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Monday session 
11.00-11:45   Carlo Beenakker 
Deconfinement of Majorana vortex modes produces a superconducting Landau level 

 
11:45-12:10   Elsa Prada 
(One of the) latest Majorana nanowire designs: ferromagnetic hybrid nanowires 
 
12:10-12:30  Elias Portolés 
Gate-defined Josephson junctions in magic-angle twisted bilayer graphene  
 
12:30-13:00 Lunch Break 
 
13.00-14:00 Poster session 
 
14:00-14:45 Dmitry Efetov 
Competing phases of correlated Chern insulators in Superconducting Twisted Bilayer 
Graphene 
 
14:45- 15:10 Ady Stern 
Topology vs. interaction in fragile bands 
 
15:10- 15:20 Break 
 
15:20- 15:45 Gwendal Feve 
Fractional statistics of anyons in a mesoscopic collider 
 
15:45- 16:05 Mitali Banerjee 
Quantization of heat flow in the fractional quantum Hall regime 
 
16:05- 16:30 Javad Shabani 
Progress in realizing topological superconductivity in planar Josephson junctions 
 
16:30- 17:00 Break 
 
17:00- 17:20 Peter Makk 
Andreev molecule in parallel InAs nanowires 
 
17:20- 17:45 Zahid Hasan 
Superconducting Topological Matter 
 
17:45- 18:10 Thibaut Jonckheere 
Giant Shot Noise from Majorana Zero Modes in Topological Trijunctions 
 
18:10- 18:30 Qianhui Shi 
Evidence for interlayer exciton condensates in natural bilayer WSe2 
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14:00-14:45 Daniel Loss 
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Majorana-induced DC Shapiro steps in topological Josephson junctions 
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Signatures of Higher Order Topology in Bismuth-based Josephson Junctions 
 
15:45- 16:10 Teemu Ojanen 
Engineering 2d topological superconductivity in hybrid magnet-topological 
structures 
 
16:10- 16:35 Jose Lado 
Designing topological superconductivity from solitons in antiferromagnet-
superconductor interfaces  
 
16:35- 17:30 Break: Poster session 
 
17:30- 17:55 Jelena Klinovaja 
Majorana bound states in topological insulators without a vortex 
 
17:55- 18:20 Sergey Frolov 
Superconducting Topological Matter 
 
18:20- 18:30 Break 
 
18:30- 18:55 Nicholas Butch 
Spin triplet superconductivity in uranium ditelluride 
 
18:55- 19:15 Dmitry Oriekhov 
Voltage staircase in a current-biased quantum-dot Josephson junction 
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14:00-14:45 Katharina Franke 
Building and investigating magnetic adatom chains on superconductors  
atom by atom 
 
14:45- 15:10 Felix von Oppen 
Yu-Shiba-Rusinov states in real metals 
 
15:10- 15:20 Break 
 
15:20- 15:45 Shawulienu Kezilebieke 
Topological superconductivity in van der Waals heterostructures 
 
15:45- 16:10 Pascal Simon 
Odd-frequency pairing induced by magnetic impurities in superconductors 
 
16:10- 16:35 Sunghun Park 
Coherent coupling between vortex bound states and magnetic impurities in 2D 
layered superconductors 
 
16:35- 17:30 Break: poster session 
 
17:30- 17:55 Eun-Ah Kim 
Two-dimensional topological superconductivity 
 
17:55- 18:15 Timo Hyart   
Spintronics and quantum computing in hybrid devices combining magnetism, 
superconductivity and topological properties 
 
18:15- 18:35 Sergio Acero González 
Superconducting Topological Matter 
 



Deconfinement of Majorana vortex modes produces a superconducting 
Landau level 

 
 

             Carlo Beenakker 
 
             Leiden University 

 
 
 
A spatially oscillating pair potential drives a deconfinement transition of the Majorana bound 
states in the vortex cores of a Fu-Kane heterostructure (a 3D topological insulator on a 
superconducting substrate, in a perpendicular magnetic field). In the deconfined phase at zero 
chemical potential the Majorana fermions form a dispersionless Landau level, protected by 
chiral symmetry against broadening due to vortex scattering. Unlike a conventional electronic 
Landau level, the Majorana Landau level has a non-uniform density profile: quantum 
interference of the electron and hole components creates spatial oscillations with a wave 
vector set by the Cooper pair momentum that drives the deconfinement transition. The striped 
pattern also provides a means to measure the chirality of the Majorana fermions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Competing phases of correlated Chern insulators in 
Superconducting Twisted Bilayer Graphene 

 
 

Dmitry Efetov 

ICFO - Institut de Ciencies Fotoniques, The Barcelona Institute of Science and Technology 

 
 
