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Monday, March 26th  
 

14:00-19:30 Arrivals, Registration 
 

19:30-20:00 Welcome session 
 

20:00    Dinner 
 

Tuesday, March, 27th  
 
08:15-08:20 Hermann Suderow: Opening of the Workshop 
 
Morning Session 1: Novel quantum states in superconductors 

Chair:  
  
08:20-08:40  Benjamin Sacépé 
 When Joule poisons Majorana in topological Josephson 

junctions 
 
08:40-09:00  Andrej Mesaros 
 In-gap excitations due to defects in topological 

superconductors 
 
09:00-09:20  Matthieu Delbecq 
 Synthetic spin-orbit interaction for Majorana devices 
 
09:20-09:40  Marcello Spera 
 Spatial and energy dependent texturing of the charge order 

in 1T-CuXTiSe2 
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09:40-10:00  Gunta Kunakova 
 Transparent superconductor-Bi2Se3 nanoribbon interface 

hybrid devices 
 
10:10-10:30   Coffee break 
 
Morning Session 2: Novel quantum states in superconductors 

Chair:  
 
10:30-10:50  Egor Babaev 
 Superconductivity with frustrated Josephson coupling 
 
10:50-11:10  Mahdi Mashkoori 
 Majorana quasiparticles in atomic chain of magnetic 

impurities: effect of d-wave pairing 
 
11:10-11:30  Chuan Li 
 Observation of 4 -periodic supercurrent and Zeeman -

junction in Dirac semimetal Josephson junctions 
 
11:30-11:50  Zoltan Scherubl 
 Signatures of non-local coupling in Cooper pair splitter: 

The Andreev molecule 
 
11:50-12:10  Andrei D. Zaikin 
 Non-equilibrium junction-like behavior of multi-

terminal normal-superconducting nanohybrids 
 
12:10-14:10 Lunch 
 
14:10-16:10 Networking meetings and discussions 
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Afternoon Session 1: Josephson junctions, networks, devices 
Chair:  
 

16:10-16:30  Roberta Caruso 
 Influence of microwaves on magnetic switching in Nb-

Al/AlOX-(Nb)-PdFe-Nb Josephson junctions 
 
16:30-16:50  Jabir Ali Ouassou 
 Superconducting spintronics in double-barrier Josephson 

junctions 
 
16:50-17:10  Edward Goldobin 
 Experiments with artificial -Josephson junctions 
 
17:10-17:30  Matthias Eschrig 
 Spin supercurrents due to Fermi liquid effects in 

Superconductor/Ferromagnet hybrid structures 
 
17:40-18:00 Coffee break 
 
Afternoon Session 2: Focus lectures & COST networking 
 
18:00-18:30  Sophie Gueron 
 Focus lecture on selected topics in low-dimensional 

superconducting hybrids 
 
18:30-19:00 Alexander Buzdin 

Focus lecture on selected topics in Josephson physics 
 
19:00-19:30 Yonathan Anahory 

Focus lecture on selected topics in vortex matter  
 

19:30-20:00  Hermann Suderow, Irene Gonzalez Martin 
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 Presentation of the NANOCOHYBRI COST Action 
 
20:00  Networking Dinner 

 

Wednesday, March 28th  

Morning Session 1: Superconductivity vs magnetism 
Chair:  

 
08:20-08:40  Jean-Pascal Brison 
 Intrinsic p-wave ferromagnetic superconductors: insights 

from bulk materials 
 
08:40-09:00  Vetle Risinggard 
 Intrinsic superspin Hall current 
 
09:00-09:20  Mikhail Silaev 
 Coupled transport of spin, heat and charge in 

superconductors with Zeeman splitting 
 
09:20-09:40  Marco Aprili 

 Spectroscopy of few-layer superconducting NbSe2 
 
09:40-10:00  Maria Jose Martinez-Perez 
 Magnetization reversal in individual nanoparticles 

revealed by nano-SQUID magnetometry 
 
10:10-10:30   Coffee break 
 
Morning Session 2: Vortex matter 

Chair:  
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10:30-10:50  Morten Amundsen 
 Geometry dependence of proximity induced vortex 

patterns in superconducting hybrid structures 
 
10:50-11:10  Vadim Geshkenbein 
 Strong pinning theory of thermal vortex creep in type-II 

superconductors 
 
11:10-11:30  Marinela A. Ionescu 
 Bulk pinning force analysis of MgB2 co-added with c-BN 

and Ge2C6H10O7 fabricated by spark plasma sintering 
 
11:30-11:50  Nicola Pompeo 
 Flux-flow regimes in Nb/PdNi/Nb hybrids, Nb and Nb3Sn: 

unconventional vs conventional behavior 
 
11:50-12:10  Isabel Guillamon 
 Scanning tunneling spectroscopy in pnictide 

superconductors: 122 and related systems 
 
12:10-14:10 Lunch 
 
14:10-16:10 Networking meetings and discussions 
 
Afternoon Session 1: Low dimensionality, disorder, coherence 

Chair:  
 
16:10-16:30  Sergio Caprara 
 Negative electron compressibility and inhomogeneous 

superconductivity in ionic-liquid gated thin films 
 
16:30-16:50  Nicolas Bergeal 
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 Superfluid stiffness in oxide interfaces 
  
16:50-17:10  Shai Wissberg 
 Scanning SQUID maps of modulated superconductivity 
 
17:10-17:30  Fabian Rudau 
 Coherent terahertz radiation from stacks of intrinsic 

Josephson junctions 
 
17:40-18:00 Coffee break 
 
Afternoon Session 2: Low dimensionality, disorder, coherence 

Chair:  
 
18:00-18:20  Thilo Bauch 
 Quasiparticle spectroscopy using a YBCO transmon 
 
18:20-18:40  Sergey Kubatkin 
 Sources of decoherence in superconducting quantum 

devices 
 
18:40-19:00  Andrey S. Vasenko 
 Suppression of the low-frequency decoherence by Bell-

state motion 
 
Super-Poster Session 
 
19:00-19:30   Short presentations 
 
19:30-21:30  Session & Dinner 
  

Jan Aarts  
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Spontaneous emergence of Josephson junctions in single 
crystal rings of Sr2RuO4 

 
Victor Barrena 

Superconducting density of states and the vortex lattice 
close to the quantum critical point in BaFe2(As1-XPX)2 

 
   Simon Bending 

Gate-controlled superconductivity in few-layer 2D 
materials 

 
Annica Black-Schaffer 

Topological phases and Majorana fermions from magnetic 
impurities in superconductors 

  
   Adrian Crisan 

Pinning potential in YBa2Cu3O7 superconducting films 
with nanoengineered pinning centres 

 
   Szabolcs Csonka 

Non-local probing of superconducting quantum dots via 
Yu-Shiba-Rusinov-state in Cooper pair splitter 

 
   Oleksandr Dobrovolskiy 

Microwave-stimulated superconductivity in Nb films 
 

   Abdou Hassanien 
Smeared d-wave anisotropy and discrete Andreev states in 
monolayer organic superconudctor 

 
   Beena Kalisky 

Mapping superfluid density near the superconductor 
insulator phase transition 
 

   Wolfgang Lang  
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Unconventional critical state in cuprate superconductors 
with regular topological defects 

 
   Raphaël Leriche 

Looking for topological superconductivity in misfit TMD 
LaNb2Se5 
 

   Floriana Lombardi 
Unconventional induced superconductivity on the surface 
states of Bi2Te3 

 
Ivan Maggio-Aprile 

A BCS fingerprint revealed by the vortex cores of a high 
Tc superconductor  
 

Milorad V. Milosevic 
Effect of "impurities" on monolayer superconductivity: 
Selected cases 

