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Spin-orbit coupling
* Orbital motion of electrons == effective magnetic fields
* Spins of electrons interact with those fields:
H=ML-8
A - spin-orbit coupling constant
* Main effect in atoms:

» Shifts of spectral lines
+ Splittings of spectral lines (fine structure)
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Spin-orbit coupling
* Orbital motion of electrons == effective magnetic fields
* Spins of electrons interact with those fields:
H=ML-8
A - spin-orbit coupling constant

* Main effect in atoms:
» Shifts of spectral lines

+ Splittings of spectral lines (fine structure) J ‘
* In solids == Rashba effect (Rashba SO) \ \ / / k
=N xp) N
momentum-dependent splitting of spin bands

plays key role in topological phenomena
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A. Manchon et al., Nature Materials 14, 871 (2015)
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Friedel oscillations

* 3D metal + localised imp. = oscillations in local density of states

cos 2k pr e

dOp(r) ~ 3 T =

» Appear in many different systems (3D, 2D, 1D, graphene, etc.)
* Observed using STM
+E

Single impurity -
on surface
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* Cooper pairs

* Spin number: singlet (S = 0) and triplet (5= 1)

* Orbital number: L=0,1, 2, ...

+ Wave function of fermions must be asymmetric (Pauli principle)
(-1t (-1)7! =-1
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Superconductivity
* Cooper pairs
* Spin number: singlet (5 = 0) and triplet (5= 1)
* Orbital number: L=0, 1, 2, ...
+ Wave function of fermions must be asymmetric (Pauli principle)
(1)L (1) =-1
* Two possibilities for the wave function of the pair:

* symmetric orbital part x asymmetric spin part:
s-wave (L=0,5=0), d-wave (L=2, 5=0), etc

+ asymmetric orbital part x symmetric spin part:
p-wave (L=1,5=1), f-wave (L=3,S5=1), etc
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Superconductivity
* s-wave (L=0,5=0)

* BAG Hamiltonian in Nambu basis {r.'T. Py, sI — o]

Wep = o0 Aoy (, D
A ;f — -_) — - — (_ﬁfa‘
Aso0 —&,00 P om

0, acts in spin space as a 2x2 identity matrix

A, is the superconducting pairing amplitude
(mean field approximation)
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Shiba states

* 3D,2D superconductor + localised magnetic impurity = Shiba states
* Mechanism: Cooper pair breaking

1 — o?
E, == ~Ag
11 1+a2

1T

a=mvJ and v = 3=
T

3D: A. Yazdani et al., Science 275, 1767 (1997)
2D: G. Ménard and et al.,, Nature Physics 11, 1013 (2015)
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Model and motivation

Nambu basis {f.'T. Yy, rI —e.*I}

H _ ;;:U() A.‘.-O-U + ’\ (])yo-.r - P.I'Uy) 0 o J T 0 ()‘(_r)
Asg() _‘LIJUI) 0 —A ([)HCT_,- o [).r'o-y) 0 J T

N > L. o A -

W

e '
‘H,H'( Y ’HH( ) JH“,.I,

Before: non-polarised local density of states
Impurity spin J

What can we learn from spin-polarised
local density of states? /
2D superconductor

X
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Methods: analytical

Schrodinger equation: [Hgo + Hso + Vo(r)| ®(r) = Ed(r)
Green’s function: G(_) — ( E+i0— Hgo — HS(_'))_]

Shiba state energies:  [[4 — VGo(E.r = 0)] $(0) =0

l

L, ®(0)

l

Shiba wave functions: ®(r) = Go(E,r)V$(0)
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* Definition on a square lattice: §, = ¢ — 2t(cos p, + cosp,)

u — chemical potential, t — hopping parameter
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irsa:

Methods: numerical

* Definition on a square lattice: &, = 1t — 2t(cos p, + cospy)

u — chemical potential, t — hopping parameter

* T-matrix definition and properties

* Poles of the T-matrix === energies of Shiba states
* T-matrix == perturbed Green’s function
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Methods: numerical

Definitions of local density of states

—_—

»ﬂUlE):*—ﬁhfﬁ%Huufqpl gn(E.q.p)]

Sy, E) =—-5 (;,?y l912(E.q,p) — g (E,q,p)] [~ Spin-polarised
S.p.E) =5 [ gazlon(E.a,p) — 922(F,q.p)] _

p(p.E) = =5 [ alon(E.q.p) + g22(E.q. p))

where
g/g(E.q.p) = Go(E.q)T(E)Go(E.p+q) £ Gy(E.p+q)I™(E)GHE.q)
G, is the unperturbed Green’s function
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Spin-polarised local density of states

z-impurity X-impurity
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Spin-polarised LDOS: analytics
() — 2 1 e COS O (TV‘E cos (2p%r — 21/° (}2 Sin pyr
Se(r) = +.J; (l—+— “2) ; S (O, X {Z e S (2p% 0) + 2v°——sin py }

‘f‘“[)!"’ —

a
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Comparison to the metallic phase
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* Spin-polarised local density of states gives a direct access to
the spin-orbit coupling constant

«  We suggest to use the spin-polarised STM, which becomes
more and more accessible (Weizmann, Princeton, etc)
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