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Pairing of electrons is ubiquitous in electronic systems featuring attractive inter-
electron interactions, as exemplified in superconductors [1]. Counter-intuitively, it
can also be mediated in certain circumstances by the repulsive Coulomb interaction
alone [2, 3]. Quantum Hall (QH) Fabry-Pérot interferometers (FPIs) tailored in two-
dimensional electron gas under a perpendicular magnetic field has been argued to
exhibit such unusual electron pairing seemingly without attractive interaction [4–7].
Here, we show evidence in graphene QH FPIs [8–11] revealing not only a similar elec-
tron pairing at bulk filling factor ν = 2 but also an unforeseen emergence of electron
tripling characterized by a fractional Aharonov-Bohm flux period h/3e (h is the Planck
constant and e the electron charge) at ν = 3. Leveraging a novel plunger-gate spec-
troscopy, we demonstrate that electron pairing (tripling) involves correlated charge
transport on two (three) entangled QH edge channels. This spectroscopy indicates a
quantum interference flux-periodicity determined by the sum of the phases acquired
by the distinct QH edge channels having slightly different interfering areas. While
recent theory invokes the dynamical exchange of neutral magnetoplasmons –dubbed
neutralons– as mediator for electron pairing [12], our discovery of three entangled QH
edge channels with apparent electron tripling defies understanding and introduces a
new three-body problem for interacting fermions.

The quantum Hall effect is known to host a wide range
of correlated and symmetry protected phases. Coulomb
repulsion plays a central role in it, shaping the struc-
ture of QH edge channels [13], inducing (pseudo) spin-
polarized QH ferromagnets [14], or generating fractional
quantum Hall states [15] with anyonic excitations that
may be useful for topological quantum computation [16].

In 2015, a surprise came with the observation of pair-
ing of electrons in QH interferometers. Choi and co-
workers [4] found in GaAs Fabry-Pérot interferometers
defined by two quantum point contacts in series [17]
an anomalous Aharonov-Bohm effect with halved flux-
periodicity, h/2e. The specific configurations identified
were the presence of at least two QH edge channels in
the FPI, that is, a bulk filling factor ν > 2, and interfer-
ence from the outer channel while the inner is localized
in a closed loop. Strikingly, this electron pairing was con-
firmed by quantum shot noise that evidenced an effective
charge e∗ ∼ 2e (Refs. [4, 7]), pointing conspicuously to-
wards correlated electron-pair transport.

The analogy with Cooper pairing as in superconduc-
tors is tantalizing, however the resemblance is only ap-
parent since there is no attractive, non-coulombic inter-
action, nor evidence of a macroscopic condensate. On
the theoretical front, most efforts to date have failed
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to describe this baffling phenomenon [12, 18, 19]. Yet,
an effective dynamical pairing via the exchange of neu-
tralons [12] has been put forward, but cannot capture all
phenomenology [4, 5, 7].

Here, we opt for a different platform –the graphene QH
FPI [8, 9] to uncover new insights into this phenomenon.
By leveraging the high-tunablility of its plunger gate [8]
and conducting systematic out-of-equilibrium transport
measurements, we establish a new QH edge channel spec-
trometry that allows us to identify the exact channels in-
volved coherently in the electron pairing. Furthermore,
at filling factor ν = 3, we uncover evidence of electron
tripling involving coherent transport of three electrons
over the three distinguishable edge channels. Our un-
precedented systematic exploration of the flux and energy
bias parameter space gives key insights into a complex in-
terplay between edge channels and their interactions.

The graphene QH FPIs are made with hBN-
encapsulated graphene deposited onto graphite gate act-
ing as back-gate electrode. Two quantum point contacts
(QPCs) are electrostatically defined by a set of two palla-
dium split-gate electrodes [8, 21]. The FPIs are equipped
with a plunger-gate electrode to tune the effective area
enclosed by the QH edge channels. Several 1D ohmic con-
tacts [22] allow us to source and drain current and probe
voltages across the FPI. Figure 1a shows an atomic force
microscopy topography of the device studied in the main
text, which has a FPI cavity area of 2.2 ± 0.2µm2. Im-
portantly, the FPI is defined by the pristine, non-etched
edges of the graphene flake, ensuring confinement of the
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FIG. 1: Graphene quantum Hall Fabry-Pérot interferometer. a, Atomic force microscope image of the
hBN encapsulated graphene heterostructure. Ohmic contacts are highlighted in yellow (with a rough surface), while
quantum point contact (QPC) electrodes and the plunger gate are highlighted in light yellow (with a smooth surface).
The inner and outer quantum Hall edge channels at a bulk filling factor of 2 are represented by black and red lines,
respectively. In this configuration, the inner edge channel (dashed line) is partitioned by the QPCs. The measured
diagonal voltage VD and current give the diagonal conductance of the interferometer. b, Diagonal conductance
oscillations as a function of magnetic field and plunger gate voltage, illustrating the interference of the inner edge
channel (with a back-gate voltage of 1.8 V, i.e., νB = 2.26), as schematically shown in (a). The negative slope of the
constant phase lines indicates Aharonov-Bohm dominated interference [20].

QH edge channels to within a few magnetic lengths of
the crystal edge, without any edge reconstruction [23],
and by split and plunger gates. All experiments are per-
formed at a magnetic field of 14 T and a temperature of
0.01 K. Partial pinch off of the inner channel as overlaid
in Fig. 1a yields conductance oscillations shown in Fig.
1b with negative slope in the magnetic-field, B, versus
plunger gate voltage, Vpg, plane, which is characteristic
of Aharonov-Bohm quantum interference for a flux peri-
odicity of h/e [8, 20].