 
Jason Robinson 

Superspin 
 

Mikel Rouco 
Electron refrigeration in hybrid structures with spin-split 
superconductors 
 

   Tomas Samuely 
Black diamond  effects of confinement and magnetism on 
superconductivity 
 

   Alejandro Silhanek 
In-situ tailoring of superconducting junctions via electro-
annealing 

    
Daniela Stornaiuolo 
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Oxide 2DEG properties for advanced electronic 
applications 

  
   Daria Szewczyk 

Thermal conductivity measurements for superconducting 
materials 
 

Hermann Suderow 
Bound states and unconventional low energy electronic 
behavior in superconductors 

   
   Lan Maria Tran 

on the direction of the magnetic field in the Co- and Ca-
doped EuFe2As2-based magnetic superconductors 
 

Javier Villegas 
Interface effects in oxide superconducting hybrids 
 

   Joris Van de Vondel 
Direct visualization of degeneracy and vortex ice in 
nanostructured superconductors 
 

 

Thursday, March 29th  
 
Morning Session 1: novel approaches, material, devices 

Chair:  
 
08:20-08:40  Xavier D. Baumans 
 Anti-electromigration: Restoring conventional and high-

Tc ultra-narrow superconducting junctions 
 
08:40-09:00  Wout Keijers 
 Nano-SQUIDs with controllable weak links via 
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electromigration 
 
09:00-09:20  Benedikt Muller 
 Advanced nano-SQUIDs based on sub-micron trilayer 

Nb/HfTi/Nb Josephson junctions 
 
09:20-09:40  Rosa Cordoba 
 Superconducting nanotubes vertically grown by He+ 

focused ion beam induced deposition 
 
09:40-10:00  Cheryl Feuillet-Palma 
 High-Tc superconducting devices 
 
10:00-10:20   Coffee break 
 
Morning Session 2: novel approaches, material, devices 

Chair: 
 
10:20-10:40  Clemens Muller 
 A passive on-chip microwave circulator using a ring of 

tunnel junctions 
 
10:40-11:00  Pavol Szabo 
 On the origin of the quasiparticle states in the 

superconducting gap of homogeneously disordered 
ultrathin films: MoC case 

 
11:00-11:20  David Perconte 
 Tunable proximity effect in cuprate 

superconductor/graphene junctions 
 
11:20-11:40  Tomas Novotny 
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 Perturbation theory for a correlated quantum dot attached 
to superconducting leads 

 
11:40-12:00  Evagelia Moshopoulou 
 Temperature dependence of the crystal structure of the 

superconductor LiTi2O4 and of the heavy fermion LiV2O4 
 
12:00-12:10 Closing Remarks 
 
12:10-13:30 Lunch 
 
13:30  Departure 
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Topological Josephson junctions designed on the surface of a 3D-topological insulator (TI) 
harbor a Majorana bound state (MBS) among a continuum of conventional Andreev bound 
states. The distinct feature of this MBS lies in the -periodicity of its energy-phase relation 
that yields a fractional a.c. Josephson effect and a suppression of odd Shapiro steps under rf 
irradiation. In this talk we present measurements of Josephson junctions tailored on the large 
bandgap 3D TI Bi2Se3 which exhibit the fractional a.c. Josephson effect acting on the first 
Shapiro step only, accompanied by a residual supercurrent at the nodes between Shapiro lobes. 
We demonstrate with a modified RSJ model that the resilience of higher order odd Shapiro 
steps and the residual supercurrent at the nodes between Shapiro lobes can be accounted for by 
thermal poisoning of the MBS driven by Joule overheating. We will furthermore show that the 
residual supercurrent at the nodes between Shapiro lobes provides a novel signature of the 
current carried by the MBS.  
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The competition between ground states is a central topic in modern condensed matter physics. It is of 
common belief that unconventional superconductivity (SC) emerges from a precursor state, such as 
pseudogap or charge order, which is suppressed upon the appearance of the superconducting 
condensate. 
Since the discovery of a Charge Density Wave (CDW) modulation (1976) and Cu doping induced SC 
(2006) in 1T-TiSe2, this system has become prototypical for studying the interplay between these two 
states. 
While SC in 1T-CuxTiSe2 seems to follow a standard BCS s-wave behaviour, the microscopic origin of 
the CDW is still under debate. In order to address this issue, we performed a detailed Scanning 
Tunneling Microscopy and Spectroscopy study of the impact of Cu intercalation on the CDW in 1T-
CuxTiSe2 [1,2].  
Density Functional Theory modelling allowed us to identify Cu atoms, which are found to intercalate 
randomly on the octahedral site in the van der Waals gap. Tunneling spectroscopy remarkably shows 
that the CDW gap opens below the Fermi level and follows the Cu induced band shift. The CDW 
modulation is found to break up in a complicated energy and position-dependent domain structure, 
which can be explained in terms of charge inhomogeneities induced by Cu intercalation. Under certain 
conditions, the CDW is visible and well developed in all the crystals investigated, including the 
superconducting ones. This suggests a possible coexistence of SC and CDW order, and both results 
are compatible with a CDW gap that is not pinned to the Fermi level. These findings further invalidate 
both Fermi surface nesting and excitonic pairing as the primary CDW formation mechanism in this 
material. 

[1] A.M. Novello et al. Phys. Rev. Lett. 118, 017002  

[2] M. Spera et al, arXiv:1710.04096 
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3D Topological Insulators (TIs) have been regarded as novel materials with a Dirac 
states on the surfaces. Bi-based chalcogenides (Bi2Te3, Bi2Se3, (Bi1-xSbx)2Te3) are well 
recognized 3D TIs used to probe the topological surface states. The proximity of 3D 
TI and superconductor has been proposed as a platform to induce the Majorana bound 
states (MBS) and the topological superconductivity in the surface states [1]. 

Imperfections of the 3D TI material bulk, such as defects and impurities, set the 
Fermi level into the bulk conduction band, which makes it difficult to access the 
transport from topological surface states. One of the promising routes of how to 
exclude the bulk contribution is to study the TI nanomaterials, for example, 
nanoribbons. A large surface to volume ratio of TI nanoribbons and nanowires may 
lead to the bulk suppression and reduced number of conduction modes, particularly 
important for Josephson devices to probe the MBS. The hybrid devices consisting of 
a TI and superconducting (SC) electrodes have been studied extensively. However, 
difficulties to achieve a good coupling of TI/SC hinder a further progress, and, up to 
now, no Josephson effect on TI nanowires and nanoribbons has been reported. 

Here we study transport properties of catalyst-free Physical Vapour deposition 
grown TI nanoribbons [2], that are bulk-free at thicknesses below ~30 nm. An 
excellent coupling between the superconductor (Al) and the 3D TI  Bi2Se3 nanoribbon 
has been achieved. The Josephson devices are characterised by a high IcRn product (Ic 

 critical current and Rn  normal resistance), that is close to the value of 
superconducting gap of Al. The conductance spectra of TI nanoribbon Josephson 
devices show a multiple Andreev reflections, pointing to a highly transparent interface 
of the Al/Bi2Se3 nanoribbon. 

