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Dear members of the Nicolas Cabrera Institute: William Zinsser writes in one of his books1 that “The longer I work at the craft of writing, the more I realize that there’s nothing more interesting than the truth”. He also notes that “Writing, demystified, is just another way for scientists to transmit what they know”. It goes without saying that by far most scientific texts reflect the truth, won by experiments or calculations, or accurately describe a useful theory. The rest of the publication, however, is often written carelessly. Authors working in an environment that requires funding from many different sources are particularly sloppy in the affiliations and acknowledgement sections. At the UAM, we do not have a single funding body that provides us with all what we need to make good work. The University, Faculty and Department provide us with teaching and the work environment, the institutes or centers with methods to improve our research—the Nicolás Cabrera Institute through the Summer School, by bringing the best researchers to give colloquia at the faculty, by prizing our best students, by organizing this meeting and, last but certainly important, by helping organize the services needed for top level experimental research, IFIMAC through research funding and high-level scientific activity, infrastructures through support and finally other legally independent institutions through the collaborative environment some of us need. Not being at an Institute of the Department of Energy or the Max Planck, where a single funding body provides for everything needed, is not a shame. Having long affiliations just show who we are and how we are organized. Our results are competitive to places with short affiliations and we should explain clearly how we achieved such a competitive status. Otherwise, our evaluators and referees will start reading our texts with open questions in their minds, or will credit external collaborators with our own work. This can lead to biases and thus to unwanted decisions. Admit it, last time you took a PhD thesis to read part of it, you started by the acknowledgements section and you searched for knowledgeable people in there. You probably have been making some guesses about how well he or she you know well managed the coexistence with the student and how the student behaved in the research group. You might even try to infer conclusions about the internal professional balance among group members and see who really lead the work and who helped and participated. Then, you probably jumped into the references section to see what important papers are referenced and how this is done in the text. Like it or not, it is not very difficult to conclude that many referees and evaluators start their job in very much the same way—reading first the nonscientific part of the text, be it affiliations, acknowledgments or author contributions; or simply using their previous knowledge about the group or the place they work. This provides them with a heuristic technique that is useful when the workload is high. One should make a serious study if this technique indeed matches the case more often than not. Until such a study has been made, however, we should know that heuristics lead to systematic biases and errors2 . Therefore, as authors, it is our duty to reduce the likelihood for the surge of biases and errors. Our only method is to reflect the truth in all parts of our texts, including affiliations, acknowledgements, etc. In some cases, this implies long 1 2



On Writing Well, The classic guide to writing nonfiction, William Zinsser. Harper Collins. Judgment under uncertainty, heuristics and biases, Science 185, 1124-1131 (1974).
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affiliations and acknowledgments sections. If this is the truth, let it be. It is our duty to inform how we handle our day to day lives and for whom we stand. Another interesting study would be to know which approach, single funding body or multiple sources, fosters creativity and a modern environment, of which gender equilibrium is a relevant part. Our situation is far from perfect but is probably better than in other institutes. And we work for it, as the chief engineer of our workshops (www.uam.es/segainvex), Juan Ramón Marijuan, is doing in the photo below, explaining teenage girls the beauty of computer aided manufacturing of scientific instruments during the “Semana de la Ciencia”. I wish you an enjoyable meeting and take good care to accurately write the nonscientific part of your publications.



Hermann Suderow Director of the Nicolás Cabrera Institute
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PROGRAM 9:30



Opening session of the XVIII Young Researchers Meeting of the INC



Session I. Chair of the session: Snežana Lazić 09:40 “Graphene on Rhodium: Growth and uncoupling unveiled through its corrugation behaviour” Ana Martín-Recio (Dpto. de Física de la Materia Condensada) 10:05 “Graphene monovacancies: electronic and mechanical properties from large scale ab initio simulations” Lucía Rodrigo (Dpto. de Física Teórica de la Materia Condensada) 10:30 “Cu2ZnSn(S,Se)4 Kesterite material for solar cells devices” Eduardo García Llamas (Dpto. de Física Aplicada)



10:55 – 11:25



Coffee Break



Session II. Chair of the session: Luisa E. Bausá 11:25 INC Young Researchers First Prize in Materials Science 2015: “Microwavestimulated superconductivity due to presence of vortices” Antonio Lara Cala (Dpto. de Física de la Materia Condensada) 12:00 “Acoustically modulated single photon source based on GaN/InGaN nanowire quantum dot” Ekaterina Chernysheva (Dpto. de Física de Materiales) 12:25 “Ultrafast photochemical reactions in DNA: a QM/MM study” Jesús Ignacio Mendieta-Moreno (Dpto. de Física Teórica de la Materia Condensada)



12:50 – 14:20 Poster Session
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14:20 – 15:40 Lunch



Session III. Chair of the session: Elena del Valle Reboul 15:40 “Spatial variation of a giant spin-orbit coupling effect induces electron confinement in graphene on Pb islands” Juan Jesús Navarro (IMDEA & Dpto. de Física de la Materia Condensada) 16:05 “Extreme near-field radiative heat transfer” Víctor Fernández Hurtado (Dpto. de Física Teórica de la Materia Condensada) 16:30 “In vivo controlled thermotherapy based on multifunctional luminescent nanoparticles” Blanca del Rosal (Dpto. de Física de Materiales)



16:55 Closing of the XVIII Young Researchers Meeting of the INC
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Session I. Chair of the session: Snežana Lazić 09:40 “Graphene on Rhodium: Growth and uncoupling unveiled through its corrugation behaviour” Dpto. de Fı́sica de la Materia Condensada Ana Martín-Recio



Graphene on Rhodium: Growth and uncoupling unveiled through its corrugation behaviour A. Martín-Recio1*, C. Romero Muñiz2, A. J. Martínez-Galera1,3, P. Pou2,4, R. Pérez2,4 and J. M. Gómez-Rodríguez1,4 1Dpto.



de Física de la Materia Condensada, Universidad Autónoma de Madrid (Spain) de Física Teórica de la Materia Condensada, Universidad Autónoma de Madrid (Spain) 3Physikalisches Institut, Universität zu Köln, Zulpicher Str. 77, Köln (Germany) 4Instituto de Física de la Materia Condensada, Universidad Autónoma de Madrid (Spain)



2Dpto.



*e-mail: [email protected] In this study we present, for the first time, the growth of highly-coupled multidomain graphene on Rh(111) under ultra-high vacuum (UHV) conditions [1] and the subsequent decoupling by oxygen intercalation [2] by means of STM measurements and DFT calculations. Many different unexpected moiré patterns were observed on this highly-coupled graphene/metal system [1]. A detailed analysis of the experimental and calculated corrugation shows its dependence with the moiré unit cell (Fig. 1(a)). Also, a comparison between STM measurements and DFT calculations unveil that the stability of the different structures is the result of the subtle energy balance between the energy required to corrugate the flake and its binding energy. It is this compensation between these two energies what leads to the coexistence of several moiré patterns. As a further step towards a possible technological application, graphene has been decoupled from the metal by oxygen intercalation under UHV. Thanks to a careful control of the experimental conditions, intermediate states of the process are described as a function of the coverage. A change in the corrugation parameters allows an interpretation of the uncoupling stage. This intercalation process, completed only when the lowest moiré sites are filled with oxygen, finally converts a strongly coupled system into a free-standing like p-doped graphene layer.



Figure 1: (a) G/Rh(111) STM image where two different moirés are observed. Note the variation of the corrugation. (b) G/Rh(111) STM image where oxygen has intercalated only some areas. A, B and C show G/Rh(111), small G/O/Rh(111) area, big G/O/Rh(111) area and its corresponding PDOS obtained through DFT.
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[1] A. Martin-Recio et al., Nanoscale 7, 11300 (2015). [2] C. Romero-Muniz et al., submitted to Carbon (2015).
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10:05 “Graphene monovacancies: electronic and mechanical properties from large scale ab initio simulations” Dpto. de Física Teórica de la Materia Condensada Lucía Rodrigo



Graphene monovacancies: electronic and mechanical properties from large scale ab initio simulations L. Rodrigo1*, P. Pou1,2 and R. Pérez1 1Dpto.



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)



*e-mail: [email protected] Defects in graphene (G) can be used to tune its properties, however, a complete description of their features is required to develop defect engineering. Monovacancies (V 1) –very common in non-ideal samples– have been reported to be responsible of both the origin of local magnetic moments [1] –although there is some controversy about the value obtained from calculations in extended systems [2] (1 µB) and those obtained from clusters (2 µB)– and an unexpected enhancement of the stiffness of the layer [3]. To characterize these features of G as a function of the V1 concentration we have carried out a complete set of large scale DFT simulations. Our simulations on systems with up to a G(30x30) cell size and several thousand k-points meshes –which make them a challenging computational problem– show a clear tendency to converge the local magnetic moment in the diluted limit to 2 µB. Our results confirm that the V1 experience a Jahn-Teller distortion leading to a 2+1 asymmetric reconstruction and we find a transition to a more symmetric structure with a different magnetic solution when an in-plane strain >2% is applied. Regarding the mechanical properties, we conclude that, even when the presence of V 1 does not practically affect the in-plane deformations, they induce a strain field that clearly quenches the out-of-plane vibrations. In 2D materials thermal fluctuations induce these flexural modes which rule their mechanical properties, for example reducing the layer stiffness. Therefore, as V1 partially suppress them, the effective stiffness of defective samples with low V1 concentration results larger than the one measured in pristine G.



