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Experimentally probing fractional statistics?
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FIG. 1. Two point-contact interferometer. Two gates are placed a distance a apart. The gate voltages are adjusted so as to
bring the edges of a FQH state with filling fraction ν close together, but not pinch the constriction. In this way, quasiparticles
carrying fractional charge and statistics can tunnel from one edge to the other. A magnetic flux Φ can be inserted in the region
between the point-contacts that is bounded by the edge states. A central gate allows the charge in the region to be selectively
depleted. The transmitted current (the Hall current IH = νe2/h minus the tunneling current I1

t + I2
t ) oscillates as a function

of the inserted flux, the voltage difference between the edges and the voltage of the central gate. An overall back gate on the
device allows magnetic field sweeps at constant filling factor.

We would like to emphasize that we will always be interested in the limit where the barriers are weak, so that the
constrictions are far from being pinched off, as in Figure 1. (The opposite limit, where the two point-contacts are
near pinch off, is similar to tunneling through a quantum dot, except that for our geometry the central island would
be larger. It can be analyzed using methods similar to those in this paper, but we will not address it here.) The
chief advantage of this restriction is that we stay far from the regime near pinch off where, experimentally, poorly
understood resonances arise already for a single point-contact [27]. Consequently, we expect that the only resonances
are the ones explicitly created by the two point-contact geometry and the resulting energy and field scales for these are
set by the parameters of the device and can be chosen to lie in an observable range. (Given the lack of understanding
of the near pinch-off resonances, it is hard to say theoretically whether they are absent for weak barriers; however,
experiments involving antidot resonances [13,14] do strongly suggest this.) Further, it becomes possible to probe the
internal structure of the resonance, i.e. its intermediate energy behavior, without detailed microscopic knowledge.
Another restriction on our analysis is that we consider only the primary Hall states, i.e. ν = 1/m with m odd, where
there is only one branch of edge excitations and life is somewhat simpler; the extension to their descendant states
does not pose any conceptual problems.

A. Aharonov-Bohm and fractional statistics oscillations

We will first discuss the interference effects which occur when the magnetic field is varied. Consider the transmission
amplitude for quasiparticles propagating along the right edge. As they can tunnel to the left edge at the two
constrictions in Fig. 1, the amplitude will involve a sum over paths that encircle the area A enclosed by the edges
and the constrictions any number of times. As a result, they pick up an AB phase proportional to the flux Φ through
this area. Naively, this phase is given by 2πe∗BA/(hc), where e∗ is the charge of the quasiparticle. It is convenient to
define an effective flux quantum by Φ∗ = e

e∗ Φ0, where the usual flux quantum is given by Φ0 = hc/e. Then, in terms
of this effective flux quantum, we would expect that as the magnetic flux is varied, the current and other properties of
the system would undergo oscillations with period ∆B∗ = Φ∗/A, and thus measurements of these oscillations would
provide a means of measuring the fractional charge.

However, this conclusion is too naive. The quasiparticles derive their properties from the parent liquid which is
the relevant “vacuum” and only when the vacuum is invariant can we expect to use arguments based solely on their
AB phases. Indeed, if the extra flux added is dynamically localized in the interior of the fluid this would effectively
create a multiply connected geometry where gauge invariance for the constituent electrons implies a flux periodicity
of ∆B = Φ0/A. As this is smaller than the quasiparticle period ∆B∗, this would exclude oscillations with the latter
periodicity. We should emphasize that this is a dynamical possibility, there are no general, non-trivial consequences of
gauge invariance for the geometry at issue here. At any rate, it is clear that we need to be careful about considering
changes in the bulk of the fluid as the flux is varied. To this end we distinguish between two cases.
i)Field sweeps at fixed particle number: In this case, as we just observed, we expect to observe conductance oscillations

3
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FIG. 1. Two point-contact interferometer. Two gates are placed a distance a apart. The gate voltages are adjusted so as to
bring the edges of a FQH state with filling fraction ν close together, but not pinch the constriction. In this way, quasiparticles
carrying fractional charge and statistics can tunnel from one edge to the other. A magnetic flux Φ can be inserted in the region
between the point-contacts that is bounded by the edge states. A central gate allows the charge in the region to be selectively
depleted. The transmitted current (the Hall current IH = νe2/h minus the tunneling current I1

t + I2
t ) oscillates as a function

of the inserted flux, the voltage difference between the edges and the voltage of the central gate. An overall back gate on the
device allows magnetic field sweeps at constant filling factor.

