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Aims and Scope 

 

Magnetism and superconductivity have been considered mutually excluding 

phenomena for a long time. However, the recent availability of combinations of 

magnetic and superconducting properties in hybrid systems has unveiled radically 

different emergent properties. These are changing the way we look on 

superconductors, with the creation of novel p-junctions in Josephson devices, the 

observation of vortex lattices in magnetic superconductors or the identification of 

topological properties at surfaces or interfaces of a few topical systems. The recent 

addition of ferroelectricity brings an additional twist. To advance in the field, we need 

to bring together leading scientists and young researchers and stimulate an active 

dialogue encompassing experiment, computational approaches, and theory. The 

workshop will accomplish this main goal, and, in addition, include scientists of other 

areas that could bring new input to identify the next step forward. 

Special attention will be paid to the following subjects: 

• Novel superconducting materials and heterostructures 

• Topological and interface superconductivity 

• Triplet superconductivity in hybrid nanostructures 

• Josephson junctions, photon detectors and bolometers 

• Vortices in meso- and nanoscale systems and methods of their visualization 

• Novel magnetic superconductors 

• New systems for improving control of quantum  
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LANG Wolfang University of Wien, Austria 
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MAGGIO-APRILE Ivan University of Geneva, Switzerland 
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Venue 

 

VENUE: Paris, College de France 

The workshop will be held in the historical building of College de France (founded in 
1530 by François I), at the heart of the Latin Quarter, near Sorbonne and Panthéon. 

 

 
 

Closest train and metro stations to College de France: 

• Luxembourg → RER B 

• Cluny La Sorbonne → Ligne 10 

• Maubert – Mutualité → Ligne 10 

• Cardinal Lemoine → Ligne 10 
Session 11 will be held at ESPCI. More details will be provided later. 
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The COST Action Nanocohybri 

 

The COST Action Nanocohybri is open to scientists from 27 European countries and 
collaborators all over the world. Nanocohybri kicked-off in November 2017 and will last 
until end of April 2021. Nanocohybri provides instruments for networking activities 
aimed to fulfil the objectives of the Action and managed using simple rules. 
Nanocohybri organizes approximately two meetings each year, promotes exchanges 
through short term visits and provides opportunities for young researchers to present 
work related to the Action in other meetings. The Management Committee approves 
activities following COST excellence and inclusiveness policy. All details, including 
time and budgetary frames as well as eligibility issues are available at the COST 
Vademecum. 

Nanocohybri is triggered by the amount of 
fundamental knowledge obtained in superconducting 
systems and the recently acquired ability to control 
magnetic flux, electron charge and spin in devices. 
Much of the topical research in this area is being 
carried out all over Europe in the subfields of low 
dimensional systems, hybrids between 
superconductors and magnets or semiconductors, and 
nanoscale engineering for current carrying 
applications. The scientific and methodological 
approaches in these fields are similar and there is an 
important potential for cross-fertilization. The 
challenge is to use the understanding achieved and 
control the main superconducting parameters in devices to produce radically new 
behaviour. The Action has three working groups: 

• Working group 1 (WG1). Low 
dimensional and hybrid systems. WG1 
deals with two-dimensional and ultra-
thin film superconductors. 
Nanofabrication techniques include 
lithography, controlled constrictions, 
exfoliation and systems capable to 
produce devices composed of layers of 
different materials. Characterization is 
made through photoemission 
spectroscopy, tunnelling microscopy, 
micro-Raman, quantum transport or ultrafast optics. New imaging techniques 

Topological superconductivity in 
monolayer of Pb covering Co-Si islands, 
see Nat Comm 8, 2040 (2017). 

Scanning SQUID showing 
superparamagnetism at 

an oxide interface. Nat 
Com 7, 12566 (2016). 

http://nanocohybri.eu/
http://nanocohybri.eu/category/all/meetings/
http://nanocohybri.eu/category/all/scientific-missions/
http://nanocohybri.eu/cryocourse-2018-international-school-on-cryogenics-microwave-measurements-and-low-temperature-engineering-for-quantum-technology/
http://www.cost.eu/about_cost/strategy/excellence-inclusiveness
http://www.cost.eu/download/COSTVademecum
http://www.cost.eu/download/COSTVademecum
https://www.nature.com/articles/s41467-017-02192-x
https://www.nature.com/articles/ncomms12566
https://www.nature.com/articles/ncomms12566
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available at large-scale infrastructures (such as X-ray holography at synchrotron 
radiation sources) are also used. Theory analyses quantum transport from 
numerical studies using standard systems for superconductivity and ab-initio 
calculations. WG1 is lead by Brigitte Leridon. 

• Working group 2 (WG2). Novel devices from hybrid interfaces. The 
involved groups aim to integrate materials where the Cooper pair wave function 
has a sign change into devices, for example cuprates or topological insulators 
and other materials with topologically non-trivial surface states into Josephson 
junction circuits. We also study superconductor/ferromagnetic hybrids in 
detail, looking at novel modulated phases. Techniques include microscopic 
bandstructure calculations and measurements of the Josephson effect using 
transport experiments. We use 
advanced microscopies, 
including SQUID-on-a-tip and 
magnetic force. WG2 is lead by 
Alexander I. Buzdin. 

• Working group 3 
(WG3). Hybrids with 
nanoscale vortex pinning and 
nanofabrication for high 
magnetic fields. We explore 
vortex pinning and current 
transport at low temperatures 
and high magnetic fields, in 
cuprate as well as in pnictide 
superconductors. We control 
fabrication techniques 
allowing to make pinning on 
demand and to study the 
collective behaviour of the vortex lattice in presence of patterned arrays of 
nanostructures. We also address the influence of structural or electronic 
distortions (such as nematicity), particularly close to quantum criticality, in the 
enhancement of superconducting parameters. Working methods include 
microscopy, correlated with transport calculations in superconductors, three-
axis nanoSQUID and vortex manipulation. WG3 is lead by Dieter Kölle.  
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The Action’s short term visits and conference grants are examined by a committee lead 
by Gleb Kakazei. The Action includes working groups responsible for dissemination 
(lead by Yonathan Anahory), collaboration with industrial partners (lead by Teresa 
Puig), gender monitoring (lead by Floriana Lombardi) and a virtual laboratory to 
promote exchanges among participants (lead by Daniela Stornaiolo). 

 

The Action started by organizing a workshop entitled “Coherent superconducting 
hybrids and related materials”, in France, in March 2018, organized by Dimitri 
Roditchev and Brigitte Leridon. The workshop brought together leading research 
groups working in the area of quantum superconducting devices, finely tuned 
Josephson junctions and networks, THz emitters and antennas, single particle photon 
detectors or qu-bits etc.  

Quantum fluctuations near criticality. Nat Phys (2018) 

http://nanocohybri.eu/opportunities-for-new-researchers/short-term-scientific-missions/
http://nanocohybri.eu/category/all/publications/
http://nanocohybri.eu/workshop-coherent-superconducting-hybrids-and-related-materials/
http://nanocohybri.eu/workshop-coherent-superconducting-hybrids-and-related-materials/
https://www.nature.com/articles/s41567-018-0264-z
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 Schematic Program 

 

 

 Tuesday October 12th Wednesday October 13th Thursday October 14th 

08:45 Opening   

 Session 1 Session 5 Session 9 

09:00 Maggio-Aprile Stornaiuolo Robinson 

09:25 Persky Frydman Szabo 

09:50 Dobrovolskiy Perconte Silaev 

10:15 Bergeal Salluzzo Bergeret 

10:40 Coffee break Coffee break Coffee break 

 Session 2 Session 6 Session 10 

11:10 Levy Yeyati Van de Vondel Kumar 

11:35 Pothier Trabaldo Winkelmann 

12:00 Di Bernardo Silhanek Komori 

12:25 Frolov Lang Bell 

12:50 Lunch Lunch Lunch 

 Session 3 Session 7 Session 11 

15:00 Menard Madhavan Bending 

15:25 Houzet Santamaría Melnikov 

15:50 Yang Goldobin  Wiebe 

16:15 Varlamov Marrache-Kikuchi Zyuzin 

16:40 Pascual Fomin Kakeya 

17:05 Coffee break Coffee break Arutyunov 

 Session 4 Session 8 

 
17:30 

Poster session 
Valentí 

17:55 Linder 

  Conference Dinner at 20h30 
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Detailed Program 
 

Tuesday 
12th 

Speaker Talk 

8:45 Opening 

  Session 1: Vortices 

9:00 Ivan Maggio-Aprile Vortices in heavily-overdoped Bi2Sr2CaCu2O8+d  unveil the Wang-
MacDonald core states 

9:25 Eylon Persky Spontaneous vortices in alternate stacking compound 4Hb-TaS2 

9:50 
Oleksander 

Dobrovolskiy 
Magnon cherenkov radiation by ultra-fast moving magnetic flux quanta 

10:15 Nicolas Bergeal Multi-condensate superconductivity in oxide interfaces 

10:40 Coffee Break 

  Session 2: Nanowire, molecule superconductivity 

11:10 Alfredo Levy Yeyati 
On the theory of Andreev states in hybrid nanowire Josephson 
junctions 

11:35 Hugues Pothier Probing andreev states in nanowire weak links 

12:00 Angelo di Bernardo 
Unconventional superconductivity in a hybrid 
molecule/superconductor system 

12:25 Sergey Frolov Smashing nanowires into 2DEGS 

12:50 Lunch 

  Session 3: Topological superconductivity 

15:00 Gerbold Menard 
Detection of topological phase through three terminal measurement of 
hybrid systems 

15:25 Manuel Houzet Conductance quantization in topological josephson trijunctions 

15:50 Bohm-Jung Yang Topological superconductivity of centrosymmetric magnetic metals  

16:15 Andrey Varlamov 
Topological phase transition between the gap and the gapless 
superconductors 

16:40 Jose Ignacio Pascual 
Yu-Shiba-Rusinov states in a multiband superconductor with spin-orbit 
coupling 

17:05 Coffee Break 

  Session 4: Posters 

17:30 
Poster session 

17:55 
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Wednesday 
13th 

Speaker Talk 

  Session 5: Graphene, 2D and quasi 2D 

9:00 
Daniela 

Stornaiuolo 
Analysis and applications of a multifunctional oxide 2DEG  

9:25 
Aviad 

Frydman 
Superconducting Dirac point in proximetized graphene 

9:50 
David 

Perconte 
Long-Range Propagation and Interference of d-Wave Superconducting Pairs in Graphene  

10:15 
Marco 
Salluzo 

Investigation of oxide heterostructures by Resonant Inelastic x-ray spectroscopy 

10:40 Coffee Break 

  Session 6: New methods 

11:10 
Joris Van del 

Vondel 
Vorticity diamonds in nanobridge SQUIDs 

11:35 
Edoardo 
Trabaldo 

Improving the performance of YBCO nanobridges as weak links  

12:00 
Alejandro 
Silhanek 

Direct Visualization of Current-Stimulated Oxygen Migration in YBa2Cu3O7-δ Thin Films 

12:25 
Wolfang 

Lang 
Non-ohmic hall effect as a novel probe for unconventional transport in the pseudogap 
regime of copper-oxide superconductors 

12:50 Lunch 

  Session 7: Triplet and quasi-1D superconductors 

15:00 
Vidya 

Madhavan 
Microscopic evidence for a chiral superconducting order parameter in the heavy fermion 
superconductor UTe2 

15:25 
Jacobo 

Santamaria 
Extremely long range josephson coupling across a half metallic ferromagnet  

15:50 
Edward 

Goldobin  
Josephson nano-junctions fabricated by Focused He Ion Beam.  