Figure 1: (a) Total magnetization for various graphene cell sizes vs the number of k-points used for the calculation. The magnetization tends to 2µB. (b) Strain field map for the G(12x12)+V1 system showing the compressed regions in red and the stretched -majority- in blue. [1] Ugeda et al., Phys. Rev. Lett. 104, 096804 (2010). [2] Palacios et al., Phys. Rev. B 85, 245443 (2012). [3] López-Polín et al., Nat. Phys. 11, 26 (2015).
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10:30 “Cu2ZnSn(S,Se)4 Kesterite material for solar cells devices” Dpto. de Física Aplicada



Eduardo García Llamas



Cu2ZnSn(S,Se)4 Kesterite material for solar cells devices E. Garcia-Llamas1*, R. Caballero1, M. León1, X. Fontané2, R. Serna3, I. A. Victorov4, M. Guc5, M. Valakh6, A. Pérez-Rodríguezb2,7, I. V. Bodnar8, V. Izquierdo-Roca2 and J. M. Merino1 1Photovoltaic



Materials Group, Universidad Autónoma de Madrid, 28049 Madrid (Spain) Institute for Energy Research (IREC), Jardins de les Dones de Negre 1 2pl., 08930 Sant Adrià del Besòs-Barcelona (Spain) 3Optics Institute, CSIC, Serrano 121, 28006 Madrid (Spain) 4Institute of Physics of Solids and Semiconductors, Academy of Sciences of Belarus, 17 P. Brovka Str., 220072, Minsk (Belarus) 5Institute of Applied Physics, Academy of Sciences of Moldova, Chisinau MD 2028 (Moldova) 6V. Lashkaryov Institute of Semiconductor Physics of National Academy of Sciences of Ukraine, 41 Prospect Nauky, 03028 Kyiv (Ukraine) 7IN2UB, Departament d’Electrònica, Universitat de Barcelona, C. Martí i Franquès 1, 08028 Barcelona (Spain) 8Belarusina State Univeristy of Informatics and Radioelectronics, P. Browski Str., 6, Minsk 220013 (Belarus) 2Catalonia



*e-mail: [email protected] Cu2Zn(Sn,Ge)(S,Se)4 (CZTGSSe) solid solutions have a strong interest for photovoltaic (PV) applications. Cu2ZnSn(S,Se)4 (CZTSSe) kesterites have already been proposed as medium term alternative to more mature Cu(In,Ga)(S,Se)2 (CIGSSe) based technologies, that are already entering industrial production stage, avoiding the use of scarce elements as In. Addition of Ge gives the possibility to control the bandgap of the absorber in a wider region from 1 to 2.3 eV, expanding the range of values available by varying the anion compositions in CZTSSe. This is of paramount interest for the development of new multi-junction devices where photovoltaic conversion is optimized by improving the device efficiency in different spectral regions. Recently device prototypes based in these compounds have been reported, with efficiencies of 2.7% for Cu2Zn(Sn,Ge)Se4 [1] and 6.3% for Cu2Zn(Sn,Ge)S4 [2]. Further development of these technologies requires a much deeper knowledge on the fundamental properties of these complex compounds, which requires for the study of reference single crystals with high crystalline quality and well known composition. In this work we provide an in depth analysis of the fundamental properties like structural, optical, vibrational and transport properties of the Cu2ZnSn1-xGex(S,Se)4 solid solutions. For this purpose Cu2Zn(Sn,Ge)S4 (CZTGS) and Cu2Zn(Sn,Ge)Se4 (CZTGSe) high quality single crystals and Cu2ZnSn(S,Se)4 bulk material were synthesized and characterized by XRD, ellipsometry, Raman and conductivity vs. temperature. By XRD, it has been confirmed the change of the cell size with the change of [Ge]/([Sn]+[Ge]) atomic ratios in both series of compounds with Sulfur and Selenium. Moreover, by spectroscopic ellipsometry it was defined the decrease of the band gap energy when the Ge content was decreasing [3]. The vibrational properties were obtained by Raman scattering measurements, it revealed one-mode and bimode behaviour of the main modes for the CZTGSe and CZTGS systems, respectively. Finally, the transport properties were determined by conductivity vs. temperature measurements, it seems that there were two different conduction mechanisms at low and high temperatures. In conclusion, this presentation shows a deeper knowledge of the fundamental properties of the CZTGS and CZTGSe systems. 11
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Figure 1: Cu2ZnSn1-xGexS4 single crystals measured by Raman scattering and spectroscopic ellipsometry. It is possible observe the Raman shift and the band gap evolution of the compounds. [1] M. Morihama et al., Jpn. J. Appl. Phys. 53, 1 (2014). [2] I. Kim et al., Chem. Mater. 26, 3957 (2014). [3] R. Caballero et al., Acta Materialia 79, 181 (2014).
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Session I I. Chair of the session: Luisa E. Bausá 11:25 INC Young Researchers First Prize in Materials Science 2015: “Microwavestimulated superconductivity due to presence of vortices” Dpto. de Fı́sica de la Materia Condensada Antonio Lara



Microwave-stimulated superconductivity due to presence of vortices A. Lara1*, A. V. Silhanek2, V. V. Moshchalkov3 and F. G. Aliev1 1Dpto.



de Física de la Materia Condensada, Universidad Autónoma de Madrid, E-28049 Madrid (Spain) 2Departement de Physique, Université de Liège, B-4000 Sart Tilman (Belgium) 3INPAC-Institute for Nanoscale Physics and Chemistry, Katholieke Universiteit Leuven, Celestijnenlaan 200D, B-3001 Leuven (Belgium)



*e-mail: [email protected] The response of superconducting devices to electromagnetic radiation is a core concept implemented in diverse applications, ranging from the currently used voltage standard to single photon detectors in astronomy. At temperatures sufficiently below the critical temperature, the microwave radiation in the GHz range may depin vortices. A distribution of depinning frequencies in a plain superconducting Pb films has been observed [1], which manifest in the form of flux avalanches. Surprisingly, a sufficiently high power subgap (GHz) radiation not far below the critical temperature may stimulate superconductivity itself [2,3]. Here we report on the possibility of stimulating also a type-II superconductor, in which the radiation may cause a nonlinear response of the vortex core [4]. This talk focuses on the high frequency response of vortices in type-II superconducting films, induced by microwave radiation of variable frequency and power. The effects of stimulation of superconductivity by microwaves observed in measurements and simulations will be discussed. The presence of these effects will also be discussed as a means to explain observation of the increasing power required to trigger flux avalanches closer to the critical temperature. This could be used as an effective method to reduce the undesired effects that avalanches present in real applications. [1] A. A. Awad, et al., Physical Review B 84, 224511 (2011). [2] A. F. G. Wyatt, et al., Phys. Rev. Lett. 16, 1166 (1966). [3] G. M. Eliashberg. JETP Lett. 11, 114 (1970). [4] A. Lara et al., Sci. Rep. 5, 9187 (2015).
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12:00 “Acoustically induced dynamic tuning of the optical emission from GaN/InGaN nanowire quantum dots” Dpto. de Física de Materiales Ekaterina Chernysheva



Acoustically modulated single photon source based on GaN/InGaN nanowire quantum dot E. Chernysheva1*, Ž. Gačević2, H. P. van der Meulen1, E. Calleja2, J. M. Calleja1 and S. Lazić1 1Dpto.



de Física de Materiales, Universidad Autónoma de Madrid (Spain) 2ISOM-DIE, Universidad Politécnica de Madrid (Spain)



*e-mail: [email protected] The quest for on-demand single photon sources (SPSs) operating at high temperatures and located at precise positions is essential for the development of solid state systems for quantum information processing. We report on the periodic modulation by surface acoustic waves (SAWs) of the photoluminescence (PL) emission from InGaN quantum dots (QD) embedded in GaN nanowires (NWs). This opens a possibility to dynamically control the QD emission energy [1], thus making it an important step toward realization of high-frequency SPSs. The samples under study are grown by plasma-assisted molecular beam epitaxy and consist of site-controlled GaN NWs hosting a nano-disk-like InGaN section near the NW apex. By varying the growth parameters (i.e. growth temperature and nominal InGaN disk thickness), the emission originating from the topmost InGaN regions can be tuned across the entire blue to green spectral range. In addition, it exhibits narrow, linearly polarized QD-like lines in the micro-PL spectrum. These lines, which are attributed to exciton localization centers formed by indium content fluctuations, show a strong antibunching in Hanbury-Brown and Twiss experiments, thus unambiguously indicating single photon emission [2]. The feasibility of acoustically driven single photon emission is attested on NWs dispersed onto lithium niobate (LiNbO3) substrate equipped with a SAW delay line consisting of fingerlike inter-digital metal transducers (IDTs) fabricated by optical lithography and a lift-off process. SAWs (with the acoustic wavelength SAW=11.7 µm and the corresponding resonance frequency fSAW=341.7 MHz) are generated by applying a radio-frequency voltage to the IDTs. The micro-PL measurements are carried out on individual nanowires located on the SAW propagation path. When subject to the SAW’s strain and piezoelectric fields, the sinusoidal modulation of the NW-QD excitonic transition energies causes the QD emission lines to oscillate within a ~1.5 meV bandwidth around the value in the absence of a SAW [3]. Using phase-correlated stroboscopic optical excitation we access to the full temporal dynamics of acoustically driven NW-QD recombination. By collecting the photons in a narrow spectral window, this dynamic spectral tuning can be readily employed to control the QD emission times at the acoustic frequencies (up to several GHz). In this way, high-speed triggered single photon sources operating can be realized without the need for a pulsed laser, as reported for III-As QDs in Ref. [4]. The present results are an important step in the development of both spatially- and time-controlled InGaN-based SPSs for advanced on-chip quantum information applications. [1] M. Weiß et al., Nano Lett. 14, 2256 (2014). [2] E. Chernysheva et al., EPL 111, 24001 (2015). [3] S. Lazić et al., AIP Advances 5, 097217 (2015). [4] J. R. Gell et al., Appl. Phys. Lett. 93, 081115 (2008).
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12:25 “Ultrafast photochemical reactions in DNA: a QM/MM study”



Jesús Ignacio Mendieta-Moreno



Dpto. de Física Teórica de la Materia Condensada



Ultrafast photochemical reactions in DNA: a QM/MM study J. I. Mendieta-Moreno1,2*, P. Gómez-Puertas2, J. Mendieta2 and J. Ortega1 1Dpto.



de Física Teórica de la Materia Condensada, Universidad Autónoma de Madrid, Madrid (Spain) Modelling Group, Centro de Biología Molecular Severo Ochoa, Madrid (Spain)



2Molecular



*e-mail: [email protected] Ultraviolet (UV) light may induce photochemical reactions in DNA that corrupt the genetic information (photo-damage). The theoretical modeling of these processes is a great scientific challenge. Firstly, the reaction center has to be described using first-principles (quantum) molecular dynamics (MD) techniques. Secondly, the description of DNA has to be realistic, taking properly into account the environment of the reaction center (rest of the DNA and solvent). Moreover, the computational techniques must present an excellent balance between accuracy and computational efficiency, in order to properly explore the conformational space for the reaction. Finally, non-adiabatic MD simulations may be necessary to fully understand the mechanism of the reaction. In this work we analyze the formation of a cyclobutene thymine dimer in DNA induced by UV light using a recently developed QM/MM MD technique, Fireball/Amber [1]. We explore the conformational space for the thymine dimerization reaction by means of long (~ 10 6 time steps) steered MD simulations for DNA in both the ground and excited states. This allows us to generate free energy maps and characterize the conical intersection for the reaction. Using all this information we can also determine the most likely path for this photo-induced reaction and the relationship between conformation and propensity for dimerization after UV light absorption.