 Flat-bands in magic angle twisted bilayer graphene (MATBG) have recently emerged as a 
rich platform to explore strong correlations, superconductivity and magnetism. Here we use 
magneto-transport and Hall measurements to reveal a rich sequence of wedge-like regions of 
quantized Hall conductance with Chern numbers C = ±1, ±2, ±3, ±4 which nucleate from 
integer fillings of the moiré unit cell 𝜈 = ±3, ±2, ±1, 0 correspondingly. We interpret these 
phases as spin and valley polarized many-body Chern insulators. The exact sequence and 
correspondence of Chern numbers and filling factors suggest that these states are driven 
directly by electronic interactions, which specifically break time-reversal symmetry in the 
system. In addition we observe  correlated Chern insulator in zero magnetic field in hBN non-
aligned MATBG, which manifests itself in an anomalous Hall effect around a filling of one 
electron per moiré unit cell n = +1 with a Chern number of C = 1 and has a relatively high 
Curie temperature of Tc ≈ 4.5 K. Slight gate tuning away from this state exposes strong 
superconducting phases with critical temperatures of up to Tc ≈ 3.5 K. In a perpendicular 
magnetic field above B > 0.5 T we observe a transition of the n  = +1 Chern insulator from a 
Chern number C = -1 to a higher C = 3, which is characterized by a quantized Hall plateau 
with Ryx = h/3e2. These observations show that interaction-induced time-reversal symmetry 
breaking in MATBG leads to a zero-field ground state which consists of almost degenerate 
and closely competing Chern insulators, where the B-field always couples strongest to states 
with higher Chern numbers. Our study is also the first demonstration of a system which 
allows gate-induced transitions between magnetic and superconducting phases, and hence 
marks a major milestone in the creation of a new generation of quantum electronics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Building and investigating magnetic adatom chains on superconductors   
atom by atom 

 
Eva Liebhaber1, Lisa Rütten1, Gaël Reecht1, Sebastian Rohlf3, Kai 

Rossnagel3, Felix von Oppen2, Katharina J. Franke1  
 

1 Fachbereich Physik, Freie Universität Berlin, 14195 Berlin, 
Germany 

2 Dahlem Center for Complex Quantum Systems and Fachbereich Physik, Freie Universität 
Berlin, 14195 Berlin, Germany 

3 Institut für Experimentelle und Angewandte Physik, Christian-Albrechts-Universität zu 
Kiel, 24118 Kiel, Germany 

 
 
 
Magnetic adatom chains on superconducting substrates are promising platforms for 
topological superconductivity and Majorana zero modes. Signatures of the these have been 
found in densely packed chains with direct exchange interaction among the adatoms. Here, 
we investigate adatoms chains in the “dilute” limit, i.e., where the atoms are sufficiently far 
spaced that direct hybridization of their d orbitals is negligible, but close enough for substrate-
mediated interactions.  
We use the tip of a scanning tunnelling microscope to assemble dimers, trimers and chains 
of Fe atoms all the way to chains as long as 51 atoms on a NbSe2 surface. In each step, we 
track the evolution of the Yu-Shiba-Rusinov states and identify magnetic interactions, 
hybridization and finally band formation.  
 
 
 
 
 
 
 
  



Signatures of Higher Order Topology in Bismuth-based Josephson 
Junctions 

A. Bernard, A. Murani,  B. Dassonneville, A. Kasumov,  M. Ferrier, R. Deblock, H. 
Bouchiat and S. Guéron 

 
Université Paris Saclay et CNRS, Laboratoire de Physique des Solides, Paris-Saclay, 91405 

Orsay  

 In Second-Order Topological Insulators (SOTI), bulk and surfaces are insulating while the 
edges or hinges conduct current in a quasi-ideal (ballistic) way, being insensitive to disorder.  
Bismuth has been shown to belong to this class of materials [1,2,3]. Just like the case of 
Quantum Spin Hall edges of 2D Topological Insulators, current is expected to be carried 
without dissipation by counter-propagating ballistic helical states, with a spin orientation 
locked to the momentum. Such edge or hinge states open many possibilities, from 
dissipationless charge and spin transport to new avenues for quantum computing.   We have 
investigated crystalline Bi nanowires-based Josephson junctions and found that they exhibit 
sawtooth current phase relations robust in high magnetic field, which is the signature of one-
dimensional ballistic edge states.  We have also demonstrated the topological nature of 
Andreev states via the microwave dissipative response in a phase-biased configuration.  More 
recently, in a SQUID built from a bismuth ring, we have identified the parity relaxation rate 
by exploring the switching current statistics.  

