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Quantum spintronics with diamond defects 

 
Jörg Wrachtrup 

 
 3rd Institute of Physics, Stuttgart University 

 
Spin defects in diamond are well-controlled quantum systems with potential 
application in quantum information processing and precision sensing. Especially 
the spin photon interaction in the system allow for its highly flexible and versatile 
use in quantum memory and repeater applications. On the other hand, the system 
is ideally suited to develop novel quantum probes. Quantum physics ultimately 
limits the precision of measurements. While ingenious work has been done to 
explore limits in precision measurements, little application and demonstration of 
quantum-limited sensing is at hand. Recently developed quantum control 
techniques originally targeting quantum information processing and 
communications show strategies to control quantum states and make them useful 
for sensing. Furthermore, specifically designed quantum states can enhance 
sensing precision. The talk shall describe nanoscale sensing of electric, magnetic 
fields, temperature etc. utilizing spin quantum sensors. Applications in various 
areas including solid-state physics will be discussed. 
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Towards computational design of correlated materials 
 

Roser Valenti 
 

Institut für Theoretische Physik,Universität Frankfurt, Germany 
 
 

The combination of ab initio density functional theory with  dynamical mean 
field theory (DFT+DMFT) has been proven to be  a powerful approach for 
describing correlation effects in solid state systems at the microscopic level. 
In this talk we will focus on recent progress on this method and its 
application to known unconventional superconductors such as Fe-pnictides, 
or organic charge-transfer salts as well as use its predictive power for 
possible new correlated Dirac metals [1-5]. 
 
    [1]  I. I. Mazin et al. Nature Communications 5, 4261 (2014) 
    [2]  S. Backes et al. New J. Phys. 16, 083025 (2014) 
    [3]  D. Guterding et al. Phys. Rev. B 91, 041112(R) (2015) 
    [4]  J. Ferber et al. Phys. Rev. B 89, 205106 (2014) 
    [5]  J. Glasbrenner et al. Nature Physics (in press) (2015) 
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Polariton quantum fluids in 

microstructured semiconductor cavities 
 

Jacqueline Bloch 
 

Laboratoire de Photonique et de Nanostructures, LPN/CNRS 
Route de Nozay, 91460 Marcoussis, France 

Jacqueline.bloch@lpn.cnrs.fr 
  
At the frontier between non-linear optics and Bose Einstein condensates, 
semiconductor microcavities have opened a new research field, both for 
fundamental studies of bosonic quantum fluids in a driven dissipative system, and 
for the development of new devices for all optical information processing. Optical 
properties of semiconductor microcavities are governed by bosonic quasi-particles 
named cavity polaritons, which are light-matter mixed states. Cavity polaritons 
propagate like photons, but interact strongly with their environment via their matter 
component.  Patterning of semiconductor microcavities on a micron scale allows 
confining polaritons in photonic circuits or in lattices.  
In this talk, I will illustrate the diversity of physical problems that can be addressed 
in this non-linear photonic system using patterned microstructures.I will show that 
taking advantage of the giant non-linearities induced by polariton interaction it is 
possible to realize photonic circuits in which coherent polaritons are propagated 
and optically manipulated. 
The second part of the talk will be dedicated to the physics of polaritons in lattices. 
I will show that we can engineer lattices for polaritons and thus develop a new 
platform for the emulation of complex Hamiltonians. Lattices presenting geometric 
phase frustration or Dirac cones and edge states will be discussed. We will also 
address non-linear dynamics induced by interaction and dissipation in this system. 
 
         
References: 
 
 [1]  Spontaneous formation and optical manipulation of extended polariton 
condensates, E. Wertz, et al., Nat. Phys. 6, 860 (2010) 
[2] Realization of a double barrier resonant tunneling diode for cavity polaritons, H-
.S. Nguyen et al., Phys. Rev. Lett. 110, 236601 (2013) 
[3] All-optical phase modulation in a cavity-polariton Mach-Zehnder interferometer, 
C. Sturm et al., Nature Commun. 5, 3278 (2014) 
[4] Fractal energy spectrum of a polariton gas in a Fibonacci quasi-periodic 
potential, D. Tanese et al., Phys. Rev. Lett. 112, 146404 (2014) 
[5] Direct observation of Dirac cones and a flatband in a honeycomb lattice for 
polaritons, T. Jacqmin et al., Phys. Rev. Lett. 112, 116402 (2014) 
[6] Bosonic condensation in a flat energy band, F. Baboux et al., arXiv:1505.05652 
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CMOS platform for silicon spin qubits 

 
S. De Franceschi 

 
CEA-INAC and Université Grenoble Alpes, 17 Rue des Martyrs, F-38000 

Grenoble, France 
 
The implementation of silicon spin qubits onto an industrial CMOS platform may 
largely facilitate their development into large-scale integrated quantum circuits. 
With this idea in mind, we have recently shown that both few-electron and few-hole 
quantum dots can be formed in silicon nanowire transistors based on industrial-
scale, 300-mm silicon-on-insulator technology. I will present the first realizations of 
double quantum dots in dual-gate nanowire transistors. We have observed the 
spin-blockade effect (useful for spin readout) and obtained the experimental 
signatures of hole-spin resonance. In the case of holes, g-factors are found to be 
anisotropic and gate dependent providing a pathway to electrically driven spin 
manipulation via the g-tensor modulation resonance mechanism. In addition to 
transport measurements I will present data obtained with a dual-gate reflectometry 
setup. This alternative approach, besides enabling sensitive and faster readout of 
the quantum dot states, is better suited for future multi-qubit integration.   
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Control of the spin to charge conversion using Rashba 

coupling at the interface between non-magnetic materials 
 

Soraya Sangiao1,2, José María De Teresa2,3, Luis Morellón2, Irene Lucas2, María-
Carmen Martínez-Velarte2 and Michel Viret1 

 
1 Service de Physique de l’Etat Condensé, CEA Saclay, DSM/IRAMIS/SPEC, bat. 

772, CNRS URA 2464, F-91191 Gif-sur-Yvette, France  
2 Laboratorio de Microscopías Avanzadas (LMA), Instituto de Nanociencia de 

Aragón (INA) and Departamento de Física de la Materia Condensada, Universidad 
de Zaragoza, 50018 Zaragoza (Spain) 

3 Instituto de Ciencia de Materiales de Aragón (ICMA), Universidad de Zaragoza-
CSIC, Facultad de Ciencias, 50009 Zaragoza (Spain) 

 
Classical spintronics relies on the generation and manipulation of spin polarized electrical 
currents and its conversion into conventional electrical currents. The standard mechanism 
to produce such conversion is the Inverse Spin Hall Effect (ISHE) [1], but it has been 
recently understood that spin currents can also be generated or transformed in non-
magnetic materials using the spin-orbit coupling interactions opening a new field called 
spin-orbitronics [2]. 
Using the intrinsic symmetry of the Inverse Rashba Edelstein Effect (IREE) in a Bi/Ag 
interface, with a strong Rashba coupling, the spin current injected into this interface from a 
ferromagnet by spin pumping is found to be efficiently transformed into charge current via 
the IREE and we have shown that it is possible to control the sign of the spin to charge 
conversion by choosing the order of the Ag and Bi stacking [3]. This confirms the IREE 
nature of the conversion of spin into charge in these interfaces and opens the way for 
future research on design of spintronic devices, where controlled generation and detection 
of spin currents are required. 
 
 
 

 
Schematics of the Fe/Bi samples for ISHE measurements (a) and the Fe/Bi/Ag samples for 

the IREE measurements (b). (c) Sketch of the experimental configuration. The dc field is 
along y and the rf field along x, the spin current is injected into the Bi layer through the Fe 

oxide layer. 
 
References 
[1] S. O. Valenzuela et al., Nature 442, 176 (2006). 
[2] J. C. Rojas-Sanchez et al., Nature Communications 4, 3944 (2013). 
[3] S. Sangiao et al., Applied Physics Letters 106, 172403 (2015). 
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Spintronic functionalities in multiferroic systems 

 
I. Fina 

 
 ICN2-BIST  

Institut Català de Nanociència i Nanotecnologia and The Barcelona Institute of 
Science and Technology, Campus UAB, 08193 Bellaterra (Barcelona), Spain  

 
During the last decade, in the field multiferroic (MF) materials, several systems 
have shown the coexistence of electric and magnetic order with coupling between 
them. Spintronics is a still emerging field that can take great benefit of these 
findings, in particular those related to the oxide single-phase multiferroics and/or 
heterostructures, where new strategies to overcome well-known problems can be 
found. The combination of both fields knowledge, and only this, will trigger the 
design of new spintronic based devices with less power consumption and less 
energy dissipation. However, direct evidences of spintronic functionalities modified 
by electric field in multiferroic systems are not abundant. We present direct 
demonstration of the presence of spintronic functionalities [anisotropic 
magnetoresistance (AMR) and tunnel magnetoresistance (TMR)] and their electric-
field induced modification in several MF systems that are of interest for further 
studies.  
 
First, we will focus on the occurrence of AMR at the ferroelectric domain walls of an 
archetypical MF, i.e. BiFeO3 (BFO), showing that BFO conductive domain walls 
display hysteretic AMR. This effect results from the ferromagnetic nature of domain 
walls magnetically coupled to the antiferromagnetic domains of BFO, which reveals 
that, in fact, domain walls behave as a nanometric spinvalve. [1] We have also 
studied two equivalent MF systems (both bilayers of ferromagnetic La1-xSrxMnO3 
(LSMO) and ferroelectric  PZT) with radically different degree of crystallinity. The 
first one is an epitaxial system; and we show important changes on AMR stemming 
from the change on LSMO magnetic properties are observed. Interestingly, we 
have observed that in the second one, a non-epitaxial system, similar results can 
be obtained, at the same time that an important modulation of the TMR appearing 
between grains can be modulated by field effect. [2,3]  Finally, and still related to 
TMR, we will talk about the spinvalve functionality that naturally appears in a MF 
(LSMO/PbTiO3/Co) magnetic tunnel junction together with important TER effect of 
unexpected magnitude.[4,5] 
 
To sum up, several demonstrations of the electric field modulation of spintronic 
functionalities have been studied shortening the path towards the appication of 
multiferroic materials in comercial devices. 
 
[1] J. H. Lee, I. Fina, et al. Adv. Mat. 26, 7078 (2014); [2] D. Preziosi, I. Fina, et al. 
Phys. Rev. B 90, 125155 (2014) ; [3] I. Fina et al., Scientific Reports 5, 14367 
(2015);[4] A. Quindeau,..., I. Fina, et al., Scientific Reports 5, 9749 (2015);  [5] A. 
Quindeau,..., I. Fina, et al., Phys. Rev. B 92, 035130 (2015).  
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Spin configuration of a single magnetic nanowire 
 

Cristina Bran1, Eider Berganza1, Ester Palmero1, Rafael P del Real1,  
Agustina Asenjo1 and Manuel Vazquez1 

 
1 Institute of Materials Science of Madrid, CSIC, 28049 Madrid, Spain 

 
 

The magnetic configuration of individual nanostructures and the full manipulation 
of their reversal process becomes essential for the progress in advanced information 
storage, logic systems and sensing devices [1-2].  
The spin configuration of individual cylindrical nanowires with new designed geometry has 
been investigated. The modulated in geometry and composition Co-based nanowires, 
electrodeposited into the pores of alumina membranes, have been released from the 
membranes and studied individually. The combination of direct photoemission and 
transmission information from XMCD-PEEM allows resolving the surface and the internal 
magnetic structure of cylindrical nanowires in a single experiment, revealing the spin 
configuration from both the shell and the core. 
The effect of competing anisotropies on the magnetic domain configuration is analyzed. In 
the nanowires with cubic symmetry the magnetocrystalline anisotropy overcomes the shape 
anisotropy, which redirects the magnetization along the nanowire axis. MFM and XMCD 
images show a strong magnetic contrast at the ends of the wire and a weaker contrast along 
the wires that seems to match the position of each modulation. Although the easy axis of 
the magnetization is along the axial direction and the remanent configuration is a single 
domain state, the magnetization of the nanowires is not homogeneous (Fig.1). The pinning 
effect of the periodic diameter modulations on the domain wall propagation is determined. 

 
Fig1. MFM image of a single modulated FeCo wire. The insert shows the SEM picture. 

 
On the other hand, in the nanowires with strong magnetocrystalline anisotropy the easy axis 
of the magnetization can be redirected perpendicular to the nanowire axis. In this case 
magnetic domains are formed all along the nanowire axis, in good agreement with 
micromagnetic simulations. 
 
[1] D. A. Allwood, G. Xiong, C. C. Faulkner, D. Atkinson, D. Petit and R. P. Cowburn, Science, 309, 1688-
1692 (2005). 
[2] S. Da Col, S. Jamet, N. Rougemaille, A. Locatelli, T. O. Mentes, B. Santos Burgos, R. Afid, M. Darques, 
L. Cagnon, J. C. Toussaint, and O. Fruchart,  Phys. Rev. B 89, 180405(R) (2014). 
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Electronic structure of two dimensional electron gases at the 
surface of complex oxides  

 
Flavio.Y. Bruno1, S. McKeown Walker1, Z. Wang2,	A. de la Torre1, S. Ricco1,													A. 
Tamai1, T. K. Kim3, M. Hoesch3, M. Shi2, M. S. Bahramy4, P. D. C. King5 and       F. 

Baumberger1,2 
	

1 Department of Quantum Matter Physics, University of Geneva (Switzerland) 
2 Swiss Light Source, Paul Scherrer Institute, 5232 Villigen (Switzerland) 

3 Diamond Light Source, Harwell campus, Didcot OX11 0DE (United Kingdom) 
4Quantum-Phase Electronics Center, University of Tokyo (Japan) 

5School of Physics and Astronomy, University of St Andrews (United Kingdom) 
 

Doping the band insulators SrTiO3 (STO) and KTaO3 (KTO) by chemical substitution or by 
the creation of oxygen defects induces metallicity and even superconductivity at 
exceptionally low carrier densities. This underlines the importance of many body physics in 
the low-density bulk crystal. The discovery of a two dimensional electron gas (2DEG) at 
the LaAlO3/STO interface, and superconductivity in the surface of electrolyte-gated KTO 
crystals has thus attracted much attention as it promises the realization of quantum many-
body states in a platform suitable for all-oxide electronic devices. When exposed to 
synchrotron radiation, the bare surface of KTO and STO single crystals also supports this 
2DEG. In this talk I will report on direct measurements of the 2DEG band structure using 
high resolution angle-resolved photoemission (ARPES) [1]. Moreover I will show that it is 
possible to create and fully deplete the 2DEG by alternate in-situ exposure of the surface 
to light and small doses of oxygen [2]. Finally I will address the differences and similarities 
between the electronic structure of the 2DEG found in KTO and STO [3]. 
 

 

References 
[1] S. McKeown Walker, F.Y. Bruno, et al., Phys. Rev. Lett. 113, 177601 (2014). 
[2] S. McKeown Walker, F.Y. Bruno, et al., Adv. Mat. 27, 3894  (2015). 
[3] F.Y. Bruno, et al., in preparation (2015). 

Electronic structure of the 2D electron gas in SrTiO3 (001).	 a) Energy momentum 
dispersion plot measured in the second Brillouin zone. b) Tight binding supercell 
calculations (black). The three light bands (L1, L2, L3) and the heavy band (H1) 
resolved in the ARPES measurement are marked in gray, green, blue, and orange, 
respectively. 
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Chemical Methods to Nanoengineer Ferroelectric Perovskite Oxide 
Thin Films for Emerging Energy Applications 

 
Mariona Coll, Bernat Mundet, Jaume Gazquez, Xavier Obradors, Teresa Puig 

 
 

Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus UAB, 
08193, Bellaterra, Spain 

 
Perovskite oxides are extremely sensitive to subtle changes in structure, thickness, strain 

or composition; therefore, achieving perfection at an atomic scale through controlled 
growth and precision engineering plays a critical role to the performance of a device. 

BiFeO3 (BFO) holds great potential as robust, stable, lead-free material that 
simultaneously presents ferroelectric and magnetic order at room temperature. Recently, 

ferroelectric materials have attracted increased attention as a candidate class of materials 
for use in photovoltaic devices. Interestingly, A- and B- site engineering (ABO3) can 

strongly modify their properties such as leakage current, ferroelectric properties and even 
the band gap. From a theoretical point of view, Bi-based perovskites (i.e. BiCoO3) can offer 

large variations in crystal symmetries, polarity, magnetic and ferroelectric properties 

(Ps=175 µC/cm2 and band gap of 0.9 eV), however, most of them can only be prepared at 
high-pressure high-temperature conditions and with low Co content. Advances in thin-film 

growth techniques provide routes to structure and phases that are inaccessible by 
traditional deposition methods and allow the properties of existing materials to be modified. 

The unique characteristics of conformality, atomic scale control and low temperature 
deposition that atomic layer deposition technique (ALD) offers, can have direct 

technological applications: well controlled interfaces, smaller and more demanding 
structures (3D architectures), increased density of devices and integration in multilayer 

systems. However, ALD of ternary oxides such as perovskite oxides is still in its early 
stages. Here we study for the first time the low temperature epitaxial stabilization (<300ºC) 

of Bi1-x(Fe,Co)xO3 (BFCO) thin film solid solutions by ALD.[1] As-deposited nanocrystalline 

films show piezoelectric response that is enhanced after post annealing treatments. 
Structural properties have been evaluated by x-ray diffraction and scanning transmission 

electron microscopy. From spectroscopic ellipsometry measurements it has been identified 
variations in the band gap values towards visible-light range with Co doping. Therefore, 

ALD is offering an attractive route to tune BFO-based materials for solar energy 
harvesting.  

[1] M. Coll, J. Gazquez, I. Fina, et al.  Chem. Mater. 27 (18), pp 6322–6328 (2015) 
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Orbital Magnetism, Spin-Orbit and Structure Effects on 
Irididates  

 
M. A. Laguna-Marco 1, P. Kayser 2, J. A. Alonso 2, Y. Choi 3, N. M. Souza-Neto 3  

and D. Haskel 3 

 
 1  Instituto de Ciencia de Materiales de Aragón and Dpto de Física de la Materia 

Condensada, CSIC - Universidad de Zaragoza, Zaragoza 50009 (Spain) 
2 Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid 28049 (Spain) 

 3 Advanced Photon Source, Argonne National Laboratory, IL 60439 (USA) 
 

 
The electronic ground state and magnetism of Ir(5d) states in iridium oxides A2MIrO6  (A = 
Sr, La; M = Mg, Ca, Sc, Ti, Ni, Fe, Zn, In) and (Ba,Sr)IrO3 are probed by using element- 
and orbital-specific L2,3 edge x-ray absorption and magnetic circular dichroism as well as  
x-ray and neutron diffraction and magnetization measurements [1,2]. All these compounds 
present a significant influence of spin-orbit interactions in the electronic ground state. On 
the other hand, comparison between different A2MIrO6 compounds indicates that the Ir(5d) 
local magnetic moment shows different character depending on the oxidation state. In 
particular, Ir carries an orbital contribution comparable (or even bigger) to the spin 
contribution for Ir4+ and Ir5+ oxides. However, the orbital contribution is quenched for Ir6+ 
samples. The results in A2MIrO6 also indicate that Ir actually carries a significant local 
(atomic) magnetic moment whereas the value of the net magnetization is much smaller 
and strongly dependent upon the structural details in each double perovskite. The delicate 
interplay between lattice degrees of freedom, electronic bandwidth and exchange 
interactions in iridium oxides is further illustrated by the disparate response of the magnetic 
and transport properties of BaIrO3 to chemical (doping) and physical pressure.  
 
 

 
References 
[1] M. A. Laguna-Marco, P. Kayser, J.A. Alonso, M.J. Martínez-Lope, M. van Veenendaal, 
Y. Choi and D. Haskel. Phys. Rev. B. 91, 214433 (2015) 
[2] M. A. Laguna-Marco, G. Fabbris, N. M. Souza-Neto, S. Chikara, J. S. Schilling, G. Cao, 
and D. Haskel. Phys. Rev. B. 90, 014419 (2014) 
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Pulsed	Laser	Deposition	Vs	Chemical	Solution	Method	

	High	quality	magnetic	heterostructures	
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Magnetic oxide heterostructures have been focus of intense research since plenty of 
different physical effects can show up depending on the quality of the different layers and 
their interfaces. This kind of heterostructures is normally fabricated using Physical Vapor 
Deposition (PVD) methods such as Pulsed Laser Deposition (PLD). PLD is a suitable 
deposition technique that allows growing sharp and clean interfaces from stoichiometric 
targets. Here we show a Chemical solution method (Polymer Assisted Deposition-PAD) as 
a competitor to obtain high quality interfaces for MTJ heterostructures. In this work we 
show two examples of materials deposited by PAD that can really compete with the quality 
obtained in similar samples obtained by physical methods. On one hand we report 
magnetic and electronic transport measurements across epitaxial bilayers of ferromagnetic 
insulator LaCoO3 and half-metallic ferromagnet La2/3Sr1/3MnO3 (LCO/LSMO: 3.5 nm/20 
nm). The I−V curves at room temperature and 4K measured with conducting atomic force 
microscopy (CAFM) on well-defined patterned areas exhibit the typical features of a 
tunneling process. The curves have been fitted to the Simmons model to determine the 
height (φ) and width (s) of the insulating LCO barrier. The results yield φ = 0.40 ± 0.05 eV 
(0.50 ± 0.01 eV) at room temperature (4K) and s = 3 nm, in good agreement with the 
structural analysis [1]. On the other hand, we have compared CoFe2O4 (CFO) thin films 
prepared by PLD and PAD. CFO is an interesting and complicated material whose interest 
lies on the fact that this inverse spinel is an attractive high magnetostrictive insulating 
material with large Curie temperature Tc and proved spin-filter efficiency [2-4]. Depending 
on the strain induced by the substrate and on the deposition conditions, the inversion 
degree of the spinel can be modified [5,6] modifying both magnetic and electric properties 
of CFO. Therefore, reproducibility and control of the inversion degree turns to be an 
important issue to address. Here we demonstrate that CFO samples deposited by PLD are 
extremely sensitive to any change in deposition conditions while CFO obtained by PAD is 
much more reproducible. These results show PAD is a potential alternative method to the 
physical ones. 
 
References 
[1] I. Lucas, et al. ACS Appl. Mater. Interfaces. 6, 21279�21285 (2014) 
[2] R.M. Borzorth, et al. Phys. Rev. 99, 1788 (1955) 
[3] Y. Chen, et al. IEEE Transactions on Magnetics 35, 3652 (1999) 
[4] A.V. Ramos, et al. Appl. Phys. Lett. 91, 122107 (2007) 
[5] Y.H. Hou, et al. J. Phys. 82, 1539 (2010) 
[6] D. Fritsch et al. Appl. Phys. Lett. 99, 081916 (2011) 



Surface Nanoelectromechanics: imaging and spectroscopy of piezoelectric, 
piezoresistive and ferroelectric properties at the nanoscale. 

N. Domingo1 

1 Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona Institute of 
Science and Technology, Campus UAB, Bellaterra, 08193 Barcelona, Spain 

Electrical and mechanical stimulus induced by the tip of an Atomic Force Microscope 
(AFM) is the basis for the generation and detection of different types of 
phenomenologies; from imaging ferroelectric ordering of thin films or single crystals to 
piezoelectric or even piezoresistive characterization, where the tip is used as an anvil 
cell to apply extremely high loads. Piezoresponse Force Microscopy (PFM) is based on 
the mechanical detection of electrical induced stimulus. Versatility of PFM, which 
allows combined measurements of polarization with other relevant properties such as 
conductivity, made it a method of choice for addressing various problems of solid state 
physics and nanotechnology. Beyond the imaging skills, the surface sensitivity of PFM 
allows for the study of skin effects, commonly observed in different types of single 
crystals as regions close to the surface with structural and functional properties also 
different from that of the bulk. PFM can also be applied to study piezoelectric 
properties in semiconductor nanostructures or piezochemical effects due to the 
dynamics of ionic systems or oxygen vacancies distributions. And beyond those, the 
mechanical effect of an AFM tip can generate from flexoelectric fields to insulator-to-
metal transitions by applying uniaxial pressures to the material, which can be applied to 
mechanical writing of ferroelectric polarization or piezoresistance characterization.     