16:15 
Claire 

Marrache 
Crossover from impurity-controlled superconductivity to granular superconductivity in 
(TMTSF)2ClO4 

16:40 
Vladimir 
Fomin 

(online) 

Topological transitions in advanced superconductor nanostructures under a strong transport 
current  

17:05 Coffee Break 

  Session 8: Online session 

17:30 
Roser 

Valenti 
(Online) 

Topological Phenomena in Fe-based superconductors: Prediction of double-Weyl points in 
CaKFe4As4 

17:55 
Jacob Linder 

(Online) 
Magnon spin current induced by triplet Cooper pair supercurrents 
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Thursday 
14th 

Speaker Talk 

  Session 9: Superconducting spintronics 

9:00 
Jason 

Robinson 

Generating spin-triplet supercurrents via spin-orbit coupling and the 
demonstration of infinite magnetoresistance in a nanometre-thick s-wave 
superconductor 

9:25 Pavol Szabó High Spin Polarization in Co2FeSn Heusler Nanowires for Spintronics 

9:50 Mike Silaev Probe of the andreev ound states and spin supercurrent by spin pumping  

10:15 
Sebastian 
Bergeret 

Superconductors with a spin-splitting field: fundamentals and applications  

10:40 Coffee Break 

  Session 10: Hybrid session 

11:10 
Manohar 

Kumar 
Mystery particle anyons finally revealed their identity in a particle collider 

11:35 
Clemens 

Winkelmann 
Calorimetry of a quantum phase slip 

12:00 
Sachio 
Komori 
(Online) 

Triplet supercurrents in ferromagnets and singlet superconductors 

12:25 
Chris Bell 
(Online) 

Uranium thin films for superconducting hybrid devices 

12:50 Lunch 

  Session 11: Online @ESPCI Paris 

15:00 
Simon 

Bending 
(Online) 

Superconducting quantum interference in twisted van der waals 
heterostructures 

15:25 
Alexander 
Mel'nikov 
(Online) 

Inverse Faraday Effect for Superconducting Condensates 

15:50 
Jens Wiebe 

(Online) 
Topological gaps and precursors of Majorana modes in artificial Shiba chains 

16:15 
Alexander 

Zyuzin 
(Online) 

Preformed cooper pairs in flat band semimetals  

16:40 
Itsuhiro 
Kakeya 
(Online) 

Mutual synchronization of non-linear Josephson oscillations mediated by 
superconducting plasmons of cuprate superconductors 

17:05 
Konstantin 
Arutyunov 

(Online) 
Quantum fluctuations in quasi-one-dimensional superconductors 
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    Abstracts 
 
 
 
 
 

 

Vortices in heavily-overdoped Bi2Sr2CaCu2O8+  unveil the Wang-MacDonald core 

states 
 

Ivan Maggio-Aprile*, T. Gazdic and Ch. Renner 

 

Université de Genève, DQMP, 24 quai E.-Ansermet, 1211-GENEVE,  SUISSE 

 

*ivan.maggio-aprile@unige.ch 

 
The electronic signature of vortex cores in high-temperature cuprate superconductors has been challenging 

the scientific community for decades. Early experiments were suggesting that the cores in these materials were 

not matching the BCS expectations, one of the main argument being that the zero-bias conductance anomaly 

predicted for d-wave superconductors by Wang and MacDonald in 1995 [1] was absent. In 2016, we found that 

the previously reported subgap states in YBa2Cu3O7- (Y123) were belonging to an electronic background 

uniformly measured across the surface [2], and demonstrated that the vortex cores in Y123 do really present the 

expected BCS quasiparticle LDOS [3]. From recent scanning tunneling microscopy data [4], we show that 

vortices observed at very low magnetic field in heavily overdoped Bi2Sr2CaCu2O8+ unveil a clear d-wave 

electronic structure, with a zero-bias conductance peak at the vortex center that splits with increasing distance 

from the core.  We stress that previously reported unconventional electronic structures, like the low energy 

conductance modulations in the vortex halo and the absence of a zero-bias conductance peak at the vortex center, 

are direct consequences of short inter-vortex distance and vortex-vortex interactions prevailing in earlier 

experiments. It is still unclear whether these characteristics are also found in the underdoped regime, where the 

electronic signatures are significantly dominated by the pseudogap regime. 
 

 

[1] Y. Wang and A.H. MacDonald, Physical Review B 52, R3876 (1995) 

[2] J. Bruer et al., Nat. Commun. 7, 11139 (2016) 

[3] C. Berthod et al., Phys. Rev. Lett. 119, 237001 (2017) 

[4] Tim Gazdić et al., Phys. Rev. X 11, 031040 (2021)   
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Spontaneous vortices in alternate stacking compound 4Hb-TaS2 
 

 

E. Persky1,2*, A.V. Bjørlig1,2, A. Kanigel3, J. Ruhman1 and B. Kalisky1,2 
1 Department of Physics, Bar Ilan University, Ramat Gan 5920002, Israel 
2 Bar Ilan Institute of Nanotechnology and Advanced Materials, Bar Ilan University, Ramat Gan 5920002, Israel 
3 Department of Physics, Technion–Israel Institute of Technology, Haifa 32000, Israel 

 

*Presenting author: eylon.persky@gmail.com 

 

 

Van der Waals heterostructures provide a unique opportunity to examine proximity effects between materials 

with vastly different ground states. 4Hb-TaS2 naturally realizes this opportunity as its structure is an alternate 
stacking of two lattice structures, 1T and 1H, a candidate chiral spin liquid and a superconductor. We used 

scanning superconducting quantum interference device (SQUID) microscopy to study the magnetic landscape of 

this compound in the normal and superconducting states. In my talk, I will show that the superconducting state is 

characterized by a spontaneous vortex phase that cannot be accounted for by conventional ferromagnetic 

ordering. Our results indicate that the coupling between the two constituent layers generates a new 

unconventional ground state. 
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Magnon cherenkov radiation by ultra-fast moving magnetic flux quanta 
 

O. Dobrovolskiy1∗, Q. Wang1, D. Vodolazov2, B. Budinska1, R. Sachser3, A. Chumak1, M. Huth3, A. Buzdin4,5 

 
1Faculty of Physics, University of Vienna, Boltzmanngasse 5, 1090 Vienna, Austria 
2Institute for Physics of Microstructures, RAS, Academicheskaya Str. 7, Afonino 603087, Russia 
3Institute of Physics, Goethe University, Max-von-Laue-Str. 1, 60438 Frankfurt am Main, Germany 
4Universite Bordeaux, CNRS, LOMA, UMR 5798, F-33405 Talence, France 
5World-Class Research Center “Digital biodesign and personalized healthcare”, 

Sechenov First Moscow State Medical University, Bol’shaya Pirogovskaya Str., 19c1, Moscow 119146, Russia 

 

*Presenting author: oleksandr.dobrovolskiy@univie.ac.at 

 
Despite theoretical predictions for a Cherenkov-type radiation of spin waves (magnons) by various propagating 

magnetic perturbations [1-3], fast-enough moving magnetic field stimuli have not been available so far. In our 

work [4] we experimentally realize the Cherenkov radiation of spin waves in a Co-Fe magnonic conduit by fast-

moving (>1 km/s) magnetic flux quanta (Abrikosov vortices) in an adjacent Nb-C superconducting strip that 

features a fast relaxation of nonequilibrium electrons [5]. We observe the magnon Cherenkov radiation directly, 

by means of broadband microwave detection of spin waves traveling over a distance about 2 µm through the Co-

Fe magnonic conduit. In addition, we monitor the electric voltage across the superconducting strip which 

exhibits a constant-voltage Shapiro step at the Cherenkov radiation condition. The Shapiro step emerges because 

of the phase-locking of the vortex lattice with the excited spin wave which limits the vortex velocity and 

represents a dynamic pinning mechanism for the reduction of dissipation in superconductor-based 

heterostructures. We elucidate the experimental observations with the aid of micromagnetic simulations 
indicating that the Cherenkov resonance condition corresponds to the intersection point of the dispersion curves 

for the magnon and fluxon subsystems. Because of the periodicity of the vortex lattice, the spin-wave excitation 

is unidirectional (spin wave propagates in the direction of motion of the vortex lattice) and monochromatic (spin-

wave wavelength is equal to the vortex lattice parameter). The sub-40 nm wavelengths of the detected spin 

waves are a factor of about two smaller than the shortest wavelengths of spin waves observed experimentally so 

far. 
 

[1] L. N. Bulaevskii, M. Hruska, M. P. Maley, Phys. Rev. Lett. 95, 207002 (2005). 

[2] M. Yan et al., Appl. Phys. Lett. 99, 122505 (2011). 

[3] A. A. Bespalov, A. S. Mel’nikov, A. I. Buzdin, Phys. Rev. B 89, 054516 (2014). 

[4] O. V. Dobrovolskiy et al. arXiv:2103.10156 (2021). 

[5] O. V. Dobrovolskiy et al. Nat. Commun. 11, 3291 (2020). 
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Multi-condensate superconductivity in oxide interfaces 

G. Singh1, A. Jouan1, G. Saiz1, G. Herranz2, M. Scigaj3, F. Sánchez3, L. Benfatto3, 4, S. Caprara3, 4, M. Grilli3, 4, 

C. Feuillet-Palma1, J. Lesueur1, N. Bergeal1 

 
1 Laboratoire de Physique et d'Etude des Materiaux, ESPCI Paris, PSL Research University, CNRS, 10 Rue 
Vauquelin - 75005 Paris, France. 
2 Institut de Ciencia de Materials de Barcelona (ICMAB-CSIC), Campus de la UAB, 08193 Bellaterra, 

Catalonia, Spain. 
3 Institute for Complex Systems (ISC-CNR), UOS Sapienza, Piazzale A. Moro 5, 00185 Roma, Italy 
4 Dipartimento di Fisica Universita di Roma La Sapienza, piazzale Aldo Moro 5, I-00185 Roma, Italy. 

 

*Presenting author: nicolas.bergeal@espci.fr 

 

The achievement of high-quality epitaxial interfaces involving transition metal oxides gives a unique opportunity 

to engineer artificial materials where new electronic phases take place. The discovery of a high mobility two-

dimensional electron gas (2-DEG) confined in a quantum well at the interface between two insulating oxides 

such as LaTiO3 and SrTiO3 or LaAlO3 and SrTiO3, is probably one of the most prominent examples in the field 
[1]. Unlike more conventional semiconductor based quantum wells, conducting electrons in SrTiO3 fill 3d-

bands, which gives a favourable ground for the emergence of complex electronic phases. In particular, 2D 

superconductivity [2,3] and strong spin orbit coupling [4] have been reported in such interfaces.  

 A key feature of these electronic systems lies in the possibility to control their carrier density by electric 

field effect. In this talk, I will present microwave transport measurements on LaAlO3/SrTiO3interfaces that 

allows extracting the superfluid stiffness Js, i.e. the energy scale that controls the phase rigidity of the 

superconducting condensate. We evidence a transition from single-condensate to two-condensate 

superconductivity driven by continuous and reversible electrostatic doping, which we relate to the Lifshitz 

transition between 3d bands in the quantum well. We find that the superconducting gap is suppressed while the 

second band is populated, challenging Bardeen–Cooper–Schrieffer theory. We ascribe this behaviour to the 

existence of superconducting order parameters with opposite signs in the two condensates due to repulsive 
coupling. [6,7] 

  
[1] A. Ohtomo and H.Y. Hwang, Nature 427, 423 (2004). 

[2] A. Caviglia et al., Nature 456, 624–627 (2008). 

[3] J. Biscaras et al., Nature Communications 1, 89 (2010)  

[4] A. D. Caviglia et al., Phys. Rev. Lett. 104, 126803 (2010), G. Singh et al., Phys. Rev. B  96, 024509 (2017) 

[5] G. Singh et al., Nat. Commun. 9, 407 (2018). 

[6] G. Herranz et al. Nature Commun. 6, 6028 (2015). 

[7] G. Singh et al., Nature Mat. 18, 948–954 (2019). 
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Although the existence Andreev bound states in SNS Josephson junctions was predicted by Kulik already in the 

70’s, it was not until rather recently that direct evidence of these phase sensitive states was obtained 

experimentally using different techniques. On the other hand, the combination of high quality hybrid 

nanostructures and circuit QED techniques are allowing to explore the physics of Andreev states in novel 

conditions with unprecedented accuracy. 