Figure 1: Free energy surface of the conical intersection in thymine dimerization. [1] J. I. Mendieta-Moreno et al., J. Chem. Theory Comput. 10, 2185 (2014).
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Session I I I. Chair of the session: Elena del Valle Reboul 15:40 “Spatial variation of a giant spin-orbit coupling effect induces electron confinement in graphene on Pb islands” IMDEA & Dpto. de Física de la Materia Condensada Juan Jesús Navarro



Spatial variation of a giant spin-orbit coupling effect induces electron confinement in graphene on Pb islands J. J. Navarro1,3*, F. Calleja1, H. Ochoa2, M. Garnica1,3, S. Barja1,3, A. Black1,3, M. M. Otrokov4,5, E. V. Chulkov4,6, A. Arnau4,6, A. L. Vázquez de Parga1,3,7, F. Guinea2 and R. Miranda1,3,7 1Instituto



Madrileño de Estudios Avanzados en Nanociencia, Madrid (Spain) de Ciencia de Materiales de Madrid (CSIC), Madrid (Spain) 3Dpto. de Física de la Materia Condensada and IFIMAC, Universidad Autónoma de Madrid (Spain) 4Donostia International Physics Centre(DIPC), San Sebastian (Spain) 5Tomsk State University, Tomsk (Russia) 6Centro de Física de Materiales (CSIC-UPV/EHU), San Sebastian (Spain) 7Instituto Nicolás Cabrera, Madrid (Spain) 2Instituto



*e-mail: [email protected] The electronic band structure of a material can acquire interesting topological properties in the presence of a magnetic field or due to the spin-orbit coupling. By means of LT-STM/STS we study graphene grown on Ir(111) with Pb monolayer islands intercalated between the graphene sheet and the Ir surface [1]. The intercalated Pb atoms form a rectangular lattice which corresponds to a c(4×2) superstructure commensurate with Ir and, therefore, incommensurate with graphene. While the graphene layer is structurally unaffected by the presence of the Pb islandsl, its electronic properties change dramatically and regularly spaced resonances appear in the scanning tunnelling spectroscopic data acquired in ultra high vacuum conditions and at 4.2 K. With the help of DFT simulations and phenomenological Hamiltonian we interpret these resonances as the effect of a strong and spatially modulated spin-orbit coupling, induced in graphene by the Pb monolayer. These results demonstrate the possibility of spatial spin orbit coupling engineering in epitaxial graphene and pave the way for practical applications of graphene in spintronics.



Figure 1: Spatial evolution of the spin-orbit coupling across the border of the Pb-intercalated regions. [1] F. Calleja et al., Nature Phys. 11, 43 (2015).
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16:05 “Extreme near-field radiative heat transfer”



Víctor Fernández Hurtado



Dpto. de Física Teórica de la Materia Condensada



Extreme near-field radiative heat transfer V. F. Hurtado1*, J. Feist1, F. J. Garcia-Vidal1, J. C. Cuevas1, K. Kim2, B. Song2, W. Lee2, W. Jeong2, L. Cui2, D. Thompson2, M. T. H. Reid3, E. Meyhofer2 and P. Reddy2 1Dpto.



de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, Madrid 28049 (Spain). 2Department of Mechanical Engineering, University of Michigan, Ann Arbor, 48109 (USA) 3Department of Mathematics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 (USA)



*e-mail: [email protected] Radiative heat transfer between objects at different temperatures is of fundamental importance in applications such as energy conversion, thermal management, lithography, data storage, and thermal microscopy [1]. It was predicted long ago that when the separation between objects is smaller than the thermal wavelength, which is of the order of 10 nm at room temperature, the radiative heat transfer can be greatly enhanced due to the contribution of evanescent waves (or photon tunneling). In recent years, different experimental studies have confirmed this long-standing theoretical prediction. However, in spite of this progress, there are still many basic open questions in the context of near-field radiative heat transfer (NFRHT). Thus for instance, recent experiments exploring the radiative thermal transport in nanometric gaps have seriously questioned the validity of fluctuational electrodynamics, which is presently the standard theory for the description of NFRHT. In this talk, I will review our recent theoretical and experiment efforts to shed new light on this fundamental problem. In particular, I will address the issue of radiative heat transfer in the extreme near-field regime when objects are separated by nanometer-size distances. In particular, I will present a very detailed comparison of novel NFRHT experiments performed with scanning thermal probes with state-of-the-art simulations based on the fluctuating-surface-current formulation of the heat transfer problem. The ensemble of our results clearly show that fluctuational electrodynamics provides an adequate description of the NFRHT between both metals and dielectrics all the way down to nanometer-size gaps [2].



Figure 1: Numerical simulation of the spatially resolved heat transfer between a SiO 2 AFM tip and a SiO2 substrate separated 1 nm. [1] S. Basu et al., Int. J. Energy Res. 33, 1203 (2009). [2] K. Kim et al., Nature (2015) (in press).
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16:30 “In vivo controlled thermotherapy based on multifunctional luminescent nanoparticles” Dpto. de Física de Materiales Blanca del Rosal



In vivo controlled thermotherapy based on multifunctional luminescent nanoparticles B. del Rosal1*, E. Carrasco2, F. Sanz-Rodríguez1,3,4, Á. J. de la Fuente2,3, U. Rocha1, K. U. Kumar5, C. Jacinto5, D. J. Jovanović6, M. D. Dramićanin6, J. García Solé1 and D. Jaque1 1Fluorescence



Imaging Group, Dpto. de Física de Materiales, Facultad de Ciencias, Universidad Autónoma de Madrid, Madrid 28049 (Spain) 2Instituto de Investigaciones Biomédicas “Alberto Sols”, CSIC-UAM, Madrid 28029 (Spain) 3Dpto. de Biología, Facultad de Ciencias, Universidad Autónoma de Madrid, Madrid 28049 (Spain) 4Instituto Ramón y Cajal de Investigación Sanitaria, Hospital Ramón y Cajal, Madrid 28034 (Spain) 5Grupo de Fotônica e Fluidos Complexos, Instituto de Física, Universidade Federal de Alagoas 57072-970, Maceió, Alagoas (Brazil) 6Vinča Institute of Nuclear Sciences, University of Belgrade, P.O. Box 522, 11001 Belgrade (Serbia)



*e-mail: [email protected] Photothermal therapy, which relies on light-induced heating to irreversibly damage cancer cells is nowadays attracting a great deal of attention as an effective and low cost technique for treating malignant tumors. Different types of nanoparticles have been successfully used to achieve localized heating in cancer tumors in animal models. Most recently, the attention is focused on obtaining multifunctional platforms which, besides releasing a significant amount of heat upon laser irradiation, allow for simultaneous imaging and temperature sensing. For this purpose, neodymium-doped nanoparticles as well as infrared Quantum Dots arise as excellent candidates thanks to their infrared luminescence properties, including the temperature sensitivity of some of its emission bands. Using these nanoparticles, fluorescence imaging can be used to evaluate their incorporation in the tumor to be treated. Moreover, intratumoral temperature can be measured through spectral analysis of the fluorescence signal, thus allowing for a temperature-controlled photothermal treatment that cannot be achieved traditional thermometry techniques. In this talk we will summarize the latest results concerning the performance of in vivo controlled photothermal therapies based onThese infrared-emitting nanoparticles double as efficient in vivo heating agents and temperature sensors. The use of this kind of nanoparticles for temperature-controlled therapy opens the way for highly efficient and minimally invasive photothermal treatments.
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Poster Session. 12:50 – 14:20 Dpto. de Física de la Materia Condensada Rubén Seoane Souto INC Young Researchers Second Prize in Materials Science



Non-stationary transport properties of molecular junctions in the polaronic regime R. Seoane Souto1*, R. Avriller2, R. C. Monreal1, A. Martín Rodero1 and A. Levy Yeyati1 1Dpto.



de Física Teórica de la Materia Condensada, Condensed Matter Physics Center (IFIMAC) and Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, E-28049 Madrid (Spain) 2Univ. Bordeaux, LOMA, UMR 5798, F-33400 Talence (France) and CNRS, LOMA, UMR 5798, F-33400 Talence (France)



*e-mail: [email protected] Localized vibrations (phonons) may have an important impact in the transport properties of nanoscale conductors [1]. Such effects have been observed in many different systems such as atomic chains, semiconducting quantum dots, carbon nanotubes and other molecular junctions. In spite of this variety, from a theoretical point of view all these situations can be qualitatively described by the rather simple Anderson-Holstein model. This model considers a single resonant level coupled to fermionic reservoirs and to a localized phonon mode. While the stationary properties of this model have been extensively analyzed, by many approximations, the way the system reaches the steadystate is not yet well understood. In this work we focus in the so called polaronic regime, where the coupling between electrons and phonons is strong, compared with the coupling of the level to the electrodes. In order to study the transient regime properties of the system we use an approximation studied in a previous work, based on on a resummation of the dominant Feynman diagrams from the perturbation expansion in the coupling to the leads [2]. Using this approximation we are able to analyze the evolution of the current and the average population of the level, observing long transient behavior when increasing the electron-phonon coupling and no bistability at long time. These results are compared with numerical exact results obtained from path-integral Monte Carlo [3], showing a good agreement for different range of parameters and initials preparations of the system. Using the expressions developed by Mukamel et. al. [4], we are able to evaluate the single electron probabilities transfer through the junction and the evolution of the current cumulants, showing an universal oscillatory behavior for higher order cumulants. [1] M. Galperin et al., J. Phys. Condens. Matter 19, 103201 (2007). [2] R. Seoane Souto et al., Phys Rev B 89, 085412 (2014). [3] K. F. Albrecht et al., Phys Rev B 87, 085127 (2013). [4] M. Esposito et al., Rev. mod. phys. 81 (4), 1665 (2009).
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Dpto. de Física de la Materia Condensada



Amjad Al Taleb



Helium Diffraction and Acoustic Phonons of Graphene Grown on Copper Foil A. Al Taleb1*, H. K. Yu2,3, G. Anemone1 D. Farías1,4,5 and A. M. Wodtke2,3,6 1Dpto.



de Física de la Materia Condensada, Universidad Autónoma de Madrid, Madrid (Spain) 2Institute for Physical Chemistry, University of Göttingen, Göttingen (Germany) 3Max Planck Institute for Biophysical Chemistry, Göttingen (German) 4Instituto “Nicolás Cabrera”, Universidad Autónoma de Madrid, Madrid (Spain) 5Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, Madrid (Spain) 6International Center for Advanced Studies of Energy Conversion, University of Göttingen, Göttingen (Germany)



*e-mail: [email protected] We report helium diffraction from graphene grown by chemical vapor deposition (CVD) using copper foil. This method reveals acoustic phonons, which are physically important to thermal conductance as well as a sensitive probe of graphene's interactions with the underlying substrate. Helium diffraction is made possible by the high quality of graphene produced by a recently reported “peel-off method”. The graphene lattice parameter was found to remain constant in the temperature range between 110 and 500 K. The measured parabolic dispersion of the flexural mode along ΓΜ allows determining the bending rigidity k = (1.30 ± 0.15) eV, and the graphene Cu coupling strength g = (5.7 ± 0.4)×1019 N/m3. Unlike analytics employing atomic resolution microscopy, we obtain information on the atomic-scale quality of the graphene over mm length scales, suggesting the potential for Helium atom scattering to become an important tool for controlling the quality of industrially produced graphene.



