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1/2 QV, what is it?

® Vorticity €= orbital phase winding

® Multi-component super fluid allows fractional QV

® triplet superfluid ==p spin degree of freedom

» 1/2QV in3He - A: Salomaa and Volovik PRL 55, | 184 (1985)

Exotic vortices in Sr2Ru0O4, why and how Eun-Ah Kim b3



1/2 QV, what is it?

® Vorticity €= orbital phase winding

® Multi-component super fluid allows fractional QV

® triplet superfluid ==p spin degree of freedom

» 1/2QV in3He - A: Salomaa and Volovik PRL 55, | 184 (1985)
» 1/2QV requires rotation of d
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/2 QV in p+ip SC

® The gap matrix

® |/2 QV when d.=0i.e.,d = (cosa, sina, 0)
<€» 277 winding for only one spin component

<€» ;7 winding of order parameter phase ¢
+ 77 rotation of d vector

Ap=2r

-

hc/2e vortex hc/4e vortices
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Why? Exotic nature of 1/2 QV in p+ip

® Vortices of p+ip SF = zero modes bound at the core
Kopnin and Salomaa PRB 44, 9667 (1991)

® /ero modes are Majorana

» BdG qp’s ’V;L oy ij + v, %T(En) = Yi(—En)
» zero mode: 7/ (0) = 7;(0)
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=) non-Abelian statistics

Exotic vortices in Sr2Ru0O4, why and how Eun-Ah Kim b5



Why? Exotic nature of 1/2 QV in p+ip

® Vortices of p+ip SF = zero modes bound at the core
Kopnin and Salomaa PRB 44, 9667 (1991)

® Zero modes are Majorana

» BdG C|P’S %T = ij + vy, 'Yj(En) = vi(—En)
» zero mode: 7/ (0) = 7;(0)

® Majorana + vortex composite

=) non-Abelian statistics Ivanov, PRL 86, 2687(01)

Stern,Von Oppen, Mariani, PRB 70, 205338(04)
Stone and Chung, PRB 73, 014505(06)

Das Sarma, Tewari, Nayak, PRB 73,220502(06)
Tewari, Das Sarma, Lee, PRL 99, 137003(07)
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Why? Exotic nature of 1/2 QV in p+ip

® Vortices of p+ip SF = zero modes bound at the core
Kopnin and Salomaa PRB 44, 9667 (1991)

® /ero modes are Majorana

» BdG C|P’S %T = ij + vy, %T(En) = vi(—En)
» zero mode: 7/ (0) = 7;(0)

® Majorana + vortex composite

=P non-Abelian statistics Ivanov, PRL 86, 2687(01)

Stern,Von Oppen, Mariani, PRB 70, 205338(04)
Stone and Chung, PRB 73, 014505(06)

Das Sarma, Tewari, Nayak, PRB 73,220502(06)
Tewari, Das Sarma, Lee, PRL 99, 137003(07)

( 1/2 QVs:single Majorana zero mode )
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Dolocan et al, PRL (05), Bjorsson et al, PRB (05)
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Experiments?

® NIMR on 3He-A thin films: X Hakonen et al. Physica (89)

® Small angle neutron scattering; X Rriseman et al. Nature (98)

® Scanning SQUID imaging: X
Dolocan et al, PRL (05), Bjorsson et al, PRB (05)

® NMR in the presence of H L ab

Mi

» d// ab:for H. {1t} 200 G, Murakawa et al, PRL (04)
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d -vector flipping with field

e Spin dipole interaction =p d// L BIEEierik

® For large enough H, d_LL!

Exotic vortices in Sr2RuO4, why and how Eun-Ah Kim b/



Energetics

» / y \ / L1rinANh Kiny ‘f,.



Energetics

® Energy competition between full-QV and 1/2-QV

Eun-Ah Kinr bH8



Energetics

® Energy competition between full-QV and 1/2-QV

» Reducing vorticity saves magnetic energy




Energetics

® Energy competition between full-QV and [/2-QV

» Reducing vorticity saves magnetic energy
» d-vector bending costs energy

Exotic vortices in Sr2Ru0O4, why and how Eun-Ah Kim p8



Energetics

® Energy competition between full-QV and [/2-QV

» Reducing vorticity saves magnetic energy
» d-vector bending costs energy

® Gradient free energy when d_LL (London limit)

1/ h\° % \?2 1
.f§r2d=..—(—) Ps (ﬂcﬁ)—iA) +psp (Via)?| +=——(V x A)?

2 8

2m
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Energetics

® Energy competition between full-QV and [/2-QV

» Reducing vorticity saves magnetic energy
» d-vector bending costs energy

® Gradient free energy when d_LL (London limit)

1/ h\° % \2 |
.f§r2d=..—<—) Ps (vm—%@ +psp (Via)?| +—(V x A)?

2 8

2m

® Spin current energy diverges logarithmically!
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Energetics

® Energy competition between full-QV and [/2-QV

» Reducing vorticity saves magnetic energy
» d-vector bending costs energy

® Gradient free energy when d_LL (London limit)

1/ h\° % \2 |
.f§r2d=..—<—) Ps (vm—%@ +psp (Via)?| +—(V x A)?

2 8

2m

® Spin current energy diverges logarithmically!

Sigrist &Ueda RMP, 63,239 (1991)
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