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I.  The 2018 Excitement

The Recent Majorana Saga/Retraction

Background

The Majorana “Recipe”

Observation of Quantized Majorana States

II.  The 2021 Retraction

Questions
Observation of Almost Quantized Non-Majorana States

What’s Next ??
A Revised Approach to the 2018 Data



Kitaev Toy Model
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A.Y. Kitaev, Unpaired Majorana Fermions in Quantum Wires, Physics
Uspekhi (2001)

Majoranas on same sites are coupled
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Kitaev Toy Model
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A.Y. Kitaev, Unpaired Majorana Fermions in Quantum Wires, Physics
Uspekhi (2001)

Tunnel coupling pairs Majoranas on different sites

Need Odd Number of Chains !!



Majorana Recipe
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Lutchyn, Sau, Das Sarma, PRL (2010)
Oreg, Rafael, von Oppen, PRL (2010)

1.  One-Dimensional Wire

2.  Spin-Orbit Interaction

3.  Superconductivity

4.  Magnetism (Field or Ferromagnetism)

Topological Superconductor !!
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Maps Onto
Kitaev Toy Model
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Topology:  A Geometric Property that Cannot
be Changed by Continuous Deformations

Requires Topological Phase Transition
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How to Detect these Majoranas?

Chargeless ! Spinless ! Massless !  
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(Conventional Superconductor)

Andreev Reflection

V

Andreev Transport
Spectrum is

a Probe of the
Superconducting Gap
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Majorana Resonance

Tunnel Andreev Spectroscopy

Majorana leads to Quantized Conductance !!
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 18
V. Mourik et al. Science (2012)

T = 60 mK
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Zero-Bias Peak  Majorana Bound State   ??  

Widespread in mesoscopic systems

Lots of possibilities for sub gap
states of non-topological origin

(disorder, imperfect superconductor…)

Necessary but insufficient condition….
quantization  ??

(Finite T, finite wire length, tunneling into
non-Majorana states and disorder could be important)
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Questions ??
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What about the other end of the wire ??

Parameter Regime ??

Is it possible to get this
result without topology ??

Correlation between gap in the nanowire
and the ZBPs at both ends ??
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Zero-Bias Peaks Evolve
with Tunnel Barrier Strength

and Magnetic Field
in Manner Consistent
with Expectation for

Majorana Modes
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 28(March 9, 2021 on arXiv)
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What’s Next   ??

Avoid confirmation bias !!

Non-local conductance measurements
crucial

Local spectroscopic measurements
insufficient

Still need better ways of distinguishing
topological and non-topological zero-bias modes

Lots to do……