In this presentation I will introduce the use of AFM based modes for general surface 
electromechanical studies giving examples of the different cited phenomena; I will 
overview the main features that characterize skin layers observed in different types of 
ferroelectric single crystals, from multiferroic materials such as BiFeO3 [1] to different 
examples of ferroelectric-relaxors such as PZN-PT,[2] I will show the piezoelectric 
properties of semiconductor materials such as ZnO in the shape of thin films and 
nanowires and the piezochemical properties of LAO/STO interfaces. Finally I will 
broach the effect of tip uniaxial pressure and strain gradients in insulator-to-metal 
transition of Sr2IrO4.[3]  

[1]	N.	 Domingo,	 J.	 Narvaez,	M.	 Alexe,	 G.	 Catalan,	 Local	 properties	 of	 the	 surface	 layer(s)	 of	
BiFeO3	single	crystals,	Journal	of	Applied	Physics,	113	(2013)	187220.	
[2]	 N.	 Domingo,	 N.	 Bagués,	 J.	 Santiso,	 G.	 Catalan,	 Persistence	 of	 ferroelectricity	 above	 the	
Curie	temperature	at	the	surface	of	PbZ1/3Nb2/3O3-12%PbTiO3,	Physical	Review	B,	91	(2015)	
094111.	
[3]	N.	 Domingo,	 L.	 Lopez-Mir,	M.	 Paradinas,	 V.	 Holy,	 J.	 Zelezny,	 D.	 Yi,	 S.J.	 Suresha,	 J.	 Liu,	 C.	
Rayan	 Serrao,	 R.	 Ramesh,	 C.	 Ocal,	 X.	 Marti,	 G.	 Catalan,	 Giant	 reversible	 nanoscale	
piezoresistance	at	room	temperature	in	Sr2IrO4	thin	films,	Nanoscale,	7	(2015)	3453-3459.	
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NanoSQUID sensors applied to the investigation of topological 
magnetic states 
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We present the realization of ultra-sensitive YBCO and Nb nanoSQUIDs which can be 
operated in strong magnetic fields. YBCO SQUIDs are based on submicron grain 
boundary junctions and have been patterned by focused ion beam milling, whereas Nb 
SQUIDs consist of SNS sandwich-type junctions based on Nb/HfTi/Nb technology 
patterned by e-beam lithography. A Nb-based three-axis vector magnetometer consisting 
of three mutually perpendicular SQUIDs loops is also presented. The latter allows 
measuring the three orthogonal components of the magnetic vector. White flux noise down 
to ~50 nF0/Hz1/2 has been achieved, yielding spin sensitivities of down to a few µB/Hz1/2. 
Moreover, we demonstrate that magnetic fields up to the tesla range can be applied. Our 
efforts focus now on the development of reliable techniques for controlling the position of 
magnetic nano-systems with respect to the SQUID, which ultimately limits the optimum 
spin sensitivity of the devices. As an example we present the successful deposition of a 
Fe-filled carbon nanotube and individual Co nanodots close to the YBCO nanoSQUID loop 
enabling the detection of the magnetization reversal of these particles. Current studies 
include the development of flux-closing states in mesoscopic magnetic tubes and discs. 
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In this talk I will show how elastic deformations couple to the electronic degrees of freedom 
in Weyl semimetals as pseudo chiral gauge fields. By using a simple tight-binding model, I 
will also discuss some consequences of this particular form of electron-phonon coupling in 
the physical properties of Weyl semimetals, like for instance, a new mechanism for 
generating phonon Hall vicosity. 
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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]. Here we report on the possibility of 
stimulating also a type II superconductors, in which the radiation may cause a nonlinear 
response of the vortex core [3]. 

 
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 
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  A sub-Kelvin scanning tunneling microscope (STM) allows us to build atomic model 
structures to engineer Spin Hamiltonians. I will present how to manipulate atoms of 
different transition metal elements and construct atomic chains with different composition 
and size. These chains form a highly correlated spin doublet ground state exhibiting a 
Kondo resonance. We studied temperature and magnetic field dependence to confirm the 
Kondo effect in this composite magnetic system. It is revealed that the occurrence of the 
Kondo resonance sensitively depends on the length of the atomic chain and the spin 
anisotropy energy of each atom. DFT calculations and transport simulations in 2nd order 
Born approximation are carried out to describe the system. We build chains with different 
elemental composition and obtain various spin ground states. In this way, we can tailor the 
doublet ground state on and off. Such composite magnetic chains present a fruitful 
experimental model spin system to explore many-body effects and make it possible to 
engineer real-world implementations of complex Spin Hamiltonian. 
  By combining radio-frequency circuitry with sub-Kelvin STM, fast electric pump-probe 
pulses of nanosecond duration can be introduced into the tunneling junction with high 
fidelity. I will show how to apply this technique to study dynamics of Fe trimers which can 
be assembled with the tip of the STM by placing Fe atoms in a regular pattern on copper 
nitride surface on Cu(100). The spin relaxation time of Fe trimers is found to be extremely 
sensitive to variations in their environment. This sensitivity can be used to sense the 
presence of another spin. By attaching a transition metal atom to the STM tip and 
approaching it to the nanostructure on the surface we deduce the coupling strength 
between the magnetic atoms. Furthermore, the magnetic state of long-lived spin chains 
can be sensed even at several nanometers distance by minute changes of the Fe trimer's 
spin relaxation time. This work paves the way to study and control spin dynamics of 
nanostructures with precisely tunable spin environments. 
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Submolecular resolution accomplished by atomic force microscopy (AFM) has recently 
attracted considerable attention [1,2] because its potential to unveil the chemical structure 
of unknown molecules, characterise charge distributions  and bond ordering within 
molecules, as well as to study chemical transformations  and intermolecular interactions. 
So far, most of these achievements make use of planar molecules because high-resolution 
imaging of three-dimensional (3D) surface structures with AFM remains challenging. Here 
we present a general method for submolecular imaging of non-planar molecules and the 
study of 3D surface systems with atomic resolution using a cantilever-based AFM [3]. We 
demonstrate this method by characterising the step-edges of a TiO2(101) anatase surface 
at atomic scale[4], by simultaneously visualising the chemical structure of a pentacene 
molecule together with the atomic positions of the substrate [Fig.1 left] , and by resolving 
the chemical structure of a C60 molecule [Fig. 1 right] with submolecular resolution. 
 

 
Figure 1: Atomic force microscopy images displaying submolecular resolution in individual 
pentacene (left) and C60 (right) molecules (3x3 nm2). 
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Fischer-Tropsch synthesis is the heterogeneous catalytic reaction that provides 2% of the 
world production of gasoline. In the presence of a catalyst, linear hydrocarbon molecules 
are synthesized from a mixture of the gases carbon monoxide and hydrogen (1:2, mixture 
called syngas) at pressures from a few to tens of bar and temperatures between 200°C 
and 350°C. As the core of the gas to liquid process, this reaction has an enormous 
industrial relevance as it is an alternative to the high quality fossil fuel sources and due to 
the low sulfur content of the fuel obtained by this process. A fundamental understanding of 
this reaction is important to introduce small improvements in the process and although 
those might be modest, the economic impact can be extraordinary.  
 
Surface Scientists have been studying catalytic systems for decades using surface 
sensitive techniques that typically work under vacuum conditions. The pressure difference 
between traditional vacuum studies and FT industrial conditions, the “pressure gap”, can 
be as high as thirteen orders of magnitude. Even though the studies in vacuum are very 
didactical and have contributed to our fundamental understanding of the elementary 
processes underlying catalysis, this pressure gap may lead to important differences on 
fundamental reaction mechanisms in the laboratory and in the industry. It is therefore 
essential to study catalyst at the atomic scale under conditions close to the industrial ones. 
 
In order to understand the molecular aspects of this important industrial process we have 
followed a cobalt model catalyst, Co(0001), during reaction using a scanning tunneling 
microscope under realistic conditions: 4 bar of syngas and 220°C. In our studies we have 
observed different aspects of the reaction happening on the model catalytic surface. In the 
work I will present here we focus on the accumulation of products on the Co(0001) surface. 
We have observed how after 30 minutes of reaction, lamellae appear on the catalyst’s 
surface consisting of what we believe are the linear alkanes produced in the FT process. 
Ordered domains of these self-assembled structures were found over the terraces of the 
cobalt single crystal. Surprisingly, the length of the molecules in the lamellae has a narrow 
distribution of 14 or 15 carbon atoms long. We introduce a simple model that describes the 
formation of the alkanes monomer-by-monomer, and that explicitly accounts for the 
thermal desorption of the synthesized molecules. The combination of these two effects 
explains the natural length selection of molecules over the surface. Our observation shows 
the role that self-assembly may play in the activity and selectivity in Fischer-Tropsch 
synthesis under realistic conditions. 
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Future advances in nanotechnology rely in part on our ability to accurately engineer 
high quality oxide-based epitaxial nanostructures with customizable functionalities.[1] 
However, control of properties at the nanoscale remains a challenge due to the critical 
influence of structural defects that proliferate at the ultrathin level, such as surface 
roughness or antiphase boundaries. Here[2] we demonstrate a route for fabricating 
structurally perfect cobalt ferrite magnetic nanostructures: ultrathin islands of up to 100 
µm2 with atomically flat surfaces and free from antiphase boundaries. The extremely low 
defect concentration leads to a robust magnetic order -even for thicknesses below 1 nm- 
and exceptionally large magnetic domains. Our approach allows evaluating the influence 
of specific extrinsic effects on the magnetic properties revealing the intrinsic properties of 
the pristine material in the ultrathin regime. It can be extrapolated to other complex oxide-
based heterostructures, opening fascinating opportunities from basic and applied 
standpoints. 
 

 
Low-energy electron microscopy (LEEM), Atomic force microscopy (AFM) and 

photoemission electron microscopy combined with magnetic circular dichroism (XMCD-
PEEM) images of the same ultrathin islands showing morphological and magnetic domain 

structures. 
 
References 
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The absence of an electronic band-gap in graphene is the major obstacles for its use in the 
fabrication of efficient field effect transistors. To overcome this problem, quantum 
confinement and chemical doping are two of the most promising strategies. However, 
atomic precision in the final structures is required in order to obtain predictable and 
reproducible properties. It has been proven that this accuracy can be obtained using our 
on-surface bottom-up approach, which allows for the fabrication of atomically precise 
graphene nanoribbons (GNRs) as well as heterostructures [1-4]. Furthermore, this 
versatile method has been successfully applied to the fabrication of armchair GNRs 
(AGNRs) of different widths [5-7] – and consequently different band gaps – as well as 
more complicated structures like chevron GNRs [1]. However, one of the most interesting 
types of GNRs has remained elusive: GNRs with zigzag edges (ZGNRs). ZGNRs are 
predicted to exhibit intriguing electronic properties like the existence of localized edge 
states with antiferromagnetic ordering across the ribbon width, thus giving rise to spin-
polarized edges [8]. 
In this talk, I will show how our on-surface bottom-up approach can be extended to afford 
the fabrication of a new family of atomically precise 6-ZGNRs, edge-modified variants 
thereof, as well as cove-edged GNRs. Furthermore, it can also be used for the 
introductions of atomically precise substitutional doping in such structures. Special 
attention will be paid to the structural and electronic analysis of these nanostructures. 
 

 
STM images of different GNRs 
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Patterned thin films of Perpendicular Magnetic Anisotropy (PMA) materials are very 
interesting systems not only from a fundamental research point of view [1, 2] but also due 
to their technological applications [3]. The standard PMA materials usually present a 
dominant out-of-plane magnetization orientation and a characteristic magnetization 
configuration forming stripe domains. However, when the PMA effect becomes to be 
comparable with the thin film shape demagnetizing term (weak PMA materials), very 
interesting phenomena emerge. The resulting system becomes very sensitive to film 
thickness, supporting only stripe domains above a critical thickness value and exhibiting 
an in-plane magnetization behavior below it. In addition, the typical stripe domains present 
in these weak PMA thin films change their magnetization configuration from a pure out-of-
plane oscillation, characteristic of a conventional PMA material, to an in-plane/out-of-plane 
mixed one forming the so called weak stripe domains. This leads to the emergence of an 
unidirectional anisotropy along the stripe’s direction. The exploitation of these properties, 
directly by pattering weak PMA films [4] or by combining the later ones with soft magnetic 
materials [5], allows for the development of active magnetic systems. For instance, we 
have shown that by combining an anti-dot layer of a soft in-plane magnetic material with 
weak PMA dots, an exchange bias-like effect can be induced in the soft layer [5]. The 
weak PMA dots are the key factor to introduce the phenomenon but also they allow for 
completely tune it (even switch it off) by applying an external agent like a magnetic field. 
 
This work has been performed in a joint collaboration with J.M. Teixeira from University of 
Porto, G. Rodríguez-Rodríguez from IMDEA Nanociencia and C. Blanco-Roldán, L.M. 
Álvarez-Prado, C. Quirós, M. Vélez, H. Rubio , J.I. Martín, R.Cid and J.M. Alameda from 
University of Oviedo and CINN. 
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Recently, we found that the Metal-Organic Framework (MOF) material with formula 
Gd(OOCH)3 shows an extraordinarily large magnetocaloric effect (MCE), comparing 
favorably with conventional magnetic refrigerants for liquid-helium temperatures, such as 
the benchmark Gadolinium Gallium Garnet. [1] 
Here, we target a step forward toward the integration and exploitation of Gd(OOCH)3 in a 
micron-sized device for on-chip local refrigeration. Taking advantage of synthetic and 
technological strategies already developed for MOF materials, we have grown Gd(OOCH)3 
nano-crystals on Silicon surface by using pre-functionalization with Self-Assembled 
Monolayers of two thiols: MUDA (1) and MHDA (2). Thorough topographic, structural and 
chemical characterization by AFM, FESEM, XPS and out-of-plane X-Ray diffraction allows 
to confirm the successful growth of Gd(OOCH)3 and indicate a preferential orientation 
along the 110 crystallographic axis. Finally, we present SQUID magnetization 
measurements which confirm that the magnetic properties, and so the corresponding 
MCE, of the arrays of Gd(OOCH)3 nano-crystals on the Si surface are unchanged with 
respect to the bulk parent material. 

 
 

Isothermal magnetization data of the Gd(OOCH)3 grown on Si covered by MUDA (1) and 
MHDA (2) self-assembled monolayers. (Inset) FESEM transversal image of Gd(OOCH)3 
nano-crystals on Si surface. 
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The quest for on demand emission of linearly polarized single photons at high temperature 
from deterministically positioned sites based on solid state systems is essential for 
practical implementations of on-chip quantum information processing. 
This study presents site-controlled single photon emitters (SPEs) operating up to ~80 K in 
the blue-to-green spectral region. The SPEs are based on InGaN nano-disks embedded in 
hexagonally packed GaN nanowires (NWs) grown by plasma-assisted molecular beam 
epitaxy (Fig. 1(a)) [1]. The InGaN disks display narrow and almost fully linearly polarized 
QD-like emission lines in the micro-photoluminescence (µ-PL) spectra, originated from 
exciton localization centers formed by indium content fluctuations in the apices of the 
InGaN sections. The single-photon emission is demonstrated by strong antibunching in 
photon correlation experiments (Fig. 1(b)).  
The feasibility of time-controlled single photon emission is attested in individual NWs 
subjected to a surface acoustic wave (SAW) propagating on a piezoelectric lithium niobate 
substrate equipped with a SAW delay line [2]. These experiments show that the SAW 
strain and piezoelectric fields periodically tune the energy of QD excitonic transitions within 
a ~1.5 meV bandwidth, as evidenced by stroboscopic µ-PL spectroscopy (Fig. 1(c)). By 
collecting the photons in a narrow spectral window, the dynamic spectral tuning reported 
here can be readily used to control the QD emission times resulting in triggered SPE 
operating at the acoustic frequencies (up to several GHz) [3].     
     

 
Figure: (a) SEM and TEM images of NW heterostructures. (b) Photon antibunching from a 

single NW. (c) SAW tuning of the QD emission energy. 
 
References 
[1] E. Chernysheva et al., EPL 111, 24001 (2015)  
[2] S. Lazić et al., AIP Advances 5, 097217 (2015) 
[3] J.R. Gell et al., Appl. Phys. Lett. 93, 081115 (2008) 



		

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org	

 
 

Electron gas in nanowire-based radial heterostructures	
 

Miquel Royo1	
 

1 Institut de Ciència dels Materials de Barcelona (ICMAB), Campus de la UAB 
08193 Bellaterra, (Spain)	

 
 Multi-shell semiconductor nanowires (NWs) are attracting much interest due to their 
possible application as light harvesting devices, nanophotonic sources, and nanoscale 
FETs with novel geometries [1]. Their potential partly relies on the ability to host an axially 
symmetric high-mobility electron gas (EG), similar to traditional planar 2DEGs formed in 
modulation doped heterojunctions, but wrapped around the central core of the NW. 	
 In this contribution I will discuss the static and dynamic properties, both at zero field 
and in the Quantum Hall regime, of EGs grown in modulation-doped III-V NW 
heterojunctions. Calculations have been conducted within 3D effective mass DFT and 
TDDFT approaches on symmetry compliant grids. This enables one to treat explicitly the 
compositional profiles in complex core-multi-shell NWs with experimentally relevant 
dimensions.	
 I will show that depending on the density of remote dopants in the NW, the EG is 
spatially distributed in different configurations that expose a mixed dimensionality and the 
possible coexistence of quasi-2D layers, along the facets of the hetero-interface, and 
quasi-1D channels, along the edges [2]. As a consequence, the NW ballistic conductance 
is predicted to show characteristic features such as regions of negative magnetoresistance 
under transverse fields [3], or vanishings of the Aharonov-Bohm magnetoconductance 
oscillations observed under axial fields at specific chemical potentials [4].	
 One of the most important fingerprint of the EG formation is the detection of its 
collective excitations by, e.g., inelastic light scattering (ILS). We calculate the elementary 
excitations of the electron gas and estimate the experimental ILS cross section for different 
scattering geometries [5]. In light of these calculations, I will discuss the experimental  ILS 
spectra that led to the first demonstration of high-mobility electron gas formation in 
modulation-doped GaAs/AlxGa1-xAs core-multi-shell NWs [6]. 	
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Controlling the dynamics of magnetization in ferromagnetic (FM) thin films is 
essential to a new generation of wave-computing and on-chip communication 
devices working at high frequency and low power [1].  Nanometer scale electrical 
contacts to ferromagnetic thin films (STNOs) can carry sufficient current densities 
to excite magnetization dynamics through the spin-transfer-torque effect resulting 
in either localized or propagating short wavelength spin waves.  
 
Nontopological dissipative magnetic solitons known as magnetic droplet solitons 
are localized and stable magnetic structures consisting of a reversed core with a 
boundary of precessing spins [2]. Droplet solitons can be created in electrical 
nanocontacs to magnetic thin films and might provide a new means to carry and 
store information in magnetic materials. 
 
In this talk I will review recent advances in the study of magnetic droplet solitons 
[3,4]. How they can be stabilized with electrical currents and magnetic fields, how 
droplet solitons stability and dynamics depend on temperature, and finally I will 
show direct x-ray images of the droplet soliton profiles. 
 
 

	
Schematic plot of a spin torque nano-oscillator (STNO) and the creation of a droplet 
soliton. An electrical current flows through a nanocontact to a thin ferromagnetic layer (free 
layer, FL) and a spin-polarizing layer (PL) 
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In an electronic circuit, current can be generated by the conversion of heat absorbed from 
a hot region. In the absence of a magnetic field, such thermoelectric response requires 
broken left-right and particle-hole symmetries. We investigate the thermoelectric properties 
of a three-terminal quantum Hall conductor. We identify a contribution to the thermoelectric 
response that relies on the chirality of the carrier motion rather than on spatial 
asymmetries [1]. The Onsager matrix becomes maximally asymmetric with configurations 
where either the Seebeck or the Peltier coefficients are zero while the other one remains 
finite. Reversing the magnetic field direction exchanges these effects. Our results show 
that thermoelectric measurements are sensitive to the chiral nature of the quantum Hall 
edge states, opening the way to control quantum coherent heat flows. In particular, 
powerful and efficient energy harvesters can be proposed [1,2]. The possibility to generate 
spin-polarized currents in quantum spin Hall samples is also discussed. 
The effect of the chiral propagation affects the heat currents as well. Huge thermal 
rectification coefficients appear in three terminal configurations, which operate as ideal 
heat diodes [3]. 
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Combination of metallic nanostructures with graphene is envisioned to modify with 
accuracy and to confer extra functionality to the already extraordinary properties of 
graphene. Physical vapor deposition methods, such as magnetron sputtering or gas-phase 
aggregation techniques, are reliable methods to incorporate functional nanostructures. The 
gradual manipulation of the optical and electric properties in these hybrid materials is 
anticipated to give insight into the development of tunable sensors and other advanced 
electronic devices.  
Several examples are presented here, like the incorporation of Ag nanoparticles onto the 
graphene surface and growth of graphene on Ru nanoislands to generate metal 
nanostructure/graphene composites. An efficient n-type doping of graphene with gradual 
incorporation of silver nanoparticles is attained, even at low coverage level, which 
determines as well the conductivity of the graphene channel [1]. Furthermore, suitability of 
these systems in Ag/graphene and graphene/Ru is explored for potential development of 
biosensors based in Raman resonant mechanisms.[1,2]  
 

 
Evolution of Raman intensity and electronic properties of single layer graphene with 

gradual incorporation of Ag nanoparticles. 
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The outstanding electronic and mechanical properties discovered during the last 10 years 
have turned graphene (G) into the most promising material for a new technological 
revolution based on Nanoscience. Its 2D nature makes Scanning Probe Microscopes 
(SPM), in particular STM and AFM, the optimal tools to characterize their local electronic 
and mechanical properties at the atomic scale. SPMs are particularly advantageous to 
study these materials under realistic operating conditions, where we have to take into 
account how the “environment” --the coupling with the substrate underneath and the 
presence of defects and contaminants-- locally modifies their native properties. We 
demonstrate, in collaboration with the experimental group of I. Brihuega, the ability of the 
STM to characterize not only a G layer with atomic resolution but also the G-metal 
coupling: on G/Cu(111), both theory and experiments show that STM is able to 
simultaneously measure the surface Cu state and the Dirac cones of the G (see Fig. a-b), 
and, thus, provide local quantitative information on the G-Cu interaction [1]. Moreover, G 
on low interacting metals as Pt represents a perfect model to test the AFM capacity to 
sense the subtle variation of electronic properties associated with Moiré patterns. In G/Pt, 
the G structural corrugation is negligible (< 3pm) and the Moiré pattern is due to electronic 
effects. We have showed, in collaboration with J. M. Gómez-Rodriguez’s group, that the 
AFM is indeed able to display the Moiré pattern (Fig. c). The AFM contrast is linked the tip 
ability to probe the local mechanical properties, i. e. the G-Pt interaction that slightly 
depends on the Moiré position [2]. These works demonstrate that SPMs are able to 
accurately determine the local G-substrate coupling at the atomic scale.  
 

 
a) STM images of G on Cu(111). Tunneling to either G or Cu can be tuned adjusting the 
tip-sample separation. b) Energy dispersion of the Cu surface state and G isolated (black 
lines/dots) and for the G/Cu system (green) measured with STM (dots) and calculated with 
DFT (lines). c) AFM image of G on Pt(111). The Moiré pattern is disclosed due to the 
ability of the AFM to sense the G-Pt interaction at the atomic scale. 
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     Atomically-thin transition metal dichalcogenide (TMD) semiconductors have generated 
great interest recently due to their remarkable physical properties. In particular, reduced 
screening in 2D has been predicted to result in dramatically enhanced Coulomb interactions 
that should cause giant bandgap renormalization and excitonic effects in single-layer TMD 
semiconductors. Here we present direct experimental observation of extraordinarily high 
exciton binding energy and band structure renormalization in a single-layer of 
semiconducting TMD [1]. We have determined the binding energy of correlated electron-
hole excitations in monolayer MoSe2 grown via molecular beam epitaxy [2,3] on bilayer 
graphene (BLG) by using a combination of high-resolution scanning tunneling spectroscopy 
and photoluminescence spectroscopy. We have measured both the quasiparticle electronic 
bandgap and the optical transition energy of monolayer MoSe2/BLG, thus enabling us to 
obtain an exciton binding energy of 0.55 eV for this system, a value that is orders of 
magnitude larger than what is seen in conventional 3D semiconductors. In a more highly 
screened environment (on top of graphite), we find that single layers of MoSe2 show a 
strong 51% reduction in the exciton binding energy and an 11% reduction in the 
quasiparticle electronic gap, without significantly changing the optical gap. We have 
corroborated these experimental findings through ab-initio GW and Bethe-Salpeter equation 
calculations, which show that the large exciton binding energy arises from enhanced 
Coulomb interactions that lead to blue-shifting of the quasiparticle bandgap. We have also 
studied the role of interlayer coupling and layer-dependent carrier screening on the 
electronic structure [4] of few layer MoSe2. We find that the electronic quasiparticle bandgap 
decreases by nearly 1 eV when going from one layer to three. Our findings paint a clear 
picture of the evolution of the electronic wave function hybridization in the valleys of both the 
valence and conduction bands as the number of layers is changed. These results are of 
fundamental importance for the design and evaluation of room-temperature electronic and 
optoelectronic nanodevices involving single layers of semiconducting TMDs as well as more 
complex layered heterostructures. 
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Above a certain critical thickness, HgTe quantum wells present an inverted band 
structure that results in the existence of counter-propagating Quantum Spin Hall (QSH) 
edge states. This behavior is often referred as the material being a 2D Topological 
Insulator (2D-TI). In theory, while at zero applied magnetic field, the QSH edge states are 
protected against backscattering, the application of a magnetic field is expected to lift this 
protection, and above a critical field the material would enter a trivial insulator regime, 
where the edge conduction fully disappears [1]. 

 In real HgTe quantum wells, the picture seems to be more complex and scattering 
happens over long enough distances (around microns). Furthermore, although the 
resistance of the devices increases in the presence of a magnetic field, the removal of the 
edge conduction have not been yet directly probed. 
 After summarizing our imaging results in this material, I present here a study on the 
transport characteristics of lateral heterojunction devices on 2DTI HgTe quantum wells. At 
zero magnetic field we observe a set of oscillations that resemble the Fabry-Perot 
interference patterns observed for other 2DEG systems, such as graphene [1]. In the bulk 
gap, the interference pattern could be due to bouncing of Quantum Spin Hall states at the 
junction. 

At high carrier densities and applied magnetic fields, we can explore the 
equilibration between Quantum Hall (QH) states with different filling factors. The resulting 
resistance plateaus are particularly clear in the n-n’-n quadrant and fit the expected values 
for a 2D electron gas heterojunction [2,3]. 

The low carrier density regime is of more interest, since QSH edge states could be 
present under broken time reversal symmetry [4]. In this regime, we can explore the 
equilibration between QSH and QHE edge states, extending the preliminary results by 
Gusev et al. [5]. From the interplay between the well-known chiral QH edge modes and 
helical QSH edge modes, we extract new information about the characteristics of the latter 
under applied magnetic field. 
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Shiba states in hydrogenated graphene deposited over a
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Shiba states [1] are electron-hole superposition states that appear in the surrounding of
magnetic  impurities,  like  3d  atoms,  deposited  over  a  conventional  superconductor.
Conventional Shiba states gives rise to a spectral behaviour dependent on the density of
states of the metal. Therefore, semimetallic systems as pristine graphene are not expected
to show Shiba states, due to the vanishing density of states at the Fermi energy.

