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We investigated theoretically the spin dynamics of drifting electrons in a GaAs quantum
well using a semiclassical Monte Carlo (MC) approach. Our theoretical procedure enabled us to
estimate the strengths of Rashba, linear Dresselhaus and cubic Dresselhaus spin-orbit
interactions (SOI) from the crystal orientation dependence of the precession frequency of
drifting spins without applying any external magnetic field. Our results will provide a useful
tool for the accurate detection of SOI parameters.

In a quantum well based on a zinc-blende crystal structure, spin splitting due to the Rashba
and Dresselhaus SOIs are characterized by Hamiltonians with the coordinates x || [1-10] and y ||
[110], Hr = a (ox ky— 0 k« ), Hp =~ y<k> (ox by + 0y k) + 2 (—ox ky (kxz_ky2)+ O'ka(kx2
— kyz)) [1], where oy and o, are Pauli spin matrices and « is a Rashba parameter that depends on
the materials constituting the quasi 2D system whereas y is a material constant. The interplay
between the Rashba and Dresselhaus SOIs is reflected in the anisotropic precession frequency
kso of spins drifting with wavenumber ky4. Thus, we obtained,

kso =2m"/ 1* [ + B12 + & (2 B = B5) cos(2p) — (155 — B514) cos’2) 1, (1)
where £ = y<k*>— ykz*/2 and B = y k. @is defined as an angle from the x axis. Once we
obtain the ¢ dependence of ks, we can determine «, £, and £ from Eq. (1). To check the
validity of our theoretical approach, we performed an MC simulation and compared it with Eq.
(1). Electron spins of 10° are initially polarized in the z direction, and experience isotropic
impurity scattering on the Fermi circle shifted by drift wavenumber k4 in every elastic
scattering event. In the simulation, we used SOI parameters = 0.5, }/<k22> =1.0meVA, and y
=9eVA’,
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Fig. 1. We found that &, values simulated by the
MC method agree well with the theoretical
results expressed by Eq. (1). We also observed
the fourfold symmetry of k, in the high in-plane
electric field region, which was due to /%
enhanced by in-plane electric fields. According
to Fig. 1, the SOI parameters (e, £'1, and ') will
be determined from the experimentally observed
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kso of drifting spins. At the conference, we will

discuss the experimental estimation of the SOI ~ Fig. 1 Anisotropy of kso for various in-plane
electric fields. Symbols and solid lines indicate
kso obtained from the MC simulation and Eq.
(1), respectively.

parameters of GaAs quantum wells.
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