Gate-spectroscopy fingerprint of QH edge chan-
nels

The considerable advantage of graphene FPI over con-
ventional semiconductors is the absence of a bandgap,
which allows very large electrostatic tuning of the charge
carrier density from the electron states to the hole states.
Figure 2d illustrates this tunability with conductance os-
cillations versus plunger-gate voltage, Vpg, from -5 to 0 V,
reflecting the quantum interference of the inner channel
at ν = 2 (same configuration as in Fig. 1). The Fourier
transform of these oscillations in a small sliding window
gives the plunger-gate dependence of the oscillation fre-
quency [8]. The resulting gate-spectroscopy shown in Fig.
2e reveals three peaks of decreasing amplitudes (see in-
set) that relate to the first harmonic frequency fpg and
the next two 2fpg and 3fpg. This indicates quantum
interference occurring over two and three turns of the in-
ner channel loop, thus providing a clear signature for the
interferometer’s high coherence. Importantly, each peak
diverges at the same plunger gate voltage V c

pg = −0.28 V,
which corresponds to the expulsion of the inner channel
from under the gate when the filling factor under the gate

reaches νpg ∼ 1. This divergence is channel-specific [8]
and provides an unambiguous indicator of the QH edge
channels involved in the interference.

One new aspect of our measurement lies in the sys-
tematic acquisition of IV curves at each point of inter-
ference pattern in Fig. 2d (or in Fig. 1b), enabling us
to simultaneously explore the complete parameter space
of energy, gate voltage, and magnetic field (see Supple-
mentary Video 1 [24]). Figure 2d is actually extracted
at zero bias from the bias-dependence data. The oscilla-
tion yields a checkerboard pattern as a function of bias
voltage, illustrated in Fig. 2b in a restricted gate range,
reflecting the additional phase shift acquired by the in-
jected electrons at finite energy. In turn, this enables us
to compute the Fourier transform of the oscillations at
each bias voltage (see Supplementary Video 2 [24]) and
extract the bias voltage dependence of each harmonics
that we display in Fig. 2f. The resulting oscillatory lobe
structure of each harmonics is best fitted with a Gaus-
sian decay for the energy relaxation (see Ref. [8]), and
provides the Thouless energy of the interferometer edge
ETh = hv/L = 135 µV (bias-oscillation period), where
L = 3.4 µm is the length of the interfering channel be-
tween two QPCs and v the edge-excitation velocity. The
harmonics then yield ETh/N (see Fig. 2f inset), where
N is the respective harmonic index, providing an assess-
ment of v = 1.1×105 m.s−1 consistent with our previous
work [8].

Electron pairing on two coherently coupled
channels

Electron pairing emerges in our interferometer in pres-
ence of two edge channels by interfering with the outer
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FIG. 2: Gate-spectrocopy of inner channel Aharonov-Bohm interference a, Diagonal conductance as a
function of plunger-gate voltage Vpg. b, Checkerboard pattern of the conductance oscillation as a function of Vpg and
dc bias voltage. c, Calculated checkerboard pattern in the presence of three harmonics (see Methods). d, Full plunger-
gate scan of the conductance oscillation as a function of Vpg measured at a back-gate voltage of 1.8 V (νB = 2.26).
The dc voltage bias dependence of those oscillations are shown in Supplementary Video 1 [24]. a and b are extracted
from the data in d. e, Fourier transform of d computed over a sliding window in Vpg, as a function of plunger gate
voltage. This gate spectroscopy is obtained here at dc bias voltage of −28 µV. Supplementary Video 2 [24] shows
the entire energy dependence of the Fourier transform. The blue solid line highlights the first oscillation harmonic.
Dashed lines colored in red and yellow are calculated as twice and three times the blue line, respectively, indicating
the second and third oscillation harmonics. The inset is the Fourier transform at fixed Vpg = −1.3 V, which shows
three harmonic peaks labeled with with blue, red and yellow stars, respectively. f, Lobe structure of the three Fourier
harmonics, showing the energy dependence of their amplitudes. Inset: Thouless energy, extracted from the fit of the
lobe structure (see Methods), is nearly linear with the inverse of harmonic index.

channel while keeping the inner channel localized in the
interferometer cavity (see Fig. 3a inset schematics).
Gate-spectroscopy shown in Fig. 3a reveals the pair-
ing frequency (green dashed line) that is almost twice
that of the inner channel interference shown previously
in Fig. 2e. Since an area variation of one flux quantum
is ∆A = ϕ0/B = α∆Vpg = α/fpg, where α is the (non-
linear) lever arm of the gate and ∆Vpg the plunger-gate
oscillation period, a frequency doubling therefore signals
an abnormal flux periodicity of h/2e similar to that re-
ported in GaAs [4, 5, 7].

The frequency doubling is also evidenced by the pres-
ence of a residual peak at half the frequency highlighted

with a red dashed line that coincides with the frequency
of the outer channel h/e-periodic interference, the latter
being independently characterized by its spectroscopy at
a different filling factor where pairing is sub-dominant.
Inspecting the plunger gate-evolution of those frequen-
cies, we see that both pairing and outer channel frequen-
cies diverge at V c

pg = −0.96 V that corresponds to a filling
factor underneath the plunger gate νpg = 0.05, in agree-
ment with the expulsion of the outer channel from the
plunger gate area.