 
[1] Fu, L.; Kane, C. L. Superconducting Proximity Effect and Majorana Fermions at the 
Surface of a Topological Insulator. Phys. Rev. Lett. 2008, 100, 96407. 
[2] Andzane, J.; Kunakova, G.; Charpentier, S.; Hrkac, V.; Kienle, L.; Baitimirova, M.; Bauch, 
T.; Lombardi, F.; Erts, D. Catalyst-Free Vapour-Solid Technique for Deposition of Bi2Te3 and 
Bi2Se3 Nanowires/nanobelts with Topological Insulator Properties. Nanoscale 2015, 7, 15935. 
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Recently many interesting phenomena were discussed to occur in 

superconductors that have frustrated integrand coupling. The frustration occurs 
rather generically for superconductors with repulsive interband coupling: for 
example two-band dirty S+- superconductors have frustration between bilinear and 
biquadratic Josephson coupling that is tunable by impurity concentration.    
Coupling to more bands often yields in such system frustration at the level of 
bilinear interband coupling. I will talk about the consequences of that coupling that 
ranges from frustration-generated breakdown of time reversal symmetry, 
appearance of spontaneous magnetic fields, skyrmionic excitations and resulting 
unconventional magnetic and transport properties. I will also discuss recent 
experimental evidence in favor of frustration-generated s+is state in iron-based 
materials 
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Dirac semimetals with chiral quasiparticles possess linear dispersion in three 
dimensions, and become a developing platform of novel quantum materials. A three-
dimensional Dirac cone can be found in Bi1-xSbx at the Sb-induced band inversion 
point. Superconductivity is induced in this Dirac semimetal by making Nb-
Bi0.97Sb0.03-Nb Josephson junctions and the radio frequency irradiation experiments 

-periodic Andreev bound states to the 
supercurrent. -periodic contribution to the 

 protection against 
back-scattering, providing very broad transmission resonances and an enhanced 
l -periodic state due to local conservation of fermion parity. 

The large g-factor of the Zeeman effect from a magnetic field applied in the plane 
 as a 

consequence of the finite momentum pairing. We observe an oscillating critical 
supercurrent as a function of the parallel magnetic field (Fig1.b). 

-junction is incorporated in a superconducting loop with a 
conventional junction, forming an asymmetric quantum interference device 
(SQUID) -junction behavior is observed in the SQUID modulation. The 
skew shape of the current-phase relation (CPR) suggests our 300 nm Dirac semimetal 
junction to be in the long and ballistic limit. When the parallel field along the current 
direction increases, the CPR alternates between 0 and  states, each time indicated 

by a phase shift of . ( ).  

 
 
 

 
Figure 1: (a) Shapiro steps of Dirac semimetal-based junction. The first step has 
disappeared due the -periodic supercurrent current component. (b) Current-phase 
relation. Upper: CPR at zero parallel field. Lower: CPR at different parallel field (B//). 
The phase is shifted by  when the junction is tuned between 0 and  states. 

 
[1] C. Li et al. . arXiv:1707.03154 
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Hybrid superconductor-semiconductor devices have drawn large attention both 

theoretically and experimentally in the recent years. In the strong coupling limit 
such devices can host exotic states, like Andreev bound states [1], Majorana bound 
states [2-3] or parafermions [4]. In the weak coupling limit when the semiconductor 
hosts two quantum dots in a three terminal geometry, the device can act as a source 
of entangled electron pairs, it splits the Cooper pairs via crossed Andreev reflection 
[5-7]. 

Here we present the signatures of non-local couplings in the strongly coupled 
limit in the Cooper pair splitter geometry. The strong coupling to the 
superconductor gives rise to local Andreev bound states on the dots, while having 
non-local couplings between the dots leads to the hybridization of the Andreev 
bound states, forming a non-local state, the Andreev molecular state. 

We distinguish three different non-local couplings, the crossed Andreev 
reflection, the elastic cotunneling, where an electron tunnels through the 
superconductor and the direct interdot tunnel coupling. We show that one can tell 
the dominant coupling by measuring the stability diagram of the two quantum dots 
simultaneously. Further we discuss the triplet blockade [8], which is usually 
attributed to the crossed Andreev reflection, is not exclusively present in case of 
finite crossed Andreev coupling. 

 
[1] C. W. J. Beenakker and H. van Houten, in Single-Electron Tunneling and Mesoscopic 

Devices, edited by H. Koch and H. 992; arXiv:cond-
mat/0111505. 

[2] A. Yu. Kitaev, Phys. Usp. 44, 131 (2001). 
[3] V. Mourik, el al., Science 336, 1003 (2012) 
[4] J. Klinovaja, el al., Phys. Rev. B 90, 155447 (2014) 
[5] P. Recher, et al., Phys. Rev. B 63, 165314 (2001) 
[6] L. Hofstetter, et al., Nature 461, 960 (2009) 
[7] L. G. Herrmann, et al., Phys. Rev. Lett. 104, 026801 (2010) 
[8] J. Eldridge, et al., Phys. Rev. B 82, 184507 (2010) 

 







Superconducting proximity effect to probe the topological protection of 
edge states in Bismuth nanowires 
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Reducing the size of a conductor usually decreases its conductivity because of the enhanced 
effect of disorder in low dimensions, leading to diffusive transport and to weak, or even strong 
localization. Notable exceptions occur when topology provides protection against disorder, 
such as in the Quantum Hall effect or the recently discovered Quantum Spin Hall effect in two-
dimensional Topological Insulators. In the latter, crystalline symmetry combined with high 
spin-orbit coupling generate band inversion and one-dimensional chiral edge states with perfect 
spin-momentum locking, that theoretically precludes backscattering along the edges. However, 
since the first evidences of edge state currents, both in the normal and superconducting-
proximitised states, demonstrating the robustness of ballistic conduction and spin polarization 
in the one-dimensional edge states has remained a challenge. In this talk, I will present a direct 
signature of ballistic 1D transport along the topological surfaces of a single crystal bismuth 
nanowire connected to superconducting electrodes. This signature was obtained by exploiting 
the extreme sensitivity of the relation between the Josephson current flowing through a 
nanostructure and the superconducting phase difference at its ends, the -
(CPR). The sharp sawtooth-shaped CPR we find demonstrates that transport occurs ballistically 
along two edges of the nanowire, and  confirms the predicted nearly perfect transmission of 
Cooper pairs through Quantum Spin Hall edge states. I will also describe our recent 
measurement of the high frequency response of the Bismuth nanowire inserted in a 
superconducting ring, a setup ideal to probe the topological protection of the edge states. 
 

                                 

 
 

Figure 1: Bismuth nanowire (in brown) connected to superconducting electrodes (in blue), 
including an asymmetric SQUID configuration enabling the supercurrent-versus-phase 
relation measurement. 
[1] Murani et al, Nature Comm. DOI: 10.1038/ncomms15941 (2017). 
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The spread of the Cooper pairs into the ferromagnet in proximity coupled 

superconductor  ferromagnet (SF) structures is shown to cause a strong inverse 
electrodynamic phenomenon, namely, the long-range transfer of the magnetic field 
from the ferromagnet to the superconductor. Contrary to the previously investigated 
inverse proximity effect resulting from the spin polarization of superconducting 
surface layer, we found a very generic orbital mechanism of the magnetic moment 
transfer from a ferromagnet to a superconductor which is unavoidable in S/F hybrids. 
It is related with the fact that the common superconducting wave function in S and F 
(near the interface) does not permit to exclude the vector-potential of the 
magnetization by gauge transformation. From the experimental point of view, this 
phenomenon reminds the Aharonov-Bohm effect since the current inside the attached 
superconductor is induced by the ferromagnetic layer which cannot create the 
magnetic field in the outside in the absence of such superconducting environment. At 
the same time, the true physical key point is that the wave function penetrating the 
ferromagnet is responsible for this effect. Let us stress that the characteristic length of 
the above proposed inverse electrodynamic effect is of the order of the London 
penetration depth. 
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NanoSQUIDs residing on the apex of a quartz tip (SOT), suitable for scanning 

probe microscopy with record size, spin sensitivity and operating magnetic fields are 
presented[1-2]. We have developed SOT made of Pb with an effective diameter of 46 

n 0/Hz1/2 at 4.2 K that is operational up to 
unprecedented high fields of 1 T[2]. The corresponding spin sensitivity of the device 
is Sn = 0.38 B/Hz1/2, which is about two orders of magnitude more sensitive than any 
other SQUID to date. 

