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Two dimensional electron system (2DEG) formed in the heterostructure of the semiconductors undergoes
a peculiar quantum transport called “quantum Hall effect” under high magnetic fields and low
temperatures. In the bilayer quantum Hall system (QHS), where two 2DEGs are separated closely, novel
quantum phases are expected to emerge by adding the “layer” degree of freedom (called “pseudospin” )
to the electron spin degree of freedom. Here, we study the following phenomena where not only the
pseudospins but also the electron and nuclear spins play an important role.

1) Anisotropic transport in the v=2/3 QHS

We observe the anisotropic hysteresis in the Landau level filling factor v=2/3 QHS under in-plane
magnetic field. Results indicate that the nuclear spin domains are affected by the direction of the
electric currents
2) Excitations in the bilayer v=2/3 QHS

We reveal the elementary excitations in the bilayer v=2/3 QHS by the activation energy measurements
and evaluate the experimental results with the exact diagonalization theory.

3) Effect of the in-plane magnetic fields in the bilayer v=1/3 QHS

At the monolayer |imit in the bilayer v=1/3 QHS, we measured the activation energy that does not depend
on the in-plane magnetic fields. Results indicate that the excitation is not the spin type.
4) Kosterlitz-Thouless phase transition in the bilayer v=1 QHS

We measure the onset temperature in the bilayer v=1 QHS, which suggest the occurrence if the
Koster | itz-Thouless phase transition.

5) Enhancement of the nuclear spin relaxation rate in the v=2/3 QHS by rf irradiation

We observe the significant enhancement of the nuclear spin relaxation rate by the alternative rf
irradiation for every nuclear species, which indicate the occurrence of the nuclear spin diffusion.
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