Figure 1: Experimentally derived surface phonons for graphene on copper measured along the ΓΜ direction [1] shown with DFT calculations for free standing graphene [2] (dashed curves). [1] A. Al Taleb et al., Carbon 95, 731 (2015). [2] J. A. Yan et al, Phys. Rev. B 77, 125401 (2008).
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Dpto. de Física de la Materia Condensada



Antón Fente Hernández



Superconductivity and strain in the nematic phase of Ca(Fe1-xCox)2As2 A. Fente1*, I. Guillamón1,2, S. Ran3, S. Vieira1,2, H. Suderow1,2, S. L. Bud’ko3 and P. C. Canfield3 1Laboratorio



de Bajas Temperaturas, Dpto. de Física de la Materia Condensada and Instituto de Ciencia de Materiales Nicolás Cabrera, Universidad Autónoma de Madrid, Madrid (Spain) 2Instituto de Física de la Materia Condensada (IFIMAC), Universidad Autónoma de Madrid, Madrid (Spain) 3Ames Laboratory and Department of Physics and Astronomy and Iowa State University, Iowa (USA)



*e-mail: [email protected] CaFe2As2 is the parent compound of the Fe based series of materials with the highest sensitivity to strain. Among these materials, the electron Co-doped CaFe2As2 is unique because the strain can be controlled by annealing. Ca(Fe1-xCox)2As2 grown in FeAs flux can be tuned precisely into the different ground states that characterize the Fe based compounds — orthorhombic antiferromagnetic, superconducting tetragonal, normal tetragonal and finally collapsed tetragonal ground states [1,2]. Surface patterns of scattered electronic wavefunctions have been measured using scanning tunneling microscopy (STM) at 2 K in orthorhombic antiferromagnetic, Ca(Fe0.97Co0.03)2As2 [3]. The sample was made in Sn flux and was non-superconducting. It was shown that a hole band centered at the  point consists of highly anisotropic electron wavefunctions along the short axis of the orthorhombic structure. Along this axis, the spins of the antiferromagnetic order are aligned ferromagnetically. These measurements first evidenced in the Fe based materials a peculiar electronic phenomenon called electronic nematicity, which was later found to be rather common in the Fe based superconductors. The nematic phase breaks the rotational symmetry, reducing it from C4 to C2. This phase is characterized by an electronic anisotropy too large to be explained using the structural distortion of the orthorhombic phase. In a subsequent work, the same group discussed the influence of anisotropic scattering of the Co dopants in the observed electron dispersion relation of the nematic phase [4]. Possible microscopic explanations for electronic nematicity involve antiferromagnetic correlations or orbital order. Exchange of these highly anisotropic orbital or magnetic excitations is commonly associated to the formation of Cooper pairs in the Fe based materials. Therefore, it is important to know if electronic nematicity appears in the superconducting phase. Furthermore, the symmetry of the superconducting wavefunction in Ca(Fe1-xCox)2As2 is still under debate. To address these questions, we have made STM experiments at 150 mK in a superconducting sample of Ca(Fe0.965Co0.035)2As2, obtained by carefully annealing a sample grown in FeAs flux. We find that the electron dispersion relation gives a nematic hole band within the superconducting phase. We discuss in detail the effect of surface scattering on the superconducting pair wavefunction and observe the superconducting vortex lattice. [1] S. Ran et al., Phys. Rev. B 83, 144517 (2011). [2] S. Ran et al., Phys. Rev. B 85, 224528 (2012). [3] T-M. Chuang et al., Science 327, 596 (2010). [4] M.P. Allan et al., Nat. Phys. 9, 220 (2013).



21



XVII JORNADA DE JÓVENES CIENTÍFICOS DEL INSTITUTO DE CIENCIA DE MATERIALES NICOLÁS CABRERA – 2015



Dpto. de Física de la Materia Condensada



Carlos Salgado



Self-induced magnetoresistance in rare-earth nanocontacts: A theoretical approach C. Salgado1* and J. J. Palacios1 1Dpto.



de Física de la Materia Condensada, Universidad Autónoma de Madrid, Madrid (Spain)



*e-mail: [email protected] This project tackles a theoretical study of electron transport in rare-earth nanocontacts (Eu), emphasizing various topics in the field of spintronics. The first of this topics is the Magnetoresistance, a change in the current flow induced by changes in the magnetic electronic structure, which is a widespread phenomenon in magnetic conductors. Typically the magnetic configuration can be tuned by external magnetic fields, but finding ways to achieve this by different means remains a challenge for spintronics applications. Here we show how nanocontacts made of rare-earth elements (Eu and Gd) may exhibit a peculiar effect, which is the second topic: When a current flows across nanocontacts, an Ampère-like interaction between the flowing electrons and the localized f-ones on the atoms induce a magnetic field which, by Zeeman Effect, may change the orientation of the magnetic moments of the f shells [1]. These changes may reflect, in turn, in the current flow. This proposed Ampère-like mechanism is the subject of this project, which has also been motivated by experimental observations [2] in the current-voltage characteristics of Eu-nanocontacts, and which may be also feasible in other rare-earths.



Figure 1: Ampère-like interaction. Toy representation. [1] J. M. Morbec and K. Capelle, Int. J. Quantum Chem. 108, 2433 (2008). [2] B. Olivera and C. Untiedt, Unpublished work (2015).
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Dpto. de Física de la Materia Condensada



Edwin Herrera Vasco



Atomic scale spectroscopy in the superconducting phase of the heavy fermion URu2Si2 E. Herrera1,2*, I. Guillamón1,2, S. Vieira1,2, H. Suderow1,2, D. Aoki3 and J. Flouquet3 1Laboratorio



de Bajas Temperaturas, Dpto. de Física de La materia Condensada, Instituto de Ciencia de Materiales Nicolás Cabrera and Instituto de Física de la Materia Condensada (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid, (Spain) 2Unidad Asociada de Bajas Temperaturas y Altos Campos Magnéticos, UAM/CSIC, Cantoblanco, E-28049 Madrid (Spain). 3Université de Grenoble Alpes, INAC- SPSMS, F-38000 Grenoble (France) and CEA, INAC- SPSMS, F-38000 Grenoble (France)



*e-mail: [email protected] When decreasing temperature, entropy is typically lost by ordering internal degrees of freedom. For example, most magnetic materials order at low enough temperatures. However, this does not occur in some metals termed heavy fermions. Instead of ordering, the internal degrees of freedom transfer their entropy to the conduction electrons at low temperatures. This produces an electron gas (or, better, liquid) with a very high entropy, i.e. a heavy fermion. Many heavy-fermion compounds have elements with a partially filled f-shell, whose electrons interact with the s, p or d conduction electrons. The heavy electron bands produce densities of states that are highly energy dependent at intervals of a few tens of milli-eV close to the Fermi energy. Among the heavy fermion compounds there exists a very special problem, the so called hidden-order transition in URu2Si2. This transition is considered by many as the condensed matter equivalent to the dark matter problem in high energy physics [1]. The compound URu2Si2 crystallizes in a body-centered tetragonal structure with U and Ru layers and Si atoms in between. As the temperature is reduced below 100 K the interaction between Si-p and Ru-d electrons with the U-5f orbitals produces the heavy fermion band structure. At 17.5 K a second order phase transition takes place, characterized by marked effects in all thermodynamic and transport measurements [2,3]. The microscopic excitations leading to this phase have been a mystery since its discovery 30 years ago. The order parameter cannot be univocally associated to magnetic nor structural properties. Much effort has been devoted to understand this ground state and its elementary excitations, without a definitive outcome yet [4,5]. Superconductivity emerges in URu2Si2 within this enigmatic phase at a Tc=1.5 K. There are no atomic scale measurements of the superconducting properties of this material [4,5]. Here we present such measurements, made with an STM at 100 mK. We cleave in-situ in cryogenic ultra-high vacuum single crystals of the highest available quality, i.e. low residual resistivity and practically absent mosaiciticy. We find atomic resolution over large surfaces. Fano shaped tunneling densities of states provide evidence for the intertwined nature of superconductivity with the heavy electron bands. From the temperature evolution of the normalized tunneling conductance curves we observe emergence of superconductivity within features of the electron density of states due to the hidden order gap opening. [1] P. Coleman, Heavy Fermions: Electrons and the edge of Magnetism, Handbook of Magnetism and Advanced Magnetic Materials. Vol. 1. John Willey & Sons. (2007). [2] J. A. Mydosh and P. M. Oppeneer, Rev. Mod. Phy. 83, 1301 (2011). [3] A. Maldonado, et al., Phys. Rev. B 85, 214512 (2012). [4] A. R. Schmidt et al., Nature 465, 570 (2010). [5] P. Aynajian et al., Proc. Natl. Acad. Sci, 107, 10383 (2010).
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Dpto. de Física de la Materia Condensada



Isidoro Martínez Ramirez



Conductance and tunneling magnetoresistance in epitaxial Fe/MgO/V/MgO/Fe, Fe/MgO/Fe/MgO/V and V/MgO/Fe tunnel junctions I. Martínez1*, P. Andres1, J. P. Cascales1, C. Tiusan2,3, M. Hehn2 and F. G. Aliev1 1Dpto.