We use this technique to study vortex dynamics under strong currents[3]. 
Quantized magnetic vortices driven by electric current determine key 
electromagnetic properties of superconductors. While the dynamic behavior of slow 
vortices has been thoroughly investigated, the physics of ultrafast vortices under 
strong currents remains largely unexplored. Here we image vortices penetrating into 
a superconducting Pb film at rates of tens of GHz and moving with velocities up to 
tens of km/s, which are not only much larger than the speed of sound but also exceed 
the pair-breaking speed limit of superconducting condensate. These experiments 
reveal formation of mesoscopic vortex channels which undergo cascades of 
bifurcations as the current and magnetic field increase (Figure 1). Our numerical 
simulations predict metamorphosis of fast Abrikosov vortices into mixed Abrikosov-
Josephson vortices at even higher velocities. This work offers an insight into the 
fundamental physics of dynamic vortex states of superconductors at high current 
densities, crucial for many applications. 

 
Figure 1: Magnetic imaging of fast moving vortices in Pb film at the highest sustainable current 
and at different applied field a 2.7 mT, b 5.4 mT and c 9.0 mT. 
 
[1] A. Finkler et al. Nano Lett. 10, 1046 (2010) 
[2] D. Vasyukov et al. Nature Nanotech. 8, 639 (2013). 
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The interplay of superconductivity and magnetism is known to produce many 
interesting phenomena. Most of the research activity in this direction has been focused 
on the very unusual properties of a proximity effect in hybrid systems consisting of 
superconductors and ferromagnets. However, more recent studies have addressed the 
problem of non-equilibrium spin states including spin transport and dynamics in 
superconducting wires. The unique properties of electronic spectrum in 
superconducting systems provide the possibilities of controlled interplay between spin, 
charge and heat degrees of freedom [1]. Such non-equilibrium states have a large 
potential for new discoveries. The striking phenomena of extra-large spin relaxation 
time and spin decay length in superconductors with Zeeman field have been observed 
experimentally [2,3] and explained theoretically [4]. 

In this talk I discuss the theoretical progress in this direction which has been gained 
so far based on the recent works [1,4,5,6].  
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Vortices in type II superconductors define a soft matter system that is prone to 
thermal fluctuations. We study vortex pinning and creep in type-II superconductors 
produced by a low density of strong defects. Extending the strong pinning theory to 
account for thermal effects, we calculate the current-voltage characteristic and thus 
provide the first quantitative treatment of vortex creep. We describe the thermally 
activated flux flow regime found at small driving currents, which is characterized by 
constant  barrier. We find that the overall current-voltage characteristic keeps its 
shape in the form of an excess-current characteristic typical of a strong pinning 
material. 
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Magnesium diboride is considered a promising superconductor for practical applications 

because of the relatively high critical temperature (39 K) and is not expensive, not toxic, etc. 
The coherence length is in the range of 10-20 nm making the grain boundaries transparent to 
the flow of Cooper pairs. This condition is very important because it allows pinning 
improvement through doping with different additives which can be effective pinning centers if 
they are comparable in size with the coherence length. Additives are introducing in the MgB2 
matrix disorder, defects, precipitates, interfaces and modifications of the grain boundaries. The 
pinning centers can be divided, according to dimension, in volume, surface or point pinning 
and according to their character in normal core  [1]. 
Many additives were added or co-added to MgB2 [2, 3] and excellent results were obtained, in 
most cases, by adding carbon, supplied from different organic and inorganic compounds. 
Among other additions we have recently found that cubic BN [4] (c-BN) is significantly 
increasing the critical current density at high magnetic fields with a small suppression of Jc at 
low fields and of Tc. The possibility of combining the positive influences of the Ge2C6H10O7 
which contains carbon and c-BN deserves attention. In this work we investigate co-addition of 
Ge2C6H10O7 and of c-BN into MgB2. High density (above 90% of the theoretical density) 
superconducting bulks of MgB2 co-added with cubic BN (c-BN) and Ge2C6H10O7 were obtained 
by ex-situ Spark Plasma Sintering. We determined the contributions, at various temperatures, 
of the types of pinning centers present in various samples on the bulk pinning force.
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Abstract: 
 
Quasiparticle interference and vortex imaging have both been shown to be powerful tools to 
investigate pnictide superconductors. Here I will review efforts in the Ca122 based materials, in 
the recently discovered family of 1144 materials, particularly in pure and Ni-doped CaKFe4As4 
and in Ba122. Ca122 materials have a huge dependence of their properties with pressure, which 
provides an extreme sensitivity to strain, and leads to the formation of superconducting and 
normal domains [1]. In the 1144 CaKFe4As4 materials, the sensitivity to strain is released by the 
alternate Ca and K layers. In addition, these materials show the highest Tc among 
stoichiometric pnictide superconductors (35 K). We show that they are two-gap, sign-changing 
superconductors [2,3] and are located at optimal doping. Quasiparticle interference shows the 
opening of a superconducting gap in the hole bands around the zone center. Ni doping reduces 
Tc and induces a magnetic transition where a unique hedgehog magnetic order has been 
proposed [4]. I will discuss these issues from the point of view of atomic scale and vortex lattice 
measurements. Finally, I will mention efforts in the P-substituted Ba122 compounds [5], where 
we observe vortex lattices and determine the surface termination. This is the only material 
where we observe ultra-slow vortex creep, pointing out that there are dynamic properties 
specific to Ba122 compounds.  
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SrTiO3 (STO) is often used as a substrate for growing thin superconducting films. 
STO undergoes a structural transition at 105K, where the lattice breaks into tetragonal 
domains. We use a scanning Superconducting Quantum Interference Device (SQUID) to 
map the diamagnetic response of Nb and NbN deposited on STO, at their superconducting 
phase. We show that STO domains and domain walls cause large scale modulations of the 
superfluid density, opening possibility for better understanding of the effect of local 
structure on superconductivity, and a local control of the strength of superconductivity. 
[Phys. Rev. B 95, 144510] 
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In the past years, the generation of terahertz (THz) radiation attracted more and more attention
due to its huge variety of potential applications. Located between the far infrared and 
microwave frequencies, THz radiation in the range of roughly 0.1 to 10 THz allows for new 
kinds of, e.g., non-destructive imaging, material testing, medical diagnosis, and high-
bandwidth data communication [1].
However, the generation of THz radiation is challenging. In particular, in the range of 0.3 to 2 
THz – the so-called THz gap – there is a lack of coherent, tunable, and compact devices. One
way to fill this gap is based on Josephson junctions that are able to convert an applied dc 
voltage into an ac current. According to the Josephson relation an applied voltage of 1 mV 
translates into a frequency of ~483.6 GHz. However, the emission power of single junctions is 
rather low and the linewidth is broad.
Stacks of intrinsic Josephson junctions occurring in the 
high-temperature superconductor Bi2Sr2CaCu2O8+