Single hydrogenation in graphene creates a local resonance at the Fermi energy and gives
rise  to  a  magnetic  instability  [2],  developing  a  localized  magnetic  moment  in  the
neighboring carbon atoms. We show that the interplay between the magnetism and large
DOS in hydrogenated graphene creates unconventional Shiba states, in comparison with
pristine graphene. We show that these Shiba states, that appear not by magnetic adatom
deposition  but  by  single  hydrogenation,  are  not  described  by  the  conventional  Shiba
theory.
 

Sketch and evolution of the spectrum for a Shiba state in hydrogenated graphene.

We thank SPINOGRAPH for financial support
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One of today’s most exciting research frontier and challenge in condensed matter physics 
is known as Mottronics, whose goal is to incorporate strong correlation effects into the 
realm of electronics [1,2]. In fact, taming the Mott insulator-to-metal transition (IMT), which 
is driven by strong electronic correlation effects, holds the promise of a commutation 
speed set by a quantum transition, and with negligible power dissipation [3]. In this context, 
one possible route to control the Mott transition is to electrostatically dope the systems 
using strong dielectrics, in FET-like devices [4-6]. Another possibility is through resistive 
switching [7], that is, to induce the insulator-to-metal transition by strong electric pulsing 
[3,8]. This action brings the correlated system far from equilibrium, rendering the exact 
treatment of the problem a difficult challenge. In these presentation we first show that 
existing theoretical predictions of the off-equilibrium many-body problem [9,10] err by 
orders of magnitudes, when compared to experiments that we performed on three 
prototypical narrow gap Mott systems V2-xCrxO3, NiS2-xSex and GaTa4Se8, and which also 
demonstrate a striking universality of this Mott resistive transition (MRT) [11]. We then 
introduce and numerically study a model based on key theoretically known physical 
features of the Mott phenomenon in the Hubbard model [12]. We show that our model 
predictions are in very good agreement with the observed universal MRT and with a non-
trivial time-delay electric pulsing experiment. Our study demonstrates that the MRT can be 
associated to a dynamically directed avalanche. 
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Graphene´s extraordinary properties have revolutionized the scientific community and, in 
the coming years, it is expected to have a major impact in numerous technological fields 
[1]. To fulfill the expectations, large scale and cost-effective production methods are 
necessary to boost industrial integration. In this work we present a method based on 
chemical vapor deposition, which overcomes two of the critical points of the actual growth 
processes: the high temperature during growth (around 1000ºC) and the transfer onto 
arbitrary substrates [2].  
Direct synthesis, at low substrate temperature, of high quality graphene films on dielectric 
substrates is presented, determining the role of growing parameters on domain size and 
nucleation density. Continuous layers can be achieved, with crystalline domains sizes of 
500nm, on technologically relevant substrates. 
 
 

 
Topographic images of graphene flakes grown on quartz substrates, for different 
nucleation times (a,b). Friction force microscopy image of a single flake, with the 

corresponding high-resolution image showing lattice periodicity (c). 
 
References 
[1] A. C. Ferrari et al., Nanoscale, 7, 4598 (2015) 
[2] R. Muñoz et al., J. Phys. D: Appl. Phys. 47, 045305 (2014) 
 
 
 
 
 



		

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org	

 
Photonic structures for colorful perovskite solar cells 

 
M .Anaya1, G. Lozano1, M. E. Calvo1 and H. Míguez1 

 
1 1Instituto de Ciencia de Materiales de Sevilla Consejo Superior de 

Investigaciones Científicas-Universidad de Sevilla, Calle Américo Vespucio 49, 
Seville, 41092, Spain 

 
In the last years, the perovskite structure-like material CH3NH3PbI3 has risen up as new 
material for light harvesting applications. Its irruption in the scientific scenario has meant a 
revolution in the 3rd generation photovoltaics and optoelectronics panorama due to its 
excellent electrical and optical properties [1]. Among the studies concerning stability, 
toxicity, scalability and high efficient devices production, it becomes necessary to make 
aesthetically attractive this kind of solar cells, commonly known as perovskite solar cells 
(PSCs). Turning the brownish tone of the standard device into brightly colorful PSCs gives 
rise to a significant fabrication costs reduction that are essential for its realistic future 
commercialization, as they can be used for building integration in facades, awnings or bus 
shelters. Herein we present the first report of highly efficient perovskite solar cells 
exhibiting tunable color in the whole visible spectrum [2]. Our approach makes use of 
porous photonic structures that are capable to act as scaffolds to be infiltrated by the 
perovskite, providing intense structural color to these devices. Once the colorful PSCs are 
encapsulated, they exhibit the highest power conversion efficiencies reported comparing 
the state of the art, reaching values of 9% and being stable over time. 
 

 
 

Scheme, SEM image and photographs of the PSCs exhibiting structural colour 
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Time-resolved records of the Earth's planetary magnetic field have been essential in 
understanding the dynamic history of our planet. Although most rocky planets, moons and 
asteroids of the solar system do not generate magnetic fields nowadays, they are thought 
to have generated dynamo fields in the early solar system. The nature and temporal 
evolution of those fields has remained enigmatic but its understanding could provide a 
unique insight into planetary evolution.  
In the case of asteroids, our foremost source of information regarding magnetic fields 
comes from meteorites. Meteoritic metallic material contains micro and millimeter size 
magnetic phases. Unfortunately, those phases are magnetically soft, and therefore they 
are not thought to provide accurate records of magnetic fields. However, regions 
containing nano-scale islands of tetrataenite (chemically ordered FeNi), found within the 
metal, have been recently proposed as reliable remanence carriers. 
In order to extract the information potentially recorded in those nano-islands, X-ray 
Photoelectron Emission Microscopy (PEEM) has been performed in a series of meteorites. 
This technique allows obtaining both magnetic and chemical maps with a spatial resolution 
down to 40 nm, in a field of view of 5 micrometers. 
A comparison of the magnetic signals and compositional maps furthers the understanding 
of the magnetic properties of the nano-islands and their interaction with the surrounding 
matrix. 
On the other hand, the experimental magnetization maps are compared with nano-
magnetic simulations, giving rise to a time-resolved reading of magnetic remanence of the 
parent asteroids. The results suggest that an unconventional mechanism acted in the early 
solar system giving rise to a long-lasting and widespread epoch of dynamo activity among 
small bodies in the early solar system, and might help to explain the long-lived magnetic 
activity observed in larger bodies, such as the moon [1]. 
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At	 interfaces	 between	 insulating	 oxides	 LaAlO3	and	 SrTiO3,	 a	 two	 dimensional	 electron	 gas	 has	 been	
observed	 and	 well	 studied,	 while	 the	 predicted	 hole	 gas	 has	 not	 been	 realized	 due	 to	 the	 strong	
tendency	of	holes	in	O	2p	orbitals	to	localize.	Here	we	propose,	via	ab	initio	calculations,	an	unexplored	
class	 of	 materials	 for	 the	 realization	 of	 parallel	 two	 dimensional	 (2D),	 two	 carrier	 (electron+hole)	
gases:	 nitride-oxide	 heterostructures,	 with	 (111)-oriented	 ScN	 and	 MgO	 as	 the	 specific	 example.	
Beyond	a	critical	thickness	of	five	ScN	layers,	this	interface	hosts	spatially	separated	conducting	Sc-3d	
electrons	 and	 N-2p	 holes,	 each	 confined	 to	 about	 two	 atomic	 layers,	 the	 transition	 metal	 nitride	
provides	both	gases.	A	guiding	concept	is	that	the	N3-		anion	should	promote	robust	two	carrier	2D	hole	
conduction	compared	to	that	of	O2-;	metal	mononitrides	are	mostly	metallic	and	even	superconducting	
while	most	metal	monoxides	 are	 insulating.	 Our	 results,	 including	 calculation	 of	 Hall	 coefficient	 and	
thermopower	 for	 each	 conducting	 layer	 separately,	 provide	 guidance	 for	 new	 exploration,	 both	
experimental	 and	 theoretical,	 on	 nitride-based	 conducting	 gases	 that	 should	 promote	 study	 of	 long	
sought	 exotic	 states	 viz.	 new	 excitonic	 phases	 and	 distinct,	 nanoscale	 parallel	 superconducting	
nanolayers[1].	
If	one	uses	CrN[2]	 instead	of	ScN,	due	 to	 the	Cr3+:3d3	configuration,	both	electron	and	hole	gases	are	
based	in	correlated	transition	metal	layers.	Transport	calculations	predict	each	subsystem	will	have	a	
large	thermopower,	on	the	order	of	250	μV/K	at	room	temperature.	Such	system	could	combine	a	large	
thermoelectric	 efficiency	 with	 scalable	 nanoscale	 conducting	 sheets;	 for	 example,	 operating	 at	 a	
temperature	difference	of	50K,	40	bilayers	could	produce	a	1	eV	voltage	with	a	 film	thickness	of	100	
nm.	 This	 system	 could	 also	 reduce	 conventional	 drawbacks	 in	 thermoelectric	 modules	 related	 to	
contact	resistance	and	mechanical	stability.	

 
Scheme of the kind of interfaces we propose: nitride/oxide with rocksalt structure grown 

along a polar direction, with the corresponding potential buildup that leads to the formation 
of the two-dimensional gases (electron or hole) at both interfaces. 
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The use of exciton-polariton condensates to implement new technological devices, thanks 
to their mixed properties between light and matter, is being the subject of intense research. 
In this context, a new variety of interesting polariton devices has emerged, such as 
polariton LEDs [1], spin-switches [2], transistors-switches [3,4], interferometers [5] and 
resonant diodes [6]. 
In this communication we report on the logical operation of an ultrafast exciton polariton 
transistor switch, all-optically controlled and operated by propagating Bose-Einstein 
exciton-polariton condensate bullets in a quasi-1D semiconductor microcavity [7].  
The working principle of the device consists on creating a polariton condensate (source, 
S), in a GaAs ridge-shaped microcavity, with a non-resonant pulsed laser beam. The 
polariton condensate propagates along the ridge towards a collector (C), at the ridge edge, 
where the condensate is trapped. The polariton flow is controlled by a second weak pulse 
(gate, G), located between the source and the collector. This way, the gate beam is able to 
switch ON and OFF the trapped polariton condensate at C. We show the dynamics of the 
ON/OFF states of the switch and we demonstrate that the overall operation speed of the 
device is limited to ∼3 GHz.  
 
[1] S. I. Tsintzos, et al., Nature 453, 372-375 (2008). 
[2] A. Amo, et al., Nat. Photon. 4, 361 (2010).  
[3] T. Gao, et al., Phys. Rev. B 85, 235102 (2012). 
[4] D. Ballarini, et al., Nature Commun. 4, 1778 (2012). 
[5] C. Sturm, et al., Nature Commun. 5, 3278 (2014). 
[6] H. S. Nguyen, et al., Phys. Rev. Lett. 110, 236601 (2013); F. Marsault, et al., 
arXiv:1507.04704 (2015).  
[7] C. Antón, et al., Appl. Phys. Lett. 101, 261116 (2012); Phys. Rev. B 88, 035313 (2013); 
Phys. Rev. B 89, 235312 (2014). 
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Graphene is considered as an ideal passive element in spintronics devices due to its 
potential long spin diffusion lengths favored by the high electron mobility and the weakness 
of relativistic interactions. On the other hand, single-layer transition metal dichalcogenides 
open new perspectives in 2D semiconductors-based spintronics due to the way that the 
large spin-orbit interaction in these materials modifies their electronic structure near the 
conduction/valence band edges. In this talk, I will review some recent progress in this field, 
including the study of spin diffusion/relaxation processes, magneto-transport properties 
and possible topological phases, with special emphasis on the role of disorder and lattice 
deformations (strain and phonons). 
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Interface effects on acceptor silicon qubits 
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Recently, proposals of acceptor-based qubits1,2 have drawn considerable attention due to 
the long range strong dipolar inter-qubit coupling and the possibility of exploiting the spin-
orbit interaction to couple spins to phonons1 or oscillating electric fields2. Dopant-based 
quantum computing implementations often require the dopants to be situated close to an 
interface to facilitate qubit manipulation with local gates. Interfaces not only modify the 
energies of the bound states but also affect their symmetry.  
 
Making use of the successful effective mass theory we study the energy spectra of 
acceptors in Si or Ge taking into account the quantum confinement, the dielectric mismatch 
and the central cell effects. The presence of an interface puts constraints to the allowed 
symmetries and leads to the splitting of the bulk four-fold degenerate ground state in two 
Kramers doublets3. We show that, as the acceptor gets closer to the interface, the entire 
spectrum is compressed. Inversion symmetry breaking also implies parity mixing which 
affects the allowed optical transitions. Consequences for acceptor qubits are discussed4. 
 
 

                                                
Effective mass prediction of the ground state splitting compared with experimental values3. 

 
 
 
 
References 
[1] R. Ruskov, C. Tahan. Phys. Rev. B 88, 064308. 
[2] J. Salfi et al, arXiv:1508.04259 
[3] J. Mol et al, App. Phys. Lett. 106, 203110 (2015) 
[4] J. C. Abadillo-Uriel, M. J. Calderón. arXiv:1509.00699. Accepted in Nanotechnology. 
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Graphene growth on tailored Ru nanostructured transparent 
films for optical sensing 
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We present a one-step production of graphene on transparent substrates without transfer 
or metal elimination. Graphene is grown on Ru ultra-thin films (2-10 nm) on fused silica 
and sapphire in a combined CVD-PVD system. We pretend to optimize the nanostructure 
of the Ru films coated with CVD graphene for applications as UV-SERS-active substrates 
to be used for organic and bio-molecule sensing.  
The growth temperature of Ru films and the crystalline structure of the substrate are 
relevant parameters that influence the morphology and the structure of the film which in 
turn determines the quality of the obtained graphene. The optimum temperature for the 
graphene single layer (SLG) formation is 1000ºC while lower temperatures produce 
multilayer graphene (MLG). Raman spectra of graphene on thick Ru films grown on 
sapphire are not detectable while on Ru ultra-thin films the observed spectra coincide with 
MLG or SLG probably due to the different coupling of graphene to the hexagonal Ru 
lattice. In all cases the defect peak D is present and its intensity related to the size of the 
Ru granular morphology. Synchrotron X-ray diffraction allowed the observation of a small 
increase of Ru lattice parameters, 0.5% and 0.7% for 5 and 2 nm films grown on fused 
silica respectively, due to graphene growth as well as the formation of RuC, probably as 
an interface layer. The Ru films grown at 650ºC on sapphire are completely textured with 
the z-axis perpendicular to the surface and graphene deposition enhances crystallinity. 
The size of Ru grains can be tuned from few nm to hundreds of nm with different textures 
which is very adequate for plasmonics. The localized plasmon resonance of Ru is shifted 
with graphene growth in a range from 4.81 to 4.51 eV very close to the SLG interband 
transition at 4.6 eV indicating some coupling between graphene electronic structure and 
Ru free electrons. Interestingly, when MLG is present the Ru plasmon resonance is very 
much enhanced and shifted up to 5.3 eV. 

 
 

 
 
 
 
 
 
Figure 1. a) AFM and b) SEM 
images, of sample Gr/Ru/fused silica 
(10 nm); c) Raman spectra of single 
layer graphene on Ruthenium ultra-
thin films. 

Gr/Ru(10nm)

Gr/Ru(5nm)
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Unique electrical and optical properties of ultrathin films of transition metal dichalcogenides 
(TMDCs) led to the creation of few atomic layer based field-effect transistors (FET) [1]. In 
particular, few layer MoS2 based FET have been actively investigated as promising 
devices for low power electronics, light detection and sensing in general. One of the most 
important issues to be solved in TMDC based FETs is the physical origin of low frequency 
noise, seemingly inherent for 2D layers deposited on top of oxides [2]. Here we report on 
the study of electron transport and low frequency current noise in gated MoS2 FETs 
subject to photodoping. 
 
Few (1-3) atomic layer MoS2 flakes were exfoliated and transferred onto doped Si /250nm 
SiO2 substrates using standard micromechanical cleavage techniques. FET-type devices 
with two current and four potential contacts in the Hall bar geometry were fabricated by 
using e-beam lithography and thermal evaporation techniques. Gate dependence of the 
source-drain current (with 1V bias) measured with gate voltage ranging from 0 to 80V 
shows typical transition to conducting regime above some threshold gate and reveals 
hysteretic behaviour due to current relaxation. Laser illumination (with power density below 
0.02 mW/µm2, λ=487 nm) provides photodoping induced excess current and some 
reduction of the hysteresis effects. We analysed gate dependent normalised current noise 
as a function of laser illumination power. The noise power spectrum depends on the time 
range when it is measured after the gate is changed (typically in steps of 2V). Noise 
spectrum is close to the 1/f type (f - frequency) approaching equilibrium conditions. In near 
equilibrium conditions we observed a transition from close-to-parabolic to near linear 
dependence of the inverse noise amplitude on the applied gate voltage with increase of 
the laser power. This transition indicates a change in the origin of the current noise, from 
carrier mobility fluctuations dominated (without illumination) to carrier density fluctuations 
(with photodoping). Study of both electron transport and noise with photodoping could be a 
new promising tool to investigate the origin the low frequency noise in TMDC based FET. 
 
References: 
[1] B. Radisavljevic et al., Nature Nanotech. 6, 147 (2011) 
[2] V. K. Sangwan, et al., Nano Lett., 13, 4351 (2013) 
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Dirac-metal to gapped transition of topological states in  
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Topological insulators (TIs) represent a quantum phase of matter defined by a bulk 
insulator with Z2 -invariant topology that guarantees metallic surfaces. A central feature of 
TIs is the existence of helical surface states (SS) with well-defined spin locked to the 
momentum. In three-dimensional (3D) TIs the presence of an exchange field, which 
violates time reversal symmetry, leads to exotic magnetoelectric effects and novel spin 
related phenomena. Here, we explore the behaviour of the Dirac states at the interface 
between Bi2Se3 and atom-thin Cr films. Based on ab-inito calculations, we predict the 
occurrence of a double Dirac-metal to gapped transition of topological states as a function 
of the Cr thickness. We discuss the origin of the transition and show that the modulation of 
the gap is driven by the spin reorientation taking place in the Cr layer. Atom-thin layers of 
Cr adsorbed on Bi2Se3 surfaces present ferromagnetic planes coupled 
antiferromagnetically between them, although as the Cr thickness increases stepwise from 
one to three atomic layers the direction of the magnetisation changes twice from out of 
plane to in-plane and to out of plane once again. The out of plane magnetisation drives the 
gap opening and therefore the Cr spin reorientation leads to metal to gapped transitions. 
Moreover, topological surface states acquire a nonvanishing spin component along the 
magnetisation direction and thus they exhibit a spin texture modulation with the Cr 
thickness. This result opens a path to the interface control of the magnetic properties of 3D 
TI. 
!
  
 

!
 

From left to right, band structure of 1, 2 and 3 monolayers of Cr adsorbed on a Bi2Se3 thin 
film. The red (blue) coloured lines are the projections on the surface most atomic layers of 

the TI (Cr) 
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We introduce a simple, clean and reliable method to transfer exfoliated graphite flakes as 
soft-electrodes for the electrical contact of nanoobjects. In our approach we take 
advantage of previously described procedures with the aim of fabricating microelectrodes 
of exfoliated graphite flakes in an easy, inexpensive and reliable way [1,2]. The as-
produced microelectrodes exhibit extremely well-defined and thin edges, facilitating the 
measurements of very short channel lengths, and can be placed with sub-micrometer 
precision on any sample location. The described technique does not require vacuum or 
chemical agents; the whole procedure is based on soft-lithography procedures and it is 
carried out in ambient conditions. This method is particularly useful for the case of 
molecules with limited stability under standard lithographic conditions. The electrical 
resistance of our electrodes with several conducting nanomaterials is shown to be within 
the values reported for conventional metal electrodes. We present electrical 
characterization of relevant examples including carbon nanotubes, metal-organic MMX 
nanoribbons, reduced graphene sheets and damaged circuit repair [3].  
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[2] W. Wang et al. Nanotechnology 25, 025707 (2014) 
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The use of magnetic force microscopy (MFM) to acquire images of magnetic 
nanostructures in liquid environments is presented. MFM in liquid is a challenge as a 
consequence of the low quality factor (Q) of the cantilever resonance characteristic of 
liquid measurements, resulting in a significant loss of sensitivity in the MFM signal. 
Using magnetic hard disk drives as a benchmark we have highly optimized the acquisition 
conditions in liquid environment [1]. For the sake of comparison we first acquire MFM 
images in air ambient conditions in both Amplitude (AM-AFM) and Drive Amplitude (DAM-
AFM) Modulation modes [2,3], obtaining similar results.  
In order to explore the final sensitivity of MFM in liquids we also present imaging of Fe3O4 
magnetic nanoparticles (MNPs) coated with dimercaptosuccinnic acid (DMSA) in both air 
and liquid environments. DMSA-coated MNPs are promising nanostructures for different 
nanomedicine applications due to their biocompatibility and low toxicity [4]. We compare 
the magnetic contrast obtained vs. the amount of magnetic material measured in air and 
liquid. Despite an expected reduction in the signal-to-noise ratio, the magnetic contrast can 
be seen as well showing a good lateral resolution. The potential of the technique for 
detecting and imaging nanoscale magnetic domains in biological samples using MFM is 
discussed. The ability for detecting magnetic nanostructures along with the well-known 
capabilities of AFM in liquids suggests potential applications in fields such as 
nanomedicine, nanobiotechnology or nanocatalysis. 
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The magnetotransport properties of LSMO/LAO/Pt tunneling junctions have been analyzed 
as a function of temperature and magnetic field. The system exhibits magnetoresistance 
(MR) values of about 18%, at H=90 kOe and low temperature, whose temperature 
dependence indicates a clear different origin than the conventional  colossal MR. In 
addition, the system exhibits tunneling anisotropic MR (TAMR) values around 4% at low 
temperature and its angular dependence reflects the expected uniaxial anisotropy. The 
use of TAMR response could be an alternative of much easier technological 
implementation than conventional MTJs opening the door to the implementation of more 
versatile devices. However, further studies are required in order to improve the strong 
temperature dependence that severely restricting potential technological applications in the 
present stage. 

 
Magnetotransport properties of LSMO/LAO/Pt tunneling junctions 

 
 
 
 
 
 

 



		

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org	

 
The role of Hund’s coupling in the nematicity of iron 

superconductors 
 

L. Fanfarillo1,2,3, G. Giovanetti3, M. Capone2,3, E. Bascones1 
1. Instituto de Ciencia de Materiales de Madrid, ICMM-CSIC (Spain) 

2. Universitá la Sapienza, Rome (Italy) 
3. Scuola Internazionale Superiore di Studi Avanzati, SISSA-Trieste (Italy) 

 
Since their discovery in 2008 iron superconductors have attracted a lot of interest. 
In these materials, superconductivity is believed to be non-conventional, i.e. not 
due to electron-phonon interactions. In most iron superconductors high-Tc 
superconductivity appears when an anisotropic magnetic  phase is suppressed. 
Slightly above the Neel temperature a nematic transition, which renders X and Y 
directions unequivalent, is observed. The strong anisotropy of the electronic 
properties observed in the magnetic state cannot be explained by the small 
differences between the lattice constants which are induced. FeSe is a special 
case as nematicity appears without magnetism.  
Magnetism and/or nematicity are believed to play a role in the appearance of 
superconductivity. Understanding the correlations is key to unveil the nature of the 
superconducting, nematic and magnetic instabilities which appear in the phase 
diagram. Due to their multi-orbital character, correlations in iron superconductors 
are strongly affected by Hund’s coupling and these materials have been classified 
as Hund metals. I will present a generic framework to address the correlations in 
iron superconductors and discuss the role of Hund’s coupling in the nematicity of 
iron superconductors, with special emphasis on FeSe.  
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We propose a scheme for deterministic entanglement generation between two electronic spin qubits confined in
spatially separated quantum dots. The mechanism is based on electron transport through an ancilla system driving
the system spins into an entangled target steady-state. Since the entangle- ment is actively stabilized by purely
dissipative dynamics, our scheme is inherently robust against noise and imperfections. 

Configuration of two spin-qubits coupled to two ancilla-dots. The basic scheme will consist in injecting electrons in the
first ancilla, allow them interact with the spin-qubit and transport them to the second ancilla, where they will interact

with the second spin.
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Bäuerle and T. Meunier. Nature. 477 (2011).
[2] T. Stace, C. Barnes and G. Milburn, Phys. Rev. Lett. 93, 126804 (2004). 

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org



		

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org	

 
 

Development of a very high magnetic field STM 
 

J.Benito1,2, I.Guillamón1,2, S. Vieira1,2 H.Suderow1,2 
 

1 Laboratorio de Bajas Temperaturas, Departamento de Física de la Materia 
Condensada, Instituto de Ciencia de Materiales Nicolás Cabrera and Condensed 
Matter Physics Center, Universidad Autónoma de Madrid, E-28049 Madrid, Spain.      

2 Unidad Asociada de Bajas Temperaturas y Altos Campos Magnéticos, 
UAM/CSIC, Cantoblanco, E-28049 Madrid, Spain 

 
 

I will discuss the development of very high magnetic field scanning tunnelling microscopy 
(STM) using a superconducting coil up to 17 T. The microscope is made of Ti and other 
non magnetic materials. We have worked to minimize the mechanical vibrations at high 
magnetic fields by tightening the wiring and rigidly fixing the superconducting coil to the 
cryostat.  Here I will discuss advantages of the STM design [1], methods used to damp 
mechanical vibrations and features of a new ultra-low noise electronics. Also, I will show 
first measurements at very high magnetic fields and discuss the potential of this 
microscope to address topical problems in condensed matter by directly imaging the 
electronic correlations under strong magnetic fields. 