In this presentation I’ll give an overview on the theory that we have developed [1-4] to describe Andreev states 

in semiconducting nanowire Josephson junctions and their detection using circuit-QED techniques. Using a 

simple multichannel model we are able to identify the main effects on the Andreev states due to spin-orbit 

interactions [1,2]. Furthermore, our theory allows to understand the line intensities in their microwave absorption 

spectrum and the absence of selection rules as observed in recent experiments [3,4].  

Finally, I’ll briefly discuss the prospects of using these states as a platform for different type of qubits.    

 
[1] S. Park and A. Levy Yeyati, Phys. Rev. B 96, 125416 (2017). 

[2] L. Tosi, C. Metzger, M. F. Goffman, C. Urbina, H. Pothier, Sunghun Park, A. Levy Yeyati, J. Nygård, and P. Krogstrup, Phys. Rev. X 9, 

011010 (2019). 

[3] S. Park, C. Metzger, L. Tosi, M. F. Goffman, C. Urbina, H. Pothier, and A. Levy Yeyati, Phys. Rev. Lett. 125, 077701 (2020). 

[4] C. Metzger, S. Park, L. Tosi, C. Janvier, A. A. Reynoso, M. F. Goffman, C. Urbina, A. Levy Yeyati, and H. Pothier, Phys. Rev. Research 

3, 013036(2021) 
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Probing andreev states in nanowire weak links 
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I will report experiments performed on InAs nanowire weak links between superconductors. The properties of 

the weak link, like the Josephson supercurrent, arise from the localized Andreev states that form at the link. In 

nanowires, the spin-orbit coupling leads to a spin-splitting of the Andreev states when a superconducting phase 

difference is applied across the weak link [1]. In our experiments, we use a circuit-QED setup to probe the 

spectrum of Andreev states: the weak link shifts the resonance frequency of a coupled microwave resonator 

[2,3]. The spin-splitting of the Andreev states gives rise to a distinct phase dependence of the transition lines [1]. 

In addition, the comparison between data and theory shows that an interacting model is needed to account for 

several spectral line. 
 

[1] Spin-Orbit Splitting of Andreev States Revealed by Microwave Spectroscopy, L. Tosi, C. Metzger, M. F. Goffman, C. Urbina, H. Pothier, 

Sunghun Park, A. Levy Yeyati, J. Nygård, and P. Krogstrup, Phys. Rev. X 9, 011010 (2019).  

[2] From Adiabatic to Dispersive Readout of Quantum Circuits, Sunghun Park, C. Metzger, L. Tosi, M. F. Goffman, C. Urbina, H. Pothier, 

and A. Levy Yeyati, Phys. Rev. Lett. 125, 077701 (2020) 

[3] Circuit-QED with phase-biased Josephson weak links, C. Metzger, Sunghun Park, L. Tosi, C. Janvier, A. A. Reynoso, M. F. Goffman, C. 

Urbina, A. Levy Yeyati, and H. Pothier, Phys. Rev. Research 3, 013036 (2021) 
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The combination of different materials into complex heterostructures often leads to the discovery of 

unconventional phenomena either in the elemental material components or at the interfaces of these 
hybrid systems. A typical example is the formation of odd-frequency spin-triplet states at the interface 

of superconductor (S) and ferromagnet (F) materials, which has led to the development of the research 

field known as superconducting spintronics [1]. Direct evidence for spin-triplet states in hybrid S/F 

systems has been demonstrated through various spectroscopy techniques including low-temperature 
scanning tunnelling spectroscopy (STS) [2-3] and low-energy muon spin rotation (LE-μSR) 

spectroscopy [4].LE-μSR is an ideal technique to discover novel states in hybrid superconducting 

heterostructures, since it can resolve very small field deviations (less than 0.1 Gauss) with nanometre-
depth resolution in the Meissner screening profile of these hybrid systems compared to the Meissner 

profile of a conventional bare S.  

In this talk, I will discuss some recent results that we have obtained demonstrating that that the 

conventional Meissner screening of Nb thin films is significantly modified upon adsorption of non-
magnetic chiral molecules (ChMs) on their surface, in a way that also depends on the direction of the 

applied magnetic field [5]. The modification is not only limited to the ChMs/Nb interface, as 

suggested by previous STS studies [6-7], but it is long ranged and occurs over a length scale 
comparable to the Nb coherence length. Our results supported by a theoretical model suggest that the 

ChMs act as a spin-active layer inducing the formation of spin-triplet pairs, which paves the way for 

the usage of this and other similar hybrid molecules/superconducting systems for superconducting 
spintronic applications. 
 

1. J. Linder, J. Robinson, Nat. Phys. 11, 307 (2015). 

2. A. Di Bernardo, S. Diesch, Y. Gu, et al., Nature Commun. 6, 8053 (2015). 

3. S. Diesch, P. Machon, M. Wolz et al., Nature Commun. 9, 1 (2018). 

4. A. Di Bernardo, Z. Salman, X. L. Wang et al., Phys. Rev. X 5, 041021 (2015). 

5. H. Alpern, Μ. Αmundsen, R. Hartmann et al. (Under review). 

6. H. Alpern, E. Katzir, S. Yochelis et al., New J. Phys. 18, 113048 (2016). 

7. T. Shapira, H. Alpern, S. Yochelis et al., Phys. Rev. B 98, 214513 (2018). 
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We present a new way of creating planar Josephson junctions based on 2D materials. The weak link between the 

two superconductors is defined by dropping semiconductor nanowires onto the 2D surface, by smashing a 

nanowire growth chips gently a few times into the 2D system. Then the superconductor is deposited, but the 

nanowires create shadows on the surface such that underneath the nanowire the 2DEG remains unexposed, 

defining a narrow Josephson junction. The advantage of this technique is that the junction area does not undergo 
wet etching or liftoff which can damage the 2DEG.  

 

We demonstrate this technique using InAs shallow quantum wells covered by Al. In the resulting planar 

junctions, we observe high IcRn products indicative of high interface transparency. We observe and investigate 

signatures of the second-order Josephson effect from phase-sensitive measurements and find strong confirmation 

of this effect. Curiously, we also find signatures of another exotic Josephson effect, the fractional Josephson 

effect. Because the system is not in the topological regime, we do not interpret these as coming from any 

Majorana modes. We seek other explanations based on measurement artefacts and analyze if they fully account 

for the data. 
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Detection of topological phase through three terminal measurement of hybrid systems 
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The search for Majorana quasiparticles in hybrid semiconductor/superconductor systems has been a main 

preoccupation of the condensed matter community in the past decade, ever since the experimental work of 

Mourik et al. [1] in 2012. However, many theoretical works have criticized that work, as well as the following 

studies, and proposed various trivial explanations of the experimental data. In particular, one of the main points 

of criticism from these theoretical works is the absence of end-to-end correlation of the zero-bias signatures. In 

this talk I will describe a new platform that allows us to perform three-terminal measurements of hybrid 

nanowires Al/InAs [2,3,4]. These so-called SAG (selective area growth) nanowires have the advantage of 

presenting a native superconducting electrode in the middle of the wire which does not necessaite any 
destructive procedure for its electrical connection. Thanks to this third electrode, the two ends of the nanowire 

can share a common ground in the middle and as such be measured simulatenously. I will also discuss the 

possibility to access the full conductance matrix with both its local and non-local terms and relate it to the charge 

of the underlying electronic excitations. 

   
[1] V. Mourik et al. Science, 336, (2012) 1003-1007. 

[2] G. Anselmetti et al., Phys. Rev. B 100 (2019) 205412.  

[3] G. Ménard et al., Phys. Rev. Lett., 124 (2020) 036802.  
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Conductance quantization in topological josephson trijunctions 
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Majorana zero modes are attracting a lot of attention as a new kind of emergent quasiparticles in condensed 

matter physics. Here we propose a new and striking signature of the coupling between Majorana zero modes in a 

three-terminal Josephson junction made with topological superconductors. Recently three- and four-terminal 

junctions made either with conventional or with topological superconductors have been shown to exhibit Weyl 

crossings in their Andreev spectrum that lead to a nonzero quantized transconductance, like in the quantum Hall 
effect. In contrast with the other types of junctions, where the effect is limited to certain parameter regimes, we 

predict that, generically, any three-terminal Josephson junction made with topological superconductors is 

characterized by such a nonzero quantized transconductance. The quantization value is ±2e2/h. Based on 

numerics, we check that this prediction is robust. 

 
[1] J. S. Meyer and M. Houzet, PRB 103 (2021) 174504.  
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Topological superconductivity of centrosymmetric magnetic metals  
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We are going to talk about the topological properties of the superconductivity that coexists with stable 

magnetism. At first, we propose a route to achieve odd-parity spin-triplet superconductivity in metallic collinear 

antiferromagnets with inversion symmetry. Owing to the existence of hidden antiunitary symmetry, which we 

call the effective time-reversal symmetry (eTRS), the Fermi surfaces of ordinary antiferromagnetic metals are 
generally spin-degenerate, and spin-singlet pairing is favored. However, by introducing a local inversion 

symmetry breaking perturbation that also breaks the eTRS, we can lift the degeneracy to obtain spin-polarized 

Fermi surfaces. In the weak-coupling limit, the spin-polarized Fermi surfaces constrain the electrons to form 

spin-triplet Cooper pairs with odd-parity. Furthermore, we find that the odd-parity superconducting states host 

nontrivial band topologies manifested as chiral topological superconductors, second-order topological 

superconductors, and nodal superconductors. Extension to noncollinear antiferromagets will also be discussed. In 

the second part, we will talk about topological superconductivity of spin-polarized fermions in ferromagnets. By 

generalizing the Fu-Berg-Sato criterion to account for higher order band topology, we show that doped nodal 

semimetals of spin-polarized fermions can host various types of magnetic higher-order topological 

superconductivity. 

 

[1] S. H. Lee, H. C. Choi, and B.-J. Yang, PRL, 126 (2021) 067001. 

[2] J. Ahn and B.-J. Yang, PRR 2(2020) 012060(R).  
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It is demonstrated that the known for a long time transition between the gap and gapless superconducting states 

in the Abrikosov-Gor'kov theory of superconducting alloy with paramagnetic impurities is of the Lifshitz type, 

i.e. of the  order phase transition. We prove that this phase transition has a topological nature and is 

characterized by the corresponding change of the topological invariant, namely the Euler characteristic. We 

study the stability of such a transition with respect to the spatial fluctuations of the magnetic impurities critical 

concentration ns and show that the requirement for validity of its mean field description is unobtrusive. Finally, 

we show that, similarly to the Lifshitz point, the  order phase transition should be accompanied by the 

corresponding singularities, for instance, the superconducting thermoelectric effect has a giant peak exceeding 

the normal value of the Seebeck coefficient by the ratio of the Fermi energy and the superconducting gap. The 

concept of the experiment for the confirmation of   order topological phase transition is proposed. 
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Magnetic atoms or molecules on a superconductor locally distort pairing and induce Yu-Shiba-Rusinov (YSR) 

states with sub-gap excitation energies.  Their resolution with STM provides direct evidence of the strength of 

magnetic coupling between adsorbate and substrate. Furthermore, the spatial distribution of YSR states reflects 
the band structure of superconducting quasiparticles, thus being in a valuable tool for studying pairing.  

 

In this presentation, we analyze the anisotropic spatial distribution of YSR states in β-Bi2Pd, a multiband 

superconductor with strong spin-orbit coupling. Vanadium adatoms on this substrate show three sub-gap YSR 

excitations, attributed to different orbital-channels. We will show that the spatial patterns of these YSR states 

reveal (spin-conserving) scattering of superconducting quasiparticles between different bands.  Furthermore, due 

to the strong spin orbit coupling, the β-Bi2Pd substrate is a promising platform for the emergence of 

unconventional pairing schemes. Thus, we study the interaction and hybridization of YSR states in atomic-scale 

structures constructed atom-by-atom with the STM. Inherited by the strong anisotropy of the band structure, 

manganese atoms spaced by some lattice units interact with orientations that depend on their relative site 

arrangement. We compare the effect of the arrangement in extended atomic nanostructures (wires, and 2D 

systems) and find the onset of band formation.  
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In transition metal oxides (TMO) the coupling among charge, orbital, spin and lattice degrees of freedom can 

be modified and manipulated via local symmetry breaking, charge transfer and electrostatic coupling in 

controlled heterostructures. The result is the possibility to combine several properties and also to create new 

physical phenomena.  