Fisica Materia Condensada, Universidad Autonoma de Madrid, E-28049 Madrid (Spain) 2Institut Jean Lamour, UMR CNRS 7198, Université de Lorraine, F-54506 Nancy (France) 3Technical University of Cluj-Napoca, RO-400114 Cluj-Napoca (Romania)



*e-mail: [email protected] Recently ferromagnet/superconductor hybrids have attracted a lot of attention due to the possibility of inducing p-wave superconductivity near ferromagnet/superconductor interfaces [1] or as hybrid superconducting-spintronic memory devices for exaFLOP computing [2]. Most of these devices have a lateral configuration and are non-epitaxial, so they could not provide coherent electron tunneling over interfaces. Here we investigate experimentally the conductance and tunneling magnetoresistance in fully epitaxial Fe/MgO/V/MgO/Fe and V/MgO/Fe tunnel junctions as a function of applied bias and temperature. We observe oscillations of conductance above critical bias which are suppressed above the critical temperature and therefore could be due to Andreev reflections. These reproducible conductance oscillations increase when the 40 nm thick superconducting V film is sandwiched between two ferromagnets. The bias dependence of the conductance indicates the presence of highly transmitting channels, which is contradiction with the high crystalline quality of the MgO barrier and the Poissonian shot noise corresponding to direct tunneling. The tunneling magnetoresistance in the double barrier junctions (with a superconductor sandwiched between two ferromagnets) shows a sign inversion when the applied bias is varied from within to outside the superconducting gap, in good agreement with theoretical prediction [3]. The dependence of the zero bias conductance on the magnetic field angle (in-plain or out of plain rotation) in FM/SC structures will be compared with a recent theoretical model involving a possible influence of the spin orbit effects on Andreev reflection at ferromagnet/superconductor interfaces [4]. [1] N. Banerjee et al., Nature Comm. 5, 4771 (2014). [2] B. Baek, et al., Nature Comm. 5, 3888 (2014). [3] Z. Zheng, et al., Phys. Rev. B 62, 14326 (2000). [4] P. Högl, et.al., Phys. Rev. Lett. 115, 116601 (2015).
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Dpto. de Física de la Materia Condensada



Jorge Quereda Bernabeu



Strain engineering of Schottky barriers in single and few-layer MoS2 vertical devices J. Quereda1*, A. Castellanos-Gomez2, N. Agräit1,2,3,4 and G. Rubio-Bollinger1,3,4 1Dpto.



de Física de la Materia Condensada, Universidad Autónoma de Madrid, E-28049 Madrid (Spain) Madrileño de Estudios Avanzados en Nanociencia (IMDEA–Nanociencia), E-28049 Madrid (Spain) 3Instituto de Ciencia de Materiales Nicolás Cabrera, E-28049 Madrid (Spain) 4Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain) 2Instituto



*e-mail: [email protected] Two-dimensional transition metal dichalcogenides have demonstrated a huge potential for the development of novel electronic and devices. Among them, atomically thin MoS2 raises special interest due to its relatively high carrier mobility and intrinsic 1.8 eV bandgap [1, 2]. Further, it has been recently demonstrated that the band structure of atomically thin MoS 2 crystals can be modified applying uniaxial or biaxial strain [3], enhancing even more their technological possibilities. In this work we study experimentally the electron transport through vertical metalatomically thin MoS2-metal junctions, using a conductive AFM tip to contact single and fewlayer MoS2 crystals deposited onto a metallic substrate. Remarkably, even when the MoS2 crystal is just one layer thick, two metal-semiconductor barriers are formed at the tip-MoS2 and MoS2-substrate interfaces. As a consequence, the structure shows a strong rectifying IV characteristic. Furthermore, the rectification ratio of the I-V characteristic can be modified by applying mechanical pressure to the MoS2 crystal with the AFM tip. To further demonstrate the studied devices, we use them to rectify a periodic voltage, controlling the rectification ratio through the mechanical pressure applied with the AFM tip.



Figure 1: (a) Schematic of the experimental setup: The semiconducting MoS2 flake is sandwiched between the conductive ITO substrate and the AFM tip. Two metal-semiconductor junctions in series are thus obtained: one at the interface between the conductive tip and the MoS2 flake and other at the interface between the MoS2 flake and the ITO substrate. A Schottky barrier is formed at each of these interfaces. The I-V characteristic of the structure is obtained by applying a voltage bias (V) between the conductive tip and the ITO substrate. (b) Measured I-V characteristics of an atomically thin MoS2 flake under four different tip-flake contact forces: 20, 40, 60 and 80 nN. Black lines are least square fittings to a double-barrier model. Inset: Forcedependent rectification ratio measured at ±1V.
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[1] B. Radisavljević et al., Nature Nanotech. 6, 147 (2011). [2] D. Krasnozhon et al., Nano Lett. 14, 5905 (2014). [3] A. Castellanos-Gomez et al., Nano Lett. 13, 5361 (2013).
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Dpto. de Física de la Materia Condensada



Laura Rincón-García



Quantum Thermopower of Metallic Atomic-Size Contacts at Room Temperature C. Evangeli1, M. Matt2, L. Rincó n-García1,3*, F. Pauly2, P. Nielaba2, G. Rubio-Bollinger1,4, J. C. Cuevas5 and N. Agraït1,3,4 1Dpto.



de Fisica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain) 2Department of Physics, University of Konstanz, D-78457 Konstanz (Germany) 3Instituto Madrileño de Estudios Avanzados en Nanociencia IMDEA-Nanociencia, E-28049 Madrid (Spain) 4Instituto Universitario de Ciencia de Materiales “Nicolás Cabrera”, Universidad Autónoma de Madrid, E28049 Madrid (Spain) 5Dpto de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] Thermoelectric devices based on nanostructured materials hold the promise for helping to solve key problems related to energy conversion and refrigeration [1]. Thus, it is essential to understand the mechanisms that govern thermoelectricity at the nanoscale. Metallic atomic-size contacts have become the test bed for nanoelectronics and mesoscopic physics and their transport properties have been extensively studied for more than 30 years [2]. We present now simultaneous conductance and thermopower measurements of metallic atomic-size contacts, namely gold and platinum, using a scanning tunneling microscope (STM) at room temperature [3]. We find that, for both metals, the sign of the thermopower in the nanoscale differs from that of bulk wires. Few-atom gold contacts exhibit a negative thermopower whose magnitude presents minima at the maxima of the conductance histogram, whereas platinum contacts have an average positive thermopower with large fluctuations. Theoretical calculations show that these observations can be understood in the context of the Landauer-Büttiker picture of coherent transport in atomic-scale wires. In particular, the differences between these two metals are due to their distinct electronic structure. Our results illustrate that thermoelectricity at the nanoscale differs substantially from the macroscopic limit.



Figure 1: (a) Schematic representation of an atomic-size Au contact. Thermopower measurements are performed establishing a temperature difference between the STM tip (heated) and the substrate (at room temperature). (b) Conductance histogram (blue) and average thermopower (red) for few atom Au contacts (G < 4G0). The magnitude of the thermopower exhibits minima coinciding with the maxima of the conductance histogram. c)
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Density plot of the thermopower vs. conductance for very large Au contacts. The red thick line shows the fit that describes the transition between atomic contacts and bulk-like wires. [1] H. Alam et al., Nano Energy 2, 190 (2013). [2] N. Agraït et al., Phys. Rep. 377, 81 (2003). [3] C. Evangeli et al., Nano Lett. 15, 1006 (2015).
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Natalia Lera



Spectral theory beyond Luttinger Liquid for quasi-onedimensional Lithium Purple Bronce N. Lera1,2* and J. V. Alvarez2,3 1CIC



nanoGUNE, 20018 Donostia-San Sebastián (Spain) de Física de la Materia Condensada, UAM, Madrid 28049 (Spain) 3Condensed Matter Physics Center (IFIMAC) and Instituto Nicolás Cabrera,UAM, Madrid 28049 (Spain) 2Dpto.



*e-mail: [email protected] We offer an interpretation for the departures of spectroscopy experiments [1] in quasione-dimensional Lithium Purple Bronze (LiPB) with single band Luttinger Liquid theory. Based on a phenomenological description of the data [1] and considering two bands crossing the Fermi level [2], we explore a model of two coupled Luttinger liquids, beyond previous single-band studies [3-4] and still compatible with transport measurements [5]. A new proposal for a charge mode (ρ-) acquiring a gap, explains the observed η exponent in the inverse scaling factor, while it fits nicely both EDC lineshapes at different temperatures and k-integrated DOS data (Fig. 1). Moreover, the model is compatible with Scanning Tunneling Spectroscopy (STS) measurements [6] of the exponent of the DOS α. The gap is compatible with resolution in optical [7], spectroscopic [6] or magnetic experiments [8] and placed near the upturn in resistivity (T≈25 K). Notwithstanding the lack of CDW signatures in LiPB, we propose a gap in a charge mode, which represents the difference in charge between the two LL. The resulting charge is expected to be small. Moreover, the crossover to FL expected at sufficiently low temperature in a single band LL [9], it is not observed [1] and not expected in our model. With all this evidence and a single free parameter to fit all experimental data, we conclude that the gap may be unobservable due to residual warping.



Figure 1: k-integrated data, red circles are the result of the theory with a gaped mode, blue solid line is the best fit to the experiment [3], with parameters: α=0.88(0.67) for T=300 K(80 K). [1] L Dudy et al., J. Phys. Condens. Matter 25, 014007 (2013). [2] M.-H. Wangbo and E. Canadell, J. Am. Chem. Soc. 110, 358 (1988); Z. S. Popović and S. Satpathy, Phys, Rev. B 74, 045117 (2006). [3] F. Wang, J. V. Alvarez, et al., Phys. Rev. Lett. 96, 196403 (2006). [4] F. Wang, J. V. Alvarez, et al., Phys. Rev. Lett. 103, 136401 (2009). [5] N. Wakehman et al., Nat. Comm. 2, 396 (2011). [6] J. Hager et al., Phys. Rev. Lett. 95, 186402 (2005).
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[7] J. Choi et al., Phys. Rev. B 69, 085120 (2004). [8] M. Greenblatt et al., Solid State Commun 51, 671 (1984). [9] T. Giamarchi, Chem. Rev. 104, 5037 (2004).
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Gloria Anemone



Quality of Graphene on Sapphire: Long-range Order from Helium Diffraction versus Lattice Defects from Raman Spectroscopy G. Anemone1, E. Climent-Pascual2, H. K. Yu3,4, A. Al Taleb1, F. Jiménez-Villacorta2, C. Prieto2, A. M. Wodtke3,4, A. De Andrés2 and D. Farías1,5,6 1Dpto.



de Física de la Materia Condensada,Universidad Autónoma de Madrid, 28049 Madrid (Spain) de Ciencia de Materiales de Madrid, Consejo Superior de Investigaciones Científicas (Spain) 3Institute for Physical Chemistry, University of Göttingen, 37077 Göttingen (Germany) 4Max Planck Institute for Biophysical Chemistry, 37077 Göttingen (Germany) 5Instituto ”Nicolás Cabrera”, Universidad Autónoma de Madrid, 28049 Madrid (Spain) 6Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, 28049 Madrid (Spain) 2Instituto