(BSCCO) can overcome these issues and are promising 
candidates to build devices that, in principle, work up to 10 
THz and are easy to fabricate containing hundreds of 
junctions in series. The main challenge is to ensure phase 
synchronization of the junctions to obtain high power 
emission. Also, due to the poor thermal conductivity of 
BSCCO such samples typically strongly suffer from Joule 
heating which limits the maximum frequency. Present
devices usually work in the range of 0.3 to 1 THz at 
emission powers of some tens of microwatts having 
linewidths down to some megahertz [2].
We will present experimental results on how the emission properties of such devices can be 
tuned, e.g., by applying external magnetic fields or by influencing the current distribution 
inside the stack and show how such samples behave in general.
Three-dimensional electrothermal simulations of the system based on simultaneously solving 
heat diffusion equations and two-dimensional coupled sine-Gordon equations will be 
presented and compared to the experiment investigating the temperature and current 
distributions inside the samples and resonant modes excited by vortex-antivortex pairs leading 
to a phase-synchronized configuration that is able to emit coherent radiation.
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As demonstrated recently, in the realistic situation when the low-frequency noises 

are uncorrelated among different physical superconducting qubits, transfer of 
individual logical qubits in arrays of physical qubits can be used to suppress the low-
frequency decoherence of quantum information encoded in the logical qubits [1]. The 
purpose of this work is to show that, if the quantum information is encoded in the 
Bell-type logical states, the transfer of these states through an array of physical qubits 
implements simultaneously the motion-induced and spin-echo suppression of 
decoherence leading to a qualitatively stronger tool against the low-frequency noise 
than is provided by the two approaches separately [2]. We also discuss the 
coexistence of the motion-induced suppression of decoherence and more 
complicated dynamic decoupling-schemes, like Carr-Purcell pulse sequence.     

 
[1] D. V. Averin, K. Xu, Y. P. Zhong, C. Song, H. Wang, and Siyuan Han, Phys. Rev. Lett. 

116, 010501 (2016). 
[2] D.V. Averin and A.S. Vasenko, in preparation for Phys. Rev. Lett. 



Superconducting density of states and the vortex lattice close to the  
quantum critical point in BaFe2(As1-xPx)2 

Víctor BARRENA1, B. WU1, P. WALMSLEY2, I. FISHER2, H. SUDEROW1 and I. GUILLAMÓN1 
 

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

2 Geballe Laboratory for Advanced Materials and Department of Applied Physics,  
Stanford University, California, USA. 

 

The isoelectronic substitution of As by P induces high TC superconductivity in BaFe2(As1-xPx)2. The parent 
compound (x=0) is an antiferromagnetic metal that does not superconduct. Instead, superconductivity arises when 
increasing x. At the same time, the antiferromagnetic transition temperatures decreases. When antiferromagnetism 
disappears at x = 0.3 (and at zero temperature), thermal fluctuations are however unimportant and quantum fluctuations 
strongly determine the properties of the system. At this point, there is a divergence of the electronic effective mass and 
superfluid density, observed in quantum oscillations and penetration depth (quantum oscillations are observed with a 
finite x across the quantum critical point [1]). At the same time, superconducting TC reaches its maximum. With further 
doping (x > 0.3), there is no antiferromagnetism and superconductivity vanishes. However, the influence of quantum 
fluctuations in the spatial dependence of the superconducting and electronic properties is totally unknown. For instance, 
the divergence in the effective mass might influence the superconducting coherence length and thus the spatial extension 
of the superconducting density of states around vortices and pair breaking defects. 

Here we study single crystals of BaFe2(As1-xPx)2 by measuring the superconducting gap and the vortex lattice 
using Scanning Tunneling Microscopy and Spectroscopy (STM/STS). We show results in a sample with x = 0.44 and TC 

 23 K. We obtain atomic resolution and observe a V-shaped gap and a hexagonal vortex lattice up to 7 T. The vortex 
lattice is very ordered, which is highly unusual in a Fe based superconductor. We observe a zero-bias peak in the local 
density of states at the center of each vortex, due to Caroli-de Gennes-Matricon vortex core states. These two results 
confirm that substitution does not create significant disorder in the electronic properties. The tunneling conductance vs 
bias voltage shows a V-shaped superconducting gap evidencing nodal superconductivity. We determine the 
superconducting coherence length from the spatial dependence of the tunneling conductance around vortex cores and pair 
breaking defects. We also observe creeping vortex lattices, which is very peculiar for a Fe based superconductor, since 
vortex pinning is usually strong in these materials, and vortex mobility is weak. The observed creep points to weak 
pinning or an unexpected influence of fluctuations in the superconducting dynamics. 

 

 

 

 

 

 

 

Figure (a) Phase diagram of the BaFe2(As1-xPx)2 system from reference [2] (b) Atomic resolution topography at 4.2K. (c) Vortex 
lattice at 3 T. 
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The isolation of graphene in 2004 has led to massively renewed interest in other 

van der Waals bonded materials such as the transition metal dichalcogenides which 
exhibit a variety of electronic ground states, e.g., superconducting, charge density wave, 
semiconductor and metallic. It is well established that the electronic behaviour of single 
molecular layer materials can differ qualitatively from that of bulk materials due to 
changes in their band structure and can be further controlled by electrostatic gating in 
field-effect structures. Initial work with solid state Si/SiO2 back gates was only able to 
bring about rather small changes to the electronic properties of 2D materials because 
charge transfer is strongly limited by the relatively low oxide breakdown voltages [1]. 
Here we describe extensions of this work using ionic liquid gating whereby an applied 
top gate voltage induces charge separation of the anions and cations forming a compact 
electric double layer with a very high associated electric field. The extremely high 
capacitance at the surface of the 2D material (ca. 10 F/cm2) is typically many orders 
of magnitude larger than the capacitance of an SiO2 dielectric layer (ca. 10 nF/cm2 for 
300nm SiO2) enabling huge shifts of the chemical potential and extensive exploration 
of the material band structure. The power of this technique will be illustrated by an 
investigation of superconductivity in FeSe few-layer flakes. Discovered in 2008, bulk 
FeSe is a stoichiometric superconductor (Tc~8K) with a simple crystal structure and a 
similar electronic structure to the iron pnictides. Recently it was shown that a sharp 
increase in critical temperature up to 48K can be induced in FeSe flakes by ionic liquid 
gating, coinciding with an abrupt jump in the Hall coefficient [2]. This was interpreted 
in terms of a change in the topology of the multiband Fermi surface (a Lifshitz 
transition) arising when hole-like pockets at the zone centre of FeSe drop below the 
Fermi energy. Our recent measurements of few-layer FeSe flakes under ionic liquid 
gating will be presented and the superconducting Tc correlated with other normal state 
properties. The interpretation of our results is informed by DFT calculations of the 
sample band structure and implications for the pairing state in FeSe will be discussed. 

 
 

Figure 1: Optical image of a few-
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We have investigated several types of nanostructured YBCO films with different 