In this presentation, we focus on the two-dimensional electron system (2DES) at the LaAlO3/EuTiO3/SrTiO3 

interface showing tunable superconductivity, spin-orbit coupling and ferromagnetism [1]. It offers therefore the 

possibility to study the interaction among ground states that are rarely found combined in the same system, and 

opens to the possibility to interesting electronic applications. 

We used a combination of transport and spectroscopy measurements and DFT calculations to resolve the 

nature of this 2DES and to understand the mechanisms leading to spin-polarization of its carriers [2].  The joint 
experimental and theoretical approach is becoming essential to gain detailed understanding of novel 

heterostructures showing exceptional properties, and as a guide for future design of materials for advanced 

applications. 

In order to harvest the properties of these oxide systems, dedicated nanofabrication protocols have to be 

considered. We present a novel approach to define oxide 2DES-based nanodevices involving low temperature 

Ar+ milling [3]. One of the main advantages of this technique is the possibility to realize hybrid nanodevices 

where the oxide 2DES can be laterally coupled to other materials, including conventional superconductors, 

something which cannot be achieved with other patterning techniques.  
 

 

[1] D. Stornaiuolo et al., Nature Mater., 15, 278–283 (2016). 
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Two-dimensional (2D) materials, composed of single atomic layers, have attracted vast research interest since 

the breakthrough discovery of graphene. One major benefit of such systems is the simple ability to tune the 

Fermi level through the charge neutrality point between electron and hole doping. For 2D Superconductors, this 

means that one may potentially achieve the regime described by Bose Einstein Condensation (BEC) physics of 

small bosonic tightly bound electron pairs. In my talk I will describe an experiment showing that single layer 

graphene, in which superconducting pairing is induced by proximity to a low density superconductor, can be 
tuned from hole to electron superconductivity through an ultra-law carrier density regime. We have studied both 

experimentally and theoretically the vicinity of this "Superconducting Dirac point" and found an unusual 

situation where reflections at interfaces between normal and superconducting regions within the graphene, 

suppress the conductance and, at the same time, Andreev reflections maintain a large phase breaking length. In 

addition, the Fermi level can be adjusted so that the momentum in the normal and superconducting regimes 

perfectly match giving rise to unique Andreev reflection processes. 
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We have recently shown that proximity with a high-temperature superconductor induces unconventional 
superconducting correlations in graphene[1]. We will here talk about recent experiments demonstrating [2] that 

those correlations propagate hundreds of nanometers, allowing for the unique observation of d-wave Andreev-

pair interferences in YBa2Cu3O7-graphene devices that behave as a Fabry-Perot cavity. The interferences show 

as a series of pronounced conductance oscillations. We are able to separate from these conductance oscillations 

the part stemming from the superconducting normal interface and the part stemming from Fabry Perot like 

oscillations. The present demonstration is pivotal to the study of exotic directional effects expected for nodal 

superconductivity in Dirac materials. If time allows, results obtained in the current institute will be presented at 

the end. 
 

 

 

 

 [1] Perconte, D., Cuellar, F. A., et. al. (2018). Tunable Klein-like tunnelling of high-temperature superconducting pairs into graphene. 
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With the recent technical advances, Resonant Inealstic X-ray Scattering (RIXS), has becoming an important tool 

for the determination of the electronic and magnetic properties of transition metal oxides. It allows the study of 

elementary excitation of solids, and their dispersion relations related to charge, spin, orbital and lattice degrees of 

freedom. The most important achievements in the field in the last few years include the observation of magnon 
excitations in undoped and doped cuprates, and the discovery of a charge density wave across their phase 

diagram.In this contribution, I report two examples of the application of RIXS to complex heterostructures: the 

study of the electron-phonon coupling in bulk titanates and oxide 2DEGs [1]; the study of the electronic and 

magnetic excitation in the novel infinite layer nichelate superconductors [2, 3].  

We unambiguously demonstrate by RIXS that quasi particles in bulk STO and LAO/STO 2DEGs are large 

polarons formed by the coupling of the t2g electrons and high energy optical longitudinal phonons.  

We also report new results on the study of infinite layer undoped nickelate thin films, and their evolution as 

function of the doping and of the structural properties of epitaxial films. 

 

[1] A. Geondzhian, et al., Phys. Rev. Lett. 125, 126401 (2020). 

[2] H.- Lu., et al. Science 373, 213-216 (2021).  

[3] G. Krieger et al., in preparation. 
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Vorticity diamonds in nanobridge SQUIDs 
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A superconducting quantum interference device (SQUID) is fabricated by inserting two weak links into a 

superconducting ring. Due to the dependence of its critical current on magnetic field, this device functions as a 

highly sensitive magnetic field sensor, which can be used in a large variety of applications. Because of their 

compatibility with high magnetic fields, nanobridge SQUIDs, in which the weak links are nanobridges, form an 
especially relevant class of nanoscale SQUIDs. The critical current versus field, Ic(B), characteristics of 

nanobridge SQUIDs are multivalued, which differs significantly from those of conventional tunnel-junction 

SQUIDs [1]. As a result, multiple critical currents for the SQUID system can be measured at a certain magnetic 

field value. Each of these critical currents corresponds to a separate energy state of the SQUID, where each state 

is associated to a unique value of the winding number of the superconducting loop - the vorticity. Understanding 

the dynamics of the nanobridge SQUID is essential for interpreting its Ic(B)-curves.  

 

In this work, we introduce a well-defined device geometry: an asymmetric MoGe nanobridge SQUID. The 

relevant parameters of this nanoSQUID can be obtained by fitting the field dependence of the critical current 

with a simple model based on the assumption of linear current-phase relationships (CΦR s) for the weak links 

[2]. These obtained parameters allow to estimate the energy of each vorticity state as a function of the magnetic 

field. Using the concept of the unique vorticity diamond (UVD) we can experimentally prepare the system in a 
specific vorticity state and learn more about the dynamical transition, when crossing the edge of a vorticity 

diamond. Moreover, due to the particular geometry of the device, we can construct a measurement protocol able 

to investigate the experimentally “hidden” phase slip events down to the lowest applied currents. 

 
Acknowledgements: This work has been supported by the Research Foundation - Flanders (FWO, Belgium), 

with grant number G0B5315N. 
 

[1] A. Murphy and A. Bezryadin, Asymmetric nanowire SQUID: Linear current-phase relation, stochastic switching, and symmetry, Phys. 

Rev. B 98, 094507 (2017). 

[2] H. Dausy, L. Nulens, B. Raes, M. J. Van Bael, and J. Van de Vondel, Impact of Kinetic Inductance on the Critical - Current Oscillations 

of Nanobridge SQUIDs, Phys. Rev. Appl. 16, 024013 (2021). 
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Improving the performance of YBCO nanobridges as weak links  
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We present a summary of our work to improve the performance of YBCO nanobridges as weak links 

exploring two main directions: the nanoscale Grooved Dayem Bridge (GDB), and the development of an 

electromigration (EM) process for tuning the hole doping of nanobridges.  

A GDB is a nanobridge with a groove etched across it, which acts as weak link. This is realized during one 
single lithography step and results in high-quality weak links with ICRN products as high as 350 µV and 

differential resistances much larger than in bare Dayem bridges at T = 77 K. We have used YBCO GDBs as 

novel nanoscale building blocks in HTS SQUID magnetometers coupled to an in plane pickup loop, which have 

been characterized via transport and noise measurements at T=77 K. These devices exhibit large voltage 

modulations (ΔV = 30-50 µV), low values of white magnetic flux noise, 6 µΦ0/Hz0.5, and low magnetic field 

noise, 63 fT/Hz0.5, at T=77 K. GDB based SQUIDs combine the nanofabrication advantages and the device 

reproducibility, which are typical of Dayem bridges, with the performances, e.g. the magnetic sensitivity, of 

state-of-the-art SQUIDs based on grain boundary JJs.  

At the same time, we developed an electromigration process to tune the superconducting properties of a 

nanobridge weak link by tuning its oxygen content. AC EM can be used to reduce the doping of a YBCO 

nanobridge, while DC EM can be conversely used to restore its oxygen content. Indeed, in a single nanowire we 

were able to change the hole doping in a wide parameter interval, with critical temperatures ranging from 90 K 
to 45 K. This technique is interesting for technological applications of YBCO weak links, where the tuning of 

the nanobridge properties, such as critical current and kinetic inductance, is required. 
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The past years have witnessed major advancements in all-electrical doping control on cuprates. In the vast 

majority of cases, the tuning of charge carrier density has been achieved via electric field effect by means of 

either a ferroelectric polarization or using a dielectric or electrolyte gating. These approaches are constrained to 

rather thin superconducting layers and require large electric fields in order to ensure sizable carrier modulations. 

In this work, we focus on the investigation of oxygen doping in an extended region through current-stimulated 

oxygen migration in YBa2Cu3O7−δ superconducting bridges [1]. The underlying methodology is rather simple 

and avoids sophisticated nanofabrication process steps and complex electronics. A patterned multiterminal 

transport bridge configuration allows us to electrically assess the directional counterflow of oxygen atoms and 
vacancies. Importantly, the emerging propagating front of current-dependent doping δ is probed in situ by optical 

microscopy and scanning electron microscopy. The resulting imaging techniques, together with photo-induced 

conductivity and Raman scattering investigations, reveal an inhomogeneous oxygen vacancy distribution with a 

controllable propagation speed permitting us to estimate the oxygen diffusivity. These findings provide direct 

evidence that the microscopic mechanism at play in electrical doping of cuprates involves diffusion of oxygen 

atoms with the applied current. The resulting fine control of the oxygen content would permit a systematic study 

of the temperature-doping phase diagram on the same sample and the design of electrically addressable devices.  
 

 

[1] S. Marinković et al. ACS Nano 14 (2020) 11765.  
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Non-ohmic hall effect as a novel probe for unconventional transport in the pseudogap 

regime of copper-oxide superconductors 
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The pseudogap temperature range above the critical temperature Tc in underdoped copper-oxide superconductors 

has attracted a great deal of attention for many years and exhibits a plethora of unusual phenomena. Many 

theoretical approaches strive for explaining the findings of various experiments. Still, the disagreement between 

theoretical models demonstrates vividly the need for additional experimental probes. Since a non-linear current-

voltage dependence is one hallmark of closing the superconducting energy gap, one might expect to see such 

phenomena in the pseudogap regime, too. Along these lines, we explore a novel experimental approach, the 

investigation of resistivity and Hall effect in the normal state of underdoped YBa2Cu3O6+x (YBCO) beyond the 

weak electric field limit and the search for possible non-ohmic effects. However, above Tc, the samples are in a 

resistive state and at the required high current densities, thermal heating effects make simple current-voltage 

measurements impossible. To overcome these limitations, we use a pulsed-current technique to reduce sample 
heating and a thermal model to estimate the latter. The Hall conductivity turns out to provide the best 

experimental access to the non-linear transport properties. Its weak temperature dependence in the pseudogap 

regime makes it less susceptible to Joule heating effects that cannot be fully ruled out. Our measurements add a 

novel boundary to the phase diagram of YBCO at various doping levels, which is briefly discussed regarding 

theoretical models. 
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Spin-triplet superconductivity is a condensate of electron pairs with spin-1 and an odd-parity wavefunction. A 

particularly interesting manifestation of triplet pairing is a chiral p-wave state which is topologically non-trivial 

and a natural platform for realizing Majorana edge modes. Triplet pairing is however rare in solid state systems. 
The best-known example of chiral spin-triplet paring is the superfluid 3He-A phase and over the last few 

decades, there has been an intensive search for potential spin-triplet superconductors in solid-state systems. 

