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outline:

o material classes of novel superconductors

e unconventional superconductivity — Cooper pairing symmetry
e chiral superconductors — topological phase

o key symmetries: time reversal and inversion
e non-centrosymmetric superconductors — artificially structured systems
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Evolution of critical temperature in superconductors
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Novel superconductors

How to find new superconductors with high T_7?

Matthias’ rules: trivialized

1.high crystal symmetry
2.high density of states
3.stay away from oxygen
4.stay away from magnetism
5.stay away from insulators
6.stay away from theorists

Bernd T. Matthias (1918-1980)



Novel superconductors

Heavy Fermion lIron-based superconductors
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Novel superconductors

Cuprate high-temperature superconductors
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Novel superconductors

Cuprate high-temperature superconductors
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Novel superconductors

High pressure phases: “metallic H”
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Conventional vs Unconventional Superconductivity

BCS concept and Cooper pairing



Superconductivity - BCS concept

Bardeen Cooper Schrieffer  5ttractive electron-electron interaction

superconductivity - electrons of opposite momenta correlate to form
Fermi surface instability a coherent state of Cooper pairs
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Superconductivity - BCS concept

Bardeen Cooper Schrieffer  5ttractive electron-electron interaction

superconductivity - electrons of opposite momenta correlate to form
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Superconductivity - BCS concept

Bardeen Cooper Schrieffer  5ttractive electron-electron interaction

superconductivity - electrons of opposite momenta correlate to form
Fermi surface instability a coherent state of Cooper pairs
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Superconductivity - symmetry properties

Pauli exclusion principle - Fermion exchange
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Superconductivity - symmetry properties

. attractive pairing interaction
conventional superconductors
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Chiral superconductor

example of a
topological superconductor




Chiral superconductors

Unconventional superconductors with quasi-2D electronic properties

Sr,RuQ, SrPtAs

Sr

Nishikubo, Kudo & Nohara (2011) hexagonal

tetragonal
Maeno et al (1994) T. ~ 24K

T.~ 15K



Chiral superconductors

Unconventional superconductors with quasi-2D electronic properties

Sr,RuQ, SrPtAs
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Chiral p-wave phase

Cooper pair wave function
odd parity spin triplet
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Chiral p-wave phase — symmetry and magnetism

\Ij(k) — np(k:c + Zky)Xt(la O) — nOkekat(lv O)
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Chiral p-wave phase — symmetry and magnetism

magnetization
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Chiral p-wave phase — symmetry and magnetism

magnetization
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Chiral p-wave phase — chiral edge states

bulk edge correspondence

scattering at surface == subgab bound states

Andreev reflection
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Chiral p-wave phase — chiral edge states

bulk edge correspondence

scattering at surface == subgab bound states
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Chiral p-wave phase — chiral edge states

chiral edge state edge state quasi-particle current
subgap quasiparticle state .
electron-hole superposition charge not conserved == surface supercurrent not universal
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Chiral d-wave phase

Cooper pair wave function topological superconductor
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Chiral superconductors

Unconventional superconductors with quasi-2D electronic properties

Sr,RuQ, SrPtAs
==
chiral p-wave state & chiral d-wave state
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Key symmetries

non-centrosymmetric
superconductores



Superconductivity - key symmetries
time reversal and inversion symmetry
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Superconductivity - key symmetries

Anderson’s Theorem
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Superconductivity - key symmetries

time reversal and inversion symmetry
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Superconductivity - key symmetries

time reversal and inversion symmetry
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Superconductivity - key symmetries

time reversal and inversion symmetry
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Superconductivity - non-centrosymmetric superconductors
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Superconductivity - non-centrosymmetric superconductors

robustness against magnetic fields

depairing mechanisms
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Superconductivity - helical phase

magneto-electric effect
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Superconductivity - artificial non-centrosymmetricity

superconductivity at interface LaAlO; / SrTiO,
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Superconductivity - artificial non-centrosymmetricity

superconductivity in superlattices CeColn</YbColn.

CeColng model system (Ce,Yb)=(3,5)
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Superconductivity - design of topological pairing

generating Majorana Fermions in nanowires

edge state at ends of nanowire
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proximity induced odd-parity superconductivity in nanowire
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theoretical proposal: Oreg, Refael & von Oppen quantum Computatlon



Conclusion

unconventional superconductors |7

Thermal phase transition
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