However, unlike the harmonics in Fig. 2e, the pairing
frequency is not exactly twice that of the outer channel:
At Vpg = −4.8 V, one finds 105 V−1 and 45 V−1, respec-
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FIG. 3: Gate-spectroscopy of pairing interference. a, Fourier transform (FT) amplitude of the conductance
oscillation of the outer edge channel versus plunger-gate voltage and plunger-gate oscillation frequency, at Vbg = 1.8 V
(νB = 2.26) and dc bias voltage of −55.5 µV. Supplementary Video 3 [24] shows the dc bias voltage dependence
of it. The blue and red dashed lines represent the oscillation frequencies of the inner and outer interfering edges,
respectively. The green dashed line is the sum of these two frequencies. The edge channel configuration is shown in
the inset schematics, where the partitioned outer channel is labeled with a red dashed line, and the green wavy line
represents the interaction between inner and outer edge channels. b, Lobe structure of the Fourier amplitude of the
pairing (red colored) and outer (green colored) channel frequencies as a function of dc bias voltage, extracted from
the data in a. c, Diagonal conductance oscillation –pajama map– showing the beating between outer and pairing
frequencies at zero bias (Supplementary Video 4 [24] shows the full bias-voltage dependence of the same data). The
inset is a 2 dimensional Fourier transform of the pajama map showing the outer and pairing frequencies.

tively. To understand this discrepancy we add on the
gate-spectroscopy the inner channel frequency (first har-
monic measured in Fig. 2e) as a blue dashed line, which
leads us to a central finding of this study: The pair-
ing frequency is not the double of the Aharonov-Bohm
frequency but the sum of the distinct inner and outer
channels frequencies. This is clearly seen with the green
dashed line in Fig. 3a, which is actually constructed from
the sum of the blue (inner channel) and red (outer chan-
nel) dashed lines, and which fits remarkably well the pair-
ing frequency dispersion. Here the different frequencies

for the inner and outer channels stem from their slightly
different positions with respect to the plunger and QPC
split gates, quantified in SI Fig. S3 (see Methods), and
thus their different effective areas.

This finding is particularly striking and insightful as
it demonstrates that, although localized, the inner chan-
nel contributes coherently to the quantum interference of
the outer channel, and thus to this unusual pairing fre-
quency. It further implies that the pairing involves ex-
citations propagating on both inner and outer channels,
thus picking up the sum of the Aharonov-Bohm phases of
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FIG. 4: Tripling and pairing interference. a and b, Schematic illustrations of the edge channel configurations
for the tripling in a with outer channel intefering and pairing in b with middle channel interfering. The inner, middle
and outer edges are color-coded in black, blue and red, respectively. Dashed lines indicate the partitioned edge. The
green wavy line depicts the interaction between middle and outer edge channels, while the purple wavy line illustrates
the interactions among all the three edges. c and d, Gate-spectroscopy computed from the conductance oscillations of
the outer c and middle d interfering edge channels, as a function of plunger gate voltage and plunger gate oscillation
frequency. In both cases the back-gate voltage is 2.5 V (νB = 2.93). Top axis indicates the filling factor underneath
the plunger gate. The black, blue and red dashed lines represent the oscillation frequencies of the inner, middle and
outer edges, respectively. In c, the green dashed line (pairing signal) is the sum of middle and outer edge frequencies,
and the purple dashed line (tripling signal) is the sum of all three channel frequencies. In d, the green dashed line is
the frequency sum of the inner and middle edge channels. a and b are extracted at zero bias and −55 µV, respectively.
The bias voltage dependence of the gate spectroscopy c and d are shown in Supplementary Videos 5 and 6 [24].

both channels φ = h
e

∮
inner

A.dl + h
e

∮
outer

A.dl, where
A is the vector potential.

Examining the energy-dependence of this gate-

spectroscopy displayed in Fig. 3b shows that the pairing
and the outer channels exhibit nearly the same voltage-
bias periodicity, that is, Thouless energy, confirming the
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fact that the pairing frequency is not an harmonic of the
outer channel interference. Here, the pairing clearly pre-
vails over the h/e-periodic outer channel contribution but
we show in Extended Data Fig. 1 that the relative con-
tribution of the pairing increases and becomes dominant
when the filling factor increases.

Notably, the zero-bias pajama map shown in Fig. 3c
exhibits a distinctive discontinuous pattern, deviating
from the standard Aharonov-Bohm pajama shown in Fig.
1b. This pattern results from the addition of the pair-
ing and outer channel oscillations, each contributing with
specific weights given in Fig. 3b. The Fourier trans-
form in Fig. 3c inset reveals the two contributions with
a doubling of both the gate and magnetic field frequen-
cies. The energy-evolution of this frequency mixing is
shown in Supplementary Video 4 [24], highlighting the
rich complexity that can emerge in these QH interferom-
etry patterns.

Electron tripling on three coherently coupled
channels

The observation of pairing naturally raises the question
as to whether the inclusion of an additional third channel
could lead to a threefold increase in frequency, namely,
electron tripling, although this has not been observed
thus far in GaAs [4–7].

To address this intriguing question we set our QH FPI
to bulk filling factor 3 and, akin to the case of pairing,
we partitioned the outer channel, while having the middle
and inner channels localized (see Fig. 4a). Figure 4c dis-
plays the resulting plunger gate spectroscopy that reveals
a new frequency, highlighted with the purple dashed line,
almost three times higher than that of the outer channel:
At Vpg = −3.9 V, one finds 179 V−1 and 45 V−1, respec-
tively. By overlaying the spectral dispersion of the inner
(black), middle (blue) and outer (red) channels, each sep-
arately identified, we can calculate the sum of the three.
This sum is represented by the purple dashed line and
conspicuously overlaps with the tripling frequency. As
for the case of pairing, the tripling frequency therefore re-
sults from the sum of the three distinct Aharonov-Bohm
phases of the three edge channels, each characterized by
different effective areas.