Since pairing is most naturally mediated by ferromagnetic spin fluctuations, uranium based heavy fermion 

systems containing f-electron elements that can harbor both strong correlations and magnetism are considered 

ideal candidate spin-triplet superconductors. In this work I will present scanning tunneling microscopy (STM) 

data on the newly discovered heavy fermion superconductor, UTe2 with a TSC of 1.6 K [1]. I will show signatures 

of coexisting Kondo effect and superconductivity which show competing spatial modulations within one unit-

cell.  STM spectroscopy at step edges show signatures of chiral in-gap states, predicted to exist at the boundaries 

of a topological superconductor. Combined with existing data indicating triplet pairing, the presence of chiral 

edge states suggests that UTe2 is a strong candidate material for chiral-triplet topological superconductivity. 

 
 

 

[1] Lin Jiao, Sean Howard, Sheng Ran, Zhenyu Wang, Jorge Olivares Rodriguez, Manfred Sigrist, Ziqiang Wang, Nicholas Butch, Vidya 

Madhavan, Chiral Superconductivity in Heavy-Fermion Metal UTe2, Nature 579, 523-527 (2020) 
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The Josephson effect results from the coupling of two superconductors across a non-superconducting spacer to 

yield a quantum coherent state. In ferromagnets, singlet (opposite-spin) Cooper pairs decay over very short 

distances, and thus Josephson coupling requires a nanometric spacer. This is unless equal-spin triplet pairs are 
generated which, theoretically, can couple superconductors across much longer distances. Despite many 

experimental hints of triplet superconductivity at ferromagnet/superconductor interfaces, long range triplet 

Josephson effects across ferromagnetic barriers have remained elusive. In this talk I will discuss a micron-range 

Josephson coupling in planar junctions across the half-metallic ferromagnet La0.7Sr0.3MnO3 combined with the 

high-temperature superconductor YBa2Cu3O7. These display the hallmarksof the Josephson physic, namely 

critical current oscillations due to flux quantization (Fraunhofer pattern) and phase locking under microwave 

excitation (Shapiro steps). The marriage of high-temperature quantum coherent transport and full spin 

polarization brings unique opportunities for the practical realization of superconducting spintronics, and enables 

novel strategies for devices in quantum technologies. 

 

 

 

 

 

 

 

 

 

 

mailto:jacsan@ucm.es


                        
                 

Low dimensional superconducting hybrids for novel quantum functionalities 41      Page 41 of 80 
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The organic superconductor (TMTSF)2ClO4 is an 

archetypal quasi-1D non-s-wave superconductor [1,2]. It also 

exhibits an order-disorder transition, due to ClO4 tetrahedral 

anions orientation at TAO = 24 K, that can be controlled by the 

cooling rate across TAO [2]. Thus, this compound provides a 

rare opportunity to precisely study how non-s-wave 

superconductivity evolves with disorder.  
In this study, we performed simultaneous measurements of 

the c-axis resistivity and AC susceptibility of (TMTSF)2ClO4 

single crystals, under precise control of the cooling rate across 

TAO. The measurements were performed below 1 K, using a 

dedicated compact susceptometer [3]. Higher cooling rates 

increase the residual resistance and reduce Tc (Fig. 1), as 

expected for the destruction of non-s-wave superconductivity by 

non-magnetic impurities [2]. However, when the disordered 

volume fraction increases, the critical temperatures derived from 

resistivity and from susceptibility deviate from each other, while 

superconducting shielding is incomplete and dissipation finite. 
All these features indicate that superconductivity becomes 

inhomogeneous at high disorder.  

 

 
[1] For recent reviews, see: S. E. Brown, Physica C 514 (2015) 279; D. Jerome and S. Yonezawa, C. R. Physique 17 (2016) 357 

[2] S. Yonezawa et al., Phys. Rev. B. 85 (2012) 140502R  

[3] S. Yonezawa et al., Rev. Sci. Instrum. 86 (2015) 093903  

 

 

 

 

 

 

 

 

 

Fig. 1. Real part of the AC susceptibility 

and c-axis resistivity as a function of the 

temperature for a (TMTSF)2ClO4 single 

crystal, cooled with various cooling rates 

across the anion-order temperature TAO = 

24 K.  

 

in Gray Scale 
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We used focused He Ion Beam for nano-fabrication of YBCO-based Josephson junction and more complex 

devices. Using the ion beam of optimal dose, we "wrote a line" across YBCO bridge, which results in a 

Josephson junction with RCSJ-like current voltage characteristic and damping parameter close to 1. The 
dependence of the critical current vs. magnetic field resembles Fraunhofer-like dependence although with a 

hysteresis and nonlocal features.[1] Instead, using the higher irradiation dose, we can produce highly resistive 

lines without critical current (non-Josephson barrier) that can be used to for nano-structuring the boundaries of 

various circuits, e.g., the SQUID holes,  constrictions, etc.  

Recent investigation of the irradiated areas using STEM, allow to see visually the modification of the YBCO 

crystall especially for higher dose values when the irradiated areas/lines become amorphous (highly resistive) 

and demonstrate the scale of the damage caused by the beam.  

 

[1] B. Müller, M. Karrer, F. Limberger, M. Becker, B. Schröppel, C.J. Burkhardt, R. Kleiner, E. Goldobin, and D. Koelle,  

Phys. Rev. Applied 11 (2019), 044082. 
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Topological defects such as vortices and phase slips in a superconductor system manifest spatial patterns and 

dynamics that are closely associated with the geometric design in curved micro- and nanostructures of 

superconductors [1]. To simulate the superconducting properties of complex nanoarchitectures, a numerical 

platform has been developed based on a set consisting of the time-dependent Ginzburg-Landau equation, the 

Poisson equation and the Maxwell equation. Fingerprints of vortex and phase-slip patterns experimentally 
identified in the nanohelices are explained by the helical geometry that determines a specific topology of 

screening superconducting currents [2] and paves the way for sensors, energy storage elements and 

nanoantennas, based on 3D compact nanosuperconductors. A topological transition between superconducting 

vortices and phase slips under a strong transport current is unveiled in an open superconductor nanotube with a 

submicron-scale inhomogeneity of the normal-to-the-surface component of the applied magnetic field [3]. When 

the magnetic field is orthogonal to the axis of the nanotube, which carries the transport current in the azimuthal 

direction, the phase-slip regime is characterized by the vortex/antivortex lifetime ∼ 10−14 s versus the vortex 

lifetime ∼ 10−11 s for vortex chains in the half-tubes, and the induced voltage shows a pulse as a function of the 

magnetic field. This non-monotonous behavior is attributed to the occurrence of a phase-slip area. The 

topological transition between the vortex-chain and phase-slip regimes determines the magnetic-field–voltage 
and current–voltage characteristics of curved superconductor nanomembranes to pursue high-performance 

applications in advanced electronics (e.g., as novel superconductor switching-based detectors). This work has 

been supported by DFG project #FO 956/6-1 and the COST Action #CA16218 (NANOCOHYBRI). 
 

[1] V. M. Fomin, Self-rolled Micro- and Nanoarchitectures: Topological and Geometrical Effects, De Gruyter, Berlin-Boston, 2021, 148 p. 

[2] R. Córdoba et al., Nano Letters 19 (2019) 8597-8604.  

[3] R.O. Rezaev et al., Communications Physics 3 (2020) 144, 1-8. 
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Topological Phenomena in Fe-based superconductors: Prediction of double-Weyl points 
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The realization of topological phenomena in iron-based superconductors has opened a route to elucidate the 

interplay between topology, electronic correlations, and unconventional superconductivity. Indeed, a band 

inversion involving an As/Se pz band and a pair of Fe dxz /dyz bands along the Γ-Z line of the Brillouin zone has 

been observed in several compounds, such as FeTe1−xSex , LiFe1−xCoxAs, and CaKFe4As4. Here I will show with 

the help of symmetry analysis, low-energy modeling, and ab initio simulations that another nontrivial 

topological phenomenon—Weyl points—can be realized in the iron-based superconductor CaKFe4As4 in a 

magnetic field [1]. I will then discuss how the presence of such Weyl points in iron-based materials may open 

the door to investigate the interplay between Weyl fermions and other types of electronic orders not usually 

present in the currently studied Weyl semimetals. 
 

This work has been done in collaboration with N. Heinsdorf, M. H. Christensen, M. Iraola, S.-S. Zhang, F. Yang, 

T. Birol, C. D. Batista, and R. M. Fernandes. 

 
 

 

[1] N. Heinsdorf et al. Phys. Rev. B 104, 075101 (2021). 
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At the interface between a ferromagnetic insulator and a superconductor there is a coupling between the spins of 

the two materials. We show that when a supercurrent carried by triplet Cooper pairs flows through the 

superconductor, the coupling induces a magnon spin current in the adjacent ferromagnetic insulator. The effect is 

dominated by Cooper pairs polarized in the same direction as the ferromagnetic insulator, so that charge and spin 
supercurrents produce similar results. Our findings demonstrate a way of converting Cooper pair supercurrents to 

magnon spin currents [1].  

 

 
 

 

[1] L. G. Johnsen, H. T. Simensen, A. Brataas, and J. Linder, arXiv:2105.05861. 
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This talk will review my group’s recent progress in generating pure spin supercurrents1,2 in superconducting 
proximity structures and the optimization of magnetic proximity effects in nm-thick s-wave superconductors. In 

particular, in the first part I will demonstrate spin-triplet pair generation via spin-orbit coupling and magnetic 

exchange fields1 and in the second part I will demonstrate infinite magnetoresistance in nm-thick layers of an s-

wave superconductor on an insulating ferromagnet3. The results are key to  the development of superconducting 

spintronics3,4. 

 

1. K.-R. Jeon et al. Phys. Rev. X 10, 031020 (2020); ibid Nat. Mater. 17, 499–503 (2018). 

2. S. Komori et al., Science Advances 7, eabe0128 (2021). 

3. J. Linder, J. W. A. Robinson, Nat. Phys. 11, 307–315 (2015). 

4. G. Yang, C. Ciccarelli, . J. W. A Robinson, APL Materials 9, 050703 (2021). 
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Spin transfer electronics (spintronics) promises an outstanding improvement of basic electronic devices by 

incorporating the electron’s spin degree of freedom instead of (or in addition to) their charge.  Spin polarized 

Heusler alloys are highly relevant for spintronic applications owning to their predicted half-metallicity, high 

Curie temperature and high magnetic moment.   

Cylindrical nanowires made of Co2FeSn Heusler alloy with high spin polarization have been synthetized via 

template-assisted electrochemical deposition in nanoporous anodic alumina membranes. The basic structural and 

magnetic characterization revealed a B2-type cubic ordered Heusler structure with a lattice parameter of 5.9 Å 

and the [110] direction preferably aligned with the longitudinal axis of the polycrystalline nanowires. The easy 

magnetization axis is parallel to the nanowire´s axis too. Spin polarization measurements using Point-Contact 
Andreev Reflection spectroscopy between a superconducting Nb tip and Co2FeSn Heusler  nanowires  have been 

performed. The spectroscopic measurements performed on the nanowire´s fresh surface released high 

polarization values i.e. P = 0.85-1 and prove that the high spin polarization or half-metallicity will be preserved 

in the nanoscale regime. The presented results open the possibilities towards future exploration of Heusler 

nanowires with high spin polarization, which are promising materials for applications in spintronics and high-

density magnetic data recording [1].  

