
This number could still be reasonable 
in some applications, but poses a too 
precise requirement on the fabrication side 
to be feasible in a relatively high-yield 
manufacturing effort. It is therefore crucial 
to implement cavity solutions allowing for 
broad tunability on ranges comparable to 
the gain width. The simplest idea would be 
to use an external cavity set-up with a 
rotating diffraction grating as is often done 
with visible and near-IR diode lasers. 
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Here complications arise from the 
absence of good refractive optics, the 
large divergence of the output beam, and 
most of all from the di.cult implementation 
of anti-reflection coatings, necessary to 
suppress Fabry-Perot oscillation on the 
internal cavity modes and to reduce 
reflection losses. 

In Fig. 6 we show preliminary spectra 
from a 4.4 THz QC laser within an external 
cavity in the Littröw configuration. In this 
case the facet facing the diffraction grating 
was angled at 5°, still away from the 
Brewster angle but enough to reduce the 
strength of Fabry-Perot modes. Light was 
collected with a f/0.75 off-axis paraboloid 
and sent on a grating with 20 grooves/mm 

and a blaze wavelenght of 46.67 mm. The 
spectra clearly still show the internal Fabry-
Perot structure, but the intensity can be 
shifted from mode to mode by rotating the 
external grating, and the power output is 
enhanced in the best situation by an order 
of magnitude with respect to the no-
grating configuration.

Fig. 6
Emission spectra from a 4.4 
THz QC laser in an external 
Littröw cavity. The output has 
been collected from the
laser back-facet, opposite to 
the one facing the grating. 
The three curves have been 
obtained varying the angle 
between grating and laser, 
and are normalized for 
clarity.
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 two dimensional electron gas (2DEG) immersed in a strong perpendicular magnetic 
field can display the characteristic manifestations of the fractional quantum Hall A(FQH) effect. FQH liquids are remarkable emergent states driven by electron-

electron interactions. The fundamental charged excitations of FQH liquids are predicted to 
display fractional charges and fractional statistics. In addition, the one-dimensional (1D) 
edge states flowing at the boundary of incompressible FQH phases are expected to be 

equivalent to chiral Luttinger liquids (cLL), and thus to display a non-Fermi behavior.

Non-Fermi liquid behavior of edge states 
[1] can be probed by inducing a controlla-
ble inter-edge scattering at a nanofabrica-
ted quantum point contact (QPC) constric-
tion. This system was previously used to 
measure line-shapes in resonant inter-
edge tunneling [2] or to infer the charge of 
the quasi-particles [3] in shot noise 
measurements [4]. Together with experi-
ments in anti-dot configurations and in 
cleaved-edge overgrowth systems[5] [6] 
[7] these findings have uncovered some of 
the most remarkable manifestations of 
edge state transport in the FQH regime. 

Here we report the investigation of the 
unexplored non-linear inter-edge scatte-
ring at a QPC constriction in the FQH 
regime (see Fig.1). Our measurements 
represent a finite-bias spectroscopy of the 
inter-edge tunnelling and offer new 
insights on the out-of-equilibrium proper-
ties of highly-correlated one-dimensional 
edge states. The results reviewed here 
reveal a rich behavior of the backscatte-
ring current and have led to a new 
interpretation of inter-edge tunnelling at a 
QPC constriction that involves a charge-
conjugation argument.  
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These results are stimulating significant 
theoretical efforts on FQH edge state 
dynamics [8].

We recall that standard cLL theory 
predicts that constrictions in the FHQ 
regime should display a peculiar zero bias 
anomaly corresponding to a low-energy 
suppression of the transmission (enhanced 
reflection) through the constriction (see 
Fig.2 panel a). Our experimental results 
have shown that contrary to this usual 
assumption, the transport through the 

Fig. 1 
Constrictions can be 
exploited to induce a 
controllable backscattering 
center between two counter-
propagating edge channels. 
The inter-edge tunneling 
current is measured by 
means of a phase-locked 
technique.

Fig. 2 
Both transmission 
enhancement (panels a,b,c) 
and suppression (panels d,e) 
can be observed as a 
function of the split-gate 
parameters. These 
backscattering curves are 
obtained for an experimental 
condition compatible with a 
local constriction filling 
factor n*=1/5 and to its 
conjugate filling n*=2/7. 
The filling factor of the bulk 
is n=1/3.
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QPC constriction in the quantum Hall available theoretical frameworks. Our 
regime displays a more complex behavior recent experimental findings at n=1 [12] 
and both low-energy suppression and (see Fig.3) indicate that quantum Hall 
enhancement of the transmission can be charge conjugation plays an important 
observed [9,10]. The different tunneling role in determining the behavior of the 
regimes can be realized in a controlled QPC as a function of the local filling factor 
way by changing the voltage of the split- inside the constriction. Our arguments 
gate that is used to define the constriction. imply that charge-conjugation could be in 
This evolution is linked to the effect of a general a useful theoretical ingredient in 
local depletion of electrons within the determining the general behavior of edge 
constriction region leading to a local channels. Figure 4 shows, thanks to a very 
reduced filling factor n*. simple argument, that a constriction has 

The transmission suppression observed peculiar symmetry properties in relation to 
for n*<<n can be qualitatively and charge-conjugation and edge state 
quantitatively understood in terms of tunneling. This simple model links for the 
backscattering in a Luttinger liquid [11]. To first time this symmetry with the backscatte-
this end the experimental data were ring properties of a cLL.
successfully compared with the results of a An important part of this work was 
numerical analysis based on the approach devoted to the fabrication of high-quality 
developed by Fendley et al. [11]. The constrictions on low-density (less than 

11 -2opposite regime of transmission enhance- 1´10  cm ) and high-mobility (beyond 
6 2ment, obtained for a weak constriction 1´10  cm /Vs) GaAs/AlGaAs heterostruc-

(n*»n), cannot be understood within tures. During this work we explored 

Fig. 3 
Strongly non-linear 
backscattering can be 
observed in a constriction 
over a bulk filling factor 
n=1. These evidences 
demonstrate unambiguously 
that the local filling factor n* 
determines the behavior of 
the finite-bias backscattering 
at the constriction.

Fig. 4 
A constriction over a bulk 
n=1 liquid remains a 
constriction once described 
in terms of holes. Due to 
particle hole symmetry, this 
leads to a peculiar overall 
structure in the tunneling 
characteristics. This structure 
is consistent with 
experimental evidences.
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differen t fabr icat ion techniques and edge Fabry-Perot interferometer [14]. The 
geometries for QPCs and final devices first device addresses the problem of the 
were processed adopting a split-gating injection of electrons into a FQH edges 
technique, which appeared to be the most through an Andreev-like scattering. The 
suitable for our experiments. Sharp and second device can be used to study the 
regular quantization steps were observed fractional statistics of the quasi-particles in 
at low-temperature (300 mK and below). the FQH regime.

This research activity will continue by 
This work was carried out in collaboration building on the acquired know-how and 
with K.W. West and L.N. Pfeiffer (Bell developing more complex mesoscopic 
laboratories, Murray Hill, NJ). Stimulating circuits working in the FQH regime. In 
discussions with Giovanni Vignale, particular we plan to process constrictions 
Roberto D'Agosta, Roberto Raimondi, connecting two-dimensional regions at 
Emiliano Papa and Allan MacDonald are different filling factors [13] (1 and 1/3 in 
acknowledged. the most simple case) as well as an inter-
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