The coherent mixing and contributions of the three
channels result in a pajama pattern shown in Supple-
mentary Video 7 [24] that is even more complex than that
for the pairing. Still, a reduction in the magnetic field
periodicity to 1/3 the Aharonov-Bohm period is readily
visible as compared to Fig. 1b and, interestingly, phase
jumps also develop as the result of this multiple frequen-
cies mixing.

Importantly, a non-negligible pairing contribution
shown in green dashed line in Fig. 4c remains present and
comes from the sum of the outer and middle channel fre-
quencies. This suggests that pairing occurs only between
the partitioned channel and the nearest neighbor channel,
the middle one in this case. To ascertain this observation,

we carried out another gate-spectroscopy in a different
configuration in which we partitioned the middle chan-
nel, fully transmitted the outer channel and localized the
inner channel (see Fig. 4b). The resulting spectroscopy
displayed in Fig. 4d clearly shows a pairing contribution
coming from the sum of the middle and inner channels
frequencies, confirming that this pairing occurs between
partially and fully localized nearest neighbor channels.

Interestingly, the amplitude of the pairing peak is
weaker in this configuration (confirmed also at slightly
different filling factors in Fig. S5b), while the middle and
inner frequencies are clearly visible. Here, the difference
with the previous configuration at filling factor 2 is that
the pairing involves channels belonging to two different
Landau levels, that is, the zeroth and first Landau level.
Consequently, the edge channels are more spatially sepa-
rated due to the large cyclotron gap compared to the case
of pairing between outer and middle, which both belong
to the zeroth Landau level. The fact that pairing inten-
sity increases with smaller separations between channels
strongly suggests that inter-channel Coulomb interaction
plays a crucial role in the pairing and tripling.

A key question to assess the Coulomb interaction quan-
titatively is the real space distance between edge chan-
nels. As in optical interferometry, our gate-spectroscopy
provides a very accurate measurement of the interfering
path, which can in turn leads to the edge channel-to-gate
distance δ(Vpg) by integrating the Vpg-dependence of an
edge channel frequency (see Methods). We show in Fig.
5d the resulting distances for the three channels at ν = 3.
Strikingly, despite a relatively smooth electrostatic po-
tential, the outer (red line) and middle (blue line) chan-
nels are very close, with a distance δ on the order of or
even smaller than the magnetic length lB =

√
h/2πeB,

implying strongly interacting channels. For instance we
obtain δ = 5.6 nm at Vpg = −3 V with a magnetic length
lB = 6.7 nm at B = 14 T. On the other hand, the in-
ner channel (black line) that belongs to the first Landau
level is located at ∼ 35 nm (at Vpg = −3 V) away from
the middle channel. This distance can be accounted for
by the large cyclotron gap between the zeroth and first
Landau levels of graphene. On the contrary, along the
graphene crystal edges of the FPI, the QH edge channels
are known to be all confined on a scale of the order of
lB to the crystal edge [23, 25]. We can thus outline the
spatial structure of edge channels as well as the many-
body Landau level spectra at the crystal edges and at
the pn junctions in our FPI with the schematics in Fig.
5. This provides unprecedented and accurate measure-
ments of the inter-channel distances, which are crucial for
a further theoretical assessment of Coulomb interactions
between the channels. It is also fully consistent with our
observation and interpretation of weaker pairing between
middle and inner channel at ν = 3 discussed above.

Discussion

Inter-channel interactions are expected to induce
charge redistribution in edge magnetoplasmons [28–30]
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on co-propagating channels [31, 32]. If they are strong
enough, they decompose electrons into fast (charged) and
slow (neutral) modes which split in the two channels. A
recent theoretical work on isolated edges predicts that
neutral modes produced by an electron entering the FPI
could correlate with the tunneling of a second electron,
leading to an effective attractive interaction and, conse-
quently, to pairing [12]. While the generalization of such
a process to three channels with the correlation of three
charges is yet to be demonstrated, it remains the only
available suggestion of a pairing mechanism in a QH FPI
thus far.

A different explanation of the frequency doubling and
tripling based on charging effects [33, 34], which has

long obscured Aharonov-Bohm interferometry [20], cer-
tainly deserves careful consideration. In our FPI at
ν = 2, we observed, for the inner channel, a notewor-
thy crossover from the Coulomb-dominated (CD) regime
to the Aharonov-Bohm (AB) regime , with an increase in
the filling factor on the h/2e quantum Hall plateau, as il-
lustrated in Extended Data Figure 2. Simultaneously, the
pairing phenomena gets weaker (stronger) when the inner
channel is CD-dominant (AB-dominant) (see Extended
Data Figure 1 a, b, c, d). Moreover, in our previous
study [8], a larger QH FPI with a size of 15, µm2 demon-
strated pairing exclusively at ν = 2, without the presence
of additional frequencies (see Fig. S2). In that case, no
signatures of the CD regime were observed, most likely
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due to a smaller charging energy. Although the question
remains open, these concordant observations suggest that
the CD regime –charging effects– is not related to the
pairing and tripling, in agreement with the conclusions
of Ref. [4].

Besides, it is worth mentioning a recent report on pair-
wise electron tunneling into large quantum dots [35], rem-
iniscent of the FPI configuration. In this context, some
theoretical models predict a possible attraction –pairing–
of localized electrons resulting from the minimization of
the screened Coulomb interaction [36], and even three
electrons bunching in very specific configurations [37].

