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RESEARCH WATCH

Majorana fermions - the
answer to Life, the Universe,

and Everything?

By Dario Borghino 8 Comments ()
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Bogoliubov quasiparticle

Yir = w(E)err +u(—E)ch, |

superposition of electron and hole
excitations in a superconductor

spinless bound state at zero
energy IS a Majorana fermion

Y — VT particle = antiparticle



bound states in a vortex core

En — Eo(n—|— 1/2)
electron-hole symmetry:

so Majorana fermion at E=0

however, zero-point motion prevents a
bound state at E=0

Fu & Kane (2008): use Berry phase of massless
electrons to eliminate the 2 phase shift



The breakthrough

Superconducting Proximity Effect and Majorana Fermions at the Surface of a

Topological Insulator
Phys. Rev. Lett. 100, 096407 — Published 6 March 2008

Liang Fu and C. L. Kane

S-wave superconductivity
+ spin-orbit coupling

— Majoranas bound to a defect
(vortex core, ends of nanowire)

NO exotic superconductivity needed
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X-shaped &
-shaped
resonance

profiles

not quite a
smoKing
gun for

Majoranas




'ake lviajoranas
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poles of the scattering matrix

orthogonal unitary
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poles of orthogonal scattering
matrix are pinned to E=0




InAs-Al Hybrid Devices Passing the Topological Gap Protocol
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the holy grail

Majorana braiding:
the pairwise exchange of
Majorana zero-modes uniquely

ead & Green (2000
NOW Can we

ove the

transforms the operators: ajoranas
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gquantum computation Kitaev (2003



