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Motivation: Two Experimental Papers
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Spin-Orbit Hamiltonian: Energy Spectrum

Confinement asymmetry Inversion asymmetry of the host crystal
[Yu.A. Bychkov and E.I. Rashba, |G. Dresselhaus, Phys. Rev. 100,
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Observation of SO-splitting in 2D Electron Gas
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Observation of the zero-field spin splitting of the ground electron subband in Charges
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Beats of Shubnikov-de Haas Oscillations
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SO-Induced Anisotropy of the In-Plane Magnetoresistance
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Experimentally Observed Effects that are due to Finite A,
“hidden” period in conductance fluctuations
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| SO-induced Magnetic Field
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Suppression of Mesoscopic Fluctuations in Quantum Dots
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The variance of fluctuations at high parallel field is

reduced compared to the low-field value:

* due to Zeeman splitting — reduction factor — 2.

 experimentally — reduction factor — from 2 to 5.5

* larger reduction factor is due to SO
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Weak Antilocalization

- magnetoconductance
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Weak Antilocalization
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crossover in magnetotransport from weak localization to weak
antilocalization in a gated Hall bar as a function of gate
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Applications: Spin Transistor
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Electronic analog of the electro-optic modulator
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® Spin precession of the injected electrons — due to SO splitting

® Gate control of SO (o)

® High mobility structures, L</




Gate Control of Spin-Orbit Splitting
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Spin-Orbit Splitting in AlGaAs/GaAs heterostructures
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Tunneling into 2D Electron Gas

® Tunneling conductance o 2D

) (tunneling) density of states, V
gﬁiﬂg ® Very fine feature can be
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Zero Bias Anomaly (2D): Theory
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Zero Bias Anomaly (2D): Experiment
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Zeeman Satellites of a Zero-Bias Anomaly

Two Zeeman-splitted Fermi surfaces

B.L. Altshuler and
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| Zero-Bias Anomalx in the Presence of SO

® short range disorder —» large momentum transfer
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no conservation of the branch index —>» no SO-induced singularity atg = +2A S0

® smooth disorder, T,, >>T —> small momentum transfer, (I)kp <1
—> approximate conservation of the branch index

— SO-induced singularity at £ = £2A

A.M. Rudin, I.L. Aleiner, and L.I. Glazman PRL 78, 709 (1997)

TT T+ T T T T

A.P. Dmitriev and V.Yu. Kachorovskii, PRB 63, 113301 (2001)



| Calculation of ov(¢) : Hamiltonian
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| Calculation of dv(¢) : diffusive regime

Hartree correction: interaction Vertex function
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Calculation of dov(¢) : Vertex Function
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| Calculation of ov(¢) : Results
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| Limiting cases

Ao ¢

-1
T, <<A,<<A 2
> T, z <<Aso 8\/(8):_( 1 jlng_AsoT+\/(8_A50j oAl
2_AZ_ Vo 87'CEFT” 2 2

8\/ —)-(—

Plateau of width 2 A , at the top of the SO satellite

|ag|+\/a:—b2
2

_([;l—;pln(ag +hcosp) =21In

if b>a_, then hag|+1}/b2—ag2

=[o]



| Limit of small SO coupling (A5 <<A,)
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| Limit of small SO coupling (A, << A)) :quasiballistic regime

A.M. Rudin, I.L.. Aleiner, and L.I. Glazman, PRB 55, 9322 (1997)
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Tunneling into 2D Electron Gas: Accuracy

® Very fine feature can be
resolved, Ac ~0.01 meV

® Accuracy is limited by the
noise

® The accuracy is increased
with increasing the bias voltage

H.B. Chan, P.I. Glicofridis,
R.C. Ashoori, and M.R. Melloch,

®* AlGaAs/GaAs - A, <0.5 meV

®* SO splitting, as the plateau of width 2A

at the top of the Zeeman satellites, can be
resolved in tunneling experiments at finite

bias (V, =2A,/e)

PRL 79, 2867 (1997)
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| Oscillations of the Screening Potential with Finite Ag,

G.-H. Chen and M.R. PRB 59, 5090 (1999)
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| Exchange-Induced Enhancement of Ag,

G.-H. Chen and M.R. PRB 60, 4826 (1999)
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