The possibility of bunching three electrons evokes Efi-
mov’s physics [38] in which three body bound-states form
by contact interaction in vacuum, as well as quarks with
color charges that bind to form fermionic hadrons [39].
Such a bunching also resonates with various recent pre-
dictions, such as a Fermi liquid of electron trimers
transiently induced by optical pumping in superconduc-
tors [40], or Cooper trimers in three-component Fermi
gases [41, 42]. Our findings, therefore, open up new ques-
tions for exploring the three-body problem of interacting
electrons with QH edge channels.

Note: During the preparation of this manuscript, we
became aware of a work [43] reporting a similar frequency
doubling in graphene QH PFI, which is interpreted in
terms of capacitive charging of the localized inner chan-
nel.

METHODS

Sample fabrication

The hBN-encapsulated graphene heterostructure were
assembled from exfoliated flakes using the van der Waals
pick-up technique [22] and deposited onto a graphite flake
serving as the back-gate electrode. The substrates are
highly doped Si wafers with a 285 nm thick SiO2 layer.
The flake thicknesses are 27 nm for the graphite, 45.5
nm for the bottom hBN, and 27.5 nm for the top hBN.
Contacts and electrostatic gates were patterned using e-
beam lithography, and Cr/Au were deposited for the con-
tacts after etching the heterostructure with a CHF3/O2
plasma. Pd was deposited for the electrostatic gates,
preceded by a slight O2 plasma etching to remove resist
residues on hBN and ensure a homogeneous electrostatic
potential beneath the gate.

Measurements

All measurements were performed in a dilution fridge
with a base temperature of 0.01 K at 14T. The mea-
surement setup and filtering is described in [8] and [25].
Systematic current-voltage characteristics were measured
in a four terminal configuration as illustrated in Fig.
1a with an acquisition card that oversamples at ∼

30 − 50 kHz for fast averaging. The diagonal volt-
age drop across the interferometer was measured with
a differential FET amplifier. Differential resistance
data were obtained by numerically differentiating the
current-voltage characteristics. All room-temperature
low-noise pre-amplifiers were thermalized in a home-
made, temperature-controlled box to get rid of thermal
drifts of input voltage offsets.

Checkerboard pattern with harmonics

In a presence of a single harmonics numbered n, the
oscillation dependence with bias voltage can be described
by the functional form [8]:

Gosc
n = An

[
β cos

(
n ×

(
2π

φ

ϕ0
− 2L

ℏv
eV β

))
(1)

+β cos
(

n ×
(

2π
φ

ϕ0
+ 2L

ℏv
eV β

)) ]
exp

(
− (eV )2

σ2
n

)
,

where β and β are asymmetry parameters describing how
symmetric is the voltage drop on the two side of the inter-
ferometer. An is the nth harmonic oscillation amplitude.
eV is the voltage applied between source and drain. L is
the length of the interfering channel between two QPCs,
v the edge channel velocity, φ is the Aharonov-Bohm
flux picked up by the electrons. The phenomenological
Gaussian energy decay describing phase fluctuations of
the interfering edge channel due to Coulomb interactions
or the electric noise in the non-interfering edge chan-
nels [44] fits best our data. Checkerboard pattern in
Fig. 2b is very well reproduced by the sum of the three
first harmonics Gosc =

∑
n Gosc

n , with β = 0.4, β = 0.6,
A1 = 0.25e2/h, A2 = 0.052e2/h, A3 = 0.0125e2/h,
σ1 = 100 µeV, σ2 = 80 µeV, and σ3 = 65 µeV, as shown
in Fig. 2c.

Gate-to-edge channel distance from
gate-spectroscopy

The gate-spectroscopy is a direct measure of the ca-
pacitance coupling between the gate and the interfering
edge channels [8]. Assuming a distance δ between the
gate and the interfering channel as drawn in the left in-
set in Fig. 5d, the lever arm of the gate is given by
α(Vpg) = Lpg

dδ(Vpg)
dVpg

, where Lpg = 1.5 µm is the gate
edge length [8]. As a result, one can compute the dis-
placement distance δ by integrating the gate-voltage de-
pendence of the frequency of the considered channel:
δ(Vpg) = ϕ0

BLpg

∫ Vpg
V c

pg
fpg(V )dV , using ∆A = ϕ0/B =

α∆Vpg = α/fpg. Fig. 5d displays the resulting distances
for the three channels at ν = 3 computed from Fig. 4c.
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Evolution of electron pairing with filling factor

The relative contributions of the outer edge channel
and pairing to the interference signal vary with the fill-
ing factor when partitioning the outer edge channel on
the h/2e quantum Hall plateau. On the left side of the
plateau, at Vbg = 1.2 V (ν = 1.7), the interference signal
is dominated by the outer edge channel contribution, as
observed in Extended Data Fig. 1a and c. In the middle
of the plateau, at Vbg = 1.58 V (ν = 2), the contributions
from the outer edge channel and pairing are comparable,
as shown in Extended Data Fig. 1b and d. On the right
side of the plateau, at Vbg = 1.8 V (ν = 2.26), the pairing
contribution becomes dominant, as illustrated in Fig. 3a
and b. It’s important to note that the precise weight-
ing of the outer channel and pairing contributions is bias
voltage-dependent, as evident in Extended Data Fig. 1d-
g.

