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Confined topological superconductors host novel
chiral states
(Nanowerk Spotlight) Topological superconduc�vity is an interes�ng state of ma�er, partly
because it is associated with quasipar�cle excita�ons, which are Majorana fermions, i.e. par�cles
that are their own an�par�cles, obeying non-Abelian sta�s�cs and therefore being of prime
interest for topological quantum compu�ng.

A well-known example are chiral superconductors with p ±ip -wave pairing of electrons into a
condensate of Cooper pairs, the carriers of superconduc�vity.

p ±ip  pairing is so far verified in superfluid He, and is supported in stron�um ruthanate by
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tetragonal symmetry of the crystal, but there is an increasing number of emergent hybrid
systems with the same topological proper�es as a chiral p-wave superconductor.

A chiral superconductor is one in which Cooper pairs can rotate either clockwise or an�clockwise,
so that their orbital angular momenta align either upwards or downwards, corresponding to
p +ip  or p -ip  pairing, respec�vely.

The spontaneous choice of one direc�on over the other breaks �me-reversal symmetry, and the
degeneracy of the choice forms a fer�le ground for Majorana excita�ons.

In general, Majorana quasipar�cles are predicted to appear on edges of such a superconduc�ng
system and/or inside vor�ces – a localized whirlpool in the quantum fluid of Cooper pairs.

Therefore, a key property of the chiral p ±ip -wave state is its double degeneracy in the orbital
angular momenta.

Usually, the system chooses the angular momenta of Cooper pairs either upwards or
downwards, thus determining the chirality of the state. S�ll, coexistence of spa�ally separated
domains of different chirality is possible, at the cost of some interfacial energy to form chiral
domain wall – a topological defect en�rely different from the vortex.

Although the chiral superconduc�ng state seems probable in mul�ple systems of current
interest, chiral domains have never been observed directly. It should be specified however that
chiral domains are expected to be no more than a few microns in size, as the energy cost
associated with a chiral domain wall grows with its length.

For this reason, a team of researchers from the University of Antwerp in Belgium suggested to
consider mesoscopic samples, confined to the energe�cally favorable domain size, as a suitable
pla�orm to verify and poten�ally control the chiral domains.

"The idea is fairly straigh�orward, but leads to an en�rely novel phase diagram for confined chiral
superconductors in par�cular, and also for mesoscopic superconductors in general," says Prof.
Milorad Milosevic, the team leader.

As further specified by Dr. Lingfeng Zhang, the principal researcher on the project, the main
novelty is in the revealed states comprising mul�ple domain walls, here stabilized by the sample
boundary, with the number of segregated chiral domains increasing with an applied magne�c
field (as exemplified in the figure).

Top panel: Actual data for Cooper-pair density in a confined p-wave superconductor, showing
the evolu�on of the lowest-energy state with increasing size of the system, in absence of any
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magne�c field, through spa�al profiles of the strength of the superconduc�ng gap. Bo�om
panel: Same as top panel, but for the evolu�on of the lowest-energy state for mesoscopic
sample size as a func�on of magne�c field (B) applied out of plane. (Image: University of

Antwerp)

By tuning the confinement, temperature and magne�c field one can therefore control the
overlap/segrega�on of the chirali�es, as well as the length and the number of the domain walls.

Since the la�er act as unconven�onal Josephson junc�ons between domains of opposite
chirality, and recalling the suscep�bility of the system to Majorana excita�ons, these confined
topological superconductors may find applica�ons in both first and second genera�on of
quantum tech.

The Antwerp team reported on these findings in the American Physical Society's noted journal
The Physical Review B ("ARTTopological phase transi�ons in small mesoscopic chiral p-wave
superconductorsIKEL").

Provided by the University of Antwerp as a Nanowerk exclusive
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