4t International Symposium on

Energy Challenges & Mechanics
\ - working on small scales
s 11-13 August 2015
’ Aberdeen, Scotland, UK
Non-centrosymmetric Superconductors
Sungkit Yip!*
YInstitute of Physics, Academia Sinica, Taipei 115, Taiwan

Accepted for publication on 27" February 2015

The unusual physics of non-centrosymmetric superconductors is introduced. Non-centrosymmetric
systems are those where spatial inversion symmetry is absent. Usually, superconductors are
describable by the Bardeen, Cooper, Schrieffer theory. They consist of Cooper pairs with their spin
part being singlet and the orbital part being s-wave. On the other hand, in non-centrosymmetric
superconductors, the Cooper pairs are neither spin singlets nor triplets, and the orbital parts are
neither s- nor p-wave. Contrary to what one might believe, non-centrosymmetric superconductors
are actually very common and examples would be given.

We explain how the unusual properties of these superconductors can arise provided the relevant
materials have strong spin-orbit coupling. Strong spin-orbit coupling gives rise to spin-splitting of
the Fermi surface, and the gap magnitudes on these Fermi surfaces are also in general unequal.
Either one would be sufficient to generate the following exotic properties. Magneto-electric
couplings, e.g., the coupling between magnetic field and electric current, occur naturally due to the
lack of inversion symmetry. For example, in a two-dimensional system, an in-plane Zeeman field
can induce and therefore control a supercurrent in the perpendicular direction. In general,
dissipationless spin-supercurrents can also arise, in particular near sample boundaries. These spin-
currents may have applications to the field of spintronics. We explain how these boundary spin-
currents are related to what have been recent discussed in topological insulators, a type of materials
also currently being hotly pursued in spintronics. Non-centrosymmetric superconductors can also
fall into distinct topological classes, as for topological insulators versus trivial band insulators, but
spin supercurrents can exist in either class of non-centrosymmetric superconductors.

We provide examples of bulk materials where the above exotic properties can be realized. We
discuss other candidates such as superconducting films deposited on materials with strong spin-orbit
couplings, superconducting artificial superlattices, and superconductivity at interfaces.

Keywords: non-centrosymmetric superconductors, spin-currents



4t International Symposium on

Energy Challenges & Mechanlcs

( - working on small scales
11-13 August 2015
Aberdeen, Scotland, UK

REIR PR AR 55 7722 H Bt it i B ARAR

John Smith'", =2, Z=Jy3

1School of Engineering, University of Aberdeen, Aberdeen AB24 3UE, UK
2Department of Mechanical Science and Engineering, University of Illinois at Urbana-Champaign,
Urbana, IL 61801, USA

S tf1[F7] JLiyEEA TR # &, 5100084

AR RE T T E AN HRGE Y, BRI AR, UREEMEE R PTAE AL, FA
HEATEL AL . MEE SR A S O G . ARSI E X, B TR. X
TRANBUK BB AN S P TR IR 745, A5 8O RE

i EORE LA SO0 IR & SCEE B SEaUR e oe s, i A m s vh SO A mT . A
] LR S0 i SO0E CEIE) JEACH2E, W AW RIS SCRRAS, AT S e S 2
(AR SCRI I o AESESCRRAS (A 28, SR B LA JiAE 250 21 350 2 1]

W E R TS - AT S TR A ml A AU 2 K RAE S WM L .
REIA: B MR 95 R (e 5 AN SREERD