Coulomb dominated to Aharonov-Bohm dominated
transition on the inner edge

We present in this section and in Extended Data Fig.
2 the continuous evolution of inner edge channel interfer-
ences from Coulomb dominated to Aharonov-Bohm type
when increasing filling factor on the h/2e plateau [20].
The magnetic field periodicity of the inner edge channel
interference continuously evolves as the filling factor is in-
creased as shown in Extended Data Fig. 2b. On the left
of the plateau, the oscillations are completely Coulomb
dominated i.e. the period is equal to the Aharonov-Bohm
period but with a negative slope of constant phase line on
the pajama plot [33] as shown in Extended Data Fig. 2c.
On the middle of the plateau, the oscillations are almost

magnetic field independent as shown in Extended Data
Fig. 2d. On the right side of the plateau, the oscilla-
tions correspond to a pure Aharonov-Bohm modulation
as shown in main text Fig. 1b. This evolution is con-
sistent with a reduced bulk-inner edge interaction as the
filling factor is increased. Note that on the right part of
the plateau, the Fermi level is pinned in the Liftshitz tail
of the N=1 Landau level such that the bulk compressible
island is separated from the edge channels by a distance
similar to that assessed in Fig. 5d. On the contrary, on
the left part of the plateau, the Fermi level in pinned at
the top of the zeroth LL, which forms a compressible is-
land of localized states that are potentially closer to the
edge channels.

ACKNOWLEDGMENTS

We thank A. Assouline, D. Basko, P. Degiovanni, M.
Heiblum, B. Rosenow, K. Snizhko and E. Sukhorukov
for valuable discussions. We thank F. Blondelle for tech-
nical support on the experimental apparatus. Samples
were prepared at the Nanofab facility of the Néel Insti-
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Extended Data Fig. 1: Electron pairing evolution with filling factor and bias voltage for outer edge
channel partial transmission. a-b. FT amplitude obtained from oscillations when partially transmitting the outer
channel at Vbg = 1.2 V and Vbg = 1.58 V, versus plunger gate voltage and oscillation frequency. Black dash lines
are taken from interference of inner channel. Blue dash lines guide the frequency of outer channel interference, and
green dash lines is the sum of the two other frequencies. c-d. Lobe structure of paired channel (green colored) and
outer channel (blue colored) at Vbg = 1.2 V and Vbg = 1.58 V. Pairing frequency is dominated over the whole bias
ranges at Vbg = 1.2 V but is comparable with outer signal at Vbg = 1.58 V. e-g. Pajama maps of outer channel at
Vbg = 1.58 V measured at Vbias = 2 µV, 14 µV, 100 µV.
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voltage of 1.2 V - 1.58 V - 1.75 V, indicated with color marks on the plateau in (a).
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Supplementary Information

I. QUANTUM HALL CHARACTERIZATION

Here we highlight the back-gate voltages corresponding to the bulk filling factors at which the interferometry
experiments were performed. Figure S1 shows the diagonal conductance of device WY50 of the main text, measured
in the configuration shown in Fig. 1a. Integer quantum Hall states, including broken symmetry states, are well
developed as featured by quantized diagonal conductance when sweeping the back-gate voltage at 14 T. We summarize
below the back-gate voltages Vbg (indicated by colored dots in Fig. S1) and corresponding bulk filling factors ν for
all figures of the work.

0.5 1 1.5 2 2.5

 Back gate voltage (V)

1

2G
 (e

²/
h)

0

3

3

4

Bulk �lling factor

21 3

1.58 V

1.5 2.5

1.8 V

2.5 V

2.332 V

1.2 V

Fig. S1: Quantum Hall plateaus. Diagonal conductance of device WY50 of the main text as a function of
back-gate voltage at 14 T. Top axis is the bulk filling factor. The dots on the quantum Hall plateau indicate the
back-gate voltage where each figure was measured: Vbg = 1.2 V (ν = 1.7, red diamond ), Vbg = 1.58 V (ν = 2, green
star),Vbg = 1.8 V (ν = 2.26, red dot). For higher filling factor, we present data obtained at Vbg = 2.33 V (ν = 2.8,
blue dot) and Vbg = 2.5 V (ν = 2.93, green dot).

• Vbg = 1.2 V (ν = 1.7) : Ext. Data. Figs. 1a,c and 2a,c (red diamond in Fig. S1).

• Vbg = 1.58 V (ν = 2): Ext. Data. Figs. 1b,d and 2b,d-g (green star in Fig. S1).

• Vbg = 1.8 V (ν = 2.26) : Figs. 1-3 and Fig. S3 and Supplementary Videos 1-4 [24] (red dot in Fig. S1).

• Vbg = 2.33 V (ν = 2.8) : Fig. S5 and Supplementary Videos 8-10 [24] (blue dot in Fig. S1).

• Vbg = 2.5 V (ν = 2.9) : Figs. 4 and 5 and Supplementary Videos 5 and 6 [24] (green dot in Fig. S1).
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II. EVOLUTION OF PAIRING STRENGTH WITH INTERFEROMETER SIZE

Here, we present additional data obtained from sample BNGr74 comprising two interferometers in series, which
was extensively studied in [8]. This device configuration allows to study, in the same sample, three interferometers of
different sizes: 3.1 µm2, 10.7 µm2 and 14.7 µm2. The measurements were performed with standard lock-in at zero-bias
voltage. Figs. S2a-c exhibit the gate spectroscopy of the outer edge channel as a function of plunger gate voltage
in small, medium and large interferometers, respectively. The pairing signal is more pronounced in the medium
interferometer and is present alone in the large interferometer where charging effects are expected to be lessened,
indicating an anti-correlation between charging energy and the emergence of the pairing frequency.
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Fig. S2: Evolution of pairing strength with interferometer size. Fourier transform amplitude of conductance
oscillations versus plunger gate voltage and plunger gate frequency when partitioning the outer edge channel at ν = 2.
a, Small FPI of 3.1 µm2 is measured at ν = 2.3. b, Medium FPI of 10.7 µm2 is measured at ν = 2.3. c, Large FPI
of 14.7 µm2 is measured at ν = 2.5.