architecture and types of defects in high DC magnetic fields by frequency-dependent 
AC susceptibility.  In certain experimental windows, the dependence of the out-of-
phase susceptibility on the amplitude of the excitation AC field has a frequency-
dependent maximum, which can be correlated with the critical current density. Also, 
the dependence of the critical current density on the frequency can give precious 
information regarding the pinning mechanisms and the height and shape  of the 
pinning potential well. We have investigated our data in the framework of Anderson-
Kim model, collective pinning model, and a model proposed by Zeldov in which 
there is a logarithmic dependence of the effective pinning potential on the current 
density [1] leading to a straight line in double logarithmic plot of critical current 
density versus inverse frequency and a slope that can be related to the pinning 
potential [2].  Such analysis allowed for the estimation of critical current density and 
of the pinning potential of superconducting films with various architecture of pinning 
centres, which are shown in correlation with the types of pinning centres as revealed 
by TEM images.  
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The behavior near the superconductor-insulator transition (SIT) is governed by 
quantum fluctuations. Direct experimental study of such fluctuations is challenging, and 
not easily probed by conventional measurements such as transport and 
magnetoresistance. We use scanning superconductor quantum interference device 
(SQUID) to simultaneously track magnetometry, susceptometry and local flow of 
current in a series of TiNbN samples spanning the SIT. Maps of the diamagnetic 
response provide information about the local superfluid density. Our measurements 
reveal electronic superconducting granularity which fluctuates in time and space at 
temperatures well below Tc. The temperature regime of these fluctuations grows as the 
SIT is approached indicating their quantum nature. 
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The interaction of vortices with artificial defects in a superconductor is a vibrant topic in 
fundamental experimental and theoretical research, but also important for its prospects of 
technical applications. In contrast to clean metallic superconductors that were often used to 
study regular artificial defects, the typical average distance of random intrinsic defects in a 
thin film of a prototypical cuprate superconductor, namely YBa2Cu3O7 (YBCO) is smaller 
than one µm. The advantage of a higher operation temperature in YBCO is opposed by the 
demand for advanced nanopatterning methods. To this end, YBCO thin films on MgO 
substrate are irradiated with He+ ions by shadow projection through a Si stencil mask [1] to 
create a square array of columnar defect regions of 180 nm diameter and 300 nm lattice 
constant [2]. 
 
Peaks of the critical current as a function of the applied magnetic field reveal the 
commensurate trapping of vortices in domains near the edges of the sample. At the same 
magnetic fields, the magnetoresistance exhibits minima. Upon ramping an external magnetic 
field, an unconventional critical state emerges that is characterized by a pronounced hysteresis 
and different positions of the critical current peaks in virgin and field-saturated down-sweep 
curves, respectively. Interestingly, the distances of the various peaks or minima in a sweep 
remain constant and correspond exactly to the matching field [3]. Measurements of 
magnetoresistance at various angles of the magnetic field confirm that the columnar defects 
dominate the pinning. The observations are interpreted as a nonuniform, terrace-like critical 
state, in which individual domains are occupied by a fixed number of vortices per pinning 
site. 
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For more than two decades, the electronic structure of the vortices in high-temperature 
superconductors (HTS) has been challenging theory.  As a matter of fact, most of the observations 
made by scanning tunnelling spectroscopy in the vortex cores of HTS have revealed unusual 
features. Among these, the detection of a robust pair of electron-hole symmetric states at finite 
subgap energy in YBa2Cu3O  (Y123) [1] was in total contradiction with the expected signature of 
a d-wave superconductor vortex core, characterized by a strong zero-bias conductance peak.  

In a recent series of scanning tunnelling spectroscopy experiments on Y123, we found that these 
subgap conductance peaks are not a specific signature of the vortices, but are part of an electronic 
background uniformly measured across the entire surface, whether a magnetic field is applied or 
not [2]. This finding led us to consider a simple model assuming that the total tunnelling current is 
the combination of two additive channels: one associated with the quasiparticle excitations 
expected for a clean d-wave superconductor with YBCO band structure; the other corresponding to 
an unknown non-superconducting background where the subgap peaks belong. According to this 
two-channel analysis, the superconducting condensate contributes only 15% to 20% of the total 
tunnelling signal, explaining the difficulty of detecting the BCS fingerprints in this material. Because 
the dominant background is spatially uniform and simply adds to the total tunnelling current, we 
can eliminate this unknown contribution by subtracting a spectrum measured away from the vortex 
cores from all the tunnelling spectra measured in the vortex phase. The remaining signal can be 
modelled in the Bogoliubov-de Gennes framework, by computing the spatial dependence of the 
LDOS in the presence of vortices and performing the same subtraction. We find a remarkable 
correspondence between the model and the data, demonstrating that the vortex cores in HTS 
cuprates are not exotic but present the expected quasiparticle LDOS [3]. The model provides 
further insight into the vortex-core structure, which is different for each vortex due to an irregular 
lattice and depends on the Fermi surface topology more than on the gap symmetry. The origin of 
this dominant background conductance remains an open question, together with the question of 
whether the same model applies to other HTS cuprates. 

[1] I. Maggio-Aprile et al., Phys. Rev. Lett. 75, 2754 (1995) 
[2] J. Bruer et al., Nat. Commun. 7, 11139 (2016) 
[3] C. Berthod et al., Phys. Rev. Lett. 119, 237001 (2017) 
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Superconductivity not only survives in the monolayer limit, it harbors a number 

of surprises. Tc name a few, electron-phonon-driven high-Tc superconductivity in 
monolayer FeSe on STO [1], rise of Tc by making TaS2 thinner [2], appearance of 
Ising superconductivity in monolayer NbSe2 [3], three-gap superconductivity in 
monolayer MgB2 [4], etc. 

 
Of course, superconductivity in the monolayer limit is intuitively fragile, and 

one assumes detrimental effects of possible impurities, local strain, buckling, and 
similar. In this presentation, I will demonstrate several opposite examples, where 
substitutions, vacancies or adatoms, in combination with strain actually boost 
superconductivity in atomically-thin samples. 

 
[1] J.-F. Ge et al., Nat. Mater. 14, 285 (2015). 
[2] E. Navarro-Moratalla et al., Nat. Commun. 7, 11043 (2016). 
[3] X. Xi et al., Nat. Phys. 12, 139 (2016). 
[4] J. Bekaert et al., Phys. Rev. B 96, 094510 (2017); J. Bekaert et al., Sci. Rep. 

7, 14458 (2017). 
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The applications of diamond in science and technology are copious and their 
number increased even more after the discovery of superconductivity in boron doped 
diamond in 2004. Deep blue or even black in color, boron doped diamond offers new 
possibilities for fundamental research of superconductivity in doped insulators and in 
the presence of tunable disorder. Particularly, in its polycrystalline form, it represents 
a complex system in which the intragranular, as well as intergranular effects in 
superconducting condensate can be observed locally and compared to its bulk 
properties. Our studies of polycrystalline superconducting specimens prepared by 
chemical vapor deposition under various conditions revealed e.g. signs of 
ferromagnetism [1] and breaking of the global phase coherence [2]. The unique 
combination of experiments studying bulk properties with local investigations at the 
nanoscale enabled us to at least partially interpret the observed nonintuitive 
phenomena. 

                                 
 

Figure 1: Our experiments on boron doped diamond imply i.a. the coexistence of 
ferromagnetism and superconductivity. 
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In the recent years, electron gases (2DEGs) formed at the interface between insulating transition metal oxides, 
like LaAlO3 and SrTiO3 (LAO/STO), have demonstrated extraordinary properties [1]. In this work, we review 
some of them, with a special focus on the possible applications to oxide electronics.  
Thanks to its tunability, the LAO/STO 2DEG can be an ideal test bench for the investigation of 
superconductivity in reduced dimensions. Indeed, recent experimental works, carried out on LAO/STO based 
nanostructures, bring to light signatures of unconventional superconductivity in this system [2]. These results 
are of relevance for oxide quantum electronics.  
Interest on possible spintronic applications of this 2DEG is also emerging. The LAO/STO system shows a large 
and electric field tunable Rashba spin-orbit coupling and exceptionally large spin-to-charge conversion 
efficiency. Moreover, a spin polarized oxide 2DES has been designed and realized using a thin layer of delta 
doping EuTiO3 (ETO) intercalated between LAO and STO [3]. X-rays magnetic circular dichroism and 
transport measurements performed on LAO/ETO/STO heterostructures indicate tunable ferromagnetic 
properties. We will present a study of the interplay between ferromagnetism and Rashba spin-orbit coupling in 
LAO/ETO/STO heterostructures [4] and discuss possible implications for oxide spintronics. 
 