We report a new method to produce high-quality, transparent graphene/sapphire samples, using Cu as a catalyst. The starting point is a high-quality graphene layer prepared by CVD on Cu(111)/Al2O3 [1,2]. Graphene on sapphire is obtained in-situ by evaporation of the Cu film in UHV. He-diffraction, atomic force microscopy (AFM), Raman spectroscopy and optical transmission have been used to assess the quality of graphene in metal free area. We used helium atom scattering as sensitive probe of the crystallinity of graphene on sapphire. The observation of high reflectivity and clear diffraction peaks demonstrates the presence of flat and homogeneous graphene domains over lateral scales of microns, consistent with AFM results. Surprisingly, putting graphene on sapphire improves the quality of the He-diffraction spectra. Graphene forms a moiré pattern with a (11×11) periodicity, aligned with the (1×1) sapphire unit cell. The lattice constant of graphene on sapphire is a = (2.44 ± 0.02) Å. The phonon dispersion of the graphene flexural mode has been measured. This allows determining the bending rigidity k = (0.61 ± 0.15) eV, and the graphene-sapphire coupling strength g = (5.8 ± 0.4) × 1019 N/m3. The uniformity of the graphene has been also investigated by Raman mapping. Judging by the ratio of the 2D to G peaks, the quality of the graphene is not degraded by Cu removal. The high transparency (80%) measured in the visible range makes this system suitable for many applications that require the hybrid properties commonly associated with metals (conductivity) and insulators (transparency). Our study shows that He-diffraction and Raman provide crucial information on quite different, complementary aspects of the same samples. [1] H. K. Yu et al., ACS Nano 8, 8636 ( 2014). [2] A. Al Taleb et al., Carbon 95, 731 (2015).
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Metal trisulfides: a novel materials family for hydrogen photogeneration E. Flores*, J. R. Ares, I. J. Ferrer and C. Sánchez Grupo MIRE, Dpto. de Física de Materiales, Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] In recent years, the research on semiconducting materials to be used in photoelectrochemical process is drastically increasing due to their potential applications to develop new and better technologies for renewable energy [1]. In particular, a great effort is being done to find suitable compounds to dissociate H2O molecule in a photoelectrochemical cells (PECs) [2]. Materials investigated (TiS3, ZrS3, HfS3 and NbS3) belongs to a large class of low-dimensional compounds, transition metal trichalcogenides (MX3, M=Ti, Zr, Hf, Nb, Ta, W and X=S, Se, Te). These compounds exhibit properties that fit the required parameters to be used in energy conversion through photoelectrochemical processes, i.e. a particular morphology (nanoribbons, nanonoodles, etc.) that provides a huge specific area, an adequate band gap value, optimal transport properties, etc. TiS3, ZrS3, HfS3 and NbS3 have been synthesized by solid-gas reaction between the metal powder and sulfur powder (Merck, 99.75%) placed in a vacuum sealed ampoule and annealed at 550° during 40h. Obtained bulk materials were dispersed in ethanol to obtain a colloidal suspension of TiS3, ZrS3, HfS3 and NbS3 to be deposited on titanium substrates (disks, Goodfellow, 99.9%) by “drop coating” technique (see Fig. 1). Samples have been characterized by X-ray diffraction (XRD), energy dispersive analysis of X-ray (EDX), Raman spectroscopy and scanning electron microscopy (SEM, SEM-FEG). These compounds belong to the space group P21m (TiS3, ZrS3, HfS3) and P1̅ (NbS3) with (a, b, c, β) and crystallizes as monoclinic and triclinic structures, respectively. Moreover, they exhibit different nanomorphologies. Photoelectrochemical measurements in 0.5M NaSO3 with a platinum counter electrode have been carried out to characterize the MX3/electrolyte interface. ZrS3



NbS3



HfS3



TiS3



Figure 1: Samples of ZrS3, HfS3, NbS3 and TiS3 deposited on Ti substrates by drop coating.



In this work, a comparison of the ability of these materials to photogenerate H2 is investigated. To this aim, we have measured photovoltages, flatband potentials and the photogenerated hydrogen flows of different samples under 200 mW/cm2 white light illumination in a PEC at open circuit, 0 V and 0.3 V (Ag/AgCl) bias potential. Hydrogen evolution flows have been quantified by quadrupole mass spectrometry (QMS). [1] M. Barawi et al., J. Mater. Chem. A 3, 7959 (2015). [2] A. Fujishima and K. Honda, Nature 238, 37 (1972).
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SHG enhancement in a two-dimensional hybrid plasmonicferroelectric system A. Gómez-Tornero*, L. Mateos, L. E. Bausá and M. O. Ramírez Dpto. de Física de Materiales and Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] Nonlinear frequency conversion processes are currently a subject of an intense activity, because they play a key role in the generation and control of the light in a broad spectral range. Efficient frequency conversion processes can be obtained by the so called quasi phase-matching technique in both 1D and 2D ferroelectric domain structures leading to the simultaneous generation of multiple harmonics in a non-collinear geometry [1]. On the other hand, the ferroelectric domain structures can be used as a platform for selective spatial deposition of metallic nanoparticles (NPs) via a photo-deposition process referred to as ferroelectric lithography [2]. By using this technique metallic nanostructures are deposited on the polar surface of 2D ferroelectric domain patterns in LiNbO3 to enhance the SHG processes at the metal/LiNbO3 interface. We analyze the effect of two different silver NPs arrangements: (i) single chains of Ag NPs, with average size around 50 nm, located on the domain boundary surfaces, and (ii) a disordered distribution of closely packed interacting Ag NPs, average size 70 nm, deposited on the positive domain surfaces. In both cases, the localized surface plasmon resonances supported by the metallic arrangements match the fundamental and the SHG wavelengths, leading to the enhancement of the SHG response by more than two orders of magnitude. The work shows the capabilities of two different metallic arrangements of silver NPs to significantly boost the SHG signal generated at the nonlinear interface of 2D hybrid plasmonic-ferroelectric systems and opens the way to study collective interactions by exploiting their 2D arrangement (plasmonic metasurfaces). [1] L. Mateos et al., Opt. Express 20, 29940 (2012). [2] S. V. Kalinin et al., Adv. Mater. 16, 795 (2004).
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Effect of plasmonic nanostructures on the energy-transfer upconversion in Er3+, Yb3+ doped LiNbO3 D. Hernández-Pinilla*, P. Molina1, M. O. Ramírez1, J. L. Plaza1 and L. E. Bausá1 Dpto. de Física de Materiales and Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] The manipulation of light-matter interaction phenomena at the nanoscale by means of plasmonic nanostructures gives rise to a variety of unique effects that are currently the subject of an intense research activity from both fundamental and technological point of view. These effects rely on the ability of plasmonic nanostructures to strongly concentrate the electromagnetic field in the vicinity of their physical boundaries, enhancing the interactions between optical species (atoms, QDs, organic fluorophores, etc.) and far-field light. Recently, the authors have demonstrated intensification of the emission of trivalent rare earth ions (RE3+) in LiNbO3 laser crystals by means of linear chains of silver nanoparticles. The coupling between the optical transitions of RE3+ ions and the localized surface plasmon resonances (LSPs) supported by these metallic nanostructures resulted in a periodic and in a polarization selective enhancement of the RE3+ emission [1,2]. In this work we go a step further and analyze the effect of the above mentioned plasmonic nanostructures on the energy transfer up-conversion processes between pairs of optically active RE3+ ions. In particular, we study the interaction between LSPs and the Yb3+Er3+ energy transfer up-conversion emission. We observe an enhancement of the visible Er3+ emission under Yb3+ excitation in the near infrared region. The effect of the plasmonic chains is also studied on the visible cooperative emission produced by pairs of Yb 3+ interactive ions. The linear chains of metallic nanoparticles have been prepared by a very simple photochemical procedure known as ferroelectric lithography [3]. The results are of interest for applications involving Er3+ and Yb3+ ions mainly related to communication technology, since new nanosized optical devices with a better performance could be achieved in a scalable and very low cost way. [1] E. Yraola et al., P Adv. Mater. 25, 910 (2013). [2] P. Molina et al., Nano Lett. 13, 4931 (2013). [3] S. V. Kalinin et al., Adv. Mater. 16, 795 (2004).
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Size Effects on the Solubility of Hydrogen and Deuterium in Palladium F. Leardini1*, J. R. Ares1, C. Granero1, A. Martin1, A. R. Galvis E1, J. Bodega1, M. Barawi2, M. Montiel3, C. Zlotea4, F. Cuevas4, J. F. Fernandez1 and C. Sanchez1 1Dpto.



de Física de Materiales, Universidad Autónoma de Madrid, 28049 Madrid (Spain) for Biomolecular Nanotechnologes-Fondazione Istituto Italiano di Tecnología, Arnesano (LE) (Italy) 3Dpto. de Química Física Aplicada, Universidad Autónoma de Madrid, 28049 Madrid (Spain) 4CMTR/ICMPE/CNRS-UPEC, UMR 7182, 2-8 rue Henri Dunant, 94320 Thiais Cedex (France)



2Center



*e-mail: [email protected] The Palladium-Hydrogen system is an archetypical model system for many processes in different fields such as catalysis, surface science, electrochemistry, hydrogen sensing and separation and others. Recently there is a growing interest in tuning its physicochemical properties by nanoscaling. In particular, there are numerous reports investigating the size effects on the solubility of hydrogen in Pd [1-3]. However, little is known about the corresponding solubility for deuterium and the related influence of particle size on the thermodynamic and kinetic isotope effects. In this work, we investigate the thermodynamic properties of Pd-H and Pd-D systems of four Pd samples with different particle sizes ranging from bulk to nano (2 nm) scale. The samples have been structurally, compositionally and morphologically characterized by different techniques (XRD, FTIR, SEM, TEM). Absorption and desorption pressurecomposition isotherms (PCI) have been recorded in a Sieverts reactor with H and D isotopes at 23, 50 and 70 ºC for all the samples. These measurements provide the enthalpies and entropies of H(D) absorption and desorption in Pd. A drastic change of the thermodynamic properties induced by size effects is observed for Pd nano-particles with sizes below 4 nm. In particular, an increase in the solubility limit of the -phase (solid solution of H(D) in Pd) is observed. Moreover, the enthalpies and entropies for -PdHx (hydride phase) formation and decomposition increase (in absolute value) with decreasing of particle size. The obtained results provide useful information about the fundamental aspects of H and D absorption/desorption in Pd at the nano-scale as well as the influence of size effects on the isotope separation factor in Pd.



Figure 1: Transmission Electron Micrographs of Pd nanoparticles embedded in carbon aerogel scaffolds, having a typical size of 4 nm (left) and 2 nm (right). Acknowledgements: The authors wish to thank Mr. Fernando Moreno, Mr. Santiago Marquez and Mr.



