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Abstract

The quantum Hall edge states are formed in the vi-
cinity of the edge of a sample that hosts two-dimensional
electron system (2DES) in a perpendicular magnetic
field at low temperature. The bulk 2DES states rise up
due to the confinement potential near the edge and in-
tersect with the Fermi-level, forming current carrying
compressible states. The compressible states are sepa-
rated by insulating incompressible states. The distribu-
tion of the compressible/ incompressible states has been
investigated by various scanning probe microscopy,
however, there have been few reports on real-space
mapping of spin-resolved quantum Hall edge states.
Here we report on the first observation of spin-resolved
chiral quantum Hall edge states by a low-temperature
near-field scanning optical microscope.

1. Introduction

Continuous efforts have been made to directly image
alternating strips of the compressible and the incompressi-
ble states in the vicinity of a sample edge [1,2], for example,
by scanning single electron transistors [3], subsurface
charge accumulation [4], scanning force microscope [5-7]
and near-field scanning optical microscope (NSOM) [8]. It
has been revealed how the compressible-incompressible
states develop with magnetic field, and the condition for the
formation of the edge states are clarified at the presence of
disorders [8].

The quantum Hall chiral edge states carry not only cur-
rents but also spins. Observation of spin-polarized edges
has been attracting much interests after the recent discovery
of the quantum spin Hall effect [9] and the quantum anom-
alous Hall effect [10]. The spin splitting has been predicted
to change the distribution of the compressible and the in-
compressible edge states. The real-space distribution of the
spin-split edge states depends sensitively on screening and
exchange energy-enhanced g-factor [11]. Thus we have
conducted a direct measurement of the spin resolved quan-
tum Hall chiral edge states.

Local probe methods based on optical excitations have
been investigated to map the quantum Hall chiral edge
states [12-15]. The ability to access states at a specific en-
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Fig. 1 Schematics of the measurement setup and the sample
structure.

ergy by tuning the wavelength of the laser light is one of
the advantages of the optical excitation method, however,
this has not been utilized in the previous reports. Moreover,
The optical approach was demonstrated to be a strong tool
for the straightforward measurement of spin polarizations
of the electrons in the edge states [16]. In this paper, we
report on Hall photovoltage mappings of the spin-resolved
quantum Hall chiral edge states using a circularly polarized
near-field scanning optical microscope at low temperature.

2. Experiment

The sample was a standard Hall-bar structure of a
GaAs/AlGaAs modulation-doped single heterojunction
with a mobility of 178 m*Vs and a density of 4.6 x 10"
cm™2. The width and the length of the Hall bar were 25 and
300 wm, respectively. The sample on the scanning stage
was illuminated with a tunable semiconductor diode laser
light through a double tapered optical fiber probe [17] un-
der a shear force feedback control in a dilution refrigerator
at the base temperature of 70 mK. An aperture with a di-
ameter of about 100 nm was created by focused ion beam
slicing of the apex of a metal-coated NSOM probe tip. The
scanning range of the tube piezoscanner was 2.1 um. The
polarization of the incident beam was controlled by a Berek
compensator and a polarizer. Two-terminal photovoltage
was amplified by a differential preamplifier as schemati-
cally shown in Fig. 1 and was measured synchronously
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with a lock-in-amplifier. The sample temperature during
the measurements was 250 mK.

3. Mapping of quantum Hall chiral edge states

Upon local illumination of the sample through an
NSOM probe, electron-hole pairs are created. The elec-
tron-hole pairs are dissociated due to the vertical confine-
ment potential of the single heterojunction sample. The
optically created electrons rapidly relax to the Fermi-level,
and diffuse across the tunnel barrier between the edge and
the bulk states. Slight change of the local electron density
by diffusion current is balanced by the build-up of the Hall
voltage [14], which is measured as a function of the posi-
tion of the illumination spot. The optically created holes
move to the rear side of the sample and contribute to the
background of the photovoltage. Based on the On-
sager-Casimir reciprocity theorem [18], the photovoltage
profile reflects the potential profile.

Figure 2 shows magnetic field (B) dependence of a
mapping of the spatial derivative of the photovoltage
(dV/dx) by irradiating unpolarized light at 1.5194 eV. The
position with large IdV/dxl (red) corresponds to the position
of the incompressible strips. In-between the incompressible
strips with even local filling factor (v, ), the photovoltage
signals due to odd v, are clearly observed at around
B=3.50,2.62, and 2.06 T. Circular polarization dependence
of the photovoltage signals has been investigated by irradi-
ating polarized light at 1.5140 eV near the onset of the ab-
sorption. The obtained photovoltage mappings clearly in-
dicate that spin polarized electrons are injected to the sam-
ple.

3. Conclusions

We have performed real-space mappings of spin re-
solved quantum Hall chiral edge states by an NSOM. Our
results open up a novel method to investigate mappings of
the edge states of topological quantum liquids.
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