[1] S. Gariglio, et al., APL Mater. 4, 060701 (2016). 
[2] G.Cheng et al., Nature 521, 196 (2015); L. Kuerten et al., Phys. Rev. B 96, 014513 (2017); D. Stornaiuolo et 
al., Physical Review B, 95, 140502(R) (2017) 
[3] D. Stornaiuolo et al., Nature Materials 15, 278-283 (2016). 
[4] D. Stornaiuolo et al., submitted 
 

 



Daria Szewczyk, , Andrzej Zaleski 
 

 
d.szewczyk@int.pan.wroc.pl 

 
The superconductor-based systems gain more and more importance when it comes 

to application [1]. The race for their stability and preservation from overheating and 
consequently falling into normal state has an essential meaning. Therefore the 
thermal transport investigations are of a strong interest. 

Thermal conductivity  is strongly dependent on temperature, especially below 
100K, which makes the thorough experimental examination crucial for future use of 
a particular material. For some compounds, like high temperature superconductors, 
the anisotropic structure evokes specified properties suitable for designated usage. 

In this work we present the possibilities of thermal transport studies in our 
Laboratory of Thermal Conductivity and Cryocrystals. We have two separated set-
ups for  identification operating in the stationary state method using uniaxial 
longitudinal heat flow. The bath cryostats work in temperature range from 4.2K to 

measuring cell can be found in [2]. We also carry out supplementary measurements 
of heat capacity using the standard Physical Property Measurement System 
(  ) from Quantum Design Inc. One of the recent topics that we dealt with 
was about thermally actuated material, Ti-doped Cu-Zn soft ferrite, that can be used 
for magnetizing superconductors. The obtained thermal parameters and the low 
magnetic phase transition temperature make the investigated ferrite ceramic 
applicable as magnetic wave producer [3]. The other very recent subject was studies 
of melt-cast Bi2212 hollow cylinders. Thermal transport investigations show that 
beside the application as current leads for LTS magnets Bi2212 can also act as very 
efficient magnetic shields [4,5].  

 
 

[1] P. Komarek, Hochstromanwendungen der Supraleitung. Stuttgart: Teubner 
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[4] J.F. Fagnard, S. Elschner, J. Bock, M. Dirick, B. Vanderheyden, P.Vanderbemden, 
Supercond. Sci. Technol. 23 (2010) 095012  
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Often, perturbations of clean superconducting samples occur at very small length 

scales. For instance, introducing an isolated magnetic impurity causes order 
parameter suppression at atomic scales, or a magnetic field produces vanishing 
order parameter just at the center of vortex cores. Such disturbances of the order 
parameter lead to coherent electron-hole excitations. Magnetic impurities show Yu-
Shiba-Rusinov states (or shortly Shiba states) and vortex cores Caroli de-Gennes 
and Matricon states. I will discuss experiments showing Shiba states in Fe 
impurities in the superconductor 2H-NbSe1.8S0.2 and their relation to vortex core 
states. Furthermore, I will show efforts in the putative chiral d-wave 
superconductor URu2Si2. 
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Oxide superconductors and ferroics are strongly correlated electron systems that present many 
degrees of freedom, including different types of spin and charge order. Other key properties 
include that their ground state is extremely sensitive to doping and, particularly in the case of 
superconductors, the presence of unconventional d-wave pairing and traces of 
superconductivity above Tc (pseudogap phase). All of this makes oxides very interesting 
hybrids in which many specific interface phenomena interplay with the more classical 
mechanisms (proximity effects, magnetostatic coupling) present in metallic systems. 

I will discuss some of our latest work along those lines, which address charge and spin 
accumulation effects at oxide superconducting interfaces, both in static (equilibrium) and 
dynamic (out-of-equilibrium) experimental conditions.  
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Artificial ice systems have unique physical properties that are promising for 

potential applications. One of the most challenging issues in this field is to find novel 
ice systems that allow precise control over the geometries and many-body interactions. 
Superconducting vortex matter has been proposed as a very suitable candidate to study 
artificial ice, mainly due to the availability of tunable vortex-vortex interactions and 
the possibility to fabricate a variety of nanoscale pinning potential geometries. So far, 
a detailed imaging of the local configurations in a vortex-based artificial ice system is 
still lacking. In this work we directly explore the superconducting vortex matter 
ground state by visualizing the vortex configurations in different nanostructured 
superconductors via scanning Hall probe microscopy. First, the observed vortex 
patterns in a Kagome lattice of elongated antidots, at specific applied magnetic fields, 
are in good agreement with the configurations obtained using time-dependent 
Ginzburg-Landau simulations. Both results indicate that the long-range interaction in 
this nanostructured superconductor is unable to lift the degeneracy between different 
vortex states and the pattern formation is mainly ruled by the nearest-neighbor 
interaction. This simplification makes it possible to identify a set of simple rules 
characterizing the vortex configurations, which can explain both the observed vortex 
distributions and the magnetic-field-dependent degree of degeneracy. Second, vortex-
ice states can be realized in double-well pinning sites arranged into a square or Kagome 
lattice. Indeed, a large area with the vortex-ice ground-state configuration has been 
detected, which confirms the recent theoretical predictions for this ice system. Besides 
the defects analogous to artificial spin-ice systems, other types of unique vortex defects 
have been visualized and identified.  

 
[1] C. Xue et al., Phys. Rev. B 96, 024510 (2017) 
[2] J.-Y. Ge et al., Phys. Rev. B 96, 134515 (2017) 
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Since their discovery in 1964 [1], superconducting quantum interference devices 

(SQUIDs) have been extensively used in applications, mostly as magnetic field sensors. 
The scaling down of these devices led to low noise performance, which resulted in the 
flourishing of a new research area devoted to nano-SQUIDs.  

This work deals with modifying the weak links of a thin film aluminum micro-
SQUID beyond the limit of current lithography techniques using controlled 
electromigration. Since these weak links dictate the SQUID's properties, its sensitivity 
and working range should be gradually altered. In order to achieve this goal, a nano-
SQUID is designed and fabricated using e-beam lithography (EBL) and molecular beam 
epitaxy (MBE) techniques (Fig 1.a). Since the design of the SQUID consists of two 
weak links in parallel, the next step was to experimentally verify that this design is 
indeed compatible with parallel electromigration.  This is achieved by the, direct and in-
situ, observation of the parallel electromigration process of the SQUID structure using 
scanning electron microscopy (Fig.1b and 1c).  Hereafter, we investigated the evolution 
of the superconducting properties of the SQUID using low temperature measurements 
as function of the cross section of the weak links. The behavior of the SQUID's critical 
current perfectly matches the numerical calculations based on a SQUID model which 
takes into account the kinetic inductance and asymmetry of the device. Moreover, it is 
observed that when electromigration has sufficiently reduced the junction cross section, 
the SQUID can be operated in the dissipative state, where magnetic flux readout from 
voltage is possible. Hence electromigration provides a very powerful 
SQUID  parameters.   

 

 
 

Figure 1: In-situ scanning electron microscopy snapshots of the electromigration process in 
parallel nanoconstrictions. Panel (a) shows the virgin device, before electromigration. An 
asymmetric start of the electromigration occurs at panel (b). Further electromigration leads to 
redistribution of the current and consequently to EM of the other constriction as seen in (c). 
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We report on the development and performance of advanced Nb nanoSQUIDs for 
magnetization reversal studies on individual magnetic nanoparticles (MNPs). The 
nanoSQUIDs are based on trilayer Nb/HfTi/Nb Josephson junctions exhibiting high 
critical current densities > 105 A/cm2 at 4.2 K. This offers the unique advantage of 
combining the realization of SQUIDs with very small loop inductance, and hence 
extremely low flux noise, with a superconductor multilayer approach that allows for
fabrication of complex devices with significantly increased functionality for various 
applications.