 
 

 

[1] L. Galdun, P. Szabo, V. Vega, E. D. Barriga-Castro, R. Mendoza-Reséndez, C. Luna, J. Kovac, O. Milkovic, R. Varga, V. M. Prida,   

ACS Appl. Nano Mater. 3, (2020) 7438.  
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Probe of the andreev ound states and spin supercurrent by spin pumping   
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Spin transport in superconducting materials attracts significant attention stimulated by a number of recent 

experiments. In this talk I will discuss several mechanisms of spin pumping enhancement due to the 

superconducting correlations.  (i) Resonant spin pumping through Andreev bound states. Previously such states 

have been probed by tunnelling spectroscopy [1,2]. The present work shows that they modify also dynamical 

spin responses. (ii) Giant enhancement to spin battery effect in superconductor/ferromagnetic insulator systems 

[3]. I will show that the slow spin relaxation in superconductors provides the enhancemt of spin accumulation 

induced by the magnetization dynamics by the several orders of magnitude. (iii) Dynamics of two ferromagnetic 

insulators coupled by superconducting spin current [4]. I will discuss the generalization of the the seminal paper 
by De Gennes [5] on coupling between ferromagnets through a superconducting layer to the dynamical case with 

time-dependent magnetic moments. 
 

 

[1] M.A. Silaev, Phys. Rev. B 102, 180502 (2020) 

[2] M.A. Silaev, Phys. Rev. B 102, 144521 (2020) 

[3] R. Ojajärvi, T.T. Heikkilä, P. Virtanen, M.A. Silaev, Phys. Rev. B 103, 224524 (2021) 

[4] R. Ojajärvi, F.S. Bergeret, M.A. Silaev, T.T. Heikkilä, arXiv: 2107.09959  

[5] P.G. de Gennes, Phys. Lett. 23, 10 (1966). 
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Spectral properties of a conventional superconductor (S) attached to a ferromagnetic insulator (FI) change 
drastically.  Specifically, the exchange field at the FI/S interface leads to a splitting of the superconducting 

density of states. The coexistence of the exchange splitting and superconducting correlations in S/FI structures 

leads to striking transport phenomena that are of interest for applications in thermoelectricity, superconducting 

electronics and radiation sensors [1-4]. In this talk I review the recent progress in understanding the spectral and 

non-equilibrium  properties of FI/S structures as well as their possible applications, including the realization of 

superconducting spin-valves [5] and diodes [6]. 

 

[1] FSB, M. Silaev, P. Virtanen, T.T. Heikilä, Rev. Mod. Phys 90 (2018) 041001; Progress in Surface Science 94.3 (2019) 100540. 

[2] E. Strambini et al., Phys.  Rev. Materials 1  (2017): 054402. 

[3] A. Hijano et al, Phys.  Rev, Research 3  (2021): 023131. 

[4] T.T. Heikkilä et al, Phys. Rev. Appl. 10  (2018): 034053. 

[5] G. De Simoni  et al.,  Nano letters 18 (2018): 6369. 

[6] E. Strambini et al, arXiv preprint arXiv:2109.01061(2021). 
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Two-dimensional systems at low temperatures and the high magnetic field can host exotic particles with 

elementary excitations carrying fractional charge e* = e/q such as in fractional quantum Hall effect1. These 

exotic particles are anyonic particles, whose quantum statistics are neither bosonic nor fermionic; instead, they 

are predicted to obey fractional statistics2. The fractional charge of these anyons has been studied successfully 

using low-frequency shot noise measurement3,4,5. However, a clear sign of fractional statistics remains elusive. 
We probed the fractional statistics and the fractional charge of anyons in mesoscopic anyonic collider6,7. Here we 

collided two independent anyonic excitations at a beam splitter and measured the correlation in the noise 

fluctuations of outgoing beam currents. Our collision results explicitly extract the quantum phase of  = /3 for 

the exchange of two anyonic quasiparticles with q = e/3. This is the very first smoking gun result on fractional 

statistics of anyon. This collider geometry could be extended to perform the ultimate braiding experiment to the 

realized full potential of a special kind of anyon called non-Abelian anyons in topological quantum 

computation.  

 

References 
1. Tsui, D. C., Stormer, H. L. & Gossard, et al. A. C. Phys. Rev. Lett. 48, 1559–1562 (1982). 

2. Leinaas and J. Myrheim et al. Nuovo Cimento Soc. Ital. Fis.B 37, 1 (1977). 
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The loss of information in an irreversible logical operation entails an incompressible increase in entropy, and 

thus the release of heat, owing to the Landauer principle [1]. In Josephson junctions, which are the central 
element of superconducting quantum computers, irreversibility arises from sudden slips of the gauge-invariant 

quantum phase difference across the junction. We experimentally measure the instantaneous heat release, 

expected to be , produced by an elementary quantum phase slip in a Josephson junction (with  the 

critical current and  the flux quantum). Using time-resolved electron thermometry, we disentangle the ensuing 

intricate phase-dependent thermal relaxation of the local electronic temperature in the weak link. This result 

demonstrates the possibility to experimentally account for the ubiquity of dissipation, even in quantum 

information processors. 

 
 [1] R. Landauer, IBM Journal of Research and Development 5 (1961), 183. 
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Electron pairing of Cooper pairs is controllable through the alignment of the magnetic exchange field at a 

superconductor / ferromagnet (S/F) interface. Over the past decade, it has been established that a non-uniform 
magnetic exchange field at a S/F interface converts spin-singlet Cooper pairs (antiparallel spins) to a triplet state 

in which the spins are parallel and triplet supercurrents are long-ranged in Fs [1-6]. In this talk I will present our 

recent works on superconducting spin-transport based on triplet Cooper pairs. We have demonstrated that triplet 

supercurrents created at Cr/Fe spin-glass interfaces are long-ranged in a ferromagnetic Fe and are blocked in a 

singlet superconducting Nb [7]. The results are promising for the development of superconducting spintronic 

devices in which logic/memory operations are achieved via spin-polarized triplet supercurrents. 
 

[1] R. S. Keizer et al., Nature 439, 825 (2006) 

[2] T. S. Khaire et al., Phys. Rev. Lett. 104, 137002 (2010) 

[3] J. W. A. Robinson et al. Science 329, 59 (2010) 
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Non-magnetic elements with large spin-orbit coupling are of particular interest in various fields from topological 

insulators, to superconductors and spintronics. In this context, the study of uranium, U, with the largest atomic 

number for a naturally occurring element, is notable. The complex physics of uranium's 5f electrons shows 

charge-density wave (CDW) order, superconductivity and proximity-induced magnetism, to name but a few of 

the fascinating electronic properties found in this elemental metal. In Bristol we have the capability to grow 
(poly)crystalline thin films and heterostructures of U at ambient and elevated temperatures. In this talk I will 

give an overview of relevant work using this growth chamber, including strain-tuning of the CDW [1], 

stabilization of a novel hcp crystal structure [2], which has been theoretically predicted to show a large spin-Hall 

conductivity [3] and more recent experimental work focusing on the stabilization of a cubic phase of U using 

epitaxially matched substrates and Mo-doping [4], and the effect of U on the magnetic anisotropy in neighboring 

ferromagnetic layers [5]. 

 
[1] R. Springell et al., Phys. Rev. B 89, 245101 (2014) 
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It is well known that a dissipationless supercurrent can flow 

across a dielectric tunnel barrier between two 

superconducting electrodes due to the Josephson effect. 

Here we describe recent progress in forming Josephson 
junctions and SQUIDs by exploiting coherent transport 

across the interface between two twisted NbSe2 flakes [1, 

2]. A dry transfer technique has been used to stack and 

deterministically misalign the flakes in a high purity 

glovebox environment. We find that the Josephson 

dynamics of the resulting twisted NbSe2-NbSe2 junctions 

are sensitive to the misalignment angle of the 

crystallographic axes, allowing control of the hysteresis in 

I-V characteristics. A single lithographic step has been used to shape junctions into SQUID geometries with 

typical loop areas of ~25 m2. These devices display strong Ic oscillations as a function of applied magnetic field 

with large stable current and voltage modulation depths. The single crystalline structure of these SQUID 

structures, along with their low defect densities, may offer circuit components with superior performance, e.g., as 

qubits.  
 

[1] N. Yabuki, R. Moriya, M. Arai, Y. Sata, S. Morikawa, S. Masubuchi and T. Machida, Nat. Commun. 7 (2016) 10616. 

[2] L.S. Farrar, A. Nevill, Z-J. Lim, G. Balakrishnan, S. Dale and S.J. Bending, Nano Lett. 21 (2021) 6725-6731.  

 

 

 

 

 

 

 

 

 

 

 

 

(Left) SQUID fabricated from two NbSe2 flakes at a twist 

angle of ~25o. (Right) Ic as a function of flux in loop. 
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We suggest a theoretical description of the mechanism of the magnetic moment generation in superconducting 

condensates under the effect of the circularly polarized electromagnetic radiation. Our consideration is based on 

the simplest version of the phenomenological dynamic theory of superconductors which allows to study this 

inverse Faraday effect: time-dependent Ginzburg – Landau (GL) theory. The light-induced magnetic moment is 

shown to be strongly affected by the nondissipative oscillatory contribution to the superconducting order 

parameter dynamics, which appears due to the nonzero imaginary part of the GL relaxation time. The relevance 

of the latter quantity to the Hall effect in the vortex state of superconductors allows us to establish the connection 

between the direct and inverse Faraday phenomena. The inverse Faradey effect can be strengthened in conditions 

of the rapid thermal quench due to the Kibble-Zurek mechanism responsible for the generation of the vortex – 

antivortex pairs. The quench procedure can result in the formation of the vortex state with the total vorticity 

determined by the handedness of the circularly polarized electromagnetic wave. 
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Topological gaps and precursors of Majorana modes in artificial Shiba chains 
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Magnetic chains on s-wave superconductors hosting spin spirals or spin-orbit coupling may realize one-

dimensional topological superconductors with Majorana modes on their edges. We study artificial spin chains, 

built atom-by-atom [1], with respect to such phenomena. By variation of substrate and adatom species and 

interatomic distances in the chain [2-5], we adjust the energies of multi-orbital Yu-Shiba Rusinov states induced 

by the adatoms [2,3], their hybridizations [4], as well as the chains’ spin structures [5]. This enables us to tailor 
the emerging multi-orbital Shiba bands such that topologically nontrivial gaps open [6] and precursors of 

Majorana modes appear [7]. We measure the length dependent energy oscillations of these precursors in short 

chains [7]. 

 

We acknowledge funding by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) via 

the Cluster of Excellence ’Advanced Imaging of Matter’ (EXC 2056-project ID 390715994), via the SFB-925-

project 170620586, and by the ERC via the Advanced Grant ADMIRE (No. 786020). 
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Preformed cooper pairs in flat band semimetals  
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We study conditions for the emergence of pre-formed Cooper pairs in materials hosting flat bands. As a 

particular example, we consider time-reversal symmetric semimetals with a pair of three-band crossing points 

and focus on the s-wave inter-node pairing channel. The nearly dispersionless nature of the flat-band promotes 

formation of the local Cooper pairs, which might be thought of an array of superconducting grains. Due to 
dispersive bands, Andreev scattering between the grains gives rise to the global phase coherent 

superconductivity at low temperature. We calculate transition temperature between the preformed Cooper pair 

state and the phase coherent state for different coupling strengths in the Cooper channel.  
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In this talk, we discuss availability to describe the synchronization phenomena between two IJJ mesas with the 

bases of the two mesas individually biased. We estimated Stokes polarization parameters (SPPs) of individually 

and simultaneously biased mesas. SPPs are obtained from transmission intensity through a fixed wire grid 

polarizer and a quarter-wave plate rotating around the optic axis (polarization analyzer). The polarization ellipse 

for the synchronized emission can be reproduced by a sum of those of individual emissions with proper complex 

coefficients. This consideration can be described as  where ,  and  represent 

emitted electromagnetic waves from simultaneously and individually biased mesas such as  

where  and  represent frequency and phase of the plasma oscillation of the mesa 1, for example[1]. We 

observed electromagnetic wave radiations from pairs of IJJ mesas biased parallely and seriesly. For the parallel 

connections, the synchronous emissions arre obtained in the wide bias range while the series connections, 

bimodal frequency spectra were found. Two methods to derive the bases to describe the synchronized emissions 

are discussed. 
 

 

[1] M. Tsujimoto, S. Fujita, G. Kuwano, K. Maeda, A. Elarabi, J. Hawecker, J. Tignon, J. Mangeney, S.S. Dhillon, and I. Kakeya, Phys. Rev. 

