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Topological superconductor

topological SC non-topological phase

topological invariant topological invariant
non zero zero

topological invariant :

defined in gapped systems gapless edge state = Andreev bound state
BdG Hamiltonian N

k) = (€0) AWK -
H(k) = (A*(k) —((’”))

. . Er
H(k)|us(k)) = Er(k)|lus(k))
_
Berry connection v 0
. L s-wave SC,
A(k) = —i{u_(k)|Vi|u—(k)) insvtjlafor

1 [ 4
Chern number v = — [ dk[V x A(k)].
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Nodal topological superconductor

k., =10 N(ky, E)/Ng

R

SHe-A

consmn‘r.

A(k) = Ag(ky + iky)

= Age'%* sin Oy 0.8
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2D chiral p-wave 0| 1
-0.4 0.
Chern number: v = 1 0.8} L
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f~wave, E1y planar state

Hpac (k) = (ﬁ(k) tupl o Alk)

AT (k) —e*(k) — ugH - 0'*) H ') = E?|u') <y H|u) = E|u)

one-fo-one correspondence

e(k) : reflection symmetry H | z
A(k) = id(k) - o0,
particle-hole symmetry
Hpac(k) = —CHpac(—k)C™'

magnetic reflection symmetry
Hpac(k) = (T'M,)Hpac(—kz, ky, —k;_,)(Tﬂ-Iy)_l

“chiral” symmetry

[ = eXCTM,, T2 = 1
{I', Heag (kz, by = 0,k2 )} = {1, H} =0

D, H*] =0

Pluly) = )

1
w(k,) = ——

') = ¢"Hlu’)

pairs for finite energy state

1D winding number
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Vortex bound state
BdG equation

/d'rg ( €(ry. o) A(rl,r-z))) wy(r2) = Eyuy (1)

'—AT(T]_,TQ) —6*(7'1,7‘2

ﬁ'2 ) )
e(ry,r2) = 4d(ry — Tz)%(—v' — ki)

A(r) = A(p)e'?
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v = (l,q) 1:angular momentum ¢ = k.

spin degenerate FE, = —lw, w,~ A/E}
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Self-energy

Dyson equation

G(r.rv',w,) = G(U)(r,r’,wn)+/ dr, /(l'r-gG(U)(r,rl,w,,)E(rl,rg,w,,,)G(rg,'r',w,,,)

; ul (v
,(0) Py T Uy (7)u), (7')
GV (r, v wn) - E, —iw,
Fll
2(7‘1, 7’2,0.)") = - f('rl - 7'2)(;(7’157'2-. w'n.)
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DOS 'y ¢ impurity scattering rate
) 1
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S > Im : =) [N](w) + N}(w)]
T v,spin w—E, + bplll( ) + 07 v

" f(ry —7r2) =0(py — po)flz1 — 22)

neglecting continuum states
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Coherence factor
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DOS of vortex bound state
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NIW () = - ;Im

1
— B, + o)W (w) +i0* 'y =0.2714
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Summary

Topological invariants of nodal topological superconductors
defined in a particular momentum space are effectual
even with momentum transfers.

topology and symmetry wave function
of Hamiltonian of zero energy modes

chirality smemmemmsy coherence factor
w = +2

'}‘I((],q},(l’).q’} =0
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