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Mixing	of	e-h

Topological	Insulators	and	Topological	Superconductors

Superconductors

Topological	superconductors	
have	Majorana surface	states

Insulators

Topological	insulators	have	
electronic surface	states



Bulk	examples	of	TSC:

V=5/2	FQHE	– Read	and	Green

Non Abelian particles – when exchanged 
wave function changes completely

e*=e/4. M. Heiblum et al, 2010
V. Venkatachalam, AY, Nature 2010

SrRu4O2
Y.	Maeno

Bulk	Topological	Superconductivity
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• Superconductor	– Ferromagnetic	junctions
See	review:	Matthias	Eschrig,	Phys.	Today	64(1),	43	(2011)
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Induced	FFLO	phase

Theory:
Buzdin 1982

Experiments:2001-2	
Ryazanov et	al;	
Golubov et	al;	Kontos
et	al	and		Palevski
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‘Conventional	Phases’
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spin	momentum	locking
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‘Conventional	Phases’

time

𝜓 𝑟#, 𝑟% ≠ 𝑒()𝜓 𝑟%, 𝑟#

Triplet	superconductivity:
Unconventional	superconductivity

Topological	Superconductivity:
Non	Abelian	Statistics -
Topological	quantum	computing
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Summing	over	all	trajectories
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p junction

Pure	triplet	pairing

Spin-Orbit	Dominated	Regime
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Zeeman	Only

𝐵 =	(0	T,	0	T,	0	T)

|↑↓⟩ − |↓↑⟩

All	pairs	acquire	momentum

𝑒9(∆567⃗|↑↓⟩ − 𝑒(∆567⃗|↓↑⟩

Resembles	S-F-S	
Junctions	– tunable

‘Induced’	- FFLO

𝑥#

𝑥%

𝐵B

Dind=Cos(∆𝐾 6 𝑋2 − 𝑋1 )|𝑆⟩+iSin(∆𝐾 6 𝑋2 − 𝑋1 )|𝑇0⟩



Rashba	vs	Zeeman
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p phase	shift	and	p junction



p phase	shift	and	p junction



∆ 𝑥% 𝑖𝑛𝑑 = ∫ 𝑑𝑥#	[𝜆# 𝑥# 𝐹P 𝑥#, 𝑥%	 ]
R/%
9R/%

Dind=Cos(∆𝐾 6 𝑊)|𝑆⟩+iSin(∆𝐾 6 𝑊)|𝑇0⟩

Rashba	dominated Zeeman	Dominated

Decay	independent	of	B

Induced	FFLO

Rashba	vs	Zeeman



Topological	transition	only	governed	by	Kx=0

New	Theoretical	Insight

• Narrow	junction
• Neglect	normal	reflections

• Topological	superconductor

F.	Pientka,	AY,	et	al	arXiv 2016



Topological	transition	only	governed	by	Kx=0

Topological	Switch

F.	Pientka,	AY,	et	al	arXiv 2016



𝐵T/Δ 𝐵T/Δ

Gap	obtained	numerically	using	scattering	matrix	approach,		Δ = #
VWX⁄

𝝓 = 𝝅𝝁/𝚫 =20

Gap	closing	lines

Gap	of	order	Δ in	the	
topological	region!

Size	of	the	gap	is	
insensitive	to	𝜇!

Magnitude	of	the	Gap



Self	Tuning	into	Topological	Phase

QSH
regime

p junctionp junction

First	order	
topological	phase	

transition

F.	Pientka,	AY,	et	al	arXiv 2016



Search	for	Majorana End	States



•

Planar Josephson junction devices with tunnel probes

Flux control – ‘a Topology Switch’ 

Tunneling	Spectroscopy	



Pientka, et. al. Arxiv:1609.09482.

Local	Density	of	States	
Measurement	and	Calculation



Outlook:

• Can	we	use	this	measurement	
approach	to	determine	the	presence	
of	p-type	order?

• Can	we	determine	what	is	the	
underlying	p-type	order	(T+,	T-,	To)?
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