  
References: 
[1] A. Murani et al, Nature Communications 8, 15941 (2017). 
[2] Frank Schindler et al, Nature Physics 14, 918–924 (2018). 
[3] A. Murani et al, Phys. Rev. Lett. 122, 076802 (2019). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Superconducting Topological Matter 
  

M. Zahid Hasan 
 

Princeton University 
  
 
Electrons organize in ways to give rise to distinct phases of matter such as insulators, metals, 
magnets, superfluid or superconductors. In the last ten years or so, it has become increasingly 
clear that in addition to the symmetry-based classification of matter, topological 
consideration of wavefunctions plays a key role in determining distinct or new quantum 
phases of matter [see, for an introduction, Hasan & Kane, Reviews of Modern Physics 82, 
3045 (2010)]. In this talk, I briefly introduce these topological concepts in the context of their 
experimental realizations in quantum matter. As examples, I present how tuning a topological 
insulator whose surface hosts an unpaired Dirac fermion can give rise to emergent Weyl 
fermion and “fractional” Fermi surfaces; superconductors with helical Cooper pairing leading 
to novel Majorana platforms including in Dirac-Weyl materials. These topological matter 
harbor novel and unprecedented properties that may lead to new physics forming the basis 
for the development of next generation quantum technologies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

  Quantization of heat flow in the fractional quantum Hall 
regime 

 
                                Mitali Banerjee 

   École polytechnique fédérale de Lausanne, Switzerland 
 
Topological states of matter are characterized by topological invariants, which are physical 
quantities whose values are quantized and do not depend on details of the measured system. 
Among them the electrical Hall conductance, which is expressed in units of e2/h (e the 
electron charge, h the Planck constant), is easiest to probe. In the fractional quantum Hall 
effect (FQHE) regime, fractional quantized values of the electrical Hall conductance attest 
to topologically ordered states, which are states that carry quasi-particles with fractional 
charge and (expected) anyonic statistics. Another topological invariant, which is much 
harder to measure, is the thermal Hall conductance, KT, expressed in units of 
K0T=(n2kB2/3h)T (kB the Boltzmann constant, T the temperature). Remarkably, in one-
dimensional transport it does not depend on the particles charge, particles exchange 
statistics, and is even insensitive to the interaction strength among the particles. A 
fractional value of the quantized thermal Hall conductance shows that the probed state of 
matter is non-abelian. Quasiparticles in non- abelian states lead to a ground state 
degeneracy and perform topological unitary transformations among ground states when 
braided. As such, they may be useful for topological quantum computation. In this talk, I 
will report our measurements of the thermal Hall conductance in several quantum Hall 
states in the lowest and first excited Landau levels. Remarkably, we find the thermal Hall 
conductance of the v=5/2 state to be fractional, with a value K=2.5K0, implying non-abelian 
nature of the state. 

 
References: 
1. M. Banerjee et. al., Nature 545, 75 (2017). 
2. M. Banerjee et. al., Nature 559, 205 (2018). 

 
 
 
 
 
 
 
 
 
 



 
Fractional statistics of anyons in a mesoscopic collider  

 
 
Gwendal Feve 
 

Laboratoire de Physique de l'Ecole Normale Supérieure 
 

 In three-dimensional space, elementary particles are divided between fermions and 
bosons according to the properties of symmetry of the wave function describing the state of 
the system when two particles are exchanged. When exchanging two fermions, the wave 
function acquires a phase, 𝜑 = 𝜋. On the other hand, in the case of bosons, this phase is zero, 
𝜑 = 0. This difference leads to deeply distinct collective behaviors between fermions, which 
tend to exclude themselves, and bosons which tend to bunch together. The situation is 
different in two-dimensional systems which can host exotic quasiparticles, called anyons, 
which obey intermediate quantum statistics characterized by a phase 𝜑 varying between 0 
and 𝜋 [1,2]. 
 
 For example in the fractional quantum Hall regime, obtained by applying a strong 
magnetic field perpendicular to a two-dimensional electron gas, elementary excitations carry 
a fractional charge [3,4] and have been predicted to obey fractional statistics [1,2] with an 
exchange phase 𝜑 = 𝜋/𝑚 (where 𝑚 is an odd integer). I will present how fractional statistics 
of anyons can be demonstrated in this system by implementing and studying anyon collisions 
at a beam-splitter [5]. The collisions are first studied in the low magnetic field regime, where 
the elementary excitations are electrons which obey the usual fermionic statistics. It leads to 
the observation of an antibunching effect in an electron collision: electrons systematically 
exit in two different arms of the beam-splitter. The observed result is completely different in 
the fractional quantum Hall regime. Fractional statistics lead to a suppression of the 
antibunching effect and quasiparticles tend to bunch together in larger packets of charge in a 
single output of the splitter. This effect leads to the observation of negative correlations of 
the current fluctuations [5] in perfect agreement with recent theoretical predictions [6]. 
 
 
[1] B. I. Halperin, Phys. Rev. Lett. 52, 1583–1586 (1984). 
[2] D. Arovas, J. R. Schrieffer, F. Wilczek, Phys. Rev. Lett. 53, 722–723 (1984). 
[3] R. de Picciotto et al., Nature 389, 162–164 (1997).  
[4] L. Saminadayar, D. C. Glattli, Y. Jin, B. Etienne, Phys. Rev. Lett. 79, 2526–2529 (1997) 
[5] H. Bartolomei, M. Kumar et al. Science 368, 173-177 (2020). 
[6] B. Rosenow, I. P. Levkivskyi, B. I. Halperin, Phys. Rev. Lett. 116, 156802 (2016). 
 