 
 
 
References 
[1] H. Suderow, I. Guillamon, S.Vieira. Rev. Sci. Instrum. 82, 033711 (2011) 
 
 
 
 
 
 
 
 

 



		

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org	

 
 

Spin Orbit Coupling in Graphene Induced by Adatoms. 
 

Luis Brey 
 

Instituto de Ciencia de Materiales de Madrid, CSIC, 28049 Cantoblanco, Spain . 
 
 

Many of the exotic properties proposed to occur in graphene rely on the possibility of 
increasing the spin orbit coupling (SOC). By combining analytical and numerical tight 
binding calculations, in this work we study 
the SOC induced by heavy adatoms with active electrons living in p orbitals.  Depending 
on the position of the adatoms on graphene different kinds of SOC appear. 
Adatoms located in hollow position induce spin conserving intrinsic like SOC whereas a 
random distribution  of adatoms induces a  spin flipping Rashba like SOC.  The induced 
SOC  is  linearly proportional to the adatoms concentration, indicating the inexistent 
interference effects between different adatoms. By computing the Hall conductivity we 
have proved the stability of  the topological quantum Hall phases 
created by the adatoms against inhomogeneous spin orbit coupling. For the case of Pb 
adatoms, we find that a concentration of 0.1 adatom per carbon atom generates SOC's of 
the order of 40meV. 
 
 

                                   
                    Schematic representation of the effective hopping between  carbon  
                      atoms induced by an adatom with  active electrons in outer p-shells.  
                      Vertical, H and T, lines indicate the hollow and top positions respectively. 
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Complex oxides interfaces exhibit a number of exciting phenomena such as the 2D 
metallic state found in the LaAlO3/SrTiO3 interface [1]. Controlling and manipulating the 
electronic states using external stimuli has become a major direction towards oxide-based 
electronics. Here, we present a study of the transport properties of multiferroic   
La0.7Sr0.3MnO3/BaTiO3 (LSMO/BTO) ferromagnetic/ferroelectric heterostructures where the 
polarization in the BTO layers is determined by interfacial effects. The polarization in this 
system can affect the tunneling magnetoresistance, resulting in two different resistance 
states for the relative magnetization (parallel or antiparallel) of the electrodes [2]. We have 
grown high quality heterostructures by RF high O2 pressure sputtering system at 900C. 
Aberration-corrected scanning transmission electron microscopy combined with electron 
energy-loss spectroscopy has been used to study the structure, chemistry and electronic 
properties of this system, with atomic resolution and in real space. Multiferroic tunnel 
junctions (MTJ's) have been obtained introducing an ultrathin cuprate layer between the 
ferroelectric barrier and the top ferromagnetic electrode. The metallic cuprate introduces 
an asymmetry in the screening of polarization charges at both interfaces, which yields 
electroresistance values in excess of 105 % upon polarization switching. We will discuss 
these results in the light of the presence of oxygen vacancies. 
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Single dopant wave functions in Si have recently been probed by scanning tunneling 
spectroscopy, revealing localized patterns of resonantly enhanced tunneling currents. We 
show that the shapes of the conducting splotches resemble cuts through Kohn-Luttinger 
(KL) hydrogenic envelopes, which modulate the interfering Bloch states of conduction 
electrons. All the non-monotonic features of the current profile are consistent with the 
charge density fluctuations observed between successive {001} atomic planes, including a 
counter-intuitive reduction of the symmetry -- a heritage of the lowered point group 
symmetry at these planes. A model-independent analysis of the diffraction figure 
constrains the value of the electron wavevector to k0=(0.82�0.03)(2 π/aSi). Unlike prior 
measurements, averaged over a sizeable density of electrons, this estimate is obtained 
directly from isolated electrons. We further investigate the model-specific anisotropy of the 
wave function envelope, related to the effective mass anisotropy. This anisotropy appears 
in the KL variational wave function envelope as the ratio between Bohr radii b/a. [1] 

 
 
 
 
 
 
 
 
 
 
 
 
Top: STM real space images of different 
donors showing the butterfly B (a) and 
caterpillar C (b) shapes. Bottom: images 
for the charge density from the 
wavefunction of donors at two different 
distances from the interface. 
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Graphene nanoribbons (GNRs) are one-dimensional arrays of graphene with high aspect 
ratio. Engineering the electronic band structure of these systems is still a challenging 
process. Here we report the formation of hybrid 7-Armchair GNRs by intercalating pristine 
(DBBA) [1] and borinated (B-DBBA) molecular precursors [2,3]. The resulting 
heterostructures consist mainly of a pure graphene nanoribbon body created by the 
junction of DBBA units with randomly distributed pairs of Boron atoms within. Scanning 
tunneling spectroscopy reveals that the pristine sections of the hybrid nanoribbons show a 
discretization of the valence band between two B-DBBA subunits while the conduction 
band remains unaltered. These quantum well states are caused by the lack of a 
continuous valence band across the borinated subunits.  We characterize the height of the 
quantum well barrier and report its reflectivity and transmitivity by means of a Fabry-Perot 
resonator model [4]. Such tailoring of the band structure of AGNRs could pave the way for 
potential optoelectronic and semiconductor applications. 
 

 
STM image of the assembled hybrid 7-AGNR and schematic molecular structure 
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The electrical polarization in ferroelectrics as well as the magnetization in ferromagnets 
can be exploited for digital processing and storage. In this regard, a deep understanding of 
the dynamics and the local response of these materials is crucial for the comprehension of 
the mechanisms underlying the endurability, retention and fatigue effects in ferroelectric or 
magnetic devices. Optics is particularly well suited to peer noninvasively into the local 
responses of both ferroelectric and magnetic properties. Although the spatial lateral 
resolution cannot beat the ultimate nanoscale resolution of scanning proximity probes, light 
polarization comes along with the advantage of being sensitive to magnetism and 
ferroelectricity simultaneously, giving optics an edge over other experimental approaches.  
 
Here we present a comprehensive experimental methodology that exploits electro-optics 
as a probe of ferroelectricity [1]. For that purpose, confocal optical microscopy was 
adapted to measure the rotation and ellipticity of the polarization of light with diffraction-
limited lateral resolution. As a showcase study, we have imaged the birefringence of 
ferroelectric BaTiO3 thin films. We have developed a methodology to disentangle the 
contributions arising from electro-optics –linked to ferroelectricity– as well as strain – 
arising from converse piezoelectricity–, so that both properties were mapped out 
simultaneously [1]. Remarkably, in spite of the high quality of the films under study, the 
optical imaging displayed inhomogeneous spatial distributions of both ferroelectric- 
magnetic- and strain-related responses, so that they exhibited significant fluctuations in the 
scale of the micrometer. Our work underscores the relevance and impact that these 
variations may have when ferroelectrics are downscaled to small sizes. 
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The insulating ferrimagnet yttrium iron garnet (YIG) has come under limelight over the 
years because of its remarkable properties that make it appealing for a wide range of 
applications. Traditionally, because of their outstanding high magneto-optic activity, YIGs 
have been considered the staple materials for nonreciprocal devices in optical 
communications. Additionally, the remarkably small damping parameters for spin waves 
have gathered a high interest for magnonics, spintronics and spin caloritronics. For these 
applications, the deposition of YIG thin films on gadolinium gallium garnet (GGG) crystals 
is usually a desirable requirement. Yet, in spite of the outstanding structural compatibility 
between YIG and GGG, the strong paramagnetic susceptibility of the latter is a serious 
shortcoming when it comes to the magnetic characterization, as strong magnetic signals 
from GGG substrates obscure severely the much weaker response of YIG thin films.  
Here we show that magneto-optics is a way around to circumvent this difficulty. Our 
extensive spectroscopic study in the visible helped to identify the particular wavelengths 
for which the rotation and ellipticity of GGG vanished, while the magneto-optic activity of 
Ce-YIG remained large. That allowed us to access the individual magnetic properties of 
the Ce-YIG films that were otherwise unreachable using conventional magnetometry. This 
allowed us to exploit the wavelength selectivity of magneto-optics to identify a range of 
frequencies at which we could unravel the individual contributions to the magnetism and 
gyrotropic response arising from the individual cerium and iron sublattices. The approach 
outlined here paves the way to assess quantitatively the effect on the optical properties of 
rare-earth incorporation into YIG, providing an instrumental methodology towards tailoring 
the functional properties of YIG. 
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The conductance, and the decay of conductance, as a function of molecular length within 
a homologous series of oligoynes, Me3Si-(C≡C)n-SiMe3 (n = 2, 3, 4, 5) is shown to depend 
strongly on the solvent medium. Single molecule junction conductance measurements 
have been made with the I(s) method for each member of the series Me3Si-(C≡C)n-SiMe3 
(n = 2, 3, 4 and 5) in  mesitylene (MES), 1,2,4-trichlorobenzene (TCB) and propylene 
carbonate (PC). In mesitylene, a lower conductance is obtained across the whole series 
with a higher length decay (β ≈ 1 nm-1). In contrast, measurements in 1,2,4 
trichlorobenzene and propylene carbonate give higher conductance values with lower 
length decay (β ≈ 0.1 nm-1, β ≈ 0.5 nm-1 respectively). This behavior is rationalized through 
theoretical and computational investigations, where β values are found to be higher when 
the contact Fermi energies are close to the middle of the HOMO-LUMO gap, but decrease 
as the Fermi energies approach resonance with either the occupied or unoccupied frontier 
orbitals.  The different conductance and β values between MES, PC and TCB have been 
further explored using DFT-based models of the molecular junction, which include solvent 
molecules interacting with the oligoyne backbone. Good agreement between the 
experimental results and these ‘solvated’ junction models is achieved, giving new insights 
into how solvent can influence charge transport in oligoyne-based single molecule 
junctions.	
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SFigure showing the strcuture of junctions incorporating the three solvents (Mesitylene, 

Trichlorobenzene, Propylene Carbonate. 
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The development of polarization-based devices or the generation of electricity in 
piezotronic energy-harvesting systems based on GaN and ZnO nanowires (NWs) are two 
examples of emerging fields of research exploiting the pyroelectric and piezoelectric 
properties of these materials. Since the specific polarity strongly affects the growth as well 
as the optical and electronic properties of NWs, reliable methods for its control and 
characterization are needed.  We have investigated the polarity of GaN NWs grown by 
molecular beam epitaxy obtained by two different growth methods and presenting opposite 
polarities: self-assembled NWs grown on Si with an AlN buffer [1]; and selective area 
growth (SAG) NWs grown on a GaN template covered by a Mo mask [2]. We have 
employed three complementary scanning probe microscopies: Kelvin probe Force 
Microscopy (KPFM), light-assisted KPFM, and Piezoresponse-Force Microscopy (PFM). 
KPFM allows the assessment of the polarity of individual NWs from large images in terms 
of the local contact potential difference (CPD), and provides statistics on the polarity of the 
ensemble with an accuracy hardly reachable by other methods (resolution~50 nm). In spite 
of their wide distribution of heights, most self-assembled NWs have homogeneous CPD 
values around 0.75 V which are compatible with N-polarity [3]. SAG NWs, on the other 
hand, present Ga-polarity as deduced from their CPD in the range 0.3-0.5 V. The pyramid 
edges and apex of these NWs appear at lower CPD values indicating a higher density of 
dangling bonds [4]. Light-assisted KPFM provides the evolution of the CPD with time under 
illumination by ultraviolet light and in dark. From these measurements the surface 
photovoltage (SPV), defined as the change in CPD induced by light, is determined. Finally, 
PFM has imaged self-assembled NWs with a Ga-polar core and an N-polar shell. In this 
technique, while the Ga-polar material vibrates almost in phase with the modulation 
voltage applied by the tip, the N-polar regions appear 100º out of phase. Core-shell 
structures of Ga- and N-polar material have been observed by annular bright field high 
resolution scanning transmission microscopy images in similar samples [1]. 
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Recent experimental progress in atomic manipulation and probe techniques has permitted 
studying individual and/or small clusters of a few magnetic adatoms [1]. Systems of 
particular interest from the application point of view are small arrays of magnetic atoms 
deposited over an insulating layer on top of metal which, in addition to the possibility of 
being probed by a tunnel current, it leads to a bigger stability of the magnetization and 
thus, to the prospects of storing bits of information [2] with huge densities. In addition, as 
the arrays' sizes squeeze to the single atom limit, quantum effects becomes dominant [3] 
and, under strick control conditions, one may end up with a coherent quantum bit, opening 
different possibilities in the field of  quantum information. Here we address the problem of 
a chain of N spins coupled to an electron gas through a Kondo interaction, the main source 
of relaxation and decoherence in magnetic adatoms. We study the dissipative spin 
dynamics of the chain in the weak Kondo coupling regime. Our main finding is that, in 
addition to the usual energy scales that govern the dynamics of an individual spin, the 
dimensionless parameter kFd, where kF is the Fermi wave-vector and d is the inter spin 
distance, plays a central role [4]. We find that decoherence can be enhanced or 
suppressed, compared to the single spin limit, depending on kFd. We identify a regime 
where the scattering times scale with N2, very much like the super-radiant regime in 
quantum optics. Our study highlights the central role played by the phase change in the 
scattering of electrons at different sites of the spin chain, at the time that it illustrate the 
wave nature of the electron scattering. 

Fig. Scheme of a chain of N= 5 
magnetic adatoms (in red) on a Cu2N 
substrate (Cu in yellow and N in blue). 
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The relationship between chirality and magnetism has long puzzled researchers. Recently,
layers of chiral molecules have been shown to induce the appearance of strong spin
polarisation in initially unpolarized electron currents [1], opening up the possibility to use
these materials as spin 7lters. 
In this work purely organic chiral molecules have been adsorbed on both paramagnetic
Cu(100) and ferromagnetic epitaxial Co(100) 7lms. Two structurally similar chiral molecules
have been used: 1,2-diphenyl-1,2-ethanediol (DPED) and 1,2-diphenylethylenediamine
(DPEDA). Both of them possess two chiral centres and present two chiral enantiomers
designated as (R,R)-(+) and (S,S)-(–) according to their conformation and optical activity.
Spin-polarised, angle-resolved valence band photoemission shows that the photoelectrons
emitted through the molecular layers display a clear spin polarization at room temperature,
independent of their binding energy. Furthermore, when adsorbed on a ferromagnetic Co
surface the spins of the photoemitted electrons point along di@erent directions: in-plane for
(R,R)-(+)-DPED and out-of-plane for (S,S)-(–)-DPED. The enantioselective response
observed has been tentatively ascribed to di@erent adsorption geometries of the molecules
on the corresponding surfaces. To clarify this point, a
detailed structural characterization has been undertaken
combining X ray absorption and di@raction and also scanning
tunnelling microscopy (STM). This latter allows us to
visualize the various ordered structures formed by the
adsorbed molecules on the di@erent surfaces under study. 
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 STM image of (R,R)-(+)-
DPEDA on Cu(100)
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The tunable properties of molecular materials place them among the favorites for a variety 
of future generation devices. Besides, to maintain the current trend of miniaturization of 
those devices, a departure from the present top-down production methods may soon be 
required and self-assembly appears among the most promising alternatives. On-surface 
synthesis unites the promises of molecular materials and of self-assembly, with the 
sturdiness of covalently bonded structures: an ideal scenario for future applications. 
Following this idea, we report the synthesis of functional extended nanowires by self-
assembly. In particular, the products correspond to one-dimensional organic 
semiconductors. The uniaxial alignment provided by our substrate templates allows us to 
access with exquisite detail their electronic properties, including the full valence band 
dispersion, by combining local probes with spatial averaging techniques. We show how, by 
selectively doping the molecular precursors, the product’s energy level alignment can be 
tuned without compromising the charge transport response. 
 

 
(a) Schematic representation of the precursors and associated products. (b) ARPES 

measurements on aligned polymers evidencing the varying energy level alignment 
as a function of doping level.  
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The successful application of focused electron (and ion) beam induced deposition 
techniques for the growth of nanowires on flexible and transparent polycarbonate 
films is reported here. After minimization of charging effects in the substrate, sub-
100 nm-wide Pt, W and Co nanowires have been grown and their electrical 
conduction is similar compared to the use of standard Si-based substrates. 
Experiments where the substrate is bent in a controlled way indicate that the 
electrical conduction is stable up to high bending angles, >50º, for low-resistivity Pt 
nanowires grown by the ion beam. On the other hand, the resistance of Pt 
nanowires grown by the electron beam change significantly and reversibly with the 
bending angle. A diffraction grating in transmission mode has been built based on 
the growth of an array of Pt nanowires that shows sharp diffraction spots. The set 
of results supports the large potential of focused beam deposition as a high-
resolution nanolithography technique on transparent and flexible substrates [1]. 
The most promising applications are expected in flexible nano-optics and nano-
plasmonics, flexible electronics and nano-sensing. 
 

 
Figure 1. (a) Polycarbonate (PC) substrate patterned by means of optical lithography to 
allow electrical measurements; (b) Scanning electron micrographs of the patterned area of 
the polycarbonate substrate with Al pads and microprobes; (c) Scanning Electron 
micrographs of a typical grown nanowire and Pt contacts; (d) Electrical measurements 
(current versus voltage) of all the types of nanowires grown and the corresponding values 
of the resistivity obtained from such measurements. 
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The epitaxial growth of graphene on Silicon Carbide (SiC) by thermal sublimation is one 
the leading techniques for developing graphene-based applications [1, 2, 3]. The use of 
CMOS compatible substrates improves the overall fabrication process of electronic 
devices, as graphene is from the beginning included in the supporting material. Moreover, 
the use of SiC allows us to effectively proceed with doping, implantation, or micro-
structuring as required. Therefore, different steps of the production can be skipped, such 
as lithography and patterning, avoiding potential contamination and damages on the 
graphene layer. We systematically grew epitaxial graphene on 6H-SiC, in which we slightly 
modified their intrinsic properties. Such modifications were controlled via nitrogen 
implantation and doping processes. We investigated the quality and properties of the 
prepared samples by means of Optical and Atomic Force Microscopy (AFM), as well as 
Raman Spectroscopy. Microstructural properties are correlated with Raman spectroscopy 
results. 

 
Figure 1. (Left) Sketch of the epitaxial graphene sample after the implantation process; 
(Right) Raman spectra in 3 points showing the retention of the graphene properties after 
the implantation process. 
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Here we report on the tuning of magnetic and (thermo)electric properties of La0.7Sr0.3CoO3 
(LSCO) by means of grain size control. For this purpose, samples with different grain sizes 
were obtained by solid-state reaction (SSR) combined with ball milling. Our 
characterization reveals a metal-to-insulator transition induced by the grain size reduction 
down to the nanometer range. Moreover, a change of the thermopower sign accompanies 
this transition [1]. The Curie temperature was found to be independent of the grain size, 
which indicates that the La/Sr and Co4+/Co3+ ratios are close to the nominal ones. This 
represents an evidence of fully oxygenation of the grain cores. However, the FC M(T) 
curve shows a decrease of  the saturation magnetization with grain size,  whereas the ZFC 
M(T) curve achieves a maximum 
which becomes narrower as the 
grain size decreases. This peak is 
the fingerprint of a competition 
between the random local 
magnetization and the applied field. 
The magnetic behavior could be 
interpreted in terms of the 
frustration of long-rang 
ferromagnetic order as the grain 
size decreases due to the disorder 
at the grain boundaries. Thereby, 
physical properties of 
nanocrystalline samples are 
discussed in terms of a core-shell 
structure where boundaries act as 
an insulating barrier between the 
metallic, bulk-like, core regions. 

 
Fig	1.	Scanning	electron	microscope	image	(a),	temperature	dependence	of	electrical	
resistivity	 (b),	 thermopower	 (c)	 and	magnetization	 (d)	 for	 the	 set	 of	 La0.7Sr0.3CoO3	
samples	with	different	grain	sizes. 
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The Casimir force (FC) is a very intense force that appears between two interacting objects 
at the nano- and micro-scale [1]. The control over the levitation phenomena and the 
repulsive Casimir force is desirable in order to minimize the friction and stiction between 
surfaces very close together. This force, which depends on the optical properties of the 
materials involved in the system among other magnitudes, may be repulsive if the optical 
properties of all objects involved in the system fulfil certain conditions [2]. In a plane-
parallel system consisting on a thin film immersed in a fluid facing a substrate (figure (a)), if 
the Casimir force is repulsive, it may be balanced by gravity in such a way that the thin film 
stands at a certain equilibrium distance (deq) over the substrate. 
Here we demonstrate theoretically that, at thermal equilibrium, this levitation phenomena 
turns up for plane-parallel systems in which a thin film (< 2 microns)  made of either teflon, 
silica (SiO2) or polystyrene (PS) is immersed in glycerol over a silicon substrate (figure (b)), 
and the stability of the deq is analyzed [3]. Additionally, we study the magnitude and 
stability of the deq in hybrid systems comprising a mixture of SiO2 and PS, since those 
materials present opposite Casimir force nature when considered in single films, arranged 
in two different mesostructure configurations: either a bilayer or a homogeneous matrix of 
one material with small inclusions of the other material. We find that the deq in these 
systems are around a few hundreds of nanometers and they may be tuned by changing 
the thickness of each layer, the orientation of the bilayer with respect to the substrate, and 
the filling fraction of the inclusions [3].  

 
 

Fig 1: (a) Schematic of a plane-parallel system made of a thin film immersed in a fluid over 
a substrate that presents levitation at a certain equilibrium distance (deq) due to the 
balance of the Casimir (FC) and gravity (Fg) forces. (b) Total force per unit area as a 
function of the separation distance between a silicon substrate and a t = 1000 nm 
thickness thin film made of three different materials: Teflon (green), SiO2 (orange) and PS 
(blue), immersed in glycerol at 300 K. The deq is the separation distance at which the total 
force is zero, finding in each case: 160 nm for Teflon, 60 nm for SiO2 and 365 nm for PS. 
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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 Γ 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. 
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Magnetic nanowires (NWs) are often proposed for the magnetic hyperthermia-based 
treatment of cancer [1]. In the present work we theoretically evaluate their performance 
based on the Neél mechanism, i.e. the heat dissipated through magnetization dynamics 
under the action of the ac-field. The hysteresis loops of Py and Co fcc NWs with 30nm 
diameter and variable lengths are calculated by means of micromagnetic simulations 
varying the frequency of the applied field. The Py NWs demagnetize via transverse wall 
propagation, while the Co fcc NW reversal mode is the vortex domain wall [2].The average 
hysteresis loop areas [proportional to the specific absorption rate (SAR)], normalized by 
the maximum possible value, coming from the coherent rotation mechanism (8Keff, where 
Keff is the effective anisotropy), are larger in Py NW (ranging between 0.45 and 0.9 for 
long NWs) than those of Co (ranging between 0.32 and 0.5). Note that the actual SAR 
value of Co NW is slightly higher than that of Py due to a larger shape anisotropy (larger 
Keff). Furthermore, we observe a phase shift of the hysteresis response with the applied 
field frequency for long nanowires, related to the retarded nucleation. As a function of 
frequency, SAR shows a maximum which increases with the nanowire length. The 
corresponding frequency decreases with the NW length and is larger for Co (around 1GHz 
for long NWs) than for Py (around 300 MHz).  Overall, Py nanowires seem to be more 
suitable for hyperthermia, considering the Néel mechanism only. 
 

 
Frequency dependence of average hysteresis loop area for several Co NW lengths. 

Dashed lines indicate the area of stationary hysteresis loops. 
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The spectroscopic LEEM/PEEM microscope of the CIRCE beamline at ALBA is a versatile 
and powerful tool to study condensed matter thin films, nanostructures and surfaces [1]. It 
combines nanometric lateral resolution with soft x-ray spectroscopy techniques, providing 
spatially resolved chemical (XAS, XPS), structural (u-LEED), electronical (work function, u-
ARPES), magnetic (XMCD, XMLD) and orbital information (nXLD). The endstation started 
user operation in late 2012 and since then has evolved continously. Academic access is 
granted on regular call for proposal basis. 
Based on the experience of the first three years of user operation, we present selected 
results to show the different possibilities and remind of some limitations of the technique. 
The capabilities for in-situ sample preparation will be highlighted as well as more recently 
added tools for the application of in-situ electric and magnetic fields to the sample. 
    

 
 

Figure 1: Images and LEED pattern of the same zone (14 um) on a Fe3O4 single crystal 
as observed by different techniques (from [2]).  
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We investigate multiple non-adiabatic transitions between three levels spatially separated 
in a triple quantum dot chain. Single-electron transitions are mediated by direct tunneling 
between neighbouring dots, and by virtual transitions between the ending dots. They are 
driven by time dependent gate voltages whose amplitude, frequency and phase difference 
can be tuned. Our system then resolves different Landau-Zener transitions whose 
interference can be measured in the stationary current through the system. Different 
configurations defined by the driving phase difference are analyzed. Non-trivial 
interferences of real and virtual tunneling transitions are predicted that give rise to dark 
states that totally cancel the current. 
 
 

 
a) TQD linearly coupled with two contacts and two ac fields coupled to the outer dots. b) 
Time evolution of the Hamiltonian’s eigenvalues. c) Ac in phase opposition. We depict two 
induce transport channels between the outer dots, one through a virtual process, and the 
other through the central dot. d) Ac with the same phase. This case is equivalent to a 
driving in the central dot. 
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We study the hyperfine interaction of Hydrogen chemisorbed in graphene nanostructures 
with a gap in their spectrum, such as islands and ribbons. 
Chemisorption of Hydrogen on graphene results in a bound in-gap state that hosts a single 
electron localized around the adatom. Using both density functional theory and a four-
orbital tight-binding model we study the hyperfine interaction between the hydrogen 
nuclear spin and the conduction electrons in graphene. 
We find that the strength of the hyperfine interaction decreases for larger nanostructures 
for which the energy gap is smaller. We then compare the results of the hyperfine 
interaction for large nanostructures with those of graphene 2D crystal with a periodic 
arrangement of chemisorbed Hydrogen atoms, obtaining very similar results. The 
magnitude of the hyperfine interaction is about 150 MHz, in line with that of Si:P. 
We acknowledge financial support by Marie-Curie-ITN 607904-SPINOGRAPH. 

