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Spin-Hall effect

J. Sinova et al. 2004: The case of no impurities

J. Inoue et al., 2004:
In the diffusive case, due to the vertex renormalization,

A
Oy =0

Other papers confirmed this result:
Mishchenko et al., Khaetskil,
Raimondi & Schwab, Dimitrova.

Our scope: improve the precision of the calculation.
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General relations

The Hamiltonian:

H_;_m+@( Py — 6°ps) + U(F),

where U(7) is a disorder potential,
(U(FU(I")) = 575707 = 7).
a(6'p, — 6°p,) is a Rashba SO term,
which leads to a modification of the charge current
operator:

~ ~ e =
p—p— 4,

A = —(ame/e)(—62,6',0) =effective vector potential.



General relations

The Hamiltonian:

- p ’\1’\ /\2/\ —
H=_—+a(Gp,—°p;) +UF),

Evaluate spin current assuming:

e Linear responce in electric field =— Kubo formula.

e We use the disorder averaging diagrammatic technique,
prl > 1.

e Rashba SOl apr < Er



A generalized Kubo-Greenwood formula
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Loop expansion here !
or,=lel Y ——, prl > 1,
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The charge current operator

" € ~ N . R e ~
Px — EAx = PFT; + (px — PFNy — EAx>7 Ny = —
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A generalized Kubo-Greenwood formula
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The charge current operator

. e . . . € . _ D
Px — _Aa: = PFNg 1 (px — DENy — _A33>7 N, = o
c C D

e In zero loop diagrams, gives the contributionoc e(prl) to

z
O-yl'

e In first loop diagrams, gives the contributioncx e to o,
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A generalized Kubo-Greenwood formula
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Loop expansion here !
o = |e| T prl > 1,
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The charge current operator
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e In zero loop diagrams, gives the contributionc e to o

e In first loop diagrams, gives the contributioncx
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Thus,
taking into account the contribution from

R R € ~
(pa: — PFTly — EA:E)

In zero-loop diagrams means we have to
consider the contribution from

PETLy

In first-loop diagrams.



Zero-loop approximation

Boltzmann diagram vertex correction
Q\ e

f Spin i - \

spin charge  current diffuson charge

current current vertex current
vertex  vertex vertex



Zero-loop approximation

Boltzmann diagram vertex correction
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Zero-loop approximation

Boltzmann diagram vertex correction

O(ﬁx —oAa) + <:>v¢w<:>(ﬁx ~ ¢Ay)

diffuson



Zero-loop approximation

Boltzmann diagram vertex correction
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The renormalization of the charge current vertex
results in the cancellation of the anomalous term

%A in the current vertex (w = 0)
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Weak localization correction

G
C ]
&
N L 2R
““‘~‘§~.
v 9%, LA XS
PRAALIITAE X RE
AR N Bl NS AN

AN R

about Cooperon and diffuson...



Weak localization correction

about Cooperon and diffuson...



Weak localization correction

Click here for the expression.

about Cooperon and diffuson...



Weak localization correction

+ spin vertex correction:

S opop

Note:
the charge-current vertex renormalization Is irrelevant here

about Cooperon and diffuson...



Weak localization correction

P

All together, the diagrams add up to zero
ol % > Q»‘ 4) O (}

about Cooperon and diffuson...



Connection between the spin current and the
magnetization

Without magnetic field and for non-magnetic impurities
se(t) = —2maygi=(t), k =,y
- valid for arbitrary E and for systems with interaction.

The magnetization

(31) (1) = —2ma(j?) (¢)

In diffusive systems, stationary state is reached at ¢t — oc.

—> the spin-Hall current must be zero
at w = 0.
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Thus,
the result of J. Sinova et al. 2004
for a clean sample

means that

(§)y — 00, t— 00.

1"
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Generalization for the Dresselhaus term

~2
2 55 p — S ~AD A
H’(pa’f‘) — %JFU("") T« (Ulpy — 02}%:) =+
+3(6'py — 6%p,) + eFE,
1 A S S
—h(t) = afi (1) + B (1),
1 A S S
_%Sy(t) = ayj,*(t) + 877 (t),
. 1 as,—Bs, - 1 35, — s,
e = Tom a2 — 32 Jy 2m 3?2 — a2’ s

lim (3°*)(t) = 0 <= tlim<§k>(t) = const., k=ux,y.

t—00

Click me for the case o = ...
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Conclusions

e We have calculated the zero-loop and the weak localiza-

tion contributions to the o, .

e Both contributions result zero independently.

e General argument: spin-Hall current is zero at w = 0 and
for B = 0.

Thanks to: Evgenii Mishchenko & Andrei Shytov.

this document is available on http://shalaev.pochta.ru and here.
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Diffuson and Cooperon

Xo2(@) = 1 / (d2p Trlo“Gr(P)o” Gl

drvr ) (2m)?

—q)],
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XgH(q) =—— /(de Tt[o“GR (D)0 GA (T~ P)],

Arvr ) (2m)?

D = Caa (CT) AT

1 1 1 Xc(q)
drvrl — X8

See my unofficial notes for more information.
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The case of oo = (3

HR(ﬁ/a 77/) EH/(RW/ALZ%; RT&'/4F) —
A2

:g——QOéO' ’ﬁgn—l—Ul(F/)—FeT/E/ HRO—|—37'/E/
m

2m
Te (68 Hyl =0, Tr[6" Hpol =0, k=1,3,
spin spin

O )
— Tr —Be_ZHRtpoe’HRt =0, Vt.
spin 2m
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Spin-Hall current decay in time

(only the contribution from zero-loop diagrams)
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The period of oscillation is 1/A, and the exponential decay time is .
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Expression for one of
the weak localization diagrams

€ i d?q
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