 
 
 
 
 
 
 



How do we discover Majorana particles in nanowires? 
 

Sergey Frolov 
 

University of Pittsburgh 
 
 
I have been on a ten-year journey to gather evidence of Majorana particles, a quarter of my 
life. For me personally this came from theorists: frist Carlo Beenakker and his students who 
presented at our group meetings, and then - during a 30 second conversation with Roman 
Lutchyn at the 2010 March meeting, when I realized that we could try this in semiconductor 
nanowires which I was working with in the Delft lab as a postdoc. (Wires came from 
Sebastien Plissard and Erik Bakkers in Eindhoven).   
 
I fleshed out ideas for how we would do it and ghost-written a grant proposal with my advisor 
Leo Kouwenhoven. It gave us money to hire two amazing PhD students: Kun Zuo and 
Vincent Mourik. With my faculty job in Pittsburgh secure by that time, there was no risk in 
trying to hunt for Majorana, and we went for it with force. By 2012 we found promising 
Majorana signatures: zero-bias peaks in conductance that were sticky: did not move from 
zero voltage bias when we changed electric or magnetic fields. A lot of work lay ahead to 
verify, improve and find additional evidence. Yet we - and lots of other people - had little 
doubt that we were on track to demonstrate Majorana. 
 
But nature prepared a surprise for us: in subsequent years other researchers, Eduardo Lee and 
Silvano de Franceschi from Grenoble, demonstrated that sticky zero-bias peaks can also come 
from Andreev states, not only Majorana. It is very rare that a phenomenon so carefully 
mapped out can also have another compelling explanation. At that time my old team in Delft, 
and my new team in Pittsburgh were struggling to find further Majorana signatures. It took 
time for us to embrace the fact that Majorana have not been discovered: some are still working 
through that. 
 
Yet in a decade we have learned a lot. First, we learned how to tell Andreev from Majorana. 
Even if all we measured so far is Andreev, we are sure that we will know Majorana when we 
see it. Second, we improved our nanowire materials by deploying advanced growth and 
nanofabrication techniques. We developed elaborate computational models that capture 
many subtleties of nanowire devices, with superconducting shells. The future is bright: 
because Majorana is based on a solid theoretical foundation, we should be able to make the 
discovery. If society still has the patience to let us pursue it. What of quantum computing 
applications? That will have to wait until we figure out the basic physics. 
 
 
 
 
 
 
 
 



Photon-assisted resonant Andreev reflections: Yu-Shiba-Rusinov and 
Majorana states 

 
Sergio Acero González 

 
Freie University Berlin 

 
 
Photon-assisted tunneling frequently provides detailed information on the underlying charge-
transfer process. In particular, the Tien-Gordon approach predicts that the sideband spacing 
in bias voltage is a direct fingerprint of the number of electrons transferred in a single 
tunneling event. In this talk I consider photon-assisted tunneling into subgap states in 
superconductors in the limit of small temperatures and bias voltages where tunneling is 
dominated by resonant Andreev processes and does not conform to the predictions of simple 
Tien-Gordon theory. A systematic Keldysh calculation of the subgap conductance and 
provides a detailed analytical understanding of photon-assisted tunneling into subgap states, 
in excellent agreement with a recent experiment. We focus on tunneling from 
superconducting electrodes and into Yu-Shiba-Rusinov states associated with magnetic 
impurities or adatoms and extend our results other types of subgap states in superconductors. 
In particular, we argue that photon-assisted Andreev reflections provide a high-accuracy 
method to measure small but nonzero energies of subgap states which can be important for 
distinguishing conventional subgap states from Majorana bound states. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Spintronics and quantum computing in hybrid devices combining 
magnetism, superconductivity, and topological properties 

 
Timo Hyart 

 
Warsawa University and Aalto University 

 
 

 
 
 
I start by briefly describing the conditions for the existence of zero-energy impurity states in 
different classes of topological insulators and superconductors, and their relation to 
topological phase transitions [1]. Then I will demonstrate that these states can be utilized in 
quantum computing using spintronics techniques [2,3]. Finally, I will discuss pumping of 
charge, spin and heat due to the precession of a ferromagnet’s magnetization direction in a 
superconducting quantum spin Hall insulator device [4]. This device supports two robust 
operation regimes arising from topological effects. In one regime, the pumped charge, spin 
and heat are quantized and related to each other due to a topological winding number of the 
reflection coefficient in the scattering matrix formalism -- translating to a Chern number in 
the case of Hamiltonian formalism. In the second regime, a Majorana zero mode switches off 
the pumping of currents owing to the topologically protected perfect Andreev reflection. The 
interplay of these two topological effects can be utilized so that the device operates as a robust 
charge, spin and heat transistor. 
 