35



XVII JORNADA DE JÓVENES CIENTÍFICOS DEL INSTITUTO DE CIENCIA DE MATERIALES NICOLÁS CABRERA – 2015



Elias Rodríguez for technical assistance in the construction of a Sieverts-type volumetric reactor. [1] C. Zlotea and M. Latroche, Colloids and Surfaces A: Physicochem. Eng. Aspects 439, 117 (2013). [2] R. Bardhan et al., Nature Mater. 12, 905 (2013). [3] S. Syrenova et al., Nature Mater. 14, 1236 (2015).
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Controlling solid state gain media by deposition of Ag nanoparticles: from thermally-quenched to plasmon-enhanced Nd3+ luminescence L. Sánchez-García1*, E. Yraola1, C. Tserkezis2, P. Molina1, M. O. Ramírez1, J. L. Plaza1, J. Aizpurua2 and L. E. Bausa1 1Dpto.



de Física de Materiales and Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, 28049 Madrid (Spain) 2Center for Material Physics (CSIC-UPV/EHU) and Donostia International Physics Center (DIPC), 20018 San Sebastián (Spain)



*e-mail: [email protected] We show the possibility of controlling the optical properties of Nd3+ laser ions by using different configurations of metallic nanoparticles (NPs) deposited on a solid state gain medium. In particular, we analyze the effect of two different silver NP arrangements on the optical properties of Nd3+ ions in LiNbO3: a two-dimensional (2D) high density and disordered Ag NP distribution and a one-dimensional (1D) long single chain of Ag NPs. We demonstrate that while the 2D disordered distribution produces a thermal quenching of the Nd3+ luminescence, the 1D single chain leads to the enhancement of the fluorescence from the 4F3/2 metastable state. The experimental data are theoretically interpreted by taking into account the different character, radiative or non-radiative, of the localized surface plasmonic modes supported by the Ag nanoparticle distributions at the excitation wavelength. The results point out the capabilities of rare earth ions as optical tools to probe the local plasmonic fields and are relevant to determine the optimal configuration of metallic arrays to improve the performance of potential rare earth ion based submicrometer lasers.
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Cavity-Induced Modifications of Molecular Structure in the Strong-Coupling Regime J. Galego1*, F. J. García-Vidal1,2 and J. Feist1 1Dpto.



de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain) 2Donostia International Physics Center (DIPC), E-20018 Donostia/San Sebastián (Spain)



*e-mail: [email protected] Strong coupling in quantum electrodynamics is a well-known phenomenon that occurs when the coherent energy exchange between a light mode and quantum emitters is faster than the decay and decoherence of either consituent. The excitations of the system are then hybrid light-matter excitations, so-called polaritons, that combine the properties of both consituents, being organic materials a particularly favorable case for achieving this. However in most theoretical descriptions of collective strong coupling of organic molecules to a cavity mode, the molecules are modeled as simple two-level systems. This picture fails to describe the rich structure provided by their internal rovibrational (nuclear) degrees of freedom. It has been experimentally demonstrated in organic materials that strong coupling can modify the complicated level structure they possess, in the sense that material properties and chemical reaction rates change. We investigate a first-principles model that fully takes into account both electronic and nuclear degrees of freedom, allowing an exploration of the phenomenon of strong coupling from an entirely new perspective. First, we demonstrate the limitations of applicability of the Born-Oppenheimer approximation in strongly coupled molecule-cavity structures. For the case of two molecules, we also show how dark states, which within the two-level picture are effectively decoupled from the cavity, are indeed affected by the formation of collective strong coupling. Finally, we discuss ground-state modifications in the ultrastrong-coupling regime and show that some molecular observables are affected by the collective coupling strength, while others depend only on the single-molecule coupling constant.



Figure 1: Uncoupled and coupled potential energy surfaces of two anthracenelike molecules in a cavity in the singly-excited subspace. [1] J. Galego et al., Phys. Rev. X 5, 041022 (2015).
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Harvesting Excitons Through Plasmonic Strong Coupling C. Gonzalez-Ballestero*, J. Feist, E. Moreno and F. J. Garcia-Vidal Dpto. de Física Teórica de la Materia Condensada and IFIMAC, Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] Light-generated excitons play a key role in many relevant processes. A large research effort is directed towards controlling the properties of exciton transport inside different materials, both for fundamental reasons and for device improvement purposes. A recent work [2] has shown that the exciton conductance along a linear chain of organic molecules inside a cavity can be boosted by several orders of magnitude when the so-called Strong Coupling (SC) regime is achieved. Among different proposals, surface plasmons have been considered as good candidates for achieving this regime due to their great field enhancement [3]. Motivated by these promising results, we study the exciton conductance in a system of quantum emitters located near a plasmonic nanosphere (NS). The conductance is shown to increase largely when the SC regime is achieved between the emitters and the NS localized surface plasmons (LSP). Moreover, we demonstrate that the transport efficiency is position-dependent, being very high for pole-to pole transport and very low for pole-to-equator transport. This directionality is due to the inhomogeneous field profile of the LSP, which directs the excitation towards the zones of higher electric field intensity. In a second part, we try to exploit this result for enhancing the pole-to-pole transport efficiency. In order to achieve this, we place two extra spheres very close to the north and south pole of the original NS, so that the field in the gap region is largely enhanced. We show how, by pumping an emitter in one of the gaps, the excitation is transferred to the second gap in a much more efficient way than in the single NS case. Thus, this simple nanostructure not only allows for a strongly enhanced exciton conductance, but also to route the exciton to a targeted and very narrow region of space. Finally, we address the effect of dephasing in the two structures described above, showing that the dependence of the exciton conductance with the dephasing rate is nanostructure-dependent. This effect, whose origin is the distribution of the dark states, can be exploited in the design of excitonic transport systems. Our results show the potential of plasmonic nanostructures for future applications such as photovoltaics, in which the localization of excitons in a small region could largely increase the efficiency of devices. [1] C. Gonzalez-Ballestero et al., Phys. Rev. B 92, 121402(R) (2015). [2] J. Feist et al., Phys. Rev. Lett. 114, 196402 (2015). [3] J. Bellessa et al., Phys. Rev. Lett. 93, 036404 (2004).
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Hot Electron Generation Rate in Plasmonic Thin Slabs M. Camarasa-Gómez*, P. García-González and A. I. Fernández-Domínguez Dpto. de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] In this work, we theoretically study the hot electron generation in plasmonic metallic thin slabs [1]. These kind of nanostructures are attracting a great amount of attention due to their potential applications in energy harvesting, photocatalysis and photodetection [2]. We develop a theoretical electrostatic model which takes into account both many-body interactions, by means of density-functional theory, and surface effects of the surface plasmon polariton modes of the electron gas in the slab. We explore the influence of the slab width, the carrier relaxation rate and the plasmon directionality on the hot electron generation rate. We also compare the local approximation for the dielectric permittivity with a nonlocal approach that includes spatial dispersion and analyze its effects on the device performance [3]. [1] E. N. Economou, Phys. Rev. 2, 182 (1969). [2] A. Manjavacas et al., ACS Nano 8 (8), 7630 (2014). [3] H. Zhang et al., J. Phys. Chem. C 118, 7606 (2014).
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Dynamics of Polariton Wavepackets D. Colas1, L. Dominici2,3, A.V. Kavokin4, D. Sanvitto2,3 and F.P. Laussy1,4 1Dpto.



de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain) 2NNL, Istituto Nanoscienze-CNR, Via Arnesano, 73100 Lecce (Italy) 3Istituto Italiano di Tecnologia, IIT-Lecce, Via Barsanti, 73010 Lecce (Italy) 4Russian Quantum Center, Novaya 100, 143025 Skolkovo, Moscow Region (Russia)



Polaritons are quasiparticles arising from the strong light-matter coupling between a cavity photon and a semiconductor exciton. As a two level system-a photonic field coupled to an excitonic field-, they give rise to the so-called Rabi oscillations, involving energy transfer between the two fields. Recently, we have reported the ultrafast control of Rabi oscillations for a polariton system [1], with a state-of-the-art precision and providing an accurate optical model taking into account the various decay sources affecting the dynamics. A natural extension of this work came adding the polarization as a new degree of freedom to the system [2]. We demonstrate both theoretically and experimentally how one can control in time the light's polarization emitted from the cavity (within a range of ∼10 ps), reaching a full spanning of the Poincaré sphere, see Fig. 1(a-b). We also present a study of the polariton propagation by introducing the concept of Self-Interfering wavepackets (SIP) [3], a consequence of the peculiar polariton dispersion . This unexpected behaviours occurs when the excitation of the lower branch has an important spread and falls on both parts where the effective mass is positive and negative. This results in a finite diffusion of the packet in a well defined spacetime cone and the appearance of interferences patterns, see Fig.1(c). It can be visualized by using the probability current or by performing the wavelet transform to decompose the SIP and its internal momentum components, see scalogram in Fig. (d).



Figure 1: (a-b) Polarized Rabi oscillations. The experimental data (black dots) is fitted with the 𝟐



theoretical model (solid lines), providing the amplitudes |𝜶↗/↖ | and the degree of polarization 𝑺↗ . The polarization dynamics is displayed on the Poincaré sphere. (c-d) Self-Interfering wavapacket (SIP). (c) Space-time density plot of a propagating SIP. (d) Corresponding scalogram obtained by Wavelet Transform.
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[1] L. Dominici et al., Phys. Rev. Lett. 113, 226401 (2014). [2] D. Colas et al., Light Science and Applications 4, e350 (2015). [3] D. Colas and F.P. Laussy, Arxiv:1507.02676 (2015) - To be published in Phys. Rev. Lett.
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Tuning TEC of graphene by defects G. López-Polín1, I. Alda1, C. Gomez-Navarro1,2, J. Gomez-Herrero1,2, M. Ortega3*, J. G. Vilhena3,4, P. A. Serena4 and R. Perez3,2 1Dpto.



de Física de la Materia Condensada, Universidad Autónoma de Madrid, Madrid (Spain) Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, Madrid (Spain) 3Dpto. de Física Teórica de la Materia Condensada, Universidad Autónoma de Madrid, Madrid (Spain) 4Instituto de Ciencia de Materiales de Madrid (ICMM), CSIC, Madrid (Spain) 2Condensed



*e-mail: [email protected] Besides its unusual electronic properties [1], graphene also exhibits exotic thermomechanical properties: contrary to most materials, that expand when heated, graphene has a negative thermal expansion coefficient (TEC). This peculiarity arises from the very soft out of plane phonon mode, which increase with temperature and translates into an actual contraction of the material [2,3]. Technologically, this thermal contraction is a double-edged sword. On one hand, it can be exploited in lowering the TEC of regular materials to obtain ultrastable composites for their used in high precision instrument operating at variable temperature. On the other hand, it is the responsible of device failure when integrating graphene in large scale devices. Therefore, methods to tune the TEC of graphene are highly desirable. Inspired from recent works, where point defects are shown to substantially alter the out-of-plane fluctuations of graphene [4], we decided to prove their influence in graphene TEC. Therefore, we have performed both experiments and atomistic simulations in order to analyze the effect of defects in the TEC of graphene. We have been able to observe with both methods that the TEC can be tuned with the controlled inclusion of low densities of vacancylike defects. Moreover, our molecular dynamics study also reveals that the local stress originated in the nearby areas of vacancies yields to a reduction in the amplitude of thermal vibrations, responsible of the thermal contraction.