	
	
	



		

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org	

 
 

Spin Models and Boson Sampling 
 

Diego G. Olivares1, Borja Peropadre2, Alan Aspuru-Guzik2, Juan José García-Ripoll1 
 

1 Instituto de Física Fundamental IFF-CSIC, 
Calle Serrano 113b, Madrid E-28006, Spain 

2 Department of Chemistry and Chemical Biology, 
Harvard University, Cambridge, Massachusets 02138, United States. 

 
The boson sampling model [1] is a simplified, non-universal model for quantum computing 
that may hold the key to the first ever implementation of a post-classical quantum 
computer. Previous studies have shown that, within the Markovian approximation, the 
coupling between the input and output qubits can be described as an exchange of 
interactions that typically maps into an XY model with long-range interactions [2,3]. 
A natural question is how may single-photon emission and detection be implemented in a 
physical system, and what the limits of such an implementation would be. 
 
We have studied the dynamical properties of boson sampling from N spin excitations on M 
modes coupled to those spins. Our results show that the mapping to a long-range XY 
model of 2M spins with N excitations is efficient whenever the boson bunching probability 
is small, and that errors can be postselected efficiently provided that ! ~ ! !! . 
Results also show the emergence of M states resilient to dissipation, as generalizations of 
the singlet state that is a dark state for two qubits interacting through a lossless photonic 
waveguide [3]. 
 

 
 

Schematic representation of the spin-boson sampling model. 
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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). 
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Piezoelectric acoustic phonons appear in many materials without inversion symmetry. 
They have been little studied in the context of piezoelectric substrates covered by two-
dimensional materials like grapheme, where the substrate phonons couple to the charge 
carriers in the covering material. In particular, they are responsible for new effective 
(substrate dependent) electron-electron interactions which can be strong and give rise to 
novel many-body effects. 
In this work, we study theoretically some many-body effects arising from placing graphene 
on a piezoelectric substrate, a system that so far has been studied only in a few specific 
cases (typically GaAs, which shows moderate piezoelectricity) and focusing on a few 
properties. Our present work should be useful for many applications of graphene on top of 
various piezoelectric substrates. First we present a derivation of the electron-phonon 
interaction matrix element, which generalizes previous calculations made within simple 
isotropic approximations [1] which are not always valid. We study many-body effects [2] 
including some (temperature-dependent) phonon renormalizations due to the electron 
cloud surrounding the lattice vibration, as well as electron self-energies arising from the 
effective electron-electron interactions in the perturbative G0W approximation. We also 
perform calculations of the graphene mobilities (and conductivities) depending on 
substrates with showing different levels of piezoelectricity. Finally, we discuss the 
difficulties which these systems face to display superconducting instabilities mediated by 
these piezoelectric phonons, even for very high electron-phonon couplings. For 
completeness, we compare our results with the situation found for the two-dimensional 
electron gas 2DEG and for conventional three-dimensional BCS superconductors. 
 
D.G.G. González acknowledges financial support from Campus de Excelencia 
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In recent years, huge efforts have been made in the research community to overcome the 
limitations in Flash and RAM memories, and consequently, new emerging technologies are 
competing in the race towards a new paradigm in information storage. In particular, 
nonvolatile memories based on the Resistive Switching (RS) effect, where two (or more) 
reversible resistance states can be induced upon application of an electric field, has 
emerged with excellent performance and it is thought to be the future substitute of present 
memories. This phenomenon has been observed in many oxide systems, in particular in 
complex oxides, which are materials showing outstanding properties giving rise to exotic 
physical phenomena due to the strong electronic correlation and whose properties can be 
tuned with external excitations making them suitable for advanced electronic applications. 
We are interested in metallic complex oxides with metal-insulator transitions (MIT) which 
are able to display Volume RS effects induced by the MIT. Therefore, strong changes in 
carrier concentration can be induced, enabling tuning of robust novel ReRAM based 
electronics devices. The mechanism underlying this phenomenon is still unclear though 
Oxygen vacancies mobility plays an important role in the mechanism underneath this 
phenomenon. We early proved [1] that reversible transitions from low resistive (LR) to high 
resistive (HR) states even through the whole thickness of the film (10-12 nm) was possible 
at the nanoscale in La0.7Sr0.3MnO3 films by means of C-SFM. Here, we extend our studies 
to different functional metallic oxides showing MIT based on manganites with different Sr 
content (La1-xSrxMnO3-y), nickelates (RNiO3 with R=La, Nd, Sm) and superconducting 
cuprates YBa2Cu3O7 grown by chemical solution deposition. We have observed reversible 
Volume RS in all these systems giving rise to a complete writing and erasing process. The 
MIT-based RS characteristics of these layers have been analyzed by local probe 
techniques (C-SFM, STM) but also by I-V characteristics using metal electrodes. 
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Oxygen vacancies are the most common defect in oxide perovskite oxides. Important 
applications are associated to their controlled generation and transport in electrochemical 
energy (fuel cells and batteries) and memory (memristors) devices. At interfaces oxygen 
vacancies can accumulate under the action of external electric fields and, especially in 
nanostructures where sample size becomes comparable to migration length, be the source 
of novel, yet unreported, functionalities [1].  Here we demonstrate the dynamic control of 
the vacancy profile in the nanometer thick barrier of a ferroelectric tunnel junction. Oxygen 
vacancies generated at an electrochemically active electrode are pushed against the 
(asymmetric) interfaces of a ferroelectric tunnel barrier by an external electric field and 
their doping effect modify the screening of the polarization charges, enabling  the control of 
the sign of the electroresistance and allowing for 4 memory states associated to the 
switching of the ferroelectric polarization. This results opens a new avenue to define 
complex  memory device concepts based in multiple electrically-only controlled states.  
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We measure the tilted vortex lattice in the superconductor β-Bi2Pd (Tc = 5 K) using a 
scanning tunneling microscope (STM) at very low temperatures (150 mK) and a 
homemade three axis superconducting magnet providing magnetic fields of 5T in z 
direction and 1.2 T in plane. Our results give first real space imaging of the tilted vortex 
lattice in a nearly isotropic s-wave BCS superconductor. STM images show different kinds 
of vortex patterns which give the projection of the tilted lattice on the surface. These 
surface vortex lattice patterns change from elongated hexagonal to square and chain 
arrangements at different orientations of the magnetic field. We find that the tilted vortex 
lattice is mostly understood within Ginzburg-Landau theory for an isotropic 
superconductor. However, from a detailed study of the vortex lattice for varying polar and 
azimuthal angles, we find correlations between the square atomic lattice and the tilted 
hexagonal vortex lattice. Our results point out the importance of taking into account the in-
plane Fermi surface anisotropy in explaining the vortex lattice of superconductors, in 
particular for tilted magnetic fields. 
 

Figure 1. We show the vortex lattice projected at the surface in �-Bi2Pd measured with a 
STM at 150 mK with a magnetic field of 0.3 T, applied (a) along the c-axis; and (b) tilted a 
polar angle � = 80� and azimuthal angle� = 34�. The arrow gives the in-plane projection 
of the magnetic field and the hexagons the unit cell of the vortex lattice in each 
configuration. 
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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=1.5K. 
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, P. M. Oppeneer, and Rev. Mod. Phy. 83,1301-1322 (2011) 
[3] A. Maldonado, I. Guillamón, J. G. Rodrigo, H. Suderow, S. Vieira, D. Aoki and J. 
Flouquet. Phy. Rev. B. 85, 214512 (2012) 
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 Stoichiometric SrTiO3 is a diamagnetic insulator with a strong susceptibility to oxygen 
vacancy (VO) formation. Due to the large electron mobility and the electron-donor character 
of VO, even the slightest concentration of vacancies produces metallic behavior. Therefore, 
oxygen non-stoichiometry plays a very important role in the magneto-transport behavior of 
STO both in the form of thin films and interfaces such as the well-studied STO/LaAlO3 
interface [1, 2]. Nevertheless, there is still an intense discussion about whether some 
phenomena should be attributed to complex electronic phenomena at the interface or 
simply to the presence of VO [3]. 
 In this work, we study the effect of the oxygen pressure and the temperature during 
Pulsed Laser Deposition (PLD) growth, and subsequent post-annealing, for Nb:STO thin 
films. The VO are doubly charged electrons donors that can be detected through hall effect 
measurements of free charge carriers. Their behavior is adjusted using a simple 
thermodynamic model. We observed that each VO is doubly ionized and contributes with 
two electrons to the conduction band of the STO film, in a wide range of pressure and 
temperature. Creating/filling the vacancies is not a reversible process at every temperature 
and pressure, which should be taken into account for synthesis and post-annealing 
protocols to achieve stoichiometric samples. 
 Finally, we discuss the effect of Sr vacancies in the oxygen mobility and vacancy 
creation/destruction. 
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A general method for the quantification of dipolar interactions in assemblies of 
nanoparticles has been developed from a model sample constituted by magnetite 
nanoparticles of 5 nm in diameter, in powder form with oleic acid as a surfactant so that 
the particles were solely separated from each other through an organic layer of about 1 nm 
in thickness. This quantification is based on the comparison of the distribution of energy 
barriers for magnetization reversal obtained from time-dependent relaxation 
measurements starting from either (i) an almost random orientation of the particles’ 
magnetizations or (ii) a collinear arrangement of them prepared by previously field cooling 
the sample. Experimental results and numerical simulations show that the mean dipolar 
field acting on each single particle is significantly reduced when particles’ magnetizations 
are collinearly aligned. Besides the intrinsic distribution of the energy barriers, anisotropy 
for the noninteracting case was evaluated from a reference sample where the same 
magnetic particles were individually coated with a thick silica shell in order to make dipolar 
interactions negligible. Interestingly, the results of the numerical simulations account for 
the relative energy shift of the experimental energy barrier distributions corresponding to 
the interacting and noninteracting cases, thus, supporting the validity of the proposed 
method for the quantification of dipolar interactions.  
This work is supported by Spanish MINECO (MAT2012-33037), Catalan DURSI 
(2014SGR220) and EU FEDER funds (Una manera de hacer Europa). 
 
 

 

 
Dipolar field histograms for particles randomly placed in a cubic box with a concentration 

c= 0.3Histograms in red are for a configuration with magnetic moments aligned along the z 
axis, while blue ones correspond to randomly oriented magnetic moments. 
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Disorder among surface spins largely dominates the magnetic response of ultrafine 
magnetic particle systems. In this work, we examine time-dependent magnetization in 
high-quality, monodisperse hollow maghemite nanoparticles with a 15 nm outer diameter 
and enhanced surface-to-volume ratio. The nanoparticle ensemble exhibits spin-glass-like 
signatures in dc magnetic aging and memory protocols and ac magnetic susceptibility. The 
dynamics of the system slows near 50 K, and becomes frozen on experimental time scales 
below 20 K. Remanence curves indicate the development of magnetic irreversibility 
concurrent with the freezing of the spin dynamics. A strong exchange-bias effect and its 
training behavior point to highly frustrated surface spins that rearrange much more slowly 
than interior spins with bulk coordination. Monte Carlo simulations of a hollow particle 
reproducing the experimental morphology corroborated strongly disordered surface layers 
with complex energy landscapes that underlie both glass-like dynamics and magnetic 
irreversibility. Calculated hysteresis loops reveal that magnetic behavior is not identical at 
the inner and outer surfaces, with spins at the outer surface layer of the 15 nm hollow 
particles exhibiting a higher degree of frustration. Our study sheds light on the origin of 
spin-glass-like phenomena and the role of surface spins in magnetic hollow 
nanostructures. This work is supported by Spanish MINECO (MAT2012-33037), Catalan 
DURSI (2014SGR220) and EU FEDER funds (Una manera de hacer Europa). 
 
 
 
 
 
 

 
	

 
 

 
TEM image of a hollow NP and simulated magnetic configuration at remanence. 
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Porous nanostructured photonic materials in the shape of periodic multilayers have 
demonstrated their potential in different fields ranging from photovoltaics1 to sensing.2 On 
the one hand their porosity makes it feasible to infiltrate them with a polymeric matrix, 
which allows their use as flexible films. When applications dealing with light absorption or 
emission are considered, knowledge on how the local density of states (LDOS) is 
distributed within them is mandatory3 in order to realize a judicious design which 
maximizes light matter interaction.  
In this work we report a detailed study of how dye doped polystyrene nanospheres 
constitute an effective LDOS probe to study its distribution within nanostructured photonic 
media4. Nanospheres with a diameter of 25 nm are incorporated in the fabrication 
procedure of nanostructured photonic multilayers (Fig. 1a). Introducing the polymeric 
spheres at different stages of the fabrication process allows placing them at several 
positions of the structured sample (Fig. 1b). A combined use of photoluminescence 
spectroscopy and time resolved measurements are used to optically characterize the 
samples. While the former shows how depending on the probe position its PL intensity can 
be enhanced or suppressed, the latter allows to probe the LDOS changes within the 
sample, monitored via changes in its lifetime. We demonstrate how information on the 
local photonic environment can be retrieved with a spatial resolution of 25 nm (provided by 
the probe size) and relative changes in the decay rates as small as ca. 1% (Fig. 1c), 
evidencing the possibility of exerting a fine deterministic control on the photonic 
surroundings of an emitter. 
	

 

Fig. 1. (a) Diagram of the fabricated samples. (b) SEM 
images obtained with backscattered electrons of a 
sample with a monolayer of spheres. (c) Evolution of 
the decay rate of the dye doped spheres (normalized to 
a reference sample) as their position is changed across 
the resonator. 
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The use of epitaxial thin films to a broad range of phenomena which requires determining 
heat transport (thermoelectricity, heat-assisted spin-transfer effects, thermal insulation, 
heat dissipation in nanostructures, etc) is becoming increasingly relevant not only in terms 
of fundamental physics but also in terms of designing novel functionalities. Coherent 
epitaxial growth also allows the elastic deformation of the film crystal structure far beyond 
the elastic limit of bulk specimens by the use of appropriate underlying substrates showing 
different misfit –the so-called strain engineering [1]. This mechanism provides access to 
novel phases absent in bulk and enables engineering new or enhanced functional 
properties. A systematic variation of the film properties requires therefore the use of 
different substrates. Yet the ability of substrates to conduct heat makes the analysis of the 
thermal conductivity of thin films far more complicated than the electrical conductivity. 
Actually, given the large volume difference between the film and the substrate, the later is 
commonly the most important contributor to heat dissipation. Hence, determining the 
substrate thermal conductivity becomes essential. 
Here we have thoroughly investigated the temperature dependence of the thermal 
conductivity in a large variety of single-crystal oxides [2], including perovskite, spinel, 
garnet, corundum and rock-salt structures, provided by CrysTec GmbH [3]. They have 
been selected to span over a large range of lattice parameters (from ≈3.6 Å to ≈8.1 Å), 
where the vast majority of functional epitaxial thin-film oxides are grown [1]. A detailed 
analysis based on the Debye-Callaway model [4] suggests an important role for extrinsic 
phonon-scattering effects. The results show unexpected variations of the thermal 
conductivity among crystals of the same family (perovskites, for instance) in spite of their 
similar Debye temperature. These differences can be as large as 2 orders of magnitude at 
cryogenic temperatures. We demonstrate that multiple cation configuration, the content of 
magnetic ions, frustrated magnetic dipole interaction or the presence of ferroelectric 
domain walls are main sources accounting for the highly suppressed thermal conductivity 
in these oxides. 
This work provides a fundamental database for the selection of appropriate materials and 
substrates according to their desired thermal properties, for applications in which heat 
conduction is an important issue. 
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InAs/GaAs self-assembled QDs exhibit a type-II band alignment for holes when capped by a 
homogeneous layer of GaAsSb [1]. The distribution of the wavefunction of the confined carriers 
reveals an electron deeply confined inside of the nanostructure while the hole is weakly localized 
outside. Applying an external electric field allows to change the relative position of the electron and 
hole by virtue of the Quantum Confined Stark Effect. Depending on the strength of the electric field, 
the electron can be either localize inside of the quantum dot or tunnel out towards the contacts. The 
case of the hole wavefunction is more interesting. The probability distribution of the optically active 
hole ground state will exhibit either a non-singly connected topology (ring-like) for zero and forward 
bias or a singly-connected topology for reverse bias, as shown in the Figure. These would result in 
a system where Optical Aharonov-Bohm oscillations could be switched on and off depending on the 
applied voltage.. 
 

 
Probability density of the hole wavefunction (left) as a function of the applied field applied inside of a 

p-i-n diode (right)  
 

In the present work we show the experimental results for the stark energy shift and carrier lifetime 
as a function of an external applied electric field for this type of QDs [2]. We have found an excellent 
agreement with a theoretical model of the QD based on the multi-band k·p method. We predict that 
it is possible to tune the hole wavefunction position along the growth axis inducing a transition from 
singly connected to doubly connected exciton topology, opening the door to a voltage-control 
Aharonov-Bohm effect. Recent experimental results in high magnetic fields that support this 
prediction will be shown [3]. 
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Theoretical studies published recently suggest the possibility of tuning electrical 
properties on several double perovskites compounds by means of hydrostatic 
pressure. In this work we study this possibility in the ferromagnetic insulator 
La2CoMnO6 where a high spin to low spin state transition of Co2+, accompanied by 
an insulator to metal transition, has been predicted under high pressure [1,2]. Here 
we report a simple and straightforward setup to measure high pressure effects by 
applying uniaxial pressure through an atomic force microscope (AFM) probe. AFM 
technique, as it has been show in a previous work [3], allows applying high 
pressure due to the nanoscopic size of the tip and the control over the applied 
force. Nanoscale contact areas and applied forces of tens of microNewton 
translate in pressures of the order of GPa. High quality epitaxial La2CoMnO6 thin 
films (Tc around 230 K [4]) used in this work have been grown by means of RF 
magnetron on top of a conductive substrate Nb:SrTiO3. Changes in electronic 
properties as a function of the applied pressure have been monitored in a 
conductive AFM configuration by measuring the current passing through the film. 
Figure shows a strong decrease of resistivity with the applied force in a measure of 
the current extracted from an average of force curves performed at a certain 
voltage at different locations. 
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Spintronic devices are based on the generation of highly spin-polarized currents, 
thus ferromagnetic insulators acting as magnetically active barrier have emerged 
as promising materials for them. The exchange splitting of the bands allow 
obtaining tunnel barriers with different height for spin-up and spin-down carriers 
and enables spin filtering. However these materials are scarce in nature and tend 
to present low Curie temperature (Tc). In this context, double perovskites La2BB’O6 
(B=Co, Ni) have recently attract much attention as they present relatively high Tc. 
Here we report on the magnetic and structural properties of ferromagnetic 
insulating La2CoMnO6 thin films grown by means of RF magneton sputtering 
technique. We have achieved epitaxial films with Tc around 230 K. Our previous 
results indicate a close correlation between the oxygen stoichiometry and their 
magnetic properties [1]. Here, we focus on study the effect of structural strain, 
which appears to tune magnetic anisotropy. By growing La2CoMnO6 film on top of 
different substrates we have observed that compressive strain induces in-plane 
magnetic anisotropy while tensile strain promotes out-of-plane anisotropy. The 
possibility of controlling its magnetic anisotropy will also open the door to the 
implementation of devices based on the tunneling anisotropic magnetoresistance 
phenomenon.  
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Disordered two dimensional metals undergo a localization transition to an Anderson insulator 
for sufficiently strong disorder. When the systems are in a topologically non trivial phase the 
localization transition - between a topological to an Anderson insulator -- is accompanied by a 
topological transition where the topological charge ceases to be a good quantum number. The 
behavior of these systems near the transition is organized in universality classes depending on 
the symmetry and topology. We analyse the topological transition and localization evolution of 
disordered Chern insulators based on bipartite lattices.  We find a non standard  behavior for 
disorder realizations selectively distributed on only one of the sublattices. The Chern number 
survives to a much stronger disorder strength (one order of magnitude higher) than in the 
equally disordered case and the final state in the strongly disordered case is metallic. 
vestibulum elit id augue gravida auctor 
 

 
 
Fig. 1. A comparison of the behavior of the Chern number as a function of the disorder strength 
for the two types of disorder: Equally distributed (red squares) and selected disorder (blue 
circles). The inset shows the – much higher – values of disorder strength for which the Chern 
number ceases to be quantized. 
 
The work was partially supported by Spanish MECD grant FIS2014-57432-P, FCT-Portugal 
grant No. EXPL/FISNAN/1720/2013, and the European Commission under the Graphene 
Flagship, contract CNECT-ICT-604391. 
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Transition metal magnets are characterized by having moments strongly linked to their 
local environment. This leads to a rich interplay between d-electron magnetism and 
nearest-neighbor interactions [1]. Topological non-trivial arrangement, like skyrmions in 
MnSi, have been trust important for developing new devices, however the Mn-Si family 
have been not extensively studied. In particular, previous neutron scattering experiments 
in samples of Mn5Si3 show several magnetic phases, with two magnetic transitions TN

1 = 
60 K and TN

2 = 90 K. Below TN
1, spins are arranged in a non-collinear structure, showing 

local chirality. This phase is destroyed by a magnetic field of several Tesla, favoring the 
high temperature antiferromagnetic arrangement [2]. 
In this work, a study of the phase diagram of the Mn5Si3 system is presented. Crystals of 
Mn5Si3 were grown out of Cu flux. Needles with typically 6 mm in length and a non-regular 
octagonal cross section of about 1 mm2 were obtained. Magnetization measurements up to 
7 T and down to 2 K were performed on individual needles along their main axis. Known 
magnetic transitions TN

1 and TN
2 were observed in combination with a new additional 

transition TN
1* at 45 K. TN

1 was observed magnetic field independent, whereas TN
1* 

strongly decreases with the magnetic field. In addition, several transition were observed for 
the phase down TN

1* when increasing field at a fixed temperature. Our measurements 
suggest that the low temperature magnetic non-collinear structure unwinds with the 
magnetic field through metamagnetic transitions. There is an additional intermediate 
magnetic phase between 45 K and 60 K, which is probably also non-collinear. The role of 
sample synthesis on the magnetic structure is briefly discussed. 
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The surfaces of insulating materials are of special interest due to their direct applications. 
In particular, anatase plays a key role in fields of actual research interest, such as solar 
cells, catalysis or energy-harvesting. TiO2  (101) anatase have been investigated using 
different Hamiltonians with all-electron Gaussian basis sets (CRYSTAL code1,2), within a 
periodic approach. For purposes of comparison with previous plane wave (PBE+U) 
calculations by using the VASP code3,4, full-relaxation of anatase surface have been 
carried out by performing  pure and hybrid Density Functional Theory (DFT) models. Total 
and projected-densities of states have been computed at the pure DFT (PBE) and the 
hybrid DFT (B3LYP and HSE) levels.  A description of the H intercalation, O vacancy and 
water adsorption in  (101) anatase has also been performed. Both VASP and CRYSTAL 
codes seem to have a very good agreement regarding the structural and electronic 
properties of defective (101) anatase, being the hybrid functional HSE the one that 
describes them more accurately. The band gap obtained  with the hybrid functional HSE 
and the CRYSTAL code is in excelent agreement with the experimental data while the one 
obtained with PBE+U and the VASP code turns out  to be small. The use of gaussian basis 
sets allows us  to include hybrid functions at a reasonable computational cost which 
increases the accuracy. 

References
[1] R. Dovesi, V. R. Saunders, C. Roetti, R. Orlando, C. M. Zicovich-Wilson, F. Pascale, B. 
Civalleri, K. Doll, N. M. Harrison, I. J. Bush, P. D’Arco, M. Llunell, M. Causà and Y. Noël  
CRYSTAL14 User's Manual (University of Torino, Torino, 2014).
[2] R. Dovesi, R. Orlando, A. Erba, C. M. Zicovich-Wilson, B. Civalleri, S. Casassa, L. 
Maschio, M. Ferrabone, M. De La Pierre, P. D’Arco, Y. Noel, M. Causa, M. Rerat, B. 
Kirtman.  
Int. J. Quantum Chem. 114, 1287 (2014). 
[3]  G. Kresse and  J. Furthmueller. Phys. Rev. B 54, 69993–11186 (1996).
[4] O. Stetsovych, M. Todorović, T. K. Shimizu, C. Moreno, J. W. Ryan, C. Pérez León, K. 
Sagisaka, E. Palomares, V. Matolín, D. Fujita, R. Perez, and O. Custance. Nature 
Communications 6, 7265 (2015). 