We would like to emphasize that we will always be interested in the limit where the barriers are weak, so that the
constrictions are far from being pinched off, as in Figure 1. (The opposite limit, where the two point-contacts are
near pinch off, is similar to tunneling through a quantum dot, except that for our geometry the central island would
be larger. It can be analyzed using methods similar to those in this paper, but we will not address it here.) The
chief advantage of this restriction is that we stay far from the regime near pinch off where, experimentally, poorly
understood resonances arise already for a single point-contact [27]. Consequently, we expect that the only resonances
are the ones explicitly created by the two point-contact geometry and the resulting energy and field scales for these are
set by the parameters of the device and can be chosen to lie in an observable range. (Given the lack of understanding
of the near pinch-off resonances, it is hard to say theoretically whether they are absent for weak barriers; however,
experiments involving antidot resonances [13,14] do strongly suggest this.) Further, it becomes possible to probe the
internal structure of the resonance, i.e. its intermediate energy behavior, without detailed microscopic knowledge.
Another restriction on our analysis is that we consider only the primary Hall states, i.e. ν = 1/m with m odd, where
there is only one branch of edge excitations and life is somewhat simpler; the extension to their descendant states
does not pose any conceptual problems.
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We will first discuss the interference effects which occur when the magnetic field is varied. Consider the transmission
amplitude for quasiparticles propagating along the right edge. As they can tunnel to the left edge at the two
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FIG. 1. Two point-contact interferometer. Two gates are placed a distance a apart. The gate voltages are adjusted so as to
bring the edges of a FQH state with filling fraction ν close together, but not pinch the constriction. In this way, quasiparticles
carrying fractional charge and statistics can tunnel from one edge to the other. A magnetic flux Φ can be inserted in the region
between the point-contacts that is bounded by the edge states. A central gate allows the charge in the region to be selectively
depleted. The transmitted current (the Hall current IH = νe2/h minus the tunneling current I1

t + I2
t ) oscillates as a function

of the inserted flux, the voltage difference between the edges and the voltage of the central gate. An overall back gate on the
device allows magnetic field sweeps at constant filling factor.

We would like to emphasize that we will always be interested in the limit where the barriers are weak, so that the
constrictions are far from being pinched off, as in Figure 1. (The opposite limit, where the two point-contacts are
near pinch off, is similar to tunneling through a quantum dot, except that for our geometry the central island would
be larger. It can be analyzed using methods similar to those in this paper, but we will not address it here.) The
chief advantage of this restriction is that we stay far from the regime near pinch off where, experimentally, poorly
understood resonances arise already for a single point-contact [27]. Consequently, we expect that the only resonances
are the ones explicitly created by the two point-contact geometry and the resulting energy and field scales for these are
set by the parameters of the device and can be chosen to lie in an observable range. (Given the lack of understanding
of the near pinch-off resonances, it is hard to say theoretically whether they are absent for weak barriers; however,
experiments involving antidot resonances [13,14] do strongly suggest this.) Further, it becomes possible to probe the
internal structure of the resonance, i.e. its intermediate energy behavior, without detailed microscopic knowledge.
Another restriction on our analysis is that we consider only the primary Hall states, i.e. ν = 1/m with m odd, where
there is only one branch of edge excitations and life is somewhat simpler; the extension to their descendant states
does not pose any conceptual problems.

A. Aharonov-Bohm and fractional statistics oscillations

We will first discuss the interference effects which occur when the magnetic field is varied. Consider the transmission
amplitude for quasiparticles propagating along the right edge. As they can tunnel to the left edge at the two
constrictions in Fig. 1, the amplitude will involve a sum over paths that encircle the area A enclosed by the edges
and the constrictions any number of times. As a result, they pick up an AB phase proportional to the flux Φ through
this area. Naively, this phase is given by 2πe∗BA/(hc), where e∗ is the charge of the quasiparticle. It is convenient to
define an effective flux quantum by Φ∗ = e

e∗ Φ0, where the usual flux quantum is given by Φ0 = hc/e. Then, in terms
of this effective flux quantum, we would expect that as the magnetic flux is varied, the current and other properties of
the system would undergo oscillations with period ∆B∗ = Φ∗/A, and thus measurements of these oscillations would
provide a means of measuring the fractional charge.