Appl. 13 L051001 (2020). 
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Quantum fluctuations in quasi-one-dimensional superconductors 
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Later developments have revealed that in low-dimensional superconductors fluctuation phenomena play an 

essential role.  In particular quasi-one-dimensional case it has been demonstrated that quantum fluctuations of 

the order parameter may dramatically suppress the 'text-book' attributes of superconductivity: zero resistance and 

persistent currents [1]. However, not much has been known about the impact of quantum fluctuations on 'local' 
properties such as density of states and energy gap. The striking difference between the integral and local 

properties of a quasi-one-dimensional superconductor originates from a complicated interplay between the rate 

of individual fluctuation events and the interaction between such fluctuations happening at different time-space 

points [2].  This fundamental property of nanoscale superconductors needs to be accounted for while designing 

various nanoelectronic devices with novel functionalities. 

  
 

[1] K. Yu. Arutyunov, D. S. Golubev, A. D.  Zaikin, Phys. Rep. 464, 1 (2008). 
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The anomalous Andreev interferometer 
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Josephson junctions (JJs), where both time-reversal and inversion symmetry are broken, exhibit a phase shift φ0 
in their current-phase relation. This allows for an anomalous supercurrent to flow in the junction even in the 

absence of a phase bias between the superconductors. We show that a finite φ0 also manifests in the so-called 

Andreev interferometers - a device that consists of a mesoscopic conductor coupled to the φ0-junction. Due to 

the proximity effect, the resistance of this conductor is phase-sensitive - it oscillates by varying the phase of the 

JJ. As a result, the quasiparticle current flowing through the conductor has an anomalous component, which 

exists only at finite φ0. Thus,  the Andreev interferometry could be used to probe the φ0  effect. 

We consider two realizations of the φ0-junction and calculate the quasiparticle current in the interferometer: a 

superconducting structure with spin-orbit coupling and a system of spin-split superconductors with spin-

polarized tunneling barriers. 
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Spin-split superconductors exhibit an electron-hole asymmetric spin-resolved density of states, but the symmetry 
is restored upon averaging over spin. On the other hand, asymmetry appears again in tunneling junctions of spin-

split superconductors with a spin-polarized barrier. As demonstrated recently in both theory and experiment, this 

fact leads to a particularly strong thermoelectric effect in such superconducting structures. In this work we show 

another important effect stemming from the electron-hole asymmetry - current rectification. We calculate the 

charge current in spin-polarized tunnel junctions of normal metal and a spin-split superconductor with AC and 

DC voltage bias. In the DC case, the I-V curve is not fully antisymmetric and has a voltage-symmetric 

component due to spin polarization. This translates to the existence of a rectified current in the AC case, which is 

proportional to the spin polarization of the junction and strongly depends on the frequency of the applied bias.  

We discuss possible applications of the rectification effect, including a diode for superconducting electronics and 

radiation detectors. The analysis of the rectified charge current is supplemented by the discussion of heat current 

and relevant noise correlators, where electron-hole asymmetry also plays an important role, and which are useful 

for applications in detectors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                        
                 

Low dimensional superconducting hybrids for novel quantum functionalities 62      Page 62 of 80 

Multiband superconductivity in LAO/STO 
 
1,2G. Saiz*, 1,2G. Singh, 1,2A. Jouan, 3G. Herranz, 3M. Scigaj, 3F. Sánchez, 4,5L. Benfatto, 4,5S. Caprara, 4,5M. 

Grilli, 1,2F. Couëdo, 1,2C. Feuillet-Palma , 1,2J. Lesueur and 1,2N. Bergeal 
1Laboratoire de Physique et d’Etude des Matériaux, ESPCI, PSL Research University, CNRS, Paris, France. 
2Université Pierre and Marie Curie, Sorbonne-Université, Paris, France.  
3Institut de Ciéncia de Materials de Barcelona (ICMAB-CSIC), Campus de la UAB, Bellaterra, Catalonia, Spain. 

4 Institute for Complex Systems (ISC-CNR), UOS Sapienza, Roma, Italy.  

5 Dipartimento di Fisica Università di Roma ‘La Sapienza’, Roma, Italy 

 

*Presenting author: guilhem.saiz@espci.fr 
 

The superconducting 2DEG at LAO/STO interface, with continuously tunable carrier density, is a playground 

for the study of quantum phenomena. In such perovskite interfaces’ 2DEG, the crystal orientation plays a 

substantial role in engineering the band structure and thus the transport physics of the system. I will present 

microwave measurements of the superfluid stiffness and magnetic critical field measurements as a function of 

carrier density controlled by back gating on the (110) oriented interface. We show that while the conventional 
(001) orientation harbors a metal to superconductor transition upon doping, the (110) orientation shows a 

continuous gate voltage-driven transition from one to two-band superconductivity. In addition, we find that the 

gap is suppressed at the Lifschitz transition, when the second band is populated which suggests the formation of 

a s±wave superconducting state resulting from the repulsive coupling between the two condensates. 

 

 
 

Superfluid stiffness as a function of the reduced 

temperature, for different gate voltages spanning the 

UnderDoped and OverDoped regimes. In the UD 

regime, all the curves are superimposed and follow a 

single-gap BCS behaviour (dashed line). In the OD 

regime, the temperature dependence of the js curves 

is strongly modified. Inset, reduced temperature T 

corresponding to js = 0.5 as a function of  Vg. 
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Persistent photoconductivity and photoinduced superconductivity can be found in YBa2Cu3O6+x, causing the 

critical temperature and conductivity of this material to increase upon light illumination. These changes have 

been related with changes in the carrier mobility and the presence of CuO chains in this material. Nevertheless, 

Bi2Sr2CaCuO8+x does not present these CuO chains, blocking these photoinduced effects. Several works in 

BSCCO thin films have demonstrated that, in fact, there is a decrease in conductivity and critical temperature of 
up to 3K upon illumination, but without reversibility. In our experiment we have exfoliated BSCCO on top of 

Si/SiO2 substrates and have illuminated them with visible monochromatic light. Surprisingly, a reversible 

transition between a superconducting and a metallic state appears upon illumination at 100K. These results opens 

new questions about the possible origin of this change. 
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Due to their antagonistic properties, the interaction between ferromagnets and superconductors yields novel and 

interesting physics such as the so-called superconducting spin valve effect. This phenomenon is observed in 

vertical junctions made of two ferromagnetic layers sandwiching a superconductor. The term spin-valve denotes 
the electrical resistance change observed upon switching the relative orientations of the magnetization in the 

ferromagnetic layers, from parallel to antiparallel alignment, by application of magnetic field pulses. Here we 

demonstrate spin-valve effects in vertical junctions made of the d-wave superconductor YBa2Cu3O7 and a half-

metal La0.7Ca0.3MnO3. Below the superconducting critical temperature, the junctions show a hysteretic 

magnetoresistance whose sign changes depending on the temperature and the injected current. These effects are 

discussed in terms of triplet Cooper pairs flow when the two ferromagnets are aligned. 
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We show the results of time-dependent Ginzburg-Landau simulations of vortex statics and dynamics in a 

superconducting film coupled to a chiral magnet in a hybrid heterostructure. We discuss the conditions on the 

stray field of skyrmions to nucleate vortex-antivortex structures in the superconductor, and how those interact 

with externally applied homogeneous magnetic field – changing simultaneously both skyrmion and vortex(-
antivortex) configuration. Correspondingly, in applied current simulated vortex dynamics reveals rich features 

due to the presence of skyrmion background. This includes successive vortex-antivortex pair creations and 

annihilations at the skyrmion domain walls, interacting non-trivially with other moving vortices under applied 

drive, and changing strongly with inverted polarity of the applied current and/or applied magnetic field. Our 

results are in agreement with recent experiments conducted on similar hybrids [1], and offer insights into the 

underlying mechanisms of measurable quantities, be it static magnetization or transport I-V characteristics. Such 

realizations of a strongly interacting skyrmion-vortex system could open a path towards controllable topological 

hybrid materials, unattainable to date. 
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2H-NbSe2 is a well known layered superconducting material. Introduction of a small amount of Fe 

impurities (about 150 ppm) leads to the creation of atomic size locations with Yu-Shiba-Rusinov 

(YSR) states inside the superconducting gap. YSR states lead to electron-hole asymmetric peaks in 

the in-gap density of states. YSR states are usually well separated and the superconducting gap 

in between Fe impurities is unaffected by the Fe atoms, as long as the concentration of Fe remains 
small. Here we study 2H-NbSe2 doped with S which includes a small amount of Fe impurities. 

We have characterized the samples by measuring the superconducting gap of 2H-NbSe1.6S0.4 and 

2H-NbSe1.4S0.6 as a function of temperature and the vortex lattice as a function of the magnetic 

field. We find that for 2H-NbSe1.6S0.4 and 2H-NbSe1.4S0.6, the YSR features in the in-gap density 

of states lose their electron-hole asymmetry and extend over the whole sample, leading to gapless 

superconductivity. 
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The emergence of van der Waals heterostructures has paved the way for a “designer” approach, in which novel 

devices and new physics can be obtained by combining the properties of distinct two-dimensional materials. 

Among the many possibilities in this context, heterostructures based on superconducting few-layer NbSe2 attract 

great interest for studying Josephson effects and the superconducting proximity effect in 2D systems [1]. 
Interestingly, recent work has reported on signatures of a topological superconducting phase in heterostructures 

based on NbSe2 and 2D ferromagnets [2]. Moreover, first demonstrations of magnetic vdW Josephson junctions 

have been very recently reported using a similar material combination [3, 4, 5]. Motivated by the above 

developments, we present here our first steps towards the fabrication of nanodevices based on NbSe2, including 

measurements on few-layer NbSe2 flakes, and our first attempts to fabricate Josephson junctions with and 

without a few-layer Cr2Ge2Te6 tunnel barrier.  
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When a spin current is injected into a superconductor from an adjacent ferromagnet, the efficiency of the spin 

diffusion will be affected by the opening of the superconducting gap and by spin relaxation mechanisms [1]. As 

a counterpart, the spin dynamics in the ferromagnet will also change across the superconducting transition. The 
study of the magnetization dynamics of the ferromagnet is thus a useful approach to investigate the spin 

diffusion in the superconductor [2]. Under these premises, we combined an s-wave superconductor with 

Y3Fe5O12 in a bilayer and studied by ferromagnetic resonance experiments the effects of the superconducting gap 

on the spin pumping efficiency into the superconductor, driven by the non-equilibrium magnetization precession 

of the ferrimagnetic insulator. The magnetization relaxation characterized by the damping parameter is severely 

reduced below Tc due to the opening of the superconducting gap. Complementary to the FMR measurements, the 

ISHE voltage obtained through spin to charge conversion at the S/F interface show a peak close to the critical 

temperature. The results will be discussed in terms of the spin sinking properties of s-wave superconductors and 

diffusion of quasiparticles in the superconductor. 
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Abrikosov vortices (AVs) represent the most compact magnetic nano-objects in superconductors with a 

characteristic size given by the London penetration depth λ~100 nm. AVs can be used to engineer the desired 

ground state phase of a Josephson junction by modifying the proximity of the vortex to the junction [1]. Optical 

single vortex manipulation [2] has opened a potential avenue to realise completely optically driven JJs with 

ultrafast switching and tunable current-phase relations.  

In order to achieve single vortex manipulation in Josephson junctions, it is imperative to be able to visualize 

single vortices at a sub-micron scale. Magneto-optical imaging (MOI) provides an optically far-field and non-

invasive method with a wide field of view and MHz image acquisition rates, but is usually limited by its low 

resolution (few-micron-scale) which is insufficient for the operation of sub-micron scale superconducting 

devices. To this end, we have developed a solid immersion lens integrated magneto-optical imaging (SIL-MOI) 
technique that can actively image single vortices down to the current highest resolution of vortex diameter of 

<600 nm in a niobium (Nb) thin film, shown in Figure 1.  

