoconfined 

water[4,5] emerges from a complex interplay between the topological and geometrical properties of the confining space, 

as well as its chemical nature. The multitude and specificity of confining systems and geometries mask any of its 

potentially universal traits. In our work, we advance in this quest by resorting to lipidic mesophases as an ideal 

nanoconfinement system[1,3], allowing inspecting the behavior of water under systematic changes in the topological 

and geometrical properties of the confining medium, without altering the chemical nature of the interfaces. To detect 

and characterize the properties of interfacial water we combine Terahertz absorption spectroscopy, Small Angle x-Rays 

diffraction experiments and molecular dynamics simulations. The emergence of master curves from the simulations 

allows us to derive a parameter-free law quantitatively capturing into a single master curve both experimental and 

numerical data, unveiling the universal laws governing the physics of nanoconfined water, recapitulating the data collected 

under varying levels of hydration, nanoconfinement topologies and geometries. Overall, we believe that this study sets 

an important steppingstone towards a comprehensive physical understanding of water under soft nanoconfinement, 

allowing the optimization of applications having an impact in biology[6], medicine[7], pharmaceutical processes[8], 

food[9] and material science fields[10]. 

 
Figure 1. Graphical Abstract 
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