References: 
[1] L. Kimme, T. Hyart, Existence of zero-energy impurity states in different classes of 
topological insulators and superconductors and their relation to topological phase 
transitions, Phys. Rev. B 93, 035134 (2016). 
 
[2] A. Mishra, P. Simon, T. Hyart, and M. Trif, (under preparation). 
 
[3] A. Kreisel, T. Hyart, B. Rosenow, Tunable topological states hosted by unconventional 
superconductors with adatoms, arXiv:2102.12502. 
 
[4] V. Fernández Becerra, M. Trif, T. Hyart, Topological charge, spin and heat transistor, 
arXiv:2012.02182. 
 
 
 
 
 
 
 
 
 
 



 
Giant Shot Noise from Majorana Zero Modes in Topological Trijunctions 

 
Thibaut Jonckheere 

 
CNRS - Centre de Physique Théorique, Marseille 

 
 
 
 
 
 
The clear-cut experimental identification of Majorana bound states in transport 
measurements still poses experimental challenges. I will show that the zero-energy Majorana 
state formed at a junction of three topological superconductor wires is directly responsible 
for giant shot noise amplitudes, in particular at low voltages and for small contact 
transparency. The only intrinsic noise limitation comes from the current induced dephasing 
rate due to multiple Andreev reflection processes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Designing topological superconductivity from 
solitons in antiferromagnet-superconductor interfaces 

 
Jose Lado 

 
Department of Applied Physics, Aalto University, Espoo, Finland 

 
The interplay of magnetism and superconductivity provides one of the most fertile platforms 
to engineer unconventional quantum matter. In particular, the potential of Majorana 
excitations for topological quantum computing has motivated outstanding efforts to engineer 
topological superconductors, by combining ferromagnetism, strong spin-orbit coupling, and 
conventional superconductivity. Here we introduce a platform alternative to those 
mechanisms that exploit the emergence of solitonic excitations between antiferromagnetic 
insulators and a conventional superconductor. First, we show that solitons at interfaces 
between three-dimensional antiferromagnets and superconductors can be used to engineer a 
two-dimensional topological superconductor, whose topological gap stems from intrinsic 
spin-orbit coupling [1]. Second, we show that at interfaces between two-dimensional 
antiferromagnetic insulators and superconductors, topological superconductivity emerges 
from solitons with a purely interaction-driven topological gap, requiring no spin-orbit 
coupling effects [2]. Ultimately, we demonstrate that many-body solitons emerge even at 
interfaces between quantum entangled antiferromagnets and superconductors, providing a 
stepping stone towards exploring emergent excitations in quantum-spin 
liquid/superconductor junctions [3]. These findings exemplify the potential of solitonic 
excitation in antiferromagnet-superconductor interfaces to engineer topological 
superconductivity and exotic quantum many-body states. 
 
References:  
[1] Jose L. Lado and Manfred Sigrist, Phys. Rev. Lett. 121, 037002 (2018) 
[2] Senna S. Luntama, Päivi Törmä and Jose L. Lado, Phys. Rev. Research 3, L012021 (2021) 
[3] Jose L. Lado and Manfred Sigrist, Phys. Rev. Research 2, 023347 (2020) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Topological superconductivity in van der Waals 

heterostructures 
 

Kezilebieke Shawulienu 
 

Aalto University  
 

There has been a surge of interest in designer materials that would realize electronic 
responses not found in naturally occurring materials. For example, it is not clear if 
topological superconductivity1, which is a key ingredient in topological quantum computing, 
exist in any single material. These limitations can be overcome in designer van der Waals 
(vdW) heterostructures, where the desired physics emerges from the engineered interactions 
between the different components.  
Here, we use molecular beam epitaxy (MBE) to grow a monolayer of ferromagnetic CrBr32 

on a superconducting NbSe2 substrate. This combines out of plane ferromagnetism with 
Rashba spin-orbit interactions and s-wave superconductivity and allows us to realizate 
topological superconductivity in a van der Waals heterostructure3. We characterize the 
resulting one-dimensional edge modes using low-temperature scanning tunneling 
microscopy (STM) and spectroscopy (STS). The use of vdW heterostructures with uniform 
and high-quality interfaces is promising for future device structures and further control of 
topological superconductivity through external stimuli (e.g. electrostatic gating). 
If time allows, in the second part of the talk, I am going to talk about how the moiré related 
physics will apply to topological superconductor systems. In particular, I am going to show, 
using moiré patterns to create a new topological region in the phase diagram at parameter 
values (e.g. chemical potential) where topological superconductor does not occur in the 
absence of the moiré4. Our results put forward moiré patterns as a powerful tool to overcome 
conventional constraints for topological superconductivity in vdW heterostructures. In a 
broader picture, periodic potential modulation provides a general way of controlling 
topological superconductivity towards the realisation of topological qubits in the future. 
 
