Random-matrix theory

IV. Andreev reflection & topological
superconductors



specular reflection | Andreev reflection

o energy conservation: Yes Yes
® momentum conservation: No Yes
° charge conservation: Yes No
_ phase shift: @ —m/2

_ spin band switched: No  Yes



scattering matrices

-~
G
C- .
h
Nl
C; i«
c; «

normal scattering: Sy (e) = (S(Oe) *(O €)>
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Andreev reflection: S — (_Ol —()1)
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multiple Andreev reflections
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at the Fermi level (€=0), zero magnetic field
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Andreev conductance
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what is the conductance of
a disordered NS junction?
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withoutphase. Gns(L) & 2Gn (21
coherence — Gpn(L)
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UCE In'an NS junction
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Var Gns = 4 Var Gy for p =1



Andreev conductance is not a
linear statistic for =2

s = 220 () & g hagi () s PP e
A oy 8=

Gns depends on eigenvectors as well as
on eigenvalues

result: Var Gys = 22(e?/h)? = 8 Var Gy
%2.13



gold wire + niobium contact

Var Gns ~ 7.8 Var Gy



Topological superconductors

spin-singlet (s-wave) superconductor:
SHhLE) — sZe(—e) Shel€) = —Son(—¢€)
spin-triplet (p-wave) superconductor:

Shh(e) = sZe(—e) Saalz) = Szh(—ﬁ)

no MINUSs sign because
Andreey reflection without
switch of spin band



circular ensemble

S — usu’ U = %(1 1-)

iLa 1

change of basis (e + h)
S*(—e) = S(¢)
S IS a real orthogonal matrix at €=0

circular real ensemble (CRE)



topological quantum numier

real orthogonal matrix has
determinant & |

Det S = 1:topologically trivial
(connected to unit matrix)

Det S =-1:topologically nontrivial
(disconnected from unit matrix)



p-th cumulant

independent of
Det S it p<N

2NX2N scattering matrix in CRE, with
or



