Unconventional pairing - disorder effect

sensitivity to non-magnetic impurities
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Experimental evidence for pairing symmetry Experimental evidence for pairing symmetry
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superconducting phases - analogy to *He

basic symmetries: p-wave pairing states: s

point group: D, tetragonal
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Spontaneous currents
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Quasiparticle states
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Quasiparticle tunneling in NS junctions
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Kerr effect

rotation of polarzation axis for reflected light
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Heavy Fermion superconductor CePt;Si

Superconductivity and magnetism
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Heavy Fermion superconductor CePtsSi

Superconductivity and magnetism
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Electronic states
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Non-centrosymmetric superconductors pairing symmetry
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Spin susceptibility & Rashba spin-orbit coupling
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Paramagnetic limiting
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Upper critical field and paramagnetic limiting
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Conclusion & Remarks

inversion key symmetry for Cooper pairing

without inversion symmetry = mixed-parity pairing

dominant unconventional component

rich phenomena and complex phenomenology

Intriguing novel features:
magnetoelectric phenomena connection to spintronics and
multiferroics  Edelstein, Mineev, Samokhin, Eschrig, Aoyama, ...
Josephson effect phase sensitive probes
Hayashi, Linder, Subdo, Borkje, Klam, ...
Coexistence of magnetism and superconductivity

at quantum critical points Yanase, Fujimoto, ...

Order parameter symmetry of unconventional superconductors
open order parameters

* Heavy Fermion superconductors * Organic superconductors
(TMTTF), (TMTSF),
likely spin triplet . (TMTSF),M Ask, PF, Br  PF, Clo,
UBeys, UPt;, .~ (M=PFy, SbFs, ) o Ll : -
UGe, , ZnZr, |, (BEDT-TTF),M ..
PrOs,Sb;, 2
— singlet or triplet @
likely spin singlet Pressure

mixed parity e
* Fe-oxypnictides
LaFeAsO, F, t= ‘

NdFeAsO,,F, se

SmFeAsO, F, W
CaFe,As,

BaFe,As, CT%'W\{/'

6 unconv. multi-band spin singlet ?

CeCu,Si,, Celn,,

CeMIn; (M=Co,Rh,Ir),
CePt,Si, CeRhSi,
UPd,Siy, ....

temperature (K

Order parameter symmetry of unconventional superconductors
|dentified order parameters
* High-T superconductors * Ruthenate  Sr,RuO,

gy =™

La,.Sr,Cu0,,YBa,Cu,;0;, ...

o
2

2D metallic analog to *He
spin triplet chiral p-wave

d(k) = 2k, £ ik,) 2D rep.

Deguchi & Maeno
spin singlet, d-wave pairing
Yk) =k’ - ky2 1D rep.

Conclusions and final remarks

* Superconductivity in strongly correlated electron systems likely unconventional
* strong Coulomb repulsion favors angular momentum /> 0
+ exotic pairing mechanisms in particular close to quantum critical points

* Unconventional order parameters give rise to new phenomena
+ quasi-particle properties, tunneling and Josephson effect
+ mixed phase, vortex matter, flux dynamics
* superconducting multi-phase diagrams
* magnetism and connection to competing phases
¢ disorder effects

— higher dimensional order parameters (Sr,RuQ,, (U,Th)Be,3, UPt,, ...) are
more interesting than one-dimensional ones (high-T,, superconductors, ...)

Many chapters on unconventional superconductivity are still
unwritten and new materials are discovered at an accelerating pace
(sample purity is mandatory ! ?)