References:  

1. M. Sato, and Y. Ando, Topological superconductors: a review. Rep. Prog. Phys. 80, 
076501 (2017)  
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Głodzik, A.S. Foster, T. Ojanen, P. Liljeroth, Topological superconductivity in a 
designer ferromagnet-superconductor van der Waals heterostructure, Nature 588 
(7838), 424-428 

4. S. Kezilebieke, V. Vaňo, M. N. Huda, M. Aapro, S.C. Ganguli, P. Liljeroth, Jose L. 
Lado, Moiré -enabled topological superconductivity,  arXiv:2011.09760 

 
 



 
 
 
 

Majorana bound states in topological insulators without a vortex 
 
 

Jelena Klinovaja 
 

University of Basel 
 
 
In my talk, I will discuss topological phases in a three-dimensional topological insulator (TI) 
wire with a non-uniform chemical potential induced by gating across the cross-section [1]. 
This inhomogeneity in chemical potential lifts the degeneracy between two one-dimensional 
surface state subbands. A magnetic field applied along the wire, due to orbital effects, breaks 
time-reversal symmetry and lifts the Kramers degeneracy at zero-momentum. If placed in 
proximity to an s-wave superconductor, the system can be brought into a topological phase 
at relatively weak magnetic fields. Majorana bound states (MBSs), localized at the ends of 
the TI wire, emerge and are present for an exceptionally large region of parameter space in 
realistic systems. Unlike in previous proposals, these MBSs occur without the requirement 
of a vortex in the superconducting pairing potential, which represents a significant 
simplification for experiments. Our results open a pathway to the realisation of MBSs in 
present day TI wire devices.  
 
References:  
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Andreev molecule in parallel InAs nanowires 

 
Olivér Kürtössy1, Zoltán Scherübl1, Gergő Fülöp1, Thomas Kanne2, Jesper Nygard2, Péter 

Makk1 and Szabolcs Csonka1 
 

1Department of Physics, Budapest University of Technology and Economics and 
Nanoelectronics 'Momentum' Research Group of the Hungarian Academy of Sciences, 

Budafoki  út 8, 1111 Budapest, Hungary 
2Center for Quantum Devices, Niels Bohr Institute, University of Copenhagen, 2100 

Copenhagen, Denmark 
 
 
Coupling individual atoms via tunneling fundamentally changes the state of matter: electrons 
bound to atomic cores become delocalized resulting in a change from an insulating to a 
metallic 
state. 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. Toward the realization of such artificial chains, coupling a single atom to the 
superconducting vacuum is well studied, but the hybridization of two sites via the 
superconductor was not yet reported. 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. 
Recently, InAs nanowire became the most promising platform to realize novel 
superconducting qubit concepts like Andreev-qubits, Gatemons, or Majorana box qubit. In 
our work, we demonstrate for the first time strong hybridization between two Andreev states 
via superconductor link between [1]. The strong coupling of artificial atoms was achieved 
using a novel nanostructure, where parallel InAs nanowires are connected by an epitaxially 
grown superconducting link [2]. Besides the characterization of the spectrum of the Andreev 
molecule, we also present a minimal model, which reproduces the outlined attributes of the 
novel molecular state.  

 
Left: Artistic view of our device. Right: schematics of the realized Andreev-molecule system. 
 
References: 
[1] O. Kürtössy et al., arXiv:2103.14083 
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Yu-Shiba-Rusinov states in real metals 
 

Felix von Oppen 
 

Freié University Berlin 
 
 
Theoretical descriptions of Yu-Shiba-Rusinov (YSR) states induced by magnetic impurities 
inside the gap of a superconductor typically rely on a classical spin model or are restricted to 
spin-1/2 quantum spins. These models fail to account for important aspects of YSR states 
induced by transition-metal impurities, including the effects of higher quantum spins coupled 
to several conduction-electron channels, crystal or ligand-field effects, and magnetic 
anisotropy. I will discuss a reduced model, which incorporates these aspects and apply the 
model to obtain and understand phase diagrams as well as subgap excitation spectra. I will 
then use these results to discuss quantum magnetism and topological superconductivity in 
dilute chains of magnetic adatoms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Voltage staircase in a current-biased quantum-dot Josephson junction 
 

D. O. Oriekhov, Y. Cheipesh, C. W. J. Beenakker 
 

Leiden University 
 
 
We calculate the current-voltage (I-V) characteristic of a Josephson junction containing a 
resonant level in the weakly coupled regime (resonance width small compared to the 
superconducting gap). The phase ϕ across the junction becomes time dependent in response 
to a DC current bias. Rabi oscillations in the Andreev levels produce a staircase I-V 
characteristic. The number of voltage steps counts the number of Rabi oscillations per 2π 
increment of ϕ, providing a way to probe the coherence of the qubit in the absence of any 
external AC driving. The phenomenology is the same as the "Majorana-induced DC Shapiro 
steps in topological Josephson junctions" of Phys. Rev. B 102, 140501(R) (2020) -- but now 
for a non-topological Andreev qubit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Elsa Prada 
 