IX REUNIÓN DEL GEFES   ---   gefes-rsef.org



		

IX	REUNIÓN	DEL	GEFES			---			gefes-rsef.org	

 
 

Inelastic electron tunnelling and noise spectroscopy in organic 
magnetic tunnel junctions 

 
Isidoro Martínez1, Juan Pedro Cascales1, Jhen-Yong2,3, Pablo Andres1, Minn-

Tsong Lin2,3, and Farkhad Aliev1 
 

1 Depto. Física Materia Condensada, C03, Universidad Autónoma de Madrid, 28049, 
Madrid, (Spain) 

2 Department of Physics, National Taiwan University, 10617 Taipei, (Taiwan) 
3 Institute of Atomic and Molecular Sciences, Academia Sinica, 10617 Taipei, (Taiwan) 

 
 

Possible influence of internal barrier dynamics on spin, charge transport and their 
fluctuations in organic spintronics remains poorly understood. Here we present inelastic 
electron tunnelling spectroscopy (IETS) and low frequency noise (LFN) studies in magnetic 
tunnel junctions made of an organic barrier of PTCDA which thickness range between 0 
(control samples) and 5 nm in the tunnelling regime at temperatures down to 0.3K. 
Previously, in the presence of molecular barrier we observed superpoissonian shot noise 
with a Fano factor exceeding in 1.5-2 times the maximum values reported for magnetic 
tunnel junctions with inorganic barriers [1]. Excess shot noise has been interpreted as due 
to interface states controlled spin dependent bunching in tunnelling events through the 
molecules [1].  
Our IETS results show presence of multiple peaks related with energy relaxation of the 
tunnelling electrons via excitation of collective (librons) and internal (phonons) vibrational 
modes of the molecules. The position of those anomalies is highly symmetric respect of 
bias direction with some modes slightly varying their energies with bias polarity. This could 
be attributed to some inevitable barrier asymmetry and differences in the local conditions 
of the top vs. bottom interfaces.  
The bias dependence of the low frequency noise studied up to 400mV reveals the 
presence of strong anomalies in the normalised 1/f noise at some specific biases. Those 
reproducible anomalies are relatively strong for the smallest barrier thicknesses (1.2-2 nm 
PTCDA) and survive heating up to 120K. LFN excess anomalies gradually reduce their 
relative contribution as the noise background increases with PTCDA thickness 
approaching 5 nm. We tentatively attribute these features with vibrational heating of the 
molecules situated near disordered interfaces, which may result in periodic 
closing/opening of specific electron transport channels. Finally, we discuss the 
dependence of the IETS and of the LFN anomalies on the relative magnetic alignment of 
the ferromagnetic electrodes. 
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Understanding the interaction between organic molecules and surfaces is of paramount 
importance in diverse fields such as organic and molecular electronics, catalysis, and on-
surface chemistry, among others. In particular, the growing field of organic electronics 
relies on the use of organic conjugated molecules as components of multilayer devices. To 
this aim, surfaces of titanium dioxide provide suitable conditions for the use of surface 
experimental techniques (ultra-high vacuum XPS, UPS, NEXAFS and STM) and their 
adequate combination with first-principles based calculations. TiO2(110) surfaces provide 
an anisotropic template consisting of alternating bridging oxygen rows and 5-fold 
coordinated Ti4+ rows, making possible different adsorption geometries for different 
organic molecules. On this basis, the Unified IDIS model, a beyond-DFT many-body 
approach, and an accurate Keldish-Green-based theoretical scanning tunneling 
microscopy formalism have been used to fully characterize the interaction between a large 
variety of organic molecules – such as TCNQ, C60H30, perylene, C60, 2HTPP, and NiTPP – 
and TiO2 surfaces. These molecules are prototypical electron donors and acceptors, and 
are in potentials of catalysis and molecular electronics as active catalysts precursors, 
promising candidates of organic conductors, and some of them interesting due to their 
hole-injection barrier recently evidenced. Within this contribution we will deeply analyze the 
interaction between TCNQ[1] and perylene[2] on the TiO2(110)-1×1 surface, the on-surface 
(cyclo-)dehydrogenation reaction of C60H30 on the TiO2(110)-1×1 surface,[3] a recently 
discovered new C60/TiO2(110) phase,[4] and the complex on-surface metalation process 
from 2HTPP towards NiTPP on the 1×1 and 1×2 TiO2(110) surfaces.[5] 

 

Theoretical and experimental STM images of 2HTPP on the TiO2(110)-1×2 surface 
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In the framework of the European project ERC Synergy Grant “Gas and dust from stars to 
the laboratory: Exploring the NANOCOSMOS”, specialists in astrochemistry and surface 
science come together to change our view on the origin and evolution of the cosmic-dust 
and chemical complexity in space. Here, part of the surface science team presents the 
Stardust machine (Figure 1), designed to simulate in the laboratory the formation of 
nanoparticles, small clusters and molecules in the photosphere of a red-giant star. In 
particular, we will focus on the first part of Stardust, where the seed formation of dust 
analogs will be produced. This part of the equipment is an implementation of a sputtering 
gas aggregation source called Multiple Ion Custer Source (MICS). The MICS can fabricate 
nanoparticles (NPs) of controlled size, composition and structure in ultra-high vacuum. It 
consists of three completely independent magnetrons inside an aggregation zone. 
Previous works demonstrated that with this equipment it is possible to fabricate NPs of a 
single element [1], alloyed NPs with controlled stoichiometry [2], as well as core@shell 
NPs [3].For the Stardust machine, the size of the magnetrons and the aggregation zone 
were scaled up in order to be able to fabricate NPs of bigger sizes in larger quantities (high 
flux). The aggregation zone includes new entrances that will enable to perform new 
fundamental research concerning the plasma generated inside the aggregation zone and 
also they will be used to introduce reactive gases in the region where the dust analogs are 
formed to match radio-astronomic observations. 
 

 
Scheme of the Stardust machine and detail of the MICS for the seed formation. 
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Angular dependence of magnetic transmission X-ray microscopy has been used as the 
basis of a novel imaging technique that provides quantitative descriptions of magnetic 
configurations with nanometric lateral resolution (canting angles relative to surface normal 
and sense). This method is applied to study magnetic stripe domains of ferromagnetic 
NdCo5 layers in which canting angles are found to decrease from 65° to 22° as Nd-Co 
thickness increases from 55 to 120 nm. Element specific X-ray images of a 
NdCo/Permalloy bilayer have allowed us to characterize independently the magnetization 
at each layer. Complex topological defects (merons or ½ skyrmions) have been identified 
within the stripe pattern of the NdCo film that are only partially replicated by the permalloy 
overlayer [1]. These results open possibilities for the characterization of deeply buried 
magnetic topological defects, nanostructures and devices. 

 
Fig. 1: Transmission X-ray microscopy images of topological defects in the stripe magnetic 
domain pattern of a 55 nm thick Nd-Co film buried under 40 nm of Permalloy. Quantitative 
analysis of the angular dependence of magnetic contrast allow us to recover the magnetic 

configuration of merons (half skyrmions) located at dislocation cores. 
 
[1] C. Blanco-Roldán et al, Nature Communications 6, 8196 (2015). 
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Site-Specific Spectroscopy provides physical and chemical insights at the atomic scale by 
measuring the convenient magnitude as a function of distance (Z). On the one hand, 
analysis of force curves reveals information about the chemical interaction at specific 
surface sites and the mechanical behavior in single-atom contacts. In addition to such 
Force Spectroscopy, the local electronic response can be measured by simultaneous 
acquisition of the tunneling current.  
 
In this work we combine force and tunneling current spectroscopies at room temperature 
to study copper oxide on Cu(111). On copper oxide the dependence of the tunneling 
current on Z deviates from the expected exponential behavior. We show that atomic 
deformation during contact explains the non-linear behavior of the tunneling current as 
function of the distance. The study has been extended to organic semiconducting 
molecules on metal surfaces. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
Figure: (a) Topographic STM image of a submonolayer coverage of copper oxide on Cu(111) and (b) its line profile. (c) On 
the bare Cu(111) the expected linear dependence of the ln(It) vs piezo distance is observed. (d) On the copper oxide, the 
dependence of the tunneling current on distance deviates from the exponential behavior. For both, the negative values of the 
frequency shift indicate that the system average tip-sample interaction stays in the attractive regime, getting larger for closer 
distances. The excitation signal does not show any apparent signature of dissipative processes.  
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The need to meet the foreseen energy demands at a minimized environmental harm has 
caused photovoltaic technology to be given considerable heed. Since its creation in 1991, 
the dye-sensitized solar cell (DSSC) has remained a promising third-generation 
photovoltaic device. Different photonic structures have been included in such devices as a 
means of improving their light harvesting efficiency[1-3]. Bifacial solar cells presenting 
operation under front and rear illumination have been proposed as an effective means 
toward cost reduction, as a same area cell is able to harvest a higher amount of light. 

In this work, bifacial DSSCs with enhanced performance have been built by randomly 
dispersing crystalline TiO2 nanospheres in their electrode following prior theoretical design 
by a model. Optically random media combine appealing light scattering and characteristic 
resonance effects with ease of fabrication, which provide them with beneficial features for 
integration in DSSCs. The random dispersion of submicron particles of high refractive 
index in the electrode of DSSCs has been proposed as a means toward enhancement of 
their absorption[4,5]. Due to the effects of multiple scattering, the path length of the light 
can be effectively enlarged, so that the residence time of the photons can be increased 
inside the sensitized film and, thus, their probability to interact with a dye molecule. Due to 
the features of the inclusions herein used and the possibility of tailoring disorder, this 
procedure offers unprecedented control over the scattering inside the active film of the 
device. An optically disordered system comprised of a mesoporous TiO2 matrix embedding 
randomly dispersed TiO2 nanospheres acting as scattering centers in diverse conditions 
has been optically characterized and successfully integrated in bifacial DSSCs, for which 
an electrical characterization revealed a significant enhancement of their power conversion 
efficiencies under front and rear illumination.  

 

Fig.1: Schematic of the solar cell architecture including scattering centers in the 
mesoporous TiO2 matrix employed in the work. 
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Transition metal dichalcogenides (TMDC) MX2 (M=Mo, W, Nb; X= S, Se, Te) are promising 
materials for optoelectronic applications due to their exceptionally tunable properties [1,2]. 
Monolayers (ML) of some TMDCs present different optical and electrical properties than 
bulk. On the one hand, ML-MoS2 behaves as a direct-gap-like semiconductor, whereas 
bulk MoS2 is considered to be an indirect-gap-like semiconductor. This difference, which 
comes from a change of the electronic band structure with thickness, gives to the ML 
higher luminescence intensity. On the other hand, for an odd number of layers of TMDCs, 
inversion symmetry is broken and thus it is possible to tune a new degree of freedom, the 
valley. For an even number of layer, the inversion symmetry is preserved. The possibility 
of tuning the valley degree of freedom is of high interest for its application in the design of 
electronic devices, raising the new field of valleytronics [3,4]. 
 
The properties of single layer TMDCs can be also highly affected by the interaction with 
the substrate where they are deposited. Here, we study the optical and electrical 
properties of ML-MoS2 on top of a superconductor and an insulating ferromagnetic material 
respectively. In the first case, we aim to study the properties of a superconductor-
semiconductor junction. Our structures are formed by ML-MoS2 deposited on top of a bulk-
like NbSe2, all in a Si-SiO2 substrate. NbSe2 is a superconductor with Tc=7 K. Above this 
temperature, the NbSe2 substrate behaves as a normal metal and the hybrid presents a 
typical Schottcky barrier. However, below the critical temperature the resistance of NbSe2 
drops to zero and we can study the formation of a “super” Schottky barrier [5]. In the 
second case, we explore the properties of ML and few layer TMDC (MoS2 and WSe2) on 
top of a ferromagnetic substrate (Yttrium Iron Garnet-YIG). In these samples, we study the 
effect of the inhomogeneous magnetic texture of the substrate on the valley exciton 
transitions of the MoS2 [6]. 
 
We study the optoelectronic properties by combined luminescence and electronic transport 
measurements, at room and low temperatures. Since the substrate could modify not only 
the electron but also the phonon properties of MoS2, heterostructures are also study by 
Raman Spectroscopy under different excitation wavelengths and temperatures. To 
determine the role of the substrate, results are compared to those of samples deposited on 
Si-SiO2 substrate.  
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We report on torque magnetometry results to study the magnetic anisotropy of cobalt and 
iron-cobalt nanowires, grown by electrochemistry into nanoporous alumina templates. We 
look at the effects of shape and magnetocrystalline anisotropy. For comparison we also 
measured a 50 nm thick Permalloy film with in-plane anisotropy. We developed a 
technique of “torque rotations”, that is, we rotate the sample in a fixed magnetic induction, 
B, (between 100 G and 14 T) and fixed temperature (between 2 K and 300 K) and analyse 
the resulting torque vs. angle, θ, curves by comparing them to simulated torque rotations. 
We use various free energy models and for a given B minimize them to obtain the direction 
of equilibrium magnetization, M. We show that the high-B torque rotations are independent 
of B, can be described as sin(2*θ), and reflect the leading anisotropy term (K*V, where V 
is the magnetic volume). On the contrary, the small-B rotations scale with B and have a 
distorted form. The transition from one behavior to another happens around the anisotropy 
field (K/M). In very small fields (below coercivity) the torque rotations change again and 
have sin(θ) shape, as the magnetic moment is unmoved by B. This allows us to determine 
the total magnetic moment m=M*V, and thus estimate the hard to measure magnetic 
volume, and thus the magnetization, too. 
 

 
Magnetic torque of an electroplated Cobalt nanowire assembly as the magnetic field is 
rotated away from the wire axis. The anisotropy changes abruptly from 4-fold to 2-fold 

above the anisotropy field. 
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The boson sampling model [1] is a simplified, non-universal model for quantum computing 
that may hold the key to the first ever implementation of a post-classical quantum 
computer. Previous studies have shown that, within the Markovian approximation, the 
coupling between the input and output qubits can be described as an exchange of 
interactions that typically maps into an XY model with long-range interactions [2,3]. 
A natural question is how may single-photon emission and detection be implemented in a 
physical system, and what the limits of such an implementation would be. 
 
We have studied the dynamical properties of boson sampling from N spin excitations on M 
modes coupled to those spins. Our results show that the mapping to a long-range XY 
model of 2M spins with N excitations is efficient whenever the boson bunching probability 
is small, and that errors can be postselected efficiently provided that ! ~ ! !! . 
Results also show the emergence of M states resilient to dissipation, as generalizations of 
the singlet state that is a dark state for two qubits interacting through a lossless photonic 
waveguide [3]. 
 

 
 

Schematic representation of the spin-boson sampling model. 
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Since the first reported observation of the Kondo effect using a Scanning Tunneling 
Microscope as Zero Bias Anomalies on the Scanning Tunneling Spectroscopy [1], its study 
has helped to understand different aspects related to the interplay between magnetic 
moments and the conduction electrons. Not only magnetic adatoms on surfaces but also 
other counterintuitive Kondo scenarios have also shown this effect [2][3]. On another hand, 
a material like Pt, which as bulk system is known to be a paramagnetic material, is 
believed to develop strong localized magnetic moment when reducing its dimensionality [4] 
and atomic coordination [5]. The development of Kondo screening in this material could 
help to establish the presence of such magnetic moments. Here we show our results when 
studying the electronic transport characteristics of atomic-sized structures in the case of 
three different materials, Pt, Eu and Gd, which could develop Kondo screening at these 
reduced dimensions. In our picture the magnetic moments on these materials are being 
localized on specific atomic orbitals, which can be screened by conduction electrons within 
the same atom. The measured conductance characteristics indeed show Fano-like 
features related to the Kondo screening of the magnetic moments of these systems. A 
distribution of the Kondo temperatures extracted from the Fano adjustment to our curves, 
show the logarithmic distribution expected for a Kondo system. 
 

 
 
Figure. - Distribution of the Kondo temperature for nanocontacts made of Pt (left), Eu (center) 
and Gd (right), respectively. All of them measured with STM technique at cryogenic conditions.  
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The design of artificial vortex pinning landscapes is a major goal towards large scale 
applications of cuprate superconductors. While disordered nanometric inclusions have shown 
to modify their vortex phase diagram and to produce enhancements of the critical current, 
the effect of ordered oxide nanostructures remains essentially unexplored. This is due to the 
very small nanostructure size imposed by the short coherence length, and to the technological 
difficulties in the nanofabrication process. Yet, the novel phenomena occurring at oxide 
interfaces open a wide spectrum of technological opportunities to interplay with the 
superconductivity in cuprates. Here we show that the unusual long range suppression of the 
superconductivity occurring at the interface between manganites and cuprates affects vortex 
nucleation and provides a novel vortex pinning mechanism. In particular, we show evidence 
of commensurate pinning in YBCO films with ordered arrays of LCMO ferromagnetic 
nanodots. Vortex pinning results from the proximity induced reduction of the condensation 
energy at the vicinity of the magnetic nanodots, and yields an enhanced friction between the 
nanodot array and the moving vortex lattice in the liquid phase. 

 

 
Magnetoresistance of 

YBCO (50 nm) (b and c) grown on LCMO magnetic dots (20 nm) (AFM a). 
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Creating or connecting together organic molecules, as polycyclic aromatic hydrocarbons 
(PAH), by chemical reactions readily on surfaces is the first step to a true advance in the 
field of molecular electronics. On-surface chemistry has become one of the most important 
strategies for bottom-up assembly of new nanostructures from their constituent molecular 
building blocks. To ensure a precise control of the surface outcome a correct choice of the 
geometry of the precursor and of the type of metallic surface is necessary [1]. 
In this work, we show that the strength of the PAH-substrate interaction rules the 
competitive reaction pathways (cyclodehydrogenation versus dehydrogenative 
polymerisation). Starting from the same molecular precursor (C57H33N3 or C40H24N2 
(DiPy[5]DBH) and controlling its diffusion by the nature of the supporting surface (Au(111) 
or Pt(111)), temperature-triggered dehydrogenation takes place to provide either molecular 
or polymeric structures of variable dimensionality [2-3]. 
 Combining advanced in-situ surface techniques as STM and NEXAFS with theoretical ab-
initio calculations we have been able to achieve a complete understanding of the self-
assembling of molecular precursors on surfaces. By merging information from these 
techniques and different single-crystal metal substrates, we report on the diffusion control 
of competitive intramolecular and intermolecular dehydrogenative processes respectively 
called cyclodehydrogenation and dehydrogenative polymerisation, which operate in the on-
surface synthesis of N-doped fullerene, nanographene, polyaromatic network, membrane 
or graphene (Fig. 1). By choosing the appropriate N-heteroaromatic precursors and by 
controlling their diffusion, the on-surface (cyclo)dehydrogenation can either lead to 
monomolecular triazafullerenes and diazahexabenzocoronenes (N-doped nanographene), 
or to N-doped polymeric networks. 
 

 
 
 
 
 

Fig. 1: The heteroaromatic precursors 1 and 4 subjected to controlled on-surface 
dehydrogenation. 1 and 4 may form respectively (i) N-doped triazafullerene 2 or 2,5-
diazahexabenzocoronene 5 (through intramolecular cyclodehydrogenation) or (ii) branched 
2D polyaromatic architectures 3 or 6 (both through intermolecular dehydrogenative 
polymerisation and intramolecular cyclodehydrogenation). 
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Chalcopyrite semiconductors are commonly used as materials on solar cell devices. Built 
as tandem solar cells, the study of the heterointerfaces between different semiconductors 
which are components of the devices should be crucial to understand their operation. Band 
alignments of the heterojunctions between CuGaS2 chalcopyrite and different 
semiconductors have been theoretically obtained using density functional theory with 
hybrid functionals.  Band alignments have been determined using an average electrostatic 
potential as reference level. We have also studied the strain between the heterointerfaces 
which plays an important role in the electronic properties of them.Results show that 
CuAlSe2/CuGaS2 and CuGaS2/ZnSe heterointerfaces show band alignments where holes 
and electrons are localized on different sides of the heterojunction. This condition is 
necessary for their application on photovoltaic devices.	
	
 

	
Band alignments between the CuGaS2 and several wide band gap semiconductors 

proposed as contact computing with HSE-α. 
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Polymer-based solar cells hold the promise for light-weight, large area and high 
performance organic photovoltaic devices (OPV) through low cost roll-to-roll processing. 
Within the last 20 years we have witnessed a dramatic increase of their power conversion 
efficiency, particularly through the introduction of the concept of solution-processed bulk 
heterojunction (BHJ) along with the synthesis of new materials. However, before large 
scale commercialization further improvements are still required. In a typical BHJ OPV cell, 
the photoactive blend layer, comprising a conjugated polymer donor and a soluble 
molecular acceptor, is sandwiched between an indium tin oxide (ITO) electrode (anode) 
and a metal electrode (cathode). In order to obtain an efficient charge collection at the 
electrodes, an interlayer is often required.  Two of the important roles of the interlayer are 
obtaining appropriate matching of the energy levels (between the electrodes and the 
photoactive layer compounds) and reducing the interfacial charge recombination in the 
electrodes. In this work the ITO’s workfunction is engineered using self assembled 
monolayers (SAMs) of different phosphonic acids as interlayers between the active layer 
and the anode in BHJ OPV devices. The interfacial properties of ITO have been spatially 
modulated by microcontact printing. Conductive atomic force microscopy and Kelvin probe 
force microscopy have been used to study the impact of the SAMs on the work function 
and electrical transport. The modification of the interfacial properties by the SAMs has 
been correlated with the electrical performance of OPV devices fabricated with a blend of 
the high-efficiency polymer Poly [1-(6-{4,8-bis[(2-ethylhexyl)oxy]-6-methylbenzo [1,2-b:4,5-
b′]dithiophen-2-yl}-3-fluoro-4-methylthieno[3,4-b] thiophen-2-yl)-1-octanone] (PBDTTT-CF) 
and [6,6]-Phenyl-C71-butyric acid methyl ester (PC71BM) as the active layer. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure: a) Contact potential difference (CPD) curves on the modified ITO substrates and b) 
work function values obtained from the fitting of the curves. c) CPD maps of the patterned 

ITO surface functionalized with the phosphonic acid based SAMs and d) profiles taken 
along the lines. 
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Graphene-based supercapacitors and batteries are expected to contribute to electric 
transport and portable electronics by providing better performances in increased energy 
and power, long cycle life and low maintenance cost. In fact, the energy-storage market is 
the one in which graphene is expected to generate more benefits in the short term.  
 
In these applications it is mandatory the use of 3D graphene to increase the specific 
surface and, in this way, to boost the capacitance and thus the energy density. In 
particular, graphene foams (GFs) fabricated by chemical vapour deposition produce a 
versatile and scalable 3-dimensional (3D) network structure while retaining the outstanding 
properties of 2D graphene. The unique combination of high specific surface area and 
preeminent electrical and mechanical properties of GFs offers new possibilities in energy 
storage devices.  
 
In this work, we exploit this combination for the development of high pseudocapacitance 
electrodes where the graphene foam is functionalized using metal oxides fabricate by 
electrodeposition and sol-gel techniques. We have development high performance 
supercapacitor electrodes with very large capacitance and extraordinary retention of 
capacitance that shows the potential of graphene for the development of energy storage 
devices and their application to hybrid, plug-in and full electric vehicles. 
	

 
SEM images of graphene foam functionalized with Nickel hydroxide 
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The control of the electronic properties of complex oxide materials using and external electric field 
has long been the interest of researches as a key role for novel-generation electronics. 
Electrostatic doping by means of  electric double layer (EDL) techniques  have recently been 
demonstrated to be an ideal tool to study the physics of high Tc cuprates. They enable controlled 
changes of carrier concentration [1, 2] making use of an ionic liquid as a gate dielectric. A high 
density of charge carriers (as high as 1014-15cm-2) is accumulated at the oxide interface to screen the 
strong electric field generated within the EDL.  Large changes of the doping concentration allow 
exploring wide regions of the phase diagram and examining boundaries between superconducting 
and non superconducting phases. Aside from these electrostatic doping effects recent studies of the 
EDL gating revealed that the electric field may also generate vacancies in these oxides [3], which in 
turn may have a doping effect that could resemble the one obtained from traditional chemistry 
methods. 
 
To address the doping mechanisms involved in EDL gating we have carried out different in-situ X-
Ray absorption and electric transport studies during the doping process. We electrostatically doped 
a thin film (3 unit cell thick) of the high temperature superconductor YBa2Cu3O7-x (YBCO). The 
evolution of Cu and O oxidation states was simultaneously followed by X Ray Absorption 
spectroscopy. The Near Edge Structure (XANES) and the Extended X Ray Absorption Fine 
Structure (EXAFS) regions of the Cu K edge have been measured at the ESRF (European 
Synchrotron Radiation Facility) at the Spanish BM25 Beamline (Spline). From the analysis of the 
near edge structure of the Cu K edge we have found evidence for a reduced O coordination of the 
Cu, suggesting changes in the oxygen content of the sample. DFT simulations of the XANES of the 
Cu K edge convey the message that in fact the reduced Cu-O coordination is specifically taking 
place at the CuO chains of the cuprate. In summary, we have demonstrated that EDL involves 
atomic displacements associated to the very strong electric fields generated at the interface of the 
cuprate and the ionic liquid and it should not be regarded equivalent to chemical doping or 
conventional electrostatic doping using solid gates.  
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Imaging and manipulating the spin structure of nano- and mesoscale magnetic systems is 
a challenging topic in magnetism. A key example has been provided by the vortex spin 
structure, which can be addressed in four independent states of magnetization, enabling 
the development of multibit magnetic storage media [1]. Most of the works devoted to the 
study of the magnetization reversal mechanisms of the magnetic vortices have been 
focused on micron-size magnetic platelets [2]. Here we report the first experimental 
observation of the vortex state formation and annihilation in individual 25 nm molecular-
based magnetic nanoparticles measured by low-temperature variable-field magnetic force 
microscopy (LT-MFM) (Figure 1). Interestingly, in these nanoparticles the switching of the 
vortex core can be induced with unprecedented small values of the applied static magnetic 
field. 
 
