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intrinsic magnetism  in Sr2RuO4 ? 

random	local	magnetism	

Luke et al  
     (1998) 

µSR - zero-field relaxtion

''edge	currents''	around	
				inhomogeneities	&	defects	

muon-spin	depolarization	

intrinsic	magnetism	

edge	state	currents	
scanning	probes	at	mesoscopic	discs	
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disc	

Mackenzie	group	(2014)	

R ⇡ 5µm

scanning	
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edge	states	for	the	chiral	p-wave	state	

Sr2RuO4			-		edge	state	spectrum	

scattering	of	quasiparticles	at	the	surface	
solution	of	Bogolyubov-de	Gennes	equations	

subgap	bound	states	(close	orbits	in	particle-hole	space)		
“Andreev	reflection”	
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edge	states	for	the	chiral	p-wave	state	

Sr2RuO4			-		bulk	and	edge	spectrum	

scattering	of	quasiparticles	at	the	surface	
solution	of	Bogolyubov-de	Gennes	equations	

subgap	bound	states	(close	orbits	in	particle-hole	space)		

Bohr-Sommerfeld	quantization	
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			 Sr2RuO4			-		bulk	and	edge	spectrum	
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Are	edge	currents	a	unique	topological	property?	
lattice	version	of	chiral	p-wave	superconductor	(tight-binding):	

⇠~k = �2t(cos kxa+ cos kya) + ....� ✏F

zeros	of		�~k

+1-winding	

-1-winding	

Chern	numbers	kx
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1st	Brillouin	zone	

N = +1

�~k = �0(sin kxa+ i sin kya)

Topology	and	edge	currents	
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Topology			-			thermal	Hall	effect	

“Spontaneous”	Righi-Leduc	effect	

chiral	QP	edge	states	 T1	

heat	current	

chiral	QP	edge	states	 T2	
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Lishitz-transition	
										(	topological	transition)	

property	of	the		
(subgap)	quasiparticles	
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Topology	and	edge	currents			-		a	further	twist	
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Topology	and	edge	currents			-		a	further	twist	
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new	zero-energy	
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no	change	in	Chern	number			
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Topology	and	edge	currents			-		a	further	twist	
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circular	supercurrent	 non-circular	supercurrent	
A.	Bouhon	



Ginzburg-Landau	approach		-			chiral	p-wave	
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length	scales	for	amplitude	modulations	for	the	
		two	order	parameter	components		
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Ginzburg-Landau	approach		-			chiral	p-wave	
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Ginzburg-Landau	approach		-			edge	currents	
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Ginzburg-Landau	approach		-			edge	currents	
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Ginzburg-Landau	approach		-			edge	currents	
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		-band	is	most	likely	dominant	
and	crosses	Umklapp	diamond	
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Disk	shaped	sample	
	
	



Ginzburg-Landau	approach		-			edge	currents	

disk	shaped	sample	 S.	Etter	

current	and	flux	pattern	for	all	surface	orientations	
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Bz(r, ✓)

Ginzburg-Landau	approach		-			edge	currents	

boundary	conditions	
specular	 pair	breaking	 diffuse	
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scanning	anisotropy	and	boundary	conditions	
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Ginzburg-Landau	approach		-			edge	currents	

boundary	conditions	
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maximal	fluxes			
Furusaki,	Matsumoto	&	MS	
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Ginzburg-Landau	approach		-			edge	currents	

boundary	conditions	
specular	
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scanning	anisotropy	and	boundary	conditions	

net	flux	in	disk	vanishes	
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Chiral	domains	and	domain	walls				-				chiral	p-wave		

chiral	p-wave	state	
discrete	degeneracy			2	

2	types	of	domains	

in-plane	domain	walls	
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y	
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Type	1	 Type	2	

phase	switch	~	0	 phase	switch	~	π
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Chiral	domains	and	domain	walls				-				chiral	p-wave		

“parabolic	band	
rotation	symmetric”	

γ-band	like	
Fermi	surface	in	BZ	
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+	 -	
s-wave	
SC	

“parabolic	band	
rotation	symmetric”	

γ-band	like	
Fermi	surface	in	BZ	

π - loop

Chiral	domains	and	domain	walls				-				chiral	p-wave		

x	

y	

Jy / Im(⌘⇤s (n⇥ ⌘)z) = |⌘s||⌘x| sin(�s � �x)

Josephson	coupling	

conservation	of	total	angular	momentum										
											coupling	with	the	x-component	 �x ⇡changes	by	

through	the	domain	wall	

intrinsic	phase	twist	



+	 -	
s-wave	
SC	

“parabolic	band	
rotation	symmetric”	

γ-band	like	
Fermi	surface	in	BZ	narrow	s-p-junctions	

Sr2RuO4-Cu-PbIn	

Bahr	&	van	Harlingen	

PbIn	

500 nm	Sr2RuO4	

π - loop

interference	pattern	

Chiral	domains	and	domain	walls				-				chiral	p-wave		
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extended	interface			
											many	domains	

van	Harlingen	group		
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SC	

“parabolic	band	
rotation	symmetric”	

γ-band	like	
Fermi	surface	in	BZ	
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Chiral	domains	and	domain	walls				-				chiral	p-wave		

+	 -	
s-wave	
SC	

extended	interface			
											many	domains	

van	Harlingen	group		

irregular	–	history	dependent	interference		

I(H) = max�

Z
dx jc sin

✓
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2⇡Hd
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x

◆�
Interference	pattern	in	a	magnetic	field	



Conclusions	

edge	currents	“invisible”	
•  supercurrents	are	not	universal	
•  vanishing	would	be	however	accidential	

•  note:	quantum	thermal	Hall	effect	universal	

domain	walls	
•  defects	of	condensate							history	dependence		
•  visible	through	interference	effects	

see	also		C.	Kallin	group	