      Instituto de Ciencia de Materiales de Madrid - CSIC 
 
 

(One of the) latest Majorana nanowire designs: ferromagnetic hybrid 
nanowires 

  
 
Abstract: 
  
Hybrid superconductor-semiconductor nanowires are being intensively studied in an 
effort to detect and manipulate Majorana bound states. Traditionally, a 
superconductor is deposited or grown epitaxially over some of the facets of the 
semiconducting wire and an external magnetic field is applied to drive the system 
into the topological regime. Even though zero bias anomalies are routinely detected 
in tunneling spectroscopy experiments that could, in principle, be compatible with the 
existence of Majoranas at the edges of the wire, their existence has not yet 
been irrefutably demonstrated. One of the main drawbacks of this platform is the 
need to subject the wire to strong magnetic fields that degrade the superconducting 
state of the parent superconductor and thus may close the induced gap before the 
topological transition. In the last couple of years, new nanowire configurations are 
being explored that could present some advantages in this regard with respect to 
previous designs. In this talk I will discuss hybrid nanowire devices that combine 
epitaxial superconductor and ferromagnetic insulator layers. These have been 
recently analyzed experimentally as an alternative platform for topological 
superconductivity at zero applied magnetic field. By means of comprehensive 
microscopic simulations, we demonstrate that a topological phase is indeed possible 
in realistic device geometries when the superconductor and magnetic insulator 
epitaxial layers overlap on some wire's facet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

Progress in realizing topological superconductivity in planar Josephson 
junctions 
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Topological superconductivity hosts exotic quasi-particle excitations including Majorana 
bound states which hold promise for fault-tolerant quantum computing. The theory predicts 
emergence of Majorana bound states is accompanied by a topological phase transition. We 
show experimentally in epitaxial Al/InAs Josephson junctions a transition between trivial and 
topological superconductivity. We observe a minimum of the critical current at the 
topological transition, indicating a closing and reopening of the superconducting gap induced 
in InAs, with increasing magnetic field. By embedding the Josephson junction in a phase-
sensitive loop geometry, we measure a π-jump in the superconducting phase across the 
junction when the system is driven through the topological transition. We discuss the next 
steps toward fusing two pair of Majoranas. These findings reveal a versatile two-dimensional 
platform for scalable topological quantum computing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

 Evidence for interlayer exciton condensates in natural bilayer WSe2 
 

Qianhui Shi  
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Exciton condensates (EC) are macroscopic coherent states arising from Bose-Einstein 
condensation of electron-hole pairs. The scarceness of EC in natural materials has motivated 
studies on EC in carefully engineered layered structures. In order to suppress the interlayer 
tunneling and preserve the excitons, an interlayer insulating barrier is usually incorporated 
into the structures, which, on the other hand, suppresses the interlayer Coulomb interactions 
and thus EC formation in a broader regime. Here, we show that bilayer WSe2 provides a 
natural platform for EC under perpendicular magnetic fields, with electrons and holes 
separated in the two layers. The interlayer tunneling here is suppressed due to the intrinsic 
properties of the material - the combination of strong spin-orbit coupling and the AB stacking 
order. Using capacitance spectroscopy, we demonstrate the formation of interlayer - 
correlated incompressible states across two partially filled LLs of the same orbital number, 
consistent with EC formation. An interlayer spacing as small as the lattice constant preserves 
strong interlayer Coulomb interactions and allows EC to persist in high LLs, with different 
properties than those previously observed in the lowest LLs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

Topology vs. interaction in fragile bands 
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Topological systems of non-interacting electrons may be forced by their topological nature 
to have a gapless spectrum. As two examples, Integer quantum Hall states and topological 
insulators must carry gapless edge states, which allow them to carry current. Whether 
interaction between the electrons may turn a gapless conductor into a fully gapped insulator 
depends on the case at hand, with a negative answer for the first example and a positive for 
the second. 

In this talk I will review these two examples, and then focus on bands of fragile topology. I 
will explain what fragile topology is as well as how and when it forbids a gapped spectrum 
at the non-interacting level. Then, I will show that interactions may be powerful enough to 
overcome the decree issued by topology, and explain how they do that. Finally, I will discuss 
relevance to twisted bi-layers of graphene.   
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Bound states in superconductors are expected to exhibit a spatially resolved electron-hole 
asymmetry which is the hallmark of their quantum nature. This asymmetry manifests as 
oscillations at the Fermi wavelength, which is usually tiny and thus washed out by thermal 
broadening or by scattering at defects. In this talk, we review our recent theoretical and 
experimental works showing that, when coupled to magnetic impurities, bound states in a 
vortex core exhibit an emergent axial electron-hole asymmetry on a much longer scale, set 
by the coherence length. We study vortices in 
2H-NbSe2 and in 2H-NbSe1.8S0.2 with magnetic impurities, characterizing these with 
detailed Hubbard-corrected density functional calculations. We find that the induced 
electron-hole imbalance depends on the band character of the superconducting 
material. Our works open interesting prospects for the study of coupled 
superconducting bound states. 