One example is the recently developed 3-axis vector nanoSQUID [1]. This device
consists of three mutually orthogonal SQUID nanoloops (two magnetometers, one 
gradiometer; cf. Fig.1) that allow simultaneous and independent detection of the three 
components of the vector magnetic moment of individual MNPs at 4.2 K in applied 
magnetic fields up to a few 100 mT. Here, we present the design and performance of 
improved vector nanoSQUIDs as well as first attempts to vectorially detect the 
magnetization reversal of individual Co MNPs deposited onto our devices by focused 
electron beam deposition.

Figure 1: False-colored SEM image of a 3-axis vector nanoSQUID.

[1] M. J. Martínez-Pérez et al., ACS Nano 10, 8308-8315 (2016).
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Superconducting materials allow the transport of electricity without energy 
losses. Whereas these materials in bulk present ordinary superconducting 
behaviour, novel physical properties appear when their size is reduced to the 
nanoscale, in the range of their superconducting coherence length ( .

In the present contribution, we report for the first time the use of a He+ focused-
ion-beam microscope to grow in a single-step three-dimensional tungsten carbide 
(WC) superconducting nanotubes as small as 32 nm in diameter and with an aspect 
ratio (diameter/length) of as much as 200. Such extreme resolution is achieved by 
using a small He+ beam spot of 1 nm for the growth of nanotubes. 

 As shown by transmission electron microscopy, they display grains of large size 
fitting with face-centered cubic WC1-x phase, which could present a Tc up to 10 K 
[3]. By studying their magnetotransport properties, we have found that they exhibit 
superconducting properties below critical temperature (Tc)~ 6.4 K, as well as high 
upper critical magnetic field ( 0Hc2) and critical current density (Jc) [1]. The Tc and 

0Hc2 values are 1.5 times higher than those reported for WC nanowires of similar 
dimensions grown by Ga+ FIBID [2], and the temperature dependence of 0Hc2 and 
the field dependence of Jc indicate that smallest nanotubes behave as quasi-one-
dimensional superconductors.  

The fabrication of such materials with excellent properties makes this technique 
at the cutting edge of nanofabrication methods based on focused beams of charged 
particles for the development of the broad field of 3D nano-superconductivity. 
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Spectral characteristics of numerous strongly disordered ultrathin films in the proximity of 

the superconductor-insulator transition show signs of dissipation deep in the superconducting 
state [1,2]. In our previous scanning tunneling microscopy and spectroscopy (STM/STS) 
experiments on homogeneously disordered MoC ultrathin films we have shown, that the 
quasiparticle density of states of ultrathin MoC films becomes gapless and can be described 
by the Dynes modification of BCS density of states with a strong broadening parameter 

accounting for the suppression of coherence peaks and increased in-gap states [1]. With 
reduced sample thickness the critical temperature Tc and the energy gap  are suppressed and 
the spectral broadening parameter is increased. It is a paradox since the superconducting 
quasiparticle spectrum of standard BCS s-wave superconductors is characterized by a full gap. 
Recently, Herman & Hlubina assigned intrinsic microscopic explanation of the Dynes 
formula for a superconductor with a Lorentzian distribution of local pair breakers and 
arbitrary potential disorder [3]. This approach could be a clue to the detected finite DOS at the 
Fermi level found in many disordered systems provided the source of the pair-breaking fields 
is identified. For the case of ultrathin films, the interface between the film and the substrate 
can be such a source.   

In this presentation we show that indeed, the interface strongly influences the 
superconductivity of the thin MoC films. We have prepared 3 nm thin MoC films 
simultaneously on sapphire and silicon substrates. The films exhibit the same sheet resistance 
indicating a similar level of scalar disorder affecting the mean free path of electrons but their 
superconducting properties as Tc, the energy gap and the broadening parameter  
accounting for in-gap states and suppression of coherence peaks are different. We attribute 
this effect to a different pair breaking at different interface.  
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Superconductivity induced by proximity effect is particularly interesting in graphene. 
For example, because of the conduction and valence bands touching at the Dirac point, 
an unusual form of the Andreev reflection (the so-called specular Andreev reflection) 
has been predicted theoretically to happen at a superconductor-graphene interface [1]. 
We have fabricated cuprate superconductor/Au/graphene planar junctions using a 
combination of lithography, ion irradiation and CVD graphene transfer techniques. The 
conductance measurements show that the interfaces are transparent such that the 
electrical transport is governed by the Andreev reflection. The devices allow the 
modulation of graphene doping via either a top or a back gate, and thus enable electrical 

. This allows us to evidence superconducting 
electron interference effects that constitute an analogue of Klein tunneling for 
superconducting pairs. The interference effects periodically modulate the conductance 
across the junction. We perform numerical simulations based on the model developed 
in [1]. We compare this simulated superconductor graphene interface conductance to 
the experimental conductance. We will also present recent work on nanometric cuprate 
superconductor/Au/graphene junctions where we observe conductance oscillations with 
bias voltage. These oscillation period decrease when increasing the graphene channel 
length which indicates that the interferences happen inside the graphene channel.  
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Self-consistent perturbation expansion up to the second order in the interaction strength is used to study a single-
level quantum dot with local Coulomb repulsion attached asymmetrically to two generally different 
superconducting leads [1,2]. At zero temperature and wide range of other parameters the spin-symmetric version of 

Josephson current together with the energy of Andreev bound states in the 0-phase as confirmed by numerical 
calculations using the Numerical Renormalisation Group method. We analytically prove that the method is charge-

boundary 
are presented for the Hartree-Fock approximation as well as for its variant called Generalized Atomic Limit. It is 
shown that the Generalized Atomic Limit can be used as a quick estimate for the position of the phase boundary at 
half-filling in a broad range of parameters. We apply our second order perturbation method to the interpretation of 
the existing experimental data on the phase boundary with very satisfactory outcome suggesting that the so far 
employed heavy numerical tools such as Numerical Renormalization Group and/or Quantum Monte Carlo are not 
necessary in a class of generic situations and can be safely replaced by a perturbative approach. 
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The normal spinel oxide LiTi2O4 is an exotic superconductor with Tc = 11.2 K, while 

the isostructural neighboring LiV2O4, exhibits heavy-fermion behavior. The origin of their 
physics and the role of the spinel structure on their properties are yet unsolved issues, 
owing mainly to the complexity of the structure, the presence of subtle disorder and the 
sample dependence of the physical properties. Especially and perhaps more importantly, 
the enormous difference in their low-temperature properties remains an open question. 
This question has only been addressed theoretically but (mainly because of the above 
problems) there were no experimental studies that sought to understand the clearly distinct 
behavior of the two systems.  

Here, we revise and contribute to the understanding of such distinct low-temperature 
behavior by comparing the temperature dependence of the main structural properties of 
the two systems. Because LiTi2O4 exhibits strong sample (powder, single crystal, thin 
film) dependence of its physical and structural properties, special attention was paid for 
the sample conservation and the same LiTi2O4 samples used for the structural studies, 
were also characterized in detail by high magnetic field magnetization and field-
dependent resistivity measurements. Upon cooling from room temperature, the lattice 
parameter a decreases gradualy in about the same way for both systems. However, below 
20 K, a clear decrease of a of LiV2O4 as a function of temperature contrasts strongly with 
the almost constant value of a of LiTi2O4 in the same temperature range. Therefore subtle 
but clearly different structural signatures are coupled with the very divergent physical 
properties of the two systems and suggest new directions to the theory. 
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