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to 35~5 pm for the measurement, but is increased to
about 100 pm for changing the position in the mechanical
scan along the y direction. Here the resettability is

hy = ~ 30 pm. The far-infrared radiation from an opti-
cally pumped CH3OH laser (Edinburgh Instruments) is
focused with an f/6 lens from outside the cryostat
through a 0.2 mm Mylar foil. To obtain a sufficient
signal-to-noise ratio in measuring the potential difference
between two probes, we alternate the current direction at
555 Hz and use lock-in amplification; note that current
reversal Aips the side at which net electron current trans-
port occurs, and, thus, our signal represents the potential
difference related to the net current.

Nonequilibrium phenomena are known to occur at
filling factors n =2N+ 2, where N=1, 2, . . . in standard
Hall bar geometry [13]. For this experiment we chose to
work near a filling factor of n =4.5 where the magnetic
field is 1.84 T. The nonequilibrium population of edge
states becomes manifest by measuring the Shubnikov-de
Haas curve [5,13]. The result obtained with our sample
[Fig. 2(a)], at a current of 0.3 pA, agrees with earlier
work [14] as it shows that the n =4.5 maximum becomes
depressed relative to the maximum at n =5.5, and, thus, a
nonequilibrium population builds up along the path of the
electrons. The reasons for this behavior are that (i) the
electrons in the innermost state are backscattered across
the channel and (ii) the innermost state is decoupled
from the outer states. The current contacts are assumed
to be almost ideal, i.e., the electron-injecting contact
equally populates the outgoing states up to the electro-
chemical potential, and backscattering of the incoming
edge states does not occur. In contrast the potential
probes are assumed to act as nonideal contacts in the dis-
sipative regime, since the scattering of one edge to the

other across the narrow side arms is very effective and
thus obstructs any equilibration action of the contacts
[I 5].

For our experiment with focused far-infrared radiation
we chose to scan along a line between the middle and
lower potential probes [Fig. 1(b)], since here we can ex-
pect to interact with both equilibrium or nonequilibrium
edge states depending on which side and in which direc-
tion the electrons are chosen to move. The photosignal
h, U is obtained as the change in the potential difference
with and without far-infrared radiation on the indicated
spot region. At 1.84 T the cyclotron resonance requires
a far-infrared wavelength of k =393 p m for m *

=0.0675m, . We use a laser at 392 pm. An unshifted
cyclotron resonance is observed. Figure 3(a) shows the
signal on resonance with current and magnetic-field
directions as indicated in the left part of Fig. 2. The sig-
nal amplitude amounts to up to about 10% of the
Shubnikov-de Haas voltage. We see that a maximum
response is induced by irradiating the right edge. This
confirms the earlier indirect conclusion [7] that the pho-
toresponse of a nonequilibrium edge state is enhanced.
The photosignal is seen to be reduced when the spot is

moved away from the right edge by one nominal spot
width of 200 pm, as to be expected from the edge-state

0
0.7 mtT]

23

R

013
2

B (T)
R

FIG. 2. Partial view of Hall bar illustrating the field orienta-
tions (left). The experimental longitudinal resistance R|2 ex-
hibits, compared to R23, a depressed maximum at filling factor
n =4.5 near 1.84 T, relative to the ones at n =5.5 near 1.43 T
(a). This depression shows that a nonequilibrium population of
edge states evolves as the electrons propagate: As depicted in
the energy diagrams (b) three Landau states are bent upwards
at the right sample edge, and are populated either equally
(upper diagram) or nonequally (lower diagram).

FIG. 3. Photosignal hU —i.e. , longitudinal potential dif-
ference measured between middle and lower probes —induced
by focused far-infrared radiation at k =392 pm; (a) right probe
pair 1-2, 8 =+ 1.85 ~ 0.03 T, lateral position as indicated; (b)
resonance curves for 0.5 T magnetic-field scans (i8i increasing
to the right) around +1.85 T (+8) or —1.85 T ( —8), with
focus on either left edge (L) or right edge (R), and measure-
ment with either left (I) probe pair (5-6) or right (r) probe pair
(1-2).
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model which confines the edge state to distances well

below l pm from the edge. The photosignal does not
vanish when the focus lies outside the channel, probably
because of stray radiation. The spot width drawn in Fig.
3(a) is chosen to be 200 pm, but we expect the irradia-
tion width is larger by approximately 50 p m due to
diffraction. A slightly enhanced response (compared to
the channel center) is seen to occur when the left edge is

irradiated. This confirms our expectation that the edge
states at some distance from the injecting contact are no

longer fully equilibrated.
In Fig. 3(b) we display the cyclotron resonance traces

of the photosignal for focus positions just on either the
left or right edge, with diAerent choices of the magnetic
field direction (which determines on which side the net
electron current is fiowing), and with measurement on

opposite probe pairs. Again the results confirm our
overall interpretation: enhanced photoresponse on the
right edge is only seen with (+8) magnetic field and us-

ing right probes, and, t. ice versa, enhanced photoresponse
on the left edge is only seen with ( —8) magnetic field

and using left probes.
The enhanced photoresponse of nonequilibrium states

can be explained as in Ref. [7] by a photon-induced
enhancement of the inter-edge-state scattering rate; this
leads to enhanced electron transfer from the outer to the
innermost edge state from where efficient backscattering
across the channel takes place. Further experiments were
performed with a diAerent sample which did not exhibit a
depression of the n =4.5 Shubnikov-de Haas maximum,
which means that nonequilibrium transport at the edges
was absent. Quite as expected for an equilibrium edge-
state population the photosignal did not show any depen-
dence on the spatial position of the laser focus within the
sample.

In conclusion, we have demonstrated a method to focus
infrared light to a spot smaller than the wavelength, and
to mechanically scan this focus in a cryomagnet. In ap-

plying this method to study photoconductivity of a 2DEG
in the quantum Hall regime, we observe a large photosig-
nal only when the focus is on the particular sample edge
where the edge-state population is known to be not in

equilibrium. This result directly manifests the central
prediction of the edge-state model that 2D transport in

fact occurs at the edges.
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