Figure 1: Molecular dynamics simulations results: (a) time averaged lattice parameter obtained at each temperature and defect concentration (Red: pristine; Black: 4×1012 cm-2). The straight solid lines represented in the plot correspond to a linear fit of these data points. (b)TEC as a function of the defect density (c) average kxy (xy component of the stress tensor) per atom. We show the obtained results for both the pristine and defective configurations and for two temperature values (T= 210, 300 K). The defective configuration is the same that in a).
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[1] A. K. Geim et al., Nature Mater. 6, 183 (2007). [2] P. L. de Andres et al., Phys. Rev. B 86, 144103 (2012). [3] Jin-Wu Jiang et al., J. Phys. Condens. Matter 27, 083001 (2015). [4] G. López-Polín et al., Nature Phys. 11, 26 (2014).
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Tailored electrical and optical properties of Co3O4 ultra-thinfilms grown by RF Magnetron Sputtering C. Morales* and L. Soriano Grupo GRIN, Dpto. de Física Aplicada & Instituto de Ciencias de Materiales Nicolás Cabrera, Universidad Autónoma de Madrid, 28049 Madrid (Spain)



*e-mail: [email protected] Experimental Co3O4 ultra-thin-films, with thickness ranging 5-30 nm, were grown by RF magnetron sputtering under argon-oxygen atmosphere, starting from a CoO target of 99.9% of purity (GoodFellow). Different percentages of oxygen in the plasma were used, being the total pressure 2×10-2 mbar. Both, p-dopped Si wafer and Menzel Glass were used as substrates. Characterization of chemical composition, electrical resistivity, and optical properties was done by means of XPS, Van der Pauw technique and ellipsometry respectively. The thickness of the thin films was measured by profilometry, showing 30 nm thickness for samples grown under argon atmosphere whereas for samples grown with any percentage of oxygen the thickness decreases down to 5-10 nm. Results and Discussion XPS spectra confirmed the exclusive growth of the spinel Co3O4 (Co2+,3+) oxide for all samples. The Co 2p XPS spectra show a main peak at 781 eV binding energy with two satellites at 786.5 eV and 791 eV. These data match the spinel structure of this cobalt oxide. Moreover, the peak at 530.6 eV corroborated the spinel structure [1]. The observed electrical resistivity (see Fig. 1) is high when the growth was running in absence of oxygen, but drops two orders of magnitude when using any percentage oxygen. Similar results were obtained for NiO layers grown using the same technique [2]. The increase of Co vacancies (oxygen excess) and the corresponding increase of holes could be the reason for such changes in the electrical conductivity. Ellipsometry measurements were performed using a 632.8nm irradiation wavelength. The data were analyzed using a Glass with absorbing film mode. The results show a clear trend based on amount of oxygen. Refractive index (n) and extinction coefficient (k) values clearly decreases when oxygen percentage increases (see Fig. 2).



Figure 1: (a) Electrical resistivity as function of percentage of oxygen. (b) Refractive index (n) and extinction coefficient (k) values as function of percentage of O2. [1] J. Van Elp et al., Phys. Rev. B 44, 6090 (1991). [2] R. J. O. Mossanek et al., J. Phys. Condens. Matter 25, 495506-12 (2013).
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Bragg reflectors grown by hybrid methods M. Alvarado and M. Manso Dpto. de Física Aplicada, Universidad Autónoma de Madrid, Madrid (Spain)



*e-mail: [email protected] The Distributed Bragg Reflectors (DBR) are devices constituted by multilayers of dielectric materials which, due to constructive interference between consecutive interfaces, produces a high reflectivity. Constructive interference takes place when an incident electromagnetic wave it’s reflected at the different layers and interferes with a determinate optical thickness, depending on the refractive index, the distance between subsequent interfaces and the grade of molecular packing density. Usually, Bragg structures are made by alternating pairs of two dielectric materials with different refractive index. Furthermore, it’s crucial for characterizing the stop band of the device, the knowledge and control of the refractive index in addition to the extinction coefficient of the layer material and the growth rate. In this studio it will make an approach to different methods for multi-layers deposition and the control of each one for modulate the value of the parameters which characterize the DBR. First of all, we started in vacuum growth methods, as sputtering, in the order to thin film deposition of metal oxides (dioxide of titanium). On the other hand, chemical growth methods like Sol-Gel, shown us and alternative way to obtain multilayer stacks of oxides of silicon and titanium starting from organic precursors of which we can modulate the concentration of each component. The layer thickness and the refractive index were inferred from matching ellipsometry experiments and performing reflectivity measurements of reference stacks of various temperatures and concentrations (in the case of deposition by SOL-Gel). Comparing these results with the requirements of control during the deposition process we chose CVD as our reference method. Besides it’s worth to make some simulations using the transfer matrix method for emphasise on the effects of the concentration of different metal oxides (titanium and silicon) and the packing of the molecules (thanks to heat treatment) in the width of the stop band of the DBR.



46



XVII JORNADA DE JÓVENES CIENTÍFICOS DEL INSTITUTO DE CIENCIA DE MATERIALES NICOLÁS CABRERA – 2015



Eduardo Gonzalo Badia



Dpto. de Física Teórica de la Materia Condensada



Exciton transport assisted by electromagnetic strong coupling E. Gonzalo Badía1*, J. Feist1, E. Moreno1 and F. J. García-Vidal1,2 1Dpto.



de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain) 2Donostia International Physics Center (DIPC), Donostia/San Sebastián (Spain)



*e-mail: [email protected] We study exciton transport along a chain of quantum emitters embedded within a cavity supporting electromagnetic modes. We show that for certain types of emitters such as organic molecules, quantum dots, or a collection of Rydberg atoms, the transport can be dramatically enhanced at specific driving frequencies. This large enhancement is attainable when the emitters-cavity mode system enters strong coupling. Using a simple 1-D model [1] we find these frequencies to correspond to the two polaritonic modes and to the dark states. The delocalized collective nature of the polaritons and dark states can help the exciton skip the whole chain of molecules/atoms jumping from one end to the other. The results obtained may have important implications in areas such as exciton transistors, heat transport, organic solar cells, and photosynthesis.



Figure 1: Population at the last emitter in the chain as a function of the driving laser frequency. Inset: Sketch of the model system. Excitons are pumped into the system from the left and the current is measured by the number of excitons reaching end of the chain. [1] J. Feist and F. J. García-Vidal, Phys. Rev. Lett. 114, 196402 (2015).
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Near Field Radiative Heat Transfer J. López Piqueres1* and J. C. Cuevas1 Dpto. de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] Radiative heat transfer between objects at different temperatures is of fundamental importance in applications such as energy conversion, thermal management, lithography, data storage, and thermal microscopy [1]. It was predicted long ago that when the separation between objects is smaller than the thermal wavelength, which is of the order of 10 µm at room temperature, the radiative heat transfer can be greatly enhanced due to the contribution of the near field in the form of evanescent waves (or photon tunneling) [2]. In recent years, different experimental studies have confirmed this long-standing theoretical prediction [1]. Here, I will present the fundamentals of the theory of near field radiative heat transfer (NFRHT) based on the so-called fluctuational electrodynamics [3,4] and I will show the results that I have obtained with this theory for the NFRHT between two parallel plates made of different materials ranging from polar dielectrics (SiO2 and SiN) to metals (Au). In particular, I will discuss the different mechanisms that govern the NFRHT in these materials.



Figure 1: Spectral radiative heat conductance per unit of area as a function of the radiation energy for two infinite parallel plates made of SiO2 separated by a distance of d, as indicated in the legend. The results are compared with the predictions of Planck’s law for blackbodies. [1] B. Song et al., AIP Adv. 5, 053503 (2015). [2] D. Polder and M. Van Hove, Phys. Rev. B 4, 3303 (1971). [3] B. Song et al., Nature Nanotech. 10, 253 (2015). [4] E. Moncada-Villa et al., Phys. Rev. B 92, 125418 (2015).



48



XVII JORNADA DE JÓVENES CIENTÍFICOS DEL INSTITUTO DE CIENCIA DE MATERIALES NICOLÁS CABRERA – 2015



Dpto. de Física de la Materia Condensada



Fernando Llorente Fernández



First principles calculations of Bethe-Salpeter equation for excitons F. Llorente Fernández* and J. J. Palacios Dpto. de Física de la Materia Condensada, Universidad Autónoma de Madrid, E-28049 Madrid (Spain)



*e-mail: [email protected] An exciton is a neutral excitation of an interacting electron system, consisting of a bound excited electron and a hole pair with energy depending on its center-of-mass momentum Q. In this work, we calculate the Bethe-Salpeter equation for excitons using a base of oneelectron/one-hole states. We begin by solving the Hamiltonian for independent electrons using the tight-binding approximation, which give us the one-body states we will use to construct the one-electron/one-hole states. The eigenvalue problem for the Hamiltonian matrix projected onto this subspace is a Bethe-Salpeter equation. Its solution determines the exciton energies and wave functions. [1] F. Wu et al., Phys. Rev. Lett. 91, 075310 (2015). [2] D. Y. Qiu et al., Phys. Rev. Lett. 115, 176801 (2015).
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Origin and removal of undesired interferences in moving polariton condensates M. Rodríguez1*, M. Klaas1, M. D. Martín1 and L. Viña1,2 1Dpto.



de Física de Materiales and Instituto de Ciencia de Materiales Nicolás Cabrera, Universidad Autónoma de Madrid, 28049 Madrid (Spain) 2Instituto de Física de la Materia Condensada (IFIMAC), Universidad Autónoma de Madrid, 28049 Madrid (Spain)



*e-mail: [email protected] We have studied the movement of a polariton condensate along a one dimensional microcavity structure. We observe fringes in the time-resolved photoluminescence (PL) images due to the interference between polaritons back-scattered by sample defects and the main polariton wave packet. We are able to eliminate these undesired fringes filtering the polariton emission in the reciprocal space, selecting the wave-vector of the propagating polaritons. Such a cleaning of the PL images paves the way for the study of other interference phenomena, similar to those described in Ref. [1]. Even though there is only one condensate moving along the ridge, we observe clear fringes in the real space PL maps. They are the result of the interference between the polaritons travelling in the main stream, with a k wave vector, and those reflected by the defects encountered on their trajectory, with a –k wave vector. It is possible to eliminate the fringes removing the light emitted by polaritons with –k wave vector by means of an adjustable-width slit (see Fig. 1). The polariton condensate is optically excited by means of a 2 ps pulse, obtained from a Ti:Al2O3 laser and is kept at 10 K inside a cryostat. The PL is imaged and time-resolved using a combination of a spectrometer and a streak camera. The real-space PL map is collected using a pair of lenses. An additional set of three lenses are inserted in the setup in order to filter the kspace appropriately and to collect the k-space PL map. We send the excitation beam to the center of a quasi-one dimensional microcavity structure (ridge). The large population created results in a local blue shift in the photonic potential that expels polaritons away from the excitation area. We follow the movement of polaritons along the ridge, having access to their complete dynamics.



Figure 1: Polariton condensate space and time-resolved PL maps, obtained in a microcavity ridge. The left panel shows the unaltered PL image, while the right panel displays a filtered PL map, from which –k wave vector polaritons have been removed.
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[1] C. Antón et al., Phys. Rev. B 90, 081407(R) (2014).
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