We also report for the first-time magneto-optical images of vortices in YBCO, using Nb as proxy. The 

vortices initially trapped in YBCO undergo flux-retrapping in Nb and are then imaged using the conventional 

MOI method [3]. Displacement of vortices using a focused laser spot in Nb reveals the underlying YBCO 

vortices, shown in Figure 2. This method allows for optical control of vortices in high-Tc superconducting 

devices and the study of vortex-vortex interaction and dynamics. 
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1.7 μm  583 nm  
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Figure 2. SIL-MOI. (a) Schematic of the SIL + indicator + superconductor structure 
forming a Weierstrass configuration. (b) Fitted profiles of the smallest vortices 
imaged without and with the SIL. (c) Images of vortices without and with the SIL, 
respectively. Scale bar = 5μm. 

Figure 1. Magneto-optical image of 
displaced vortices in the niobium film 
revealing the underlying YBCO vortices. 
The green cross marks the laser spot. 
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In this work, gate tunable supercurrent in Ta superconducting shell epitaxially grown on the top of InAs 

nanwowires has been studied. The investigated device switches from superconducting state to normal state by 

applying ~ ±5 V on the gate, which is promising for standard electronics applications. Magnetic field 

dependence and switching current distribution measurements show that the gating effect is not a thermal effect 

suggesting that phonon generation in the substrate is more likely the origin of this effect in our device. 
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Coupling individual atoms fundamentally changes the state of matter: electrons bound to atomic cores become 

delocalized turning an insulating state to a metallic one. A chain of atoms could lead to more exotic states if the 

tunneling takes place via the superconducting vacuum and can induce topologically protected excitations like 

Majorana or parafermions[1]. Although coupling a single atom to a superconductor is well studied, the 

hybridization of two sites with individual tunability was not reported yet. The peculiar vacuum of the BCS 
condensate opens the way to annihilate or generate two electrons from the bulk resulting in a so-called Andreev 

molecular state[2][3]. By employing parallel nanowires with Al shell, two artificial atoms were created at a 

minimal distance with an epitaxial superconducting link between. Hybridization via the BCS vacuum was 

observed and the spectrum of an Andreev molecule as a function of level positions was explored for the first 

time. 
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One of the most fundamental properties of a Josephson junction is its current—phase relation (CPR), the relation 

between the critical current of the junction and the difference of the macroscopic phases of the two 

superconducting leads.  For example, CPR can give us insight into the transmission properties of the junction. 
Here, we employ CPR measurements to investigate the interplay between superconductivity and spin—orbit 

coupling (SOC) in graphene. We present CPR measurements of Josephson junctions containing graphene/WSe2 

Van der Waals heterostructures. Combining single- or bilayer graphene with WSe2 in Josephson junctions 

enables us to induce a large SOC and superconductivity in graphene simultaneously. We apply a measurement 

setup consisting of two Josephson junctions connected in a SQUID geometry. By operating the SQUID in a 

highly asymmetric configuration, we can directly measure the CPR of one of the junctions. We investigate the 

effect of SOC on the CPR by measuring heterostructures built up of different combinations of graphene and 

WSe2 layers. 
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Mesoscopic islands based on semiconductor nanowires proximitized by a superconductor have been widely 
studied in recent years in the context of topological superconductivity. On the one hand, the Coulomb blockade 

in such systems can be employed as a high-resolution spectroscopical tool for studying zero-energy states and 

their splitting [1]. Superconducting islands also appear as elements in proposals for the manipulation and readout 

of Majorana zero modes [2]. In this work, we study transport through islands based on InAs nanowires 

proximitized by an epitaxial Al shell with superconducting leads. Our study focuses on Joule heating effects [3] 

that can drive the epitaxial superconducting layer to the normal state at moderate currents (down to tens of nA). 

This transition manifests as dips in the differential conductance, signaling a strong suppression of the Andreev 

excess current. We investigate this effect as a function of the gate voltages applied to the nanowire junctions, the 

external magnetic field and temperature. We also study a dynamical Coulomb blockade effect that we observe in 

the normal state of the devices. 
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We found that the circularly polarized light can affect the Kibble-Zurek mechanism of the vortex- antivortex pair 

formation in a superconductor driven through the Tc point and expels the vortices of a certain polarity depending 

on the polarization sign. As a consequence one can create a nonzero vorticity and corresponding magnetic 

moment in a superconducting system using the polarized light realizing, thus, the Inverse Faraday Effect (IFE). 

We present the results of numerical simulation of the vortex generation due to the rapid thermal quench in a 

quasi-two dimensional superconductor exposed to the circularly polarized external electromagnetic field. Our 

calculations are based on the time dependent Ginzburg-Landau (TDGL) equation and we demonstrate that the 
described effect is related to the imaginary part of the relaxation time in the TDGL equation. This is in 

accordance with the recent theoretical studies of the IFE in superconductors [Mironov et al PRL 2021]. 
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The system Co3Sn2S2 has a kagome lattice formed by Co atoms which leads to the formation of a flat band close 

to the Fermi level [1,2]. Here we present new STM measurements at magnetic fields up to 14T in high quality 

single crystals of Co3Sn2S2 [3]. We use the sample cleaving mechanism discussed in [4] and the coarse approach 

system of`[5]. We discuss the different surface terminations, quasiparticle interference experiments at high 

magnetic fields and the Zeeman effect on the flat band. We compare our results with previous results at zero 

field and under magnetic fields of 8 T [1]. 
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A scanning tunneling microscope (STM) has been successfully installed in a dilution refrigerator with a 22T 
superconducting magnet. The set-up is mechanically isolated using a low vibration floating floor. We describe 

significant improvements in the thermalization and filtering of the wiring used in STM measurements, including 

a new high frequency filter and its characterization through ultra-high resolution (8microeV) measurements in 

Al. We have successfully used the STM to measure single atom point contacts of gold, the vortex lattice in 2H-

NbSe2 and have acquired atomic resolution images in 2H-NbSe2 above 20T. New results in several iron based 

superconductors will be also presented. Recently, the study of the KFe2As2 composite has also been started. The 

first tunnel spectroscopy measurements were carried out on this material, and the temperature and critical field 

were higher than those reported by macroscopic measurements. In the coming months, a characterization of the 

normal phase will be carried out to understand the behavior of the Fermi liquid and the origin of the strong 

electronic correlations in this material, as well as its possible relationship with the anomalous behavior of 

superconductivity in it surface of this material. 
 

 

[1] H. Suderow et al. Review of Scientific Instruments 82, 033711 (2011) 

[2]ahombrosdegigantescienciaytecnologia.wordpress.com/2016/07/22/el-microscopio-de-efecto-tunel-binnig 

[3] Oxford Instruments’ 22 Tesla superconducting magnet system commissioned at the UAM (2018) 

[4] "Ultra high magnetic field STM and vibration isolation methods. To be published." 
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Unconventional superconductivity and 2x2 charge density wave in (LaSe)1.14(NbSe2)2 
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It has been recently predicted that dichalcogenides could be a plateform for generating non-conventionnal 

topological superconductivity, with either a chiral phase that break time reversal symmetry or a mixture of s-

wave and f-wave order parameter that preserves time reversal symmetry. In order to look for uncconventionnal 

superconductivity we have studied the compound (LaSe)1.14(NbSe2)2 which is a misfit transition metal 

dichalcogenide of the NbSe2 family consisting in an alternation of 2H- NbSe2 blocks and LaSe insulating 
monolayers. The presence of large spin orbit interaction due to the 4d electrons of Nb atoms combined with the 

broken inversion symmetry of the system give rise to spin-momentum locking in the out of plane direction that is 

favorable for unconventional pairing. We will show that the intercalated LaSe monolayers induce a huge charge 

transfer shifting NbSe2 monolayer Fermi energy (EF) by ~300meV. This charge transfer modifies the charge 

density wave (CDW) and seems to lead to possibly topological f-wave superconductivity.  
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Superconductivity and topological behavior in gallenene. 
 
Mikhail Petrov1, Jonas Bekaert1, Milorad Milosevic1 

 
1 University of Antwerp, Physics department, Prinsstraat 13, 2000, Belgium 

 

*Mikhail Petrov : Mikhail.Petrov@uantwerpen.be 
 

Structural simplicity combined with a rich variety of electronic properties are key signatures of elemental 2D 

materials and every new member of this family attracts substantial interest. By means of accurate ab initio 

calculations in combination with anisotropic Eliashberg theory, we reveal that two recently fabricated monolayer 
phases of gallium, Ga-100 and Ga-010 (also referred to as gallenenes), are conventional superconductors with 

sizable critical temperatures (7-10 K) surpassing that of the bulk alpha-gallium (4 K) [1]. The superconducting 

state of Ga-100 is represented by three distinct gaps in contrast to Ga-010 which has one anisotropic gap. Ga-100 

attracts particular interest due to it being isostructural to graphene and thus representing structurally the simplest 

superconductor to-date. For Ga-010, we investigated the effect of hydrogenation on superconductivity, and we 

report that not only does the hydrogenation enhance the critical temperature up to 17 K, but also it induces two 

distinct superconducting gaps. 

Additionally, we investigated topology of the Ga-100, and found that above the Fermi level, there is a graphene-

like Dirac cone which represents highly prominent edge states and thus suggests non-trivial topology of the 
monolayer. Thus, we reveal Ga-100 as a promising material with superconducting and topological quantum 

phases in coexistence. Such mixture of phases in combination with the striking structural simplicity makes Ga-

100 a promising material to consider for making heterostructures. Ga-010 shows that its superconducting 

properties can be significantly enhanced by chemical functionalisation. 
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Microwave conductivity of 2D superconducting BSCCO flakes 
 

Zoé Velluire Pellat1, Jerome Lesueur1, Nicolas Bergeal1, Cheryl Feuillet-Palma1 

 
1Laboratoire de Physique et d’Etude des Matériaux, CNRS, ESPCI Paris, PSL Research University, UPMC, 

75005 Paris, France 

  

*Zoe Velluire Pellat: zoe.velluire.pellat@gmail.com 

 

Two-dimensional superconductors confront physicists with a variety of new challenges by exhibiting a large 

diversity of exotic electronic phases. The cuprate Bi2Sr2CaCu2O8+y (Bi2212) has a lamellar structure of CuO2 

superconducting bilayers separated by Bi2O2+ySr2O2 layers. The unit cell exhibit a cleavage plane due to weak 

Van der Waals interactions between BiO layers, allowing for the exfoliation and isolation of single 
superconducting flakes. As the superconductivity of CuO2 planes is two dimensional, Bi2212 single flake makes 

for an ideal system to study 2D electronic interactions in the different electronic phases. The exploration of this 

phase diagram has already been performed using chemical doping of samples which also introduces structural 

changes and disorder, acting on the electronic interactions as well.  

In this work we report electrostatic doping of Bi2212 flakes to tune the hole density [1]. We have measured the 

resistivity at different doping level to get more insight on the electronic interactions in the different region of the 

phase diagram. We will show our first results toward measuring the microwave properties of such a field effect 

tunable 2D superconducting material. 
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Probing vortex dynamics in YBCO nanowire using RF illumination  
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Physics of moving vortices plays a crucial role in superconducting properties of such HTS as YBCO. It affects 

transport properties as moving vortex forms 2pi-phase slip that leads to voltage signal. Thus, the understanding 
of vortex movement is also important for applications of devices based on YBCO. We fabricated thin (30 nm 

thick) YBCO nanowire with length and width 500 nm and 200 nm correspondingly. We studied transport 

properties of it in dependency of temperature. Under constant current vortex experienced three different forces: 

the Lorenz force, the pinning force and the thermal force due to thermal fluctuations. Superposition of three of 

them defines vortex behaviour. We also added external microwave source with certain photon power to probe 

the value and interplay between pinning energy and thermal energy. We obtained Shapiro-like curves on current-

voltage dependencies as it was approached by Likharev [1] using concept of synchronized vortex moving. In 

contrast with ordinary Shapiro steps in Josephson junctions, we found that there are fractional steps in YBCO 

nanowire at low temperature. 
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