III. EDGE CHANNEL-TO-PLUNGER GATE DISTANCE AT ν = 2

We estimate the displacement of the edge channels with respect to the plunger gate edge, δ(Vpg), at Vbg = 1.8 V,
that is, ν = 2.26 . The calculation details are described in the Methods. Figure S3d shows the edge displacement for
both inner and outer edge channels versus plunger gate voltage, computed with the frequency dispersions shown in
Fig. 3a. For Vpg > V1 corresponding to a filling factor higher than 1 below the plunger gate, both inner and outer
channels propagate along the crystal edge underneath the plunger gate as schematically depicted in Fig. S3c. Upon
decreasing the gate voltage below V1, the inner channel rapidly shifts towards the interior of the interferometer cavity
as illustrated in Fig. S3b. Subsequently, the outer channel quickly moves towards the inner side of the plunger gate
when pinching plunger gate at the critical voltage V2, corresponding to filling factor 0 below the plunger gate, as
illustrated in Fig. S3a.

IV. LOBE STRUCTURE AT ν = 3

We show in Fig. S4 the Fourier transform amplitude –lobe structure– as a function of dc bias voltage extracted
from Fig. 4. Fourier transform amplitudes are related to the pairing, tripling and inner channels (extracted from Fig.
4c) in Fig. S4a, and to inner and middle channels (extracted from Fig. 4d) in Fig. S4b. Contrary to the harmonics
observed for inner edge channel interferences in Fig. 2f, here, all Fourier transform amplitudes exhibit comparable
periodicities in bias voltage. The extracted Thouless energies, of the order of 100 µV, are comparable to that of the
inner edge channel shown in Fig. 2. This indicates a similar order of magnitude for the velocity of each edge channel.

V. TRIPLING AT ANOTHER BULK FILLING FACTOR

Fig. S5 shows the interference behavior observed at Vbg = 2.33 V (νB = 2.8) involving three edge channels, similar
to the data presented in Fig. 4. Figs. S5a-c show the dependence of Fourier transform amplitude on plunger gate
voltage at zero bias, extracted from conductance oscillations when partitioning the inner, middle and outer edge
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Fig. S3: Edge channel-to-plunger gate distance at ν = 2. a-c, Schematics of the edge channel configurations
in three different plunger gate regimes, where δ represents the distance between the edge channel and the plunger
gate. d, Edge channel-to-plunger gate distance for the inner and outer channels at Vbg = 1.8 V, extracted from the
plunger gate frequency dispersions in Fig. 3a.
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Fig. S4: Lobe structure of edge channels at ν = 3. a, Lobe structures of the Fourier transform amplitude for the
inner channel and pairing (between middle and outer channels) and tripling when partitioning the outer edge channel
at Vbg = 2.5 V, corresponding to the data in Fig. 4c. b, Lobe structures of the inner and middle edge channels when
partitioning the middle channel, corresponding to the data in Fig. 4d.

channels, respectively. Similar to Fig. 4, electron pairing and tripling clearly emerge when interfering with the middle
and outer edge channels. Figs. S5d-f present the pajama maps, revealing Coulomb-dominated oscillations in the inner
channel interference (Fig. S5d) and complex patterns involving multiple frequencies for both middle (Fig. S5e) and
outer (Fig. S5f) edge channel interference.

Interestingly, the inner channel interference in Fig. S5d exhibits CD regime for all bias voltages as shown in the
SI Video 8 [24]. On the other hand, the exact regime for the middle channel interference can be evaluated in the SI
Video 9 [24], where at high bias, an AB regime dominates and can be attributed to the middle channel through its
plunger gate periodicity. Around zero bias the pattern shown in Fig. S5e is a mixture of the middle AB, a weaker
contribution of the inner CD and pairing. For outer channel interference in Fig. S5f, the energy dependence of the
pajama does not help distinguish individual channel contributions.
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Fig. S5: Interference pattern at Vbg = 2.33 V (ν = 2.8). a, Fourier transform of conductance oscillation versus
plunger gate voltage when partitioning the inner edge channel. The oscillation exhibits a single frequency. b, When
partitioning the middle edge channel, three frequency dispersions can be associated with the inner (dashed black line),
middle (dashed blue line) and the sum frequency of inner and middle (dashed green line). c. When partitioning the
outer edge channel, the low frequency dispersion is related to the outer edge (red black line), and the moderate signal
is the sum frequency of outer and middle (pairing, dashed green line). The strongest frequency dispersion is associated
with the sum frequency of all three channels (purple green line). d-f, Pajama maps showing conductance oscillations
for partitioning of inner, middle and outer edges, respectively. Here the data are shown at zero bias extracted from
the IV curves.
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VI. SUPPLEMENTARY VIDEOS [24]

A. SI Video 1 (complement to Fig. 2d): Bias voltage evolution of the inner edge channel conductance
oscillation

Conductance oscillation as a function of plunger gate voltage when partitioning the inner channel (as depicted in
Fig. 2d) extracted for each voltage from the IV curves [24].

B. SI Video 2 (complement to Fig. 2e): Bias voltage evolution of the inner edge channel gate-spectroscopy

Bias voltage dependence of the Fourier transform of Fig. 2e as a function of plunger gate voltage when partitioning
the inner edge channel. The Fourier transform is computed with the data of SI Video 1 [24].