 
 
 



Majorana-induced DC Shapiro steps in topological Josephson junctions 
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The demonstration of the non-Abelian properties of Majorana bound states (MBS) is a crucial 
step toward topological quantum computing. We theoretically investigate how Majorana 
fusion rules manifest themselves in the current-voltage characteristics of a topological 
Josephson junction. The junction is built on U-shaped quantum spin Hall edges and hosts a 
Majorana qubit formed by four MBS. Owing to Majorana fusion rules, inter- and intra-edge 
couplings among adjacent MBS provide two orthogonal components in the rotation axis of 
the Majorana qubit. We show that the interplay of the dynamics of the superconductor phase 
difference and the Majorana qubit governs the Josephson effect. Strikingly, we identify 
sequential jumps of the voltage across the junction with increasing DC current bias without 
external AC driving. Its role is replaced by the intrinsic Rabi oscillations of the Majorana 
qubit. This phenomenon, DC Shapiro steps, is a manifestation of the non-trivial fusion rules 
of MBS. 
 
 
  



Two-dimensional Topological Superconductivity 
 

Eunah Kim 
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One could envision different strategies for designing topological superconductivity. One 
strategy would be to restrict the phase space in the kinetic energy by manipulating the band 
structure. Another strategy would be to restrict the pairing interaction. I will our proposals 
following each of these strategies. For the band-structure manipulation, I will discuss the 
prediction of p-wave superconductivity in p-doped TMD's with intermediate interaction. I 
will also discuss the competition for the surface state among multiple topological orders in 
FeSeTe. For the strategy of manipulating pairing interaction, I will discuss our proposal of 
using a metal-quantum paramagnet heterostructure.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Engineering 2d topological superconductivity in hybrid magnet-
topological structures 
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I start by explaining theoretical ideas of engineering 2d superconductivity by magnetic 
superstructures fabricated on planar superconductors. Theoretically, these systems are 
predicted to host one of the richest known topological platforms with dozens of nontrivial 
states and high Chern numbers [1,2]. I will also explain recent experimental signatures of 
chiral superconductivity in 2d magnet-superconductor van der Waals heterostructures and 
their basic theoretical description [3]. 
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The study of magnetic impurities has received a recent resurgence of interest, fueled in part 
by possible sightings of topological superconductivity in chains of magnetic adatoms on 
superconducting substrates or the Majorana edge modes of two-dimensional topological 
superconductors. More than forty years ago, Berezinskii proposed that the pairing function 
can be odd under time exchange. It has been realized that odd-frequency pairing should 
appear in heterostructures made of a conventional s-wave superconductor and a ferromagnet 
which breaks time-reversal symmetry. Here, we will show experimental evidence of the 
existence of odd-ω pairing in the simplest hybrid system: a single magnetic impurity 
immersed in a conventional s-wave superconductor, a Pb/Si(111) monolayer. Using 
measurements of the  local electron density of states by STM, we show explicitly how the 
superconducting odd-ω pairing function can be extracted [1]. 
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Gate-defined Josephson junctions in magic-angle 
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Magic-angle twisted bilayer graphene (MATBG) has recently emerged as a versatile 
platform that combines metallic, superconducting, magnetic and insulating phases in a 
single crystal [1]. Although MATBG appears to be an ideal two-dimensional platform for 
gate-tunable superconductivity, progress towards practical implementations has been 
hindered by the need for well-defined gated regions. Here we use multilayer gate 
technology to create a device based on two distinct phases in adjustable regions of MATBG 
[2]. We electrostatically define the superconducting and insulating regions of a Josephson 
junction and observe tunable d.c. and a.c. Josephson effects. The ability to tune the 
superconducting state within a single material circumvents interface and fabrication 
challenges, which are common in multimaterial nanostructures. This work is an initial step 
towards devices where gate-defined correlated states are connected in single-crystal 
nanostructures. We envision applications in superconducting electronics and quantum 
information technology but also in more fundamental fields. Indeed, as an example, the 
high tunability of the material allows to tune a single device from a junction to a nanowire, 
two geometries especially suited for probing the topological aspects of superconductors. 
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Spin triplet superconductivity in uranium ditelluride 
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The correlated electron compound uranium ditelluride UTe2 hosts spin triplet 
superconductivity below a critical temperature of 1.6 K. The superconducting state is 
characterized by anisotropic and large upper critical field values, approximately 35 T along 
the crystallographic b-axis. Intriguingly, at still higher magnetic fields, up to 65 T, a reentrant 
superconducting phase is stabilized along a different direction. While the novelty of these 
behaviors is apparent, ongoing studies are directed at identifying the superconducting order 
parameter.  Experiments show that the low-field superconducting state has two components, 
spontaneously breaks time-reversal symmetry, and supports chiral surface states. 
 


