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Fast Propagation of Persistent Spin Helix Observed Using Zero-Field Spin Precession by

Spin-Orbit Effective Fields
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A persistent spin helix (PSH) state, in which the two types of spin-orbit (SO) interaction of
Rashba and Dresselhaus are balanced, has attracted much attention because the D’yakonov-
Perel” spin relaxation is suppressed and a helical spin mode with a long lifetime is formed.
Besides, when the electron motion is ballistic, the coherent spin oscillation signal is observed
and the spatial spin precession information is converted into the coherent spin precession
information in the time domain. In this study, the spatiotemporal evolution of high mobility
two-dimensional electron spins with ballistic motion in a modulation-doped GaAs/AlGaAs
quantum well is measured by the time- and spatially-resolved Kerr rotation technique. The
experimental results show that the spins diffuse as a group, indicating that the spins move without
scattering. The spins moving along [1-10] direction rotate with time, while the spins moving
along [110] direction maintain their spin state after a spin-flip. This indicates the existence
of'the anisotropic SO field due to the coexistence of Rashba and Dresselhaus SO interactions
exist. From the result of the anisotropic time evolution of spin distribution depending on the
crystal axis originating from the PSH field, the spin diffusion velocity and the strength of SO
field is estimated. In addition, the excitation density dependence of the spin dynamics is also
measured. At higher excitation density, because the electron spin motion transits from ballistic
to diffusive due to enhanced electron-electron scattering, the spin diffusion velocity becomes

slow, and the spin states at a certain position remain in their states.
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