C. SI Video 3 (complement to Fig. 3a): Bias voltage evolution of the outer edge channel gate-spectroscopy

Bias voltage dependence of the Fourier transform of Fig. 3a as a function of plunger gate voltage when partitioning
the outer edge channel [24].

D. SI Video 4 (complement to Fig. 3c): Bias voltage evolution of the outer edge channel pajama map

Pajama map is extracted for each voltage from the IV curves, showcasing the partitioning of the outer channel
(as demonstrated in Fig. 3c) [24]. The beating pattern aligns with the lobe structure of Fig. 3b (the lobe structure
extracted from the pajama is almost identical). At high (positive or negative) voltage, a single frequency (tripling)
dominates with a small modulation on top. Around ±65 µV, the two frequencies have similar amplitudes, and the
pajama looks like a checkerboard. Around −30 µV, the pairing signal dominates, and the pajama is similar to the
one at high (positive or negative) voltage. Around 0 µV, the pajama pattern is akin to the one in Fig. 3c, with one
dominating oscillation (pairing) but periodically interrupted by a second smaller oscillation stemming from the outer
edge channel.

E. SI Video 5 (complement to Fig. 4c): Bias voltage evolution of the outer edge channel (tripling)
gate-spectroscopy

Conductance oscillations with plunger gate voltage, obtained by partitioning the outer edge channel at filling factor
3 (as in Fig. 4c) [24], are extracted for each voltage from the IV curves. At high (positive or negative) voltage, a
single frequency (tripling) is visible. Around ±65 µV, a second lower frequency appears, which corresponds to the
pairing of the middle and outer channels. Around ±30 µV, two additional frequencies appear, corresponding to the
middle and outer edge channel oscillations. Around ±20 µV, all four amplitudes are fainter, corresponding to the
first minimum of the lobe structure. Around ±0 µV, one recovers Fig. 4c. Similar to Supplementary Video 3, all
three signals appear and disappear with comparable frequency (in bias voltage), in agreement with the lobe structure
of Fig. S4a. Note that the different frequency dispersions are independent of bias voltage.

F. SI Video 6 (complement to Fig. 4d): Bias voltage evolution of the middle edge channel (tripling)
gate-spectroscopy

Conductance oscillations with plunger gate voltage, obtained by partitioning the middle edge channel at filling
factor 3 (as in Fig. 4d) [24], are extracted for each voltage from the IV curves. At high (positive or negative) voltage,
two signals of comparable amplitude are visible, corresponding to middle and inner edge channel oscillations. As
the voltage is increased, both two amplitudes increase, while a new pairing signal appears around ±55 µV. Around
±0 µV, one recovers the map of Fig. 4d. Similar to supplementary videos 3 and 5, middle and inner signals appear
and disappear with comparable frequency (in bias voltage), in agreement with the lobe structure of Fig. S4b. Note
that the different frequency dispersions are independent of bias voltage.
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G. SI video 7 : Bias voltage evolution of the outer edge channel pajama at Vbg = 2.6 V

Conductance oscillations with plunger gate voltage and magnetic field, obtained by partitioning the inner edge
channel at filling factor 3.1 (as in Fig. S5d) [24], are extracted for each voltage from the IV curve. At high (positive
or negative) voltage, the interference pattern exhibits a negative slope in the B-Vpg plane, characteristic of Coulomb-
dominated interference due to a contribution from the inner edge channel. Between ±80 µV, the outer channel,
pairing (of middle and outer), and tripling can contribute to the interference. The pajama pattern thus changes with
bias voltage depending on which channel is dominating.

H. SI video 8 (complement to Fig. S5d): Bias voltage evolution of the inner edge channel pajama at
Vbg = 2.33 V

Pajama map, obtained by partitioning the inner edge channel at filling factor 3 (as in Fig. S5d), are extracted
for each voltage from the IV curve [24]. The interference pattern exhibits a negative slope in the B-Vpg plane,
characteristic of Coulomb-dominated interference. The interference pattern is nearly independent of bias voltage.
The slight modifications in the pattern with bias voltage are primarily attributed to changes in visibility.

I. SI video 9 (complement to Fig. S5e): Bias voltage evolution of the middle edge channel pajama at
Vbg = 2.33 V

Pajama map, obtained by partitioning the middle edge channel at filling factor 3 (as in Fig. S5e), are extracted
for each voltage from the IV curve [24]. As illustrated in Fig. S5e, interference from the inner channel, the middle
channel, and their pairing can occur in this scenario. The pajama pattern thus varies with bias voltage, depending
on which channel is dominating at a given voltage. At high (positive or negative) voltage, the middle edge channel
dominates, giving rise to an Aharonov-Bohm dominated pajama. As the voltage is increased, the inner channel
appears (Coulomb dominated) and introduces an extra modulation around ±110 µV. Around ±77 µV, the pairing
channel appears, dominating the overall low-visibility interference pattern. Around ±50 µV, the middle channel
dominates the oscillations with a small modulation due to pairing. Around 0 µV, all channels are present with low
visibility.

J. SI video 10 (complement to Fig. S5f): Bias voltage evolution of the outer edge channel pajama at
Vbg = 2.33 V

Conductance oscillations with plunger gate voltage and magnetic field, obtained by partitioning the middle edge
channel at filling factor 3 (as in Fig. S5f) [24], are extracted for each voltage from the IV curve. As illustrated in Fig.
S5f, interference from the outer channel, the pairing (involving the middle and outer channels), and the tripling can
occur in this scenario. The pajama pattern thus varies with bias voltage, depending on which channel is dominating
at a given voltage.
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