 

 
 

Figure 1. A) Scheme of the tip-sample relative position and the magnetic contrast 
formation in MFM. B) High resolution magnetic image of the vortex state in a 25 nm 

nanoparticle. C) 3D representation of magnetic vortex state predicted in a cubic MNP 
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The discovery in 2008 of high temperature superconductivity in iron materials was a major 
breakthrough. Since then, a lot of effort has been dedicated to understand the interactions 
which rule the experimental behavior and the electronic phases present in these materials. 
Superconductivity is believed to be non-conventional, i.e. non due to phonons. As in other 
unconventional superconductors, superconductivity appears when a magnetic phase is 
suppressed, suggesting a connection between the two phases.  Moreover, a nematic state 
generally precedes the magnetic transition. Understanding the electronic correlations is at 
the heart of the description of the superconducting, magnetic and nematic instabilities. 
Different experiments show evidences of an enhanced electronic mass pointing to the 
presence of strong correlations between the electrons. During the last years, it has 
become clear the important role played by the multi-orbital character of these materials 
and by the Hund’s coupling in setting the correlations. In the poster I will present the 
theoretical work that we are pursuing using a slave spin technique to understand these 
correlations.  
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Long term evolution of CVD grown graphene on Cu foils has been monitored by means of 
Raman spectroscopy, after several months spectra reveal that not only oxide layers form 
and grow underneath graphene, but also that bubbles are formed between the Cu surface 
and graphene. Raman spectra from graphene bubbles is characterized by a large 
enhancement of the G and 2D band intensities, also the FWHM of these bands that are 
similar to that of free-standing graphene.The large enhancement factors can be attributed 
to the Raman interference effect, theoretical calculations of the interference effect allow us 
to determine the expected enhancement factors of G and 2D bands for different possible 
multilayered structures formed beneath graphene. In particular after the formation of a 
Cu2O layer, the enhancement factors due to the interference effect may be as large as one 
order of magnitude, however the largest enhancement factor found was around 60 and, 
according to our calculations, can be proven to be caused by an air gap formed between 
Cu and graphene, the gap height was calculated to be 70 nm and AFM analysis confirmed 
the size of these bubbles with softer mechanical properties than graphene on the Cu-foil. 
The simulations indicate that enhancement values from 4000 to 11000 fold can be 
obtained for suspended graphene on aluminum for excitation wavelengths from 633 to 
1000 nm. These values are only reduced around 15% for a dielectric material with 
refractive index below 1.5. These results provide the information required for designing 
graphene/dielectric/Al substrates 
where graphene is the adequate bio-
compatible platform for optical 
sensing by combined interference 
and surface enhanced Raman 
spectroscopy. 
 
 
 
Figure 1. a) AFM topography image 
b) AFM normal force map c) profiles 
along indicated lines in a) and d) 
Raman spectra of single layer 
graphene on Cu2O and on the 
bubble. 
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Under certain conditions, a spin current can be thermally injected from a ferromagnet (FM) 
into a non-magnetic metal (NMM) with large spin-orbit coupling (i.e. Pt), and subsequently 
converted into a charge current via Inverse spin Hall Effect (ISHE). If the thermal gradient 
is perpendicular to the FM/NMM interface, ∇Tz, a thermoelectric voltage called 
Longitudinal Spin Seebeck Effect (LSSE), Vy, appears perpendicular to the spin current jz 
and the spin polarization,σx, with a characteristic angular dependence with the magnetic 
field. An accurate control over this effect will produce a revolution in the way we treat heat 
dissipation in nanodevices, and for that reason it was intensively studied by many groups 
during the last few years [1]. However, due to the inherent difficulties to control precisely 
the direction and magnitude of the thermal gradients in nanostructures, the microscopic 
origin of this effect is not completely settled. 
Here we report the observation of a LSSE signal in stoichiometric thin-films of insulating 
CoFe2O4. A strong in-plane (out-of-plane) mangetic anisotropy in CoFe2O4 was achieved 
growing the films under compressive (tensile) stress on (001) MgAl2O4 ( (001) MgO). In 
spite of the different directions of the magnetization, virtually the same LSSE signal was 
observed in both films. We also show that this thermoelecctric voltage is not completely 
correlated to the presence of Hanle magnetoresistance or anomalous Hall effect in Pt. 
Therefore our results point to an interfacial Pt/(Co,Fe) FM-conducting alloy as an important 
contribution to this effect. The possibility of interfacial alloys should be considered when 
investigating the spin-Seebeck effect and similar phenomena even in proximity to 
ferromagnetic insulators. 
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The control of the size and the shape of nanoparticles is an important step before studying 
the fundamental properties at this level and to design core-shell materials with new 
applications. 
In this work, we focus on the synthesis of octahedron–shaped nanoparticles of CoO 
(~ 50 nm) coated by silica. CoO is an antiferromagnetic material with ordering temperature 
at TN~ 291 K, which shows a weak ferromagnetic behavior in this nanoparticulate form 
[1,2], due to the interface between the inner CoO and the Co3O4, attained at the outer 
surface [3]. 
Herein, the goal is to study the exchange and the dipolar interaction between powdered 
CoO nanoparticles. For this purpose, we have carried out an individual coating of the CoO 
nanoparticles with a non-magnetic silica shell so that we have performed the magnetic 
characterization of the isolated particles. 
 
 

 
TEM image of silica-coated cobalt oxide nanoparticles. 
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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 (V1) 
–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 V1 
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. 	

	
 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.  
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Black phosphorus (BP) is one of the thermodynamically more stable phases of 
phosphorus, at ambient temperature and pressure. Similarly to graphene, it is a van der 
Waals layered material, with each layer forming a puckered surface due to sp3 
hybridization. In its bulk crystalline form, BP is a semiconductor with a direct band gap of 
about 0.3 eV. The value of the gap increases as we reduce the number of layers. One of 
the most salient features of BP is its high degree of band anisotropy. Here we will present 
our recent results for collective electronic excitations in BP. We will use analytical low 
energy continuum models [1] as well as real space tight-binding simulations that allow the 
study of disorder effects [2].  Damping of the plasmon modes due to different kinds of 
defects, such as resonant scatterers and long-range disorder potentials, is analyzed. We 
further show that an electric field applied perpendicular to bilayer phosphorene can be 
used to tune the dispersion of the plasmon modes. For sufficiently large electric field, the 
bilayer BP enters in a topological phase with a characteristic plasmon spectrum, which is 
gaped in the armchair direction.  Finally, we will present the results for the collective 
modes in the quantum Hall regime, when an external magnetic field is applied 
perpendicular to the sample [3]. 
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In the last ten years the extremely singular electronic properties of graphene have 
attracted a lot of attention from the whole scientific community in very different fields. The 
amazing electronic properties of these new materials are supposed to be the basis of 
tomorrow nanoelectronic devices. However, to make it possible a deeper understanding of 
these properties is needed. In this work we explore the structural and electronic properties 
of the graphene/Rh(111) strongly interacting system by means of STM experiments and 
DFT calculations.   We show the existence of several rotational domains which, in 
principle, is characteristic of the weakly interacting systems. In addition we study the 
corrugation in the graphene monolayer and its strong dependence on the size of the 
rotational domain, paying special attention to the discrepancy between apparent 
corrugation in STM experiments and the geometrical corrugation obtained with DFT [1]. 
Finally we investigate how to tailor electronic properties by intercalating atomic oxygen 
between the sheet and the metallic surface. Controlling the oxygen coverage we manage 
to obtain a wide range of corrugations and we show how to tune the electronic properties 
of graphene from highly-coupled to almost free-standing for high enough coverage, 
showing a total electronic decoupling. This decoupling is not a simple linear function of 
coverage and it strongly depends on the local distribution of intercalated oxygen atoms [2].	
 

 
a) STM image of the usual rotatonial domain in G/Rh(111) together with a ball-and-stick 

model used in simulations. b) Evolution of the electronic properties of graphene for 
different degrees of oxygen coverage. 
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After several decades of intense research on magnetocaloric effect many models have 
been developed in order to understand this phenomenon and as a guideline to predict and 
interpret experiments [1]. These kinds of models are extremely useful because they allow 
us to know about the magnetic performance of different materials even extrapolating 
results to higher magnetic fields, which in some cases, are not available in experimental 
devices. However, it is worth mentioning that there are examples of significant deviations 
from the behavior predicted by scaling laws, especially at high field regimes [2]. In this 
work we investigate about the limits of the scaling behavior of magnetocaloric magnitudes. 
For this task we first analyze the magneto-thermal response of several standard 
ferromagnetic materials with a mean-field approximation, showing that at a point, which is 
different for each material the scaling behavior is not fulfilled anymore. Finally we use a 
3D-Ising model [3] to confirm the results obtained with the mean-field model. We conclude 
that the scaling behavior of the magnetocaloric effect is limited by some bounds arising 
from a combination of values of temperature and magnetic field. 
 

 
Field Dependence of magnetic entropy change Peak in different models. 
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Magnetic anisotropy is the preference of an atom’s spin to be along one spatial direction 
due to the presence crystal field. Single Cr and Fe atoms on a Cu2N/Cu(100) surface were 
probed by scanning tunneling microscopy (STM).  After exposing to molecular hydrogen, 
low-temperature tunneling spectroscopy (STS) revealed a sudden change in the inelastic 
signal, where a magnetic fingerprint composed of a combination of elastic and inelastic 
spin-excitation was identified. DFT calculations indicated that the presence of hydrogen 
bound to the transition metal atom drives a substantial change in magnetic anisotropy, 
tending to reduce the spin of the ground state. Thus, our results show that the magnetic 
behavior can be tuned by means of manipulation using the STM tip. 
 

 
 
Left: STM image of Cr atoms on Cu2N/Cu(100) . The probed atom is pointed with a blue 
arrow.  
 
Right: STS of the Cr atom. First, sample was exposed to hydrogen and its STS showed an 
inelastic signal consisting on 2 steps (0.4 mV and 2.6 mV). Then, after manipulation with 
the STM tip, only one step at 0.3 mV appears. 

1.5nm
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The two-dimensional metal-organic network of tetraphenyl-porphyrin on a Au(111) surface 
has been investigated by scanning tunneling microscopy (STM). We report the double 
metalation of the molecular centers, where every pyridyl group hosts one single Fe atom. 
Low temperature tunneling spectroscopy (STS) reveals a spin-flip transition at each Fe 
coordination center. An unexpected Fano-shape resonance appears at the center of the 
molecule, between the two metal centers. We propose that the two metal atoms are 
magnetically coupled by means of indirect exchange coupling (superexchange) via 
extended molecular orbitals of the porphyrine. 
 
 

 
 

 
STM image of assembled network of tetraphenyl-porphyrins showing the two metal centers 

(green arrows). 
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On-surface chemistry has recently emerged as a research field where the catalytic 
properties of surfaces are essential tools to synthesize new materials sometimes not 
accessible with other techniques [1]. This new approach has high potential for 
technological applications and can be a platform for discovering new low dimensional 
molecular networks [1-3].  
In the present work we employ on-surface chemistry techniques to synthesize a new 2D 
material following a bottom-up strategy. We study the thermally activated chemical 
reaction of 4-aminophenol (4-AP) induced by the Cu(110) surface in a UHV environment. 
4-AP is a good candidate to be used as building blocks for on-surface chemistry due to the 
presence of functional groups (-NH2, -OH), each with wide specific chemistry. At room 
temperature the adsorbed 4-AP molecules form mainly an ordered monolayer (Fig.1a) on 
the Cu(110) surface. The annealing of this monolayer up to 493K induces new chemical 
reactions that lead to the formation of polymeric-like structures of 4-AP building blocks 
(Fig.1b). The use of different surface techniques such as STM, LEED, NEXAFS and XPS 
allows us to obtain structural information of both systems as well as to provide information 
on the chemical environment of the atoms. It is confirmed that the use of a combination of 
surface techniques is an optimal strategy to gain insight into on-surface chemical reactions 
for developing new routes of synthesis for novel materials. 

 
a) STM image of 4AP on Cu(110) at room temperature (size: 5x5 nm2, I=0.054 nA, V=0.75 
V). Inset: LEED pattern at 64 eV. b) STM image of polymeric-like structures at 493K (size: 
5x5 nm2, I=0.031 nA, V=1.35 V). Inset: LEED pattern 33 eV.  
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Low-energy ion bombardment (LEIB) is a common tool to control the generation of surface 
defects and self-organized nanostructures. In this sense, oxides are interesting targets for 
ion-induced modifications, as their tolerance to non-stoichiometry allows the exploration of 
a wide range of induced morphologies and properties. In a previous study, we studied for 
the first time the possibility of inducing the transformation of monocrystalline titanium 
dioxide to titanium monoxide by ion bombardment [1]. In this work, we generalize the use 
of this technique to other oxides (iron oxides). In particular, we show a reversible 
transformation between hematite and magnetite epitaxially grown on Au(111), but we have 
also produced a magnetite/hematite interface onto Au (111). In a first step, a epitaxial 
hematite thin film was grown on Au(111) by cycles of iron evaporation and annealing in 
oxygen atmosphere. In a second step, this film was bombardment to produce the reduction 
of the first monolayers of hematite to magnetite. Asymmetric XRD, RAMAN and LEED 
measurements show the existence a hematite/magnetite epitaxial interface. The magnetic 
properties of the interface have also been measured using SQUID magnetometry. 
 
	
 
 
 
 

 
 
 
 
 
 
 

 
LEED images and RAMAN spectra of hematite thin film and magnetite/hematite interface. 
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The spin Hall effect (SHE) and the anomalous Hall effect (AHE) are two spin-transport 
phenomena widely analyzed in spintronics. The SHE was originally predicted as an 
extension to a non-magnet of the AHE occurring in ferromagnets (FM) [1]. Both effects 
have the same origin, the spin-orbit coupling (SOC), which can be generated by intrinsic or 
extrinsic mechanisms. SOC deflects the spin-up and spin-down electrons in a charge 
current in the opposite direction, accumulating the opposite polarized spins in opposite 
edges, and thus creating a transverse spin current. In the SHE, a spin imbalance is 
created between the two edges, whereas, in the AHE, a charge imbalance is also present 
due to the imbalanced spin population in FMs. The SHE has been studied in metals in 
recent years and employed for the conversion of charge currents into spin currents in 
spintronic devices [2].  
 
Curiously, the SHE has been hardly studied in ferromagnets themselves. Ferromagnetic 
materials are suitable to study both the AHE and the SHE and, subsequently, analyze the 
relationship between both effects. This has been the aim of this work and the chosen 
ferromagnet is permalloy (Py, Ni80Fe20). Using the spin absorption technique based on 
lateral spin valves to probe the SHE, the spin Hall resistivity, which quantifies the efficiency 
to convert charge current into spin current, as a function of the temperature (T) has been 
obtained. Unexpectedly, we have observed a change in the sign with T, which is not a 
common behavior among metals. A fitting of the T dependence of the spin Hall resistivity 
that takes into account both extrinsic and intrinsic contributions yields opposite signs for 
these contributions, allowing us to understand the sign change with T. The AHE has been 
probed in the very same device. The anomalous Hall resistivity does not suffer a change in 
sign with T, although it was expected taking into account the common origin of both 
effects. In this case, the same model, with similar extrinsic and intrinsic contributions than 
the SHE, can fit properly only the low T dependence, evidencing the presence of an 
additional effect at high T. Consequently, the ratio between the anomalous Hall resistivity 
and spin Hall resistivity, which is given by the spin polarization of the ferromagnet [3], 
matches well at low T, but not at high T.  
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 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. 

	

	
Ampère-like interaction. Toy representation.	
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Though already routinely applied to thin films, Raman spectroscopy is less (but 
increasingly) used to characterize heterostructured and/or nanoparticulate-based 
materials. Though the vast majority of Raman studies on oxides uses a single wavelength 
only, which is selected according to the best Raman signal or to reduce the substrate 
background signal and fluorescence, herein we have employed different laser wavelengths 
for the investigation of the hybrid nanostructures, to allow differentiating the singular parts 
of the nanocomposites. The figure included shows room temperature Raman spectra 
obtained for three different excitation wavelengths (442, 514 and 633 nm). The spectra 
consist of both broad features (for example, between 580 cm-1 and 760 cm-1 or between 
260 cm-1 and 420 cm-1, due to overlapping bands) and rather defined bands like the modes 
at 550 cm-1 or at 675 cm-1 when excited with the red laser. Although the spectra of different 
wavelengths are similar at first sight, a closer inspection reveals that the spectra present 
different features for different wavelengths. For understanding such dissimilar features 
different but linked factors shall be considered; such as optical confocal depth, which 
decreases with a decrease in the wavelength for a given material, or absorption, since a 
decrease in the laser wavelength can lead to an increase in absorption and consequently 
reduction of the penetration depth. 

 
Figure 1. Comparison of the Raman spectra from Fe3O4–Cr2O3 heterostructures obtained 
at different excitation wavelengths (442, 514 and 633 nm). 
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A clear demonstration of topological superconductivity (TS) and Majorana zero 
modes remains one of the major pending goal in the field of topological materials. 
One common strategy to generate TS is through the coupling of an s-wave 
superconductor to a helical half-metallic system. Numerous proposals for the latter 
have been put forward in the literature, most of them based on semiconductors or 
topological insulators with strong spin-orbit coupling. Here we demonstrate an 
alternative approach for the creation of TS in graphene/superconductor junctions 
without the need of spin-orbit coupling. Our prediction stems from the helicity of 
graphene's zero Landau level edge states in the presence of interactions, and on 
the possibility, experimentally demonstrated, to tune their magnetic properties with 
in-plane magnetic fields. We show how canted antiferromagnetic ordering in the 
graphene bulk close to neutrality induces TS along the junction, and gives rise to 
isolated, topologically protected Majorana bound states at either end. We also 
discuss possible strategies to detect their presence in graphene Josephson 
junctions through Fraunhofer pattern anomalies and Andreev spectroscopy. The 
latter in particular exhibits strong unambiguous signatures of the presence of the 
Majorana states in the form of universal zero bias anomalies.  Remarkable 
progress has recently been reported in the fabrication of the proposed type of 
junctions, which offers a promising outlook for Majorana physics in graphene 
systems. 
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Usually, the study of the magnetocaloric effect (MCE) in amorphous and nanocrystalline 
alloys has been focused on Fe and rare earth based compositions. While the latter present 
larger MCE, the high price of rare earths prevent their application. On the other hand, Fe-
based alloys require a large fraction of non-magnetic alloying elements in order to tune 
their response to temperatures close to room temperature. Ni-based amorphous alloys are 
well-known to have !! well below room temperature. They furthermore reveal good glass 
forming ability. Ni additions, hence, provide a good tool to tune  !! of originally Fe-based 
alloys to any predetermined values below, around or above room temperature. Therefore, 
the aim of this work is to study the magnetocaloric response of Ni-based amorphous alloys 
and to analyze the influence of nanocrystallization on their thermomagnetic properties. The 
magnetocaloric properties of a family of Vitrobraze-type amorphous ribbons with 
composition !"!"!!!"!!"!!!" (x=8, 12, 13.2, 16) have been studied. These exhibit Curie 
temperature ranging from 175 K to 350 K. Amorphous ribbons were annealed at the 
temperature of the first DSC exotherm producing nanocrystals of about 75% Ni with a 
mean grain size from 9 nm to 20 nm. In contrast to Fe-based amorphous alloys, 
nanocrystallization does not significantly decrease the magnetic entropy change. A 
detailed analysis of the magnetic phase transition and critical exponents of the amorphous 
and nanocrystalline alloys has been performed using Kouvel-Fisher method and the 
magnetic field dependence of MCE. 
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The design of artificial vortex pinning landscapes is a major goal towards large scale 
applications of cuprate superconductors. While disordered nanometric inclusions have 
shown to modify their vortex phase diagram and to produce enhancements of the critical 
current1,2, the effect of ordered oxide nanostructures remains essentially unexplored. This 
is due to the very small nanostructure size imposed by the short coherence length, and to 
the technological difficulties in the nanofabrication process. Yet, the novel phenomena 
occurring at oxide interfaces open a wide spectrum of technological opportunities to 
interplay with the superconductivity in cuprates. Here3 we show that the unusual long 
range suppression of the superconductivity occurring at the interface between manganites 
and cuprates affects vortex nucleation and provides a novel vortex pinning mechanism. In 
particular, we show evidence of commensurate pinning in YBCO films with ordered arrays 
of LCMO ferromagnetic nanodots. Vortex pinning results from the proximity induced 
reduction of the condensation energy at the vicinity of the magnetic nanodots, and yields 
an enhanced friction between the nanodot array and the moving vortex lattice in the liquid 
phase. This result shows that all-oxide ordered nanostructures constitute a powerful, new 
route for the artificial manipulation of vortex matter in cuprates. 
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Spintronics at the nanoscale requires materials with strong polarized currents. 
External magnetic fields have been used to reach a desirable polarization, but with 
the inconvenient of breaking time reversal symmetry and the difficulties derived 
from the control of fields at the nanoscale. A promising way is the use of materials 
that can intrinsically support polarized electrical currents by means of spin-orbit 
interactions (SOI). Nanostructures formed with carbon show an enhanced SOI 
effect when the atoms are arranged in cylindrical topology such as curved ribbons 
[1] or carbon nanotubes [2]. Furthermore, Rashba spin-orbit effect is expected 
when an external electric field is applied in the direction perpendicular to the tube 
axis or to the graphene plane. Here, we have analyzed the Rashba spin-orbit 
interaction in carbon nanotubes with arbitrary chiralities. Space and time reversal 
symmetries have been proven to play a special role on the spin-resolved 
conductances on planar graphene nanoribbon devices with Rashba spin orbit 
interaction [3]. By using Green function techniques and the Landauer formalism we 
have found a strong polarized electrical current that depends on the tube diameter, 
the length of the Rashba area and on the tube chirality. Predictions of spin-
dependent conductance are presented for different families of achiral and chiral 
tubes. This finding opens the possibility of having stable polarized electrical 
currents in absence of external magnetic field or magnetic impurities. Real tubes 
including vacancies, defects or adsorbed impurities, are also investigated to verify 
the robustness of the spin-polarized currents. 
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The possibility of growing epitaxial interfaces with atomic precision leads to 

unexpected functionalities in polar interfaces between oxide insulators. [1] In 
particular, the two dimensional gas (2DEG) emerging at the interface between 
SrTiO3 (STO) and LaAl2O3 (LAO), [2] can be tuned to produce a very rich phase 
diagram, including magnetism and superconductivity. These properties are 
common to the 2DEGs stabilized at the bare surface of bulk STO,  and are derived 
to a large extent from the arrangement and filling of the Ti-t2g-derived sub-bands 
close to the conduction band minimum. [3] This orbital reconstruction can be 
intrinsic, to cancel the electrostatic energy of the polar interface, but could also be 
caused by the structural distortions and atomic vacancies, which relax the epitaxial 
strain in these thin-film heterostructures. However, the effect of cationic and anionic 
vacancies on the transport properties of both STO [4] and LAO/STO interfaces [5] 
is mostly considered from the point of view of their acceptor/donor nature over the 
total charge density, although vacancies distribute along the crystal structure, 
expanding the unit cell due to an increased Coulomb repulsion. In this case, if the 
tetragonal distortion is homogeneous throughout the film instead of localized 
around defects, an important effect over the band structure can be anticipated. 
 In this oral presentation it will be presented that the formation of cation/anion 
vacancies during epitaxial growth results in a homogeneous tetragonal distortion 
along the films, which determines their transport properties. Ab-initio calculations 
and thermoelectric power experiments under different degrees of stress suggest 
that the band degeneracy, characteristic of STO, can be lifted for sufficiently 
distorted films. In that case, a resistance upturn at low temperature, large 
anisotropic magnetoresistance (AMR) and non-linear Hall effect, are observed. 
This phenomenology was previously observed in LAO/STO interfaces and 
magnetic STO quantum wells. [6] Here we demonstrate that it can also be 
observed in electron-doped STO thin films under sufficiently large tetragonal 
distortion. 
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Many thermoelectric materials, in particular intermetallic compounds, require delicate synthesis 

processes in evacuated glass capsules, followed by long annealing treatments under reducing or inert 

flows, as well as expensive sintering processes to achieve the desired texture. Here we describe a 

straightforward procedure to synthesize, in a single step, single phase materials, as nanostructured 

polycrystalline pellets. 

SnSe has been prepared by arc-melting, as mechanically robust pellets, consisting of highly oriented 

polycrystals. This material has been characterized by neutron powder diffraction (NPD), scanning 

electron microscopy (SEM) and transport measurements. A microscopic analysis from NPD data 

demonstrates a quite perfect stoichiometry SnSe0.98(2) and a fair amount of anharmonicity of the 

chemical bonds. The Seebeck coefficient reaches a record maximum value of 668 µVK-1 at 380 K; 

simultaneously this highly oriented sample exhibits an extremely low thermal conductivity lower than 

0.1 Wm-1K-1 around room temperature, which are two of the main ingredients of good thermoelectric 

materials. These excellent features exceed the reported values for this semiconducting compound in 

single crystalline form in the moderate-temperatures region and highlight its possibilities as a potential 

thermoelectric material. 

Encouraged by these results, in the present work we also describe the synthesis, structural and 

thermoelectric characterization of Sn1-xSbxSe intermetallic alloys prepared by this arc-melting 

technique. Neutron diffraction studies reveal that Sb is placed at the Sn sublattice in the crystal 

structure, while the increment of the interlayer distances favors the nanostructuration. The Sb-doped 

compounds exhibit an abrupt change in the type of charge carriers, leading to large, negative Seebeck 

coefficients, as predicted by DFT calculations. Furthermore, the observed layered nanostructure 

accounts for a reduction of the thermal conductivity, which is also desirable for thermoelectric 

materials.  
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The Kondo effect is a topic of interest in the condensed matter community due to the 
influence of strong many-body correlations. This effect arises from the exchange of 
electrons with a localized spin in metals and causes the emerging of a narrow peak in the 
density of states of the impurity. Quantum dots are perfect candidates to study this effect 
because they show Kondo physics and are easy to manipulate. In Ref. [1,2] we discussed 
the nonequilibrium thermoelectric properties of a Coulomb-blockaded quantum dot. Here, 
we study [3] the influence of the Kondo peak to the nonlinear thermoelectric transport in 
the high and low temperature regimes.  We show that the Kondo peak seen in the spectral 
function causes a nontrivial zero in the thermocurrent (see figure below) and, 
consequently, in the thermovoltage. This nontrivial zero appears for a finite value of the 
applied thermal bias.  At low temperatures, the Kondo temperature smears with increasing 
temperature differences and also renormalizes giving rise to nonlinear effects in the 
thermoelectric transport.  
 
