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@ SHE in a 2DEG: why vanishes

@ Finite SHE: in-plane magnetic field
@ Finite SHE: Magnetic impurities

@ Sketch of the derivation

@ Conclusions
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SHE in a 2DEG: why is zero
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@ . sinovaetal, Phys. Rev. Lett. 92, 126603 (2004).

Continuity-like equation
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V= _ iz @ 0. Chalaev and D. Loss, Phys. Rev. B 71, 245318 (2005).
s = —2mayjs y

@ ov Dimitrova, Phys. Rev. B 71, 245327 (2005).

6t ax @ k.l Rashba, Phys. Rev. B 70, 201309(R) (2004).
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SHE in a 2DEG: how it happens

Vertex corrections cancel bubble
o . Inoue, et al. Phys. Rev. B 70, 041303(R) (2004).

@ e G. Mishchenko, et al., Phys. Rev. Lett. 93, 226602 (2004).

@ R. Raimondi and P, Schwab, Phys. Rev. B 71, 033311 (2005).
@ A Khaetskii, Phys. Rev. Lett. 96, 056602 (2006).

Connection with in-plane polarization

Physical insight from the quasiclassical Green function approach
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o R Raimondi, et al., Phys. Rev. B 74, 035340 (2006).
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Electrically-induced in-plane spin polarization
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Effective spin-orbit field Edelstein’s result

Sy = —Noadp so = —Nole|laTéx

(5p = |e|<‘3XT @ V.M. Edelstein, Solid State Commun. 73, 233 (1990).
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Spin relaxation

Bloch’s equations

The static solution allows

NSy = ——8 in-plane spin polarization only
Ts
1 = — =
atSy _ _T_ (Sy + SO) Sy So, Sz 0
)
2
6[‘32 = _T_Sz
)
75| = 20pF(apFT) What changes in order

S Py
Dyakonov-Perel relaxation to have a finite SHE?
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In-plane magnetic field (o i ax)

1 N
Hmt = 50L18Bx€x - @ Continuity-like equation with extra term
Zeeman energy 2ws = g 1158« 0s a .
B Bt g I = —2maigy + 2uss;

Related work:
@ Q. Lin, etal, Appl. Phys. Lett. 88, 122105 (2006).
@ HA Engel, et al., Phys. Rev. Lett. 98, 036602 (2007).

NSy = ,l(sx — s%9) sy? = Nows depends on magnetic field
Ts
sy = ,l [sy + s1] + 2wss; sy and s, depend on electric field
Ts
oS, = —ESz — 2ws [Sy + 57 If sy = s2 no out-of-plane polarization!
Ts
With short-range disorder s; = s, = 5o = —|e|Noaéx
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Magnetic field with long-range disorder

Scattering kernel

W =¢—¢)=Vo+2Vicos(¢p — ¢') +2Vocos(26 —2¢') + ...

Naively, one would use the transport time:

1 2 1V — Vi
T Ty T, = No/ doWw(0)(1 — cos(9)) = —
0 T W
However:
@ It would give no effect, since sy = so = —So74 /7

@ But it is also wrong!
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The correct generalization: more scattering times

Voso 1+ 20272(Vo — Va)(Vp — V4)~!
_Vo—Vg 1—1-20.)57'5

Vo So V1 — V2 WsTs
CVo— Vo Vo— Vi 14 20272

Sz =

For SHE see Milletari’s talk

Note also the Dyakonov-Perel relaxation time renormalization

75| = 20pr(aPFTr)
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Physical interpretation

Sy, ~dng —én_ dng = cSij,(NjE 0p+x = —|e|ExTir +

3Px

The new time 7= means a modification of the Edelstein result due to
different DOS and transport times in the spin-orbit splitted bands

. %
Sy = TF(N+7'tr,+ = Nomir ) €lEx = S0 Vo _0 Va
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Experimental relevance

InGaAs
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@ vk Kato, R.C. Myers, A.C. Gossard, and D.D. Awshalom, Phys. Rev. Lett. 93, 176601 (2004).
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Magnetic impurities with short-range correlations

Hoi = Vin(X)S - & Spin-flip time
Related work

@ . Inoue, etal., Phys. Rev. Lett. 97, 046604 (2006). T—f1 — 271—N0 Vr% S(S S 1 )
S
@ r Wang, et al., Phys. Rev. B 75, 075326 (2007).

Continuity-like equation with extra source terms

asy 0 . 4
— 4+ — -jt = —-2maj:, — —Ss
ot Tox 'k oy ™ g™
For weak magnetic scattering However, one can do better!
T L Ty What about 7 ~ 747?
le| T
g = =
sH= 31 Tef
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Let us go back to Bloch’s equations
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when 7 ~ 7, osy — the universal value

Relevant for mercury telluride-cadmium telluride quantum wells
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Different colors for different value of apgpr and V4 = Vo = 0

Konig et al. Science 318, 766 (2007)

Wen Yang, Kai Chang and Shou-Cheng Zhang, PRL 100, 056602
(2008)

Bernevig, Hughes, Shou-Cheng Zhang, Science 314, 1757 (2006)
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Sketch of calculation

Quasiclassical Green function

. “ n i . . GR @&
9= One(Pix) = ;/dfGﬁtz(P,X), G= ( 0 G )

Eilenberger-like equation (nys. rev. 5 74, 035340 (2008))

.1 P 0 0 . . = e
99=—5 3 {f + g0 | ~i3 b0l i[E]
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b(p) =ap x &, —ws€x > =—i <Z<Kg> + % Za,(gm)

Disorder parameter SO parameter Additional parameter

L P _ X
P €F VF aprT < 1 diffusive

Leading terms Leading terms apFT > 1 clean
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Conclusions

@ Magnetic couplings yield finite SHE in a 2DEG

@ Effective Bloch’s equation for spin dynamics

@ Different time scales with long-range disorder

@ Future: inclusion of quantum corrections and extrinsic effects
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