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Chiral superconductors

Chiral superconductors - candidates
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Chiral superconductors

Chiral superconductors - candidates
U Pt3 hexagonal SrPtAs
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® focus on Sr,RuQ, as a chiral p-wave SC

® edge states and edge currents in a chiral p-wave SC

® chiral domains
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T ~ 15K possible odd-parity spin-triplet states
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Sr,RuO, - chiral p-wave superconductor
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* multi-component
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* phase-sensitive SQUID B-phase helical phase



Sr,RuO, - chiral p-wave superconductor
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intrinsic magnetism

in Sr,RuQ, ?

random local magnetism edge state currents

"edge currents' around
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Sr,RuO, - edge state spectrum

edge states for the chiral p-wave state

scattering of quasiparticles at the surface

solution of Bogolyubov-de Gennes equations
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Sr,RuO, - edge state spectrum

edge states for the chiral p-wave state
scattering of quasiparticles at the surface
solution of Bogolyubov-de Gennes equations
mm=) subgap bound states (close orbits in particle-hole space)
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Sr,RuO, - bulk and edge spectrum

edge states for the chiral p-wave state
scattering of quasiparticles at the surface
solution of Bogolyubov-de Gennes equations
mm=) subgap bound states (close orbits in particle-hole space)

“Andreev reflection”
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Sr,RuO, - bulk and edge spectrum
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Topology and edge currents

Are edge currents a unique topological property?

lattice version of chiral p-wave superconductor (tight-binding):
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Topology and edge currents

Are edge currents a unique topological property?

lattice version of chiral p-wave superconductor (tight-binding):
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Topology and edge currents
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Topology and edge currents
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Topology and edge currents
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Topology - thermal Hall effect

“Spontaneous” Righi-Leduc effect
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Topology - thermal Hall effect

“Spontaneous” Righi-Leduc effect

Chern number
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Topology and edge currents - a further twist

particle-hole symmetry
Ay = Ag(sinkza + isinkya) L > \E
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Topology and edge currents - a further twist

particle-hole symmetry
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Topology and edge currents - a further twist

particle-hole symmetry
Ay = Ag(sinkza + isinkya) L > \E
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Topology and edge currents - a further twist

particle-hole symmetry
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Topology and edge currents - a further twist

current reversal
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Topology and edge currents - a further twist

current reversal

I A. Bouhon

circular supercurrent non-circular supercurrent




Ginzburg-Landau approach - chiral p-wave

order parameter:  d(k) = 2n -k = 2(n.ke + nyky)
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Ginzburg-Landau approach - chiral p-wave

order parameter:  d(k) = 2n -k = 2(ngk, + nyk,)

F = /dV {aln|* + bi|m|* + 52(77;2"75 + 773:77;2) + bs|ne|* |1y |

+ [K3(TLene )" (Iymy ) + Ka(Meny )™ (Iyn.) + c.c.]

+K5|ILn)° +(V x A)/8r} and II= EV + %A

(4 C

length scales for amplitude modulations for the
two order parameter components



Ginzburg-Landau approach - chiral p-wave

order parameter:  d(k) = 2n -k = 2(n.ke + nyky)
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edge currents for chiral phase



Ginzburg-Landau approach - chiral p-wave

order parameter:  d(k) = 2n -k = 2(ngk, + nyk,)
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cylindrically symmetric bands
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Ginzburg-Landau approach - edge currents

K1‘Hx77x‘2 - K2|Hx77y|2

length scales of order parameter components
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Ginzburg-Landau approach - edge currents
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Ginzburg-Landau approach - edge currents
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7Y-band is most likely dominant
and crosses Umklapp diamond






Ginzburg-Landau approach - edge currents

disk shaped sample S. Etter

current and flux pattern for all surface orientations
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Ginzburg-Landau approach - edge currents

different boundary conditions

specular scattering

totally pair breaking

diffuse scattering
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scanning anisotropy and boundary conditions
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Chiral domains and domain walls - chiral p-wave

chiral p-wave state

\

AF = 20(ky + iky)
Ay = 20o(ky — iky)

discrete degeneracy 2

- |

2 types of domains
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Ak — nxka} nyky

in-plane domain walls
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Chiral domains and domain walls

- chiral p-wave

K> K,

ARNNE
N} Neyd

A

N

X

K1<K2

L1y

phase switch ~ 0

>
>

Ly

N

\J

phhse switch ~

“parabolic band
rotation symmetric”

y-band like
Fermi surface in BZ

B




Chiral domains and domain walls - chiral p-wave

Type 1 Type2 _
X x_,
7”/// N
s-wave -
SC - IO@witch ~0 phase switch ~ 7
“parabolic band y-band like
Josephson coupling rotation symmetric” Fermi surface in BZ
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conservation of total angular momentum

== coupling with the x-component ¢CB changes by 7T

through the domain wall

intrinsic phase twist



Chiral domains and domain walls - chiral p-wave
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Chiral domains and domain walls - chiral p-wave

Type 1 Type2 '
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“parabolic band y-band like

extended interface rotation symmetric” Fermi surface in BZ

many domains
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Chiral domains and domain walls - chiral p-wave
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Interference pattern in a magnetic field
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Conclusions

edge currents “invisible”

* supercurrents are not universal

* vanishing would be however accidential
see also C. Kallin group

 note: quantum thermal Hall effect universal

domain walls

 defects of condensate == history dependence
* visible through interference effects