 

	
	
	
	
	
	
	
	
	
	
	

Thermocurrent as a function of the thermal bias of a quantum dot in the Kondo regime with 
a finite charging energies and different values of the level position. 
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It is known that a graphene sheet, under the action of a perpendicular static magnetic field, 
provides a Faraday rotation that, per atomic layer, is much larger than that of any other 
known material [1]. The Faraday rotation in continuous graphene originates from the 
cyclotron resonance of massless carriers, which in turn depends on the carrier 
concentration. This property allows for dynamical tuning of the Faraday angle through 
either external electrostatic or magneto-static setting. Furthermore, the rotation direction 
can be controlled by changing the sign of the carriers in graphene, which can be done by 
means of an external electric field. However, large Faraday rotation in the THz regime still 
requires large magnetic fields. Earlier it was demonstrated that the needed magnetic field 
can be reduced in arrays of graphene microribbons [2] (alternatively the working frequency 
can be larger for a given applied magnetic field) through the excitation of the 
magnetoplasmons of individual ribbons. This 1D geometry is just one of the many 
possibilities which can lead to useful graphene-based non-reciprocal devices, for which the 
fundamental limits set by physical constrains [3] do not severely limit useful applications. 
For instance, recently, it has been shown that strong Faraday rotation can be achieved in 
lattices of graphene meta-atoms [4]. 
 
In this talk we consider the graphene-based plasmonic crystals, consisting of antidot and 
graphene conductivity micro-circles interruptions and relate the Faraday rotation 
resonances to the excitation of the different magnetoplasmon modes that can be excited in 
the system. 
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Injection of spins into semiconductors is essential for the integration of the spin 
functionality into conventional electronics. Insulating layers are often inserted between 
ferromagnetic metals and semiconductors for avoiding the conductivity mismatch and 
obtaining an efficient spin injection. This is the case when employing the so-called three-
terminal (3T) setup, in which spin accumulation is induced and probed by a single 
magnetic tunnel contact, through the Hanle effect [1]. Since this geometry does not require 
submicron-sized fabrication processes, 3T-measurements have become very popular. 
However, it has been increasingly realized that the magnetoresistance (MR) reported 
depends much on the tunneling process and too little on the semiconductor [2,3]. 

In this work, we perform measurements with a 3T geometry on devices with aluminum-
oxide sandwiched between different metallic electrodes [2,3]. First, we use two strategies 
for the tunnel barrier fabrication: single plasma-exposure oxidation, or multistep deposition 
and subsequent natural oxidation of aluminum thin films. The MR effect is observed in 
impurity-rich multistep tunnel barriers and suppressed in plasma-oxidized barriers where 
direct tunneling is dominant, meaning that the effect is entirely impurity-driven [3]. Second, 
we detect similar MR effects in ferromagnetic-insulator-nonmagnetic (FIN) and 
nonmagnetic-insulator-nonmagnetic (NIN) devices, demonstrating that spin accumulation 
is not being measured in our setup [3]. Last, we explain the observed MR effect with a 
theory that considers the magnetic-field-induced on/off switching of the tunneling current 
through impurities embedded in the tunnel barrier [3,4]. The reported effect is universal for 
any impurity-assisted tunneling process and provides an alternative interpretation to a 
widely used technique that employs the same ferromagnetic electrode to inject and detect 
spin accumulation. 

[1] S. P. Dash et al., Nature 462, 491 (2009) 
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Layered transition metal dichalcogenides (TMDs) are ideal systems for exploring the effects 
of dimensionality on correlated electronic phases such as charge density wave (CDW) order 
and superconductivity. In bulk NbSe2 a CDW sets in at TCDW = 33 K and superconductivity 
sets in at Tc = 7.2 K.  Below Tc these electronic states coexist but their microscopic 
formation mechanisms remain controversial. Here we present an electronic characterization 
study of a single 2D layer of NbSe2 by means of low temperature scanning tunneling 
microscopy/spectroscopy (STM/STS), angle-resolved photoemission spectroscopy 
(ARPES), and electrical transport measurements [1]. We demonstrate that 3 x 3 CDW order 
remains intact in 2D. Superconductivity also still remains but its onset temperature is 
depressed to 1.9 K. Our STS measurements at 5 K reveal a CDW gap of Δ = 4 meV at the 
Fermi energy, which is accessible via STS due to the removal of bands crossing the Fermi 
level in the 2D limit. Our observations are consistent with the simplified (compared to bulk) 
electronic structure of single-layer NbSe2, thus providing new insight into CDW formation 
and superconductivity in this model strongly-correlated system. 
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Spin ice is a frustrated ferromagnet with Ising spins that possesses rather peculiar 
properties. An artificial spin ice is an array of nanomagnets with similar frustrated 
interaction, but of magnetostatic nature in origin, and so highly dependent on the lattice 
geometrical features, with typical lateral dimensions of hundreds of nanometers. There has 
been a lot of effort over the past decade to construct and understand the static and 
dynamic behaviour of such dipolar-coupled nanomagnet systems and hexagonal networks 
but mainly on magnetical materials with in-plane anisotropy (e.g. permalloy or cobalt) but 
few has been explored on out-of-plane anisotropic materials. In our experiment, we study 
this through amorphous alloy NdCo5 which exhibits an stripped out-of-plane domain 
behaviour [1], that also allows us for a direct observation of magnetic domain reversal. 

 
Sets of continuous kagome lattices were fabricated by electron-beam lithography and 
further magnetron sputtering deposition. To avoid edge effects and to guarantee enough 
number of elements lattices, the size of the array area is over 200x200 µm2. In order to 
study size related effects elementary width was varied in the range 0.25-3 µm and three 
increasing length/widht aspect ratios were studied for each case. To analyze therole of the 
out-of-plane anisotropy, NdCo5 layer thicknesses of 65nm and 30nm were deposited and 
an analogous 40nm thick Co sample was fabricated for comparison. 
 
Magnetic behaviour was characterized by Magnetic Force Microscopy and Magneto-
Optical Kerr Effect and a set of micromagnetic simulations were launched to support the 
observations. The nucleation and configuration of topological defects will be discussed as 
a function of array geometry and magnetic history. 
 

 
MFM image of the magnetic behaviour of a network 
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Iron superconductors are semimetals with several small hole and electron pockets. The 
size of the experimental pockets are smaller than predicted by AB-initio calculations in the 
paramagnetic phase. This fact, known as Fermi surface shrinking, has been explained 
from antiferromagnetic fluctuations.[1] Across the nematic transition, it is observed that the 
shrinking becomes also orbital dependent. Recently, we have developed an effective 
model sensitive to the orbital content at the Fermi surface.[2] In this work, [3] we calculate 
the Fermi surface renormalization due to the spin fluctuations in the nematic state. In 
accordance to experiments the shrinking is orbital sensitive. We compare our results with 
the ARPES experiments reported in the literature. Special attention will be given to recent 
experiments in the enigmatic nematic phase of FeSe. 
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The use of polariton condensates in all optical logic devices has been the subject of intense 
research in recent years, promising ultrafast switching times, low losses, spin information 
transport and low power consumption. 
Here we report on the realization of a novel spin-selective spatial filter mediated by 
propagating Bose-Einstein exciton-polariton condensate bullets in a quasi-1D semiconductor 
microcavity. The switch is achieved using a controllable spin-dependent gating barrier: a 
non-resonant laser beam provides the source of propagating polaritons, while a second 
circularly polarized weak beam imprints a spin dependent potential barrier, which gates the 
polariton flow and generates polariton spin currents. A complete spin-based control over the 
blocked and transmitted polaritons is obtained by varying the gate polarization. The 
experimental results are interpreted in the light of simulations based on a generalized Gross-
Pitaevskii equation. 

 
FIG. 1. (a) A schematic of the spin filter with the red and blue slopes depicting the energy 
landscape for σ+ and σ- polaritons for a σ- (4) gate (G). The source beam (S) has linear 

polarization. The degree of circular polarization, ℘, in real space (b) without and (c) with G 
present where the black dashed line shows the region of interest of the ridge. 
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The interplay between superconductivity and magnetism gives rise to a number of 
unconventional phenomena, with applications ranging from superconducting spintronics [1] 
to topological quantum computation [2]. The presence of inhomogeneous and tunable 
magnetic domains in ferrimagnetic materials offers an exceptional chance to understand 
and control the combination of these two effects [3]. In planar isolating ferrimagnet-
superconductor (iF/S) hybrid structures the transference of Cooper pairs from the 
superconductor to the ferrimagnet is suppressed, making them ideal candidates for the 
study of this interplay. Under these conditions the ferrimagnet is effectively isolated from 
the superconductor, what prevents the degradation of superconductivity associated with 
the inverse proximity effect, yet allowing the magnetic field to influence the 
superconducting state. 
 
Our aim is to find experimental evidence of unconventional superconductivity and zero-
energy modes in such heterostructures, using superconducting transition-metal 
dichalcogenides (ScTMDC) and Yttrium Iron Garnet. ScTMDCs can be easily exfoliated, 
allowing the transference of thin superconducting flakes to ferrimagnetic substrates. MFM 
measurements reveal long-range force perturbations on the surface of thin ScTMDCs due 
to the magnetic domain structure. The manipulation of magnetic domains through vector 
magnetic fields in combination with this novel effect paves the way for superconductivity-
control at the mesoscopic scale. 
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Understanding the structural tendencies of nanoconfined water is of great interest for 
nanoscience and biology, where nano/micro-sized objects may be separated by very few 
layers of water. We present a study of water confined to a 2D geometry by a featureless, 
chemically neutral potential, in order to characterize its intrinsic behaviour. We use density-
functional theory calculations based on ab initio random structure search procedure, 
combined with larger-scale molecular dynamics simulations from ab initio and empirical 
potentials. For very small confinement widths we characterize the ice monolayer. We show 
that the well-known ice rules for bulk ice need to be revised in this nanoscale environment, 
with distinct new rules appearing depending on the topology of the 2D hydrogen-bonding 
network. For larger confinement widths we investigate the complex phase diagram of 
bilayer water. The high-density solid shows an exceptionally high hydrogen disorder, 
explaining the high configurational entropy found for this ice and the unusual continuous 
phase transition that connects it with the liquid. The observation of an intermediate hexatic 
phase at high densities suggests that the Kosterlitz-Thouless-Halperin-Nelson-Young 
theory of a defect-mediated 2D crystal melting occurs.  
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In 1972, E. Lieb and D. Robinson proved that in a quantum spin chain with short range or 
exponentially decaying interactions there is a limit to the speed with which correlations 
propagate [1,2]. In our talk, we derive Lieb-Robinson bounds for the propagation of spin 
correlations in different settings: a model of spins interacting through a bosonic lattice 
field [3] and certain quantum field theories [4]. In the lattice case, when we apply these 
bounds to a system of trapped ions we find that the propagation of spin correlations, as 
mediated by the phonons of the ion crystal, can be faster than the regimes currently 
explored in experiments. In the continuum case, we see that neither infrared nor ultraviolet 
divergences affect the propagation of correlations and that we are capable of defining light 
cones that are the expected limit of the discrete ones. 
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The	 giant	 magnetoimpedance	 effect (GMI) is a subject of special interest of applied 
electrodynamic driven by technological applications. The influence of the sample length on 
the magnetization processes and GMI effect is a subject of special interest due to the need 
of miniaturization of GMI sensors. This subject has been investigated for glass-coated 
microwires and amorphous ribbons [1, 2]. In this work, we provide comparative analysis of 
the length dependence on magnetic properties and GMI effect in the FeCoNi magnetic 
tubes (magnetic layer thickness of 1µm) electroplated onto CuBe conducting wire. The 
CuBe/FeCoNi electroplated wires prepared by standard electroplating technique had 
hysteresis loops consistent with circular magnetic anisotropy created during 
electrodeposition. Hysteresis loops were measured by inductive technique and vibrating 
sample magnetometer. GMI was measured in a frequency (f) range of 1 to 200 MHz by 
standard technique using “microstripe” line [3]. The GMI ratios for total impedance (ΔZ/Z 
=100 × (Z(H)-Z(Hmax))/Z(Hmax), Hmax= 100 Oe) clearly depended on the wire length. ΔZ/Zmax 
– is a maximum ΔZ/Z value obtained for fixed frequency. Although the GMI ratio decreased 
from 290% for 1.7 cm to 160% for 0.9 cm (Fig.1.) the obtained sensitivity of the order of 
25%/Oe for 0.9 cm wire is promising for applications.  
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Figure 1. Frequency dependence of the maximum of the GMI ratio of the FeCoNi 

electroplated wires as function of the wire length. 
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Mechanical properties of membranes with extremely low bending rigidity like graphene are 
very influenced by thermally activated out of plane oscillations [1,2]. These thermal 
fluctuations are well accepted to be responsible of the negative thermal expansion 
coefficient of graphene and they should also lead to renormalization of elastic constants of 
graphene at finite temperature.  
In this work we measure the dependence of the elastic modulus of graphene as a function 
of controlled induced defects and a as a function of external induced strain using AFM 
nanoindentations. Our results support renormalization of the elastic constants of graphene 
at room temperature: (i) as we include vacancies we observe an increase of the Young’s 
modulus (up to ~550N/m) until a defect density of 0.2% [3] (ii) graphene also stiffens at 
high external strains (up to ~700N/m). 
We explain these observations as a consequence of the suppression of the out of plane 
oscillations by both defects and strain [4]. These experiments suggest a ‘bare’ (non-
renormalized) Young’s modulus of graphene of ~2TPa, higher than the Young’s modulus 
measured in previous experiments which are affected by anharmonic interaction between 
in plane and out of plane phonons. 

 
 
Fig. 1. a) Illustration of an AFM nanoindentation on a suspended graphene layer. b) 
Dependence of the Young’s modulus of graphene with defect content. 
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D. Gosálbez-Martínez1,2, Ivo Souza1,3, D. Vanderbilt4	

 
1 Centro de Física de Materiales, Universidad del País Vasco, 20018 San Sebastián, Spain.	

2  Donostia International Physics Center, 20018 San Sebastián, Spain.	
3 Ikerbasque Foundation, 48013 Bilbao, Spain.	

4 Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08854-8019, USA.	
 

Topological metals are characterized by the presence of disconnected Fermi sheets with 
nonzero Chern numbers[1].  This requires the presence of spin-orbit coupling and breaking 
the effective symmetry PT obtained by combining spatial inversion (P) with time-reversal 
(T). Under these conditions most accidental degeneracies are lifted, except for isolated 
band touchings and line of degeneracies on mirror symmetry planes.  The isolated band-
touching points (Weyl nodes) can not be easily removed and act as chiral charges 
(sources of Berry curvature). In this work, we study all the degeneracies in the spinor band 
structure of bcc Fe, an archetypical P-invariant, T-broken metal, from first principle. We 
find numerous degeneracies, mostly Weyl points (linear touchings) carrying chiral charge 
±1 or double-Weyl nodes (quadratic band touchings) with chiral charge ±2, as well as 
nonchiral degeneracy loops (nodal rings). Some degeneracies are located on symmetry 
lines or planes in the Brillouin zone and others at generic low-symmetry points. 
Furthermore, we clarify the relation between the Chern number of each Fermi sheet with 
the net chiral charge enclosed, and use the spinor band degeneracies survey to determine 
the Chern numbers on the Fermi surface of bcc Fe. Most of the Fermi sheets of bcc Fe are 
surrounding P-invariant points in the Brillouin zone. Thus, by symmetry reasons, the net 
enclosed chiral charge of each Fermi surface sheet vanishes resulting in a zero Chern 
number. The exceptions are two small electron pockets on the Δ line parallel to the 
magnetization. Each of them encloses a single Weyl node, leading to Chern numbers of 
±1. The contribution of these two pockets to the anomalous Hall conductivity is given, 
modulo a G vector, by their reciprocal-space separation. The variation of system 
parameters, such as the Fermi level or the magnetization orientation,  may produce 
topological transitions mediated by touching events between Fermi sheets where Chern 
number is transferred.	
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A high-throughput, low cost process for the fabrication of hollow cylindrical nanoparticles 
with a precise control of their geometry and variable composition has been developed, 
based on a combination of stencil and nanoimprint lithography (NIL), together with the use 
of non-directional metallization, allowing an accurate positioning of nanostructures in large 
arrays. The process starts by imprinting the top layer of a resist-SiO2-resist trilayer by NIL 
using Si dotted stamps. Afterwards, dry reactive ion etching is carried out to transfer the 
pattern to the bottom PMMA layer obtaining an optimal undercut for the final lift-off 
process. Metal deposition is performed by sputtering. This fabrication procedure also 
allows an easy combination of different materials making it possible to obtain 
multifunctional nanoparticles. Au hollow cylindrical nanostructures with a diameter and a 
height of about 400 nm and a wall and base thickness of about 30 nm have been 
fabricated. Finite Difference Time Domain simulations demonstrate a great enhancement 
of the electromagnetic field inside their cavity and extinction measurements have revealed 
promising results in the visible-NIR. 
This work was supported by Spanish MINECO (MAT2012-33037), Catalan DURSI 
(2014SGR220), and European Union FEDER funds (Una manera de hacer Europa). A. 
Conde-Rubio acknowledges Spanish MINECO for a Ph.D. contract (BES-2013-065377). 
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SEM image of the nanostructures (left) and the electric 
field enhancement from FDTD simulations (right)	
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Exciton-phonon coupling and carrier dynamics in transition 
metal dichalcogenides!
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Semiconducting 2D-materials like MoS2 are promising alternatives to graphene for 
designing novel opto-electronic devices. Single- and multi-layer MoS2 have optical band 
gaps in the range of 1.5-1.9 eV and high electron mobility. At the same time, they are an 
interesting test bench for fundamental research.  
 
MoS2 exhibits bound and resonant excitons [1], which are coupled to lattice vibrations 
through electron-phonon interaction. Under resonance conditions, Raman scattering 
intensities depend on the strength of the exciton-phonon interaction and the excitation 
energy [2]. Bound and resonant excitons couple distinctly to the Raman modes, and this 
coupling changes with the number of layers. 
 
Additionally, spin-orbit interaction allows using the valley-index as a new quantum number 
[3]. The practical use of valley physics depends on the lifetimes of valley-polarized 
excitons. The lifetimes are determined by the relaxation via electron-phonon interaction. 
Furthermore, this carrier dynamics can be monitored in pump-probe experiments. 
 
We tackle these questions by integrating different approaches. We use many-body 
perturbation theory starting from density-functional theory. Subsequently, we calculate the 
Raman tensor under resonance conditions using finite differences, and non-equilibrium 
Green’s function theory to obtain the carrier dynamics.  
 
I will present recent results on theoretical resonant Raman spectra, which exhibit a strong 
dependence on the excitation energy. I will also discuss our simulation of pump-probe 
experiments, focusing on the optical response of single-layer MoS2 on the pulse intensity 
and excitation energy. 
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In the last years, there has not been consensus on the physical origin of the puzzling 
insulating ferromagnetic behavior observed in LaMnO3 (LMO) thin films. Several 
mechanisms have been invoked, including double exchange in non-stoichiometric La:Mn 
compounds, or novel strain-induced magnetic and orbital ordering. However a convincing 
picture of the magnetic behavior of LMO films has been elusive until now. In this work [1] 
we will present experimental evidences proving that strain is the main driving force 
controlling ferromagnetic response in LMO films. We have systematically grown LMO films 
on SrTiO3 substrates under different oxygen partial pressures (PO2). Microstructural 
studies show that stoichiometry is kept constant with La:Mn = 1 for all the films. X-ray 
absorption spectroscopy measurements evidenced no change in the Mn oxidation state as 
a function of oxygen pressure. On the contrary, a detailed x-ray diffraction analysis showed 
that the accommodation of the orthorhombic LMO phase onto cubit STO structure is 
strongly controlled by PO2. At low PO2, LMO films are found to be partially relaxed with a 
disorder antiferromagnetic insulating behavior similar to bulk LMO. On the contrary, at high 
PO2, LMO films are fully strained and they exhibit strong insulating ferromagnetic 
response. We will discuss our results in the framework of recently theoretically proposed 
strain-induced selective orbital occupancy. 
 
[1] Crystal Growth & Design, DOI:10.1021/acs.cgd.5b00884 
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A single metallic atom, or a molecule, connected between two nanoelectrodes form 
the smallest electrical wires. Using Mechanically Controllable Break Junctions (MCBJ) we 
can produce such junctions and study the electronic transport.  Analyzing the current 
flowing through the contact we observe fluctuations in the average current. These 
statistical fluctuations can be identified as the thermal noise due to the thermal excitation 
of the electrons and as shot noise due to the non-equilibrium occupation of the electrons 
under applied bias voltage. 

Shot noise experiments give us information about the number of channels of 
transmission, providing in this way information about the nature of the binding. More 
recently we have shown that shot noise can also give information on the inelastic 
scattering processes at the atomic scale. In order to separate these effects from spurious 
1/f noise we have developed an extension of the experiments from the previous range of 
100kHz to a new limit of 10MHz, exploiting cryogenic amplifiers close to the junction. The 
experiments will help us understand the mechanism of dissipation in molecular electronic 
transport.  
 
 

 
 
 
Figure 1. Left panel: trace of conductance and simultaneously cross-spectra at some 
values of conductance in gold at low temperature. Right pane: Fano Factor plot of shot 
noise in the MHz range and one illustration of one atomic sized contact with electrical 
noise. 	
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There has been a great effort in recent years to understand the emerging Kondo-like 
resonances in different magnetic molecules such as MnPc.  
Theoretical approaches based on atomic models have proven to be very useful for the study 
of this phenomenon when the magnetic moment is essentially localized on a magnetic atom 
[1,2]. Nevertheless the Kondo effect can arise in pure carbon-based systems as has been 
demonstrated experimentally in fullerenes and carbon nanotubes [3]. In this communication 
we present a fully first principles approach to the molecular Kondo problem based in a 
combination of atomistic calculation and a multiorbital Anderson model where the orbitals 
are not atomic but molecular orbitals. That allows us to address this problem in systems with 
delocalized spin states, such as fullerenes, and in general in all kind of organic molecules 
such as radicals, where the atomic and conventional models fail. This model is fully obtained 
from Density Functional Theory calculation in combination with Green's functions 
methodologies [4,5].  
 

 
Schematic representation of the triplet Kondo peak obtained in the C60 molecule attached 

to gold electrodes.  
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Of the layered semiconducting materials, trichalcogenides have seen a renewed interest 
because of their accessible bandgap, and because these materials can now be prepared 
in ultrathin layers, enabling the study of the properties of the nanostructured material [1]. 
 Few-layer nanoribbons of TiS3, ZrS3 and HfS3 have been isolated by exfoliation. Low-
temperature photoluminescence and Raman scattering experiments have been performed 
on these nanoribbons and have been compared with measurements on bulk material. No 
effect on the energy of the Raman peaks has been observed at diminishing the number of 
layers, in contrast to the known effect in MoS2 nanosheets. 
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We have investigated the complex structure and magnetism of Pr2−xBixRu2O7 by neutron 
scattering and EXAFS [1, 2]. Pr has an approximate doublet ground-state and the first 
excited state is a singlet. While the B-site (Ru) is well ordered throughout, this is not the 
case for the A-site (Pr/Bi). A distribution of the Pr-O2 bond length indicates the Pr 
environment is not uniform even for x= 0. The Bi site is highly disordered ostensibly due to 
the 6s lone pairs on Bi3+. Correspondingly we find the non-Kramers doublet ground state 
degeneracy otherwise anticipated for Pr in the pyrochlore structure is lifted so as to 
produce a quadrupolar singlet ground state with a spatially varying energy gap. For x= 0, 
below TN, the Ru sublattice orders antiferromagnetically, with propagation vector k= 
(0,0,0), as for Y2Ru2O7 [3]. No ordering associated with the Pr sublattice is observed down 
to 100 mK. The low energy magnetic response of Pr2−xBixRu2O7 features a broad spectrum 
of magnetic excitations associated with inhomogeneous splitting of the Pr quasi-doublet 
ground state. For x= 0 (x= 0.97) the spectrum is temperature dependent (independent). It 
appears disorder associated with Bi alloying enhances the inhomogeneous Pr crystal field 
level splitting so that inter-site interactions become irrelevant for x= 0.97. The structural 
complexity for the A-site may be reflected in the hysteretic uniform magnetization of B-site 
ruthenium in the Néel phase.  
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The suitable combination of metal entities with organic molecules, named as ligands, lead 
to the formation of coordination polymers (CPs). These metal-organic systems can 
originate a large variety of architectures with interesting physico-chemical properties. 
In this talk we will pay attention to a particular type of linear coordination polymers known 
as MMX chains which consist of the combination of two simple building blocks a dimetal 
subunit with halides. We will describe several experiments that have allowed us to form 
from small nanostructures to single/few molecules on-surface. We will describe their 
electrical characterization to a level of few molecules.[1,2] These experiments have 
confirmed their intrinsic metallic character and excellent electrical conductivity. 
 

 
Figure 1. Left: Breaking strength of ca. 6 layers [Cu(µ-pym2S2)(µ-Cl)]n determined by AFM. 
Right: (a) Optical image, (b) AFM topographic image with a single layer, and (c) the 
corresponding PL image. 
 
Finally, we will show that liquid phase exfoliation of laminar CP crystals allow the isolation 
of single layers. The mechanical properties of few-layers free-standing been reported to be 
the weaker Young modulus of a free standing membrane ever reported (Figure 1). 
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