However, this conclusion is too naive. The quasiparticles derive their properties from the parent liquid which is
the relevant “vacuum” and only when the vacuum is invariant can we expect to use arguments based solely on their
AB phases. Indeed, if the extra flux added is dynamically localized in the interior of the fluid this would effectively
create a multiply connected geometry where gauge invariance for the constituent electrons implies a flux periodicity
of ∆B = Φ0/A. As this is smaller than the quasiparticle period ∆B∗, this would exclude oscillations with the latter
periodicity. We should emphasize that this is a dynamical possibility, there are no general, non-trivial consequences of
gauge invariance for the geometry at issue here. At any rate, it is clear that we need to be careful about considering
changes in the bulk of the fluid as the flux is varied. To this end we distinguish between two cases.
i)Field sweeps at fixed particle number: In this case, as we just observed, we expect to observe conductance oscillations
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bring the edges of a FQH state with filling fraction ν close together, but not pinch the constriction. In this way, quasiparticles
carrying fractional charge and statistics can tunnel from one edge to the other. A magnetic flux Φ can be inserted in the region
between the point-contacts that is bounded by the edge states. A central gate allows the charge in the region to be selectively
depleted. The transmitted current (the Hall current IH = νe2/h minus the tunneling current I1

t + I2
t ) oscillates as a function

of the inserted flux, the voltage difference between the edges and the voltage of the central gate. An overall back gate on the
device allows magnetic field sweeps at constant filling factor.

We would like to emphasize that we will always be interested in the limit where the barriers are weak, so that the
constrictions are far from being pinched off, as in Figure 1. (The opposite limit, where the two point-contacts are
near pinch off, is similar to tunneling through a quantum dot, except that for our geometry the central island would
be larger. It can be analyzed using methods similar to those in this paper, but we will not address it here.) The
chief advantage of this restriction is that we stay far from the regime near pinch off where, experimentally, poorly
understood resonances arise already for a single point-contact [27]. Consequently, we expect that the only resonances
are the ones explicitly created by the two point-contact geometry and the resulting energy and field scales for these are
set by the parameters of the device and can be chosen to lie in an observable range. (Given the lack of understanding
of the near pinch-off resonances, it is hard to say theoretically whether they are absent for weak barriers; however,
experiments involving antidot resonances [13,14] do strongly suggest this.) Further, it becomes possible to probe the
internal structure of the resonance, i.e. its intermediate energy behavior, without detailed microscopic knowledge.
Another restriction on our analysis is that we consider only the primary Hall states, i.e. ν = 1/m with m odd, where
there is only one branch of edge excitations and life is somewhat simpler; the extension to their descendant states
does not pose any conceptual problems.
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We will first discuss the interference effects which occur when the magnetic field is varied. Consider the transmission
amplitude for quasiparticles propagating along the right edge. As they can tunnel to the left edge at the two
constrictions in Fig. 1, the amplitude will involve a sum over paths that encircle the area A enclosed by the edges
and the constrictions any number of times. As a result, they pick up an AB phase proportional to the flux Φ through
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define an effective flux quantum by Φ∗ = e
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of this effective flux quantum, we would expect that as the magnetic flux is varied, the current and other properties of
the system would undergo oscillations with period ∆B∗ = Φ∗/A, and thus measurements of these oscillations would
provide a means of measuring the fractional charge.

However, this conclusion is too naive. The quasiparticles derive their properties from the parent liquid which is
the relevant “vacuum” and only when the vacuum is invariant can we expect to use arguments based solely on their
AB phases. Indeed, if the extra flux added is dynamically localized in the interior of the fluid this would effectively
create a multiply connected geometry where gauge invariance for the constituent electrons implies a flux periodicity
of ∆B = Φ0/A. As this is smaller than the quasiparticle period ∆B∗, this would exclude oscillations with the latter
periodicity. We should emphasize that this is a dynamical possibility, there are no general, non-trivial consequences of
gauge invariance for the geometry at issue here. At any rate, it is clear that we need to be careful about considering
changes in the bulk of the fluid as the flux is varied. To this end we distinguish between two cases.
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membrane layer: graphene electron gas layer: metal

Possible experimental realization 

Magnetic impurities spaced about 1 nm away,
with each impurity having a magnetic moment
of order µB , yields a magnetic density of order
σm ∼ 3× 10−3 eV .

φmax ∼ 300 nm

R ∼ 3µm

∆R = RD −R ∼ 0.1 R ∼ 300 nm
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Possible experimental realization 
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≈ 2πσm e φmax
R

∆R
∼ 3× 10−2

Ne ∼ 1
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metal: screening of interactions!



Amusement: log-interaction allows the 
mesoscopic study of  “anyon stars”

vary     θ



Conclusions

Anyon statistics mediated by electromagnetism and phonons 

Statistical angle is a continuous function of membrane properties
 
• magnetic dipolar density
• electric charge density
• tension

Proposed experiment that does not suffer from “area” problem

Proposed physical realization with graphene as membrane


