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One dimensional spinless superconductor
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Realization of the Kitaev model

l One dimensional system

l Strong spin-orbit coupling

l Magnetic field

l Superconductivity
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Experiments
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Quantum link between QDev in Denmark and QuTech in 

Holland

Research collaboration

What do you do when you have two of the leading giants in the

same research field? – compete with each other? – fight each

other? – no, you start collaborating. The Center for Quantum

Devices, QDev at the Niels Bohr Institute at the University of

Copenhagen and QuTech at Delft University of Technology in

Holland have therefore entered into an international partnership

in the research of quantum technologies. The collaboration will

be celebrated with an official ceremony with the attendence of

ministers from both countries and the Dutch royal couple.

Recent developments
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Other recent developments



Edge states: the Integer Quantum Hall Regime

Graphene

l 2D metal

l Excellent platform for QHE physics.

l Very weak spin-orbit coupling

l High degeneracy (spin and valley)

l No superconductivity
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Edge modes: theory
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Phase diagram of a Superconductor-graphene IQHE-Superconductor junction
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Superconductor-graphene junction: Fraunhofer oscillations



Recent experiments
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Natural topological superconductors: CuxBi2Se3



Undoped Bi2Se3, a three dimensional topological superconductor

Crystal structure Local density of 
states at a 111 
surface

𝐸𝐺 ≈ 0.3 eV

Theoretical model: 2 orbitals + spin orbit coupling, 4x4 hamiltonian,
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Anisotropic Dirac equation

Parabolic conduction band



Odd parity superconductivity in doped Bi2Cu3
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l Triplet superconductivity
l Invariant under time reversal
l Belongs to the DIII topological class
l Similar to the supefluid B phase of 3He

Other phases are possible



Surface Andreev bound states

Sketch of the Surface Andreev

bound states of a 3D slab

Surface states of a superfluid B-phase 3He sphere: 𝜖𝑗,𝑗𝑧 ≈ ±
4Δ𝑠𝑐 𝑗+

1

2

𝑘𝐹𝑅

Three dimensional systems, gapless surface Dirac modes

Two dimensional systems, gapless one dimensional edge modes

𝑑 < 𝜉

Width narrower
than the
coherence length



Majorana states in natural topological superconductors

Edge modes in a two dimensional disk.

Two gapless edge bands related by time 

reversal symmetry

A parallel magnetic field
hybridizes the edge
modes and opens a gap.
The sign of the gap
depends on the
perpendicular component
of the field.

The position of the Majorana states

depends on the orientation of the

applied field



Majorana states in two dimensional topological superconductors

Majorana states can be manipulated by
changing the direction of the applied
field

From V.-T. Phong, N. R. Walet, F. G., Phys. Rev. B 96, 060505(R) (2017)



l Superconducting stripe on top of a 2DEG. Width
smaller tan the coherence length.

l Spin polarized Integer Quantum Hall system. Two
conterpropagating edge modes.

l Spin-orbit coupling.

l Crossed Andreev reflection:  the edge channels acquire a gap.
l The sign of the gap depends on interference processes. It can have any value.

Two Majorana states are trapped
where the gap changes sign. A p

junction is created.

By coupling the p junction to a
quantum dot, the state of the
qubit can be manipulated.

arXiv:1708.08078



Non trivial one dimensional channels at boundaries of 2D materials

l Non trivial edge modes are possible at SC-graphene
interfaces, when graphene is in the Integer Quantum Hall regime.
l Majorana excitations can exist where edges with different
topological features meet.

l Combined 2DEG and superconducting stripe.
l Topological qbit manipulable by a quantum dot.

Crossed Andreev reflection in a 2DEG F. Finocchiaro, F. G., 
P. San-Jose
arXiv:1708.08078

l Gapped Surface Andreev states can exist in 2D topological
superconductors
l Novel ways of manipulating Majorana states are posible.

Majorana fermions in natural topological superconductors


