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Magnetoexciton limit of quantum Hall breakdown in graphene
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One of the intrinsic drift velocity limits of the quantum Hall effect is the collective magnetoexciton (ME)
instability. It has been demonstrated in bilayer graphene (BLG) using noise measurements [W. Yang et al.,
Phys. Rev. Lett. 121, 136804 (2018)]. We reproduce this experiment in monolayer graphene (MLG), and show
that the same mechanism carries a direct relativistic signature on the breakdown velocity. Based on theoretical
calculations of MLG- and BLG-ME spectra, we show that Doppler-induced instabilities manifest for a ME phase
velocity determined by a universal value of the ME conductivity, set by the Hall conductance.
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I. INTRODUCTION

Low-bias quantum Hall (QH) transport is notoriously de-
scribed in terms of single-electron physics, as exemplified by
the edge-channel conductance quantization used in metrology
[1–3]. The situation differs at large bias as electrons may cou-
ple to the collective particle-hole excitation spectrum (PHES)
[4], described by a dispersion relation ω(q): it includes in
the integer QH case both magnetoplasmon (MP) and mag-
netoexciton (ME) branches [5], and, in the fractional QH
case, a magnetoroton (MR) branch [6,7]. High-bias transport
also differs in the electric field and current distributions. In
a transistor or a Hall bar geometry (length L, width W ), the
nondissipative Hall current penetrates the Landau insulating
bulk so that source and drain get connected via open ballistic
orbits (drift velocity vx = Ey/B) [8,9]. The high-bias con-
ductance GH and Hall conductivity σxy = GH = Ix/Vy = νGK

are still set by the conductance quantum GK = e2/h and the
filling factor ν = nh/eB at a carrier density n. This ballistic
transport is ultimately limited by the quantum Hall effect
breakdown (QHEBD), a bulk effect occurring at a critical
voltage Vbd (or field Ebd = Vbd/W , or velocity vbd = Ebd/B),
which is signaled by the onset of a longitudinal voltage
Vx = LEx associated with a bulk backscattering current and
its associated shot noise SI . The most frequently considered
QHEBD mechanism is inter-Landau-level tunneling (ILLT),
a single-particle effect that sets in when the wave functions
of neighboring Landau-levels (LL) overlap in the tilted po-
tential under applied bias [10]. In the case of a massive 2D
electron gas called 2DEG, ILLT has a critical Zener field
EZ ∼ h̄ωc/eRc, where ωc = eB/m∗ and Rc ∼ √
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cyclotron angular frequency and radius, m∗ is the effective
mass, N the number of occupied LLs, and lB = √

h̄/eB the
magnetic length [10]. ILLT gives rise to quite large velocities
vZ ∼ h̄/m∗Rc (∼2.105 m.s−1 for N = 1 at 10 T with m∗ �
0.06 m0 for GaAs-based 2DEGs). Hall bar experiments indi-
cate premature breakdowns with vbd � vZ/10 in both 2DEGs
and graphene (see [11] and references therein). Several mech-
anisms have been considered to explain this discrepancy,
such as the phonon- or impurity-assisted ILLT [10,12]. Such
extrinsic mechanisms are actually needed to overcome the
momentum-conservation protection of ILLT, which stems
from the 2kF momentum mismatch between neighboring LL
wave functions [13], where kF is the Fermi momentum.
However, larger velocities vbd ∼ vZ/2 have been reported in
quantum Hall constrictions [14,15], thanks to a more uni-
form electrostatic landscape in the absence of invasive voltage
probes. These experiments challenge the single-particle ILLT
interpretation, and motivate alternative explanations in terms
of collective excitations, such as the ME-instability scenario
proposed in Ref. [11].

QHEBD was recently investigated in bilayer graphene
(BLG) transistors using shot noise as a probe of ballistic
transport breakdown [11]. Interestingly, doped BLG emulates
a massive 2DEG with m∗ � 0.03 m0. In the two-terminal tran-
sistor geometry, the breakdown was monitored by the sharp
onset of the microwave shot-noise current IN = SI/2e above
the noiseless ballistic Hall background. Breakdown noise is
characterized by a large differential noise conductance GN =
∂IN/∂V exceeding the DC Hall conductance GH . These large
values signal a strongly superpoissonian backscattering shot
noise which has been interpreted in Ref. [11] as a signature
of a collective magnetoexciton (ME) instability, calling for a
kinematic origin of breakdown. The ω(q ∼ kF ) sector of the
2DEG-PHES, which is relevant for breakdown in 2DEGs, be-
ing essentially interaction independent (see [5] and discussion
below), the ME-instability velocity vBLG

ME ∼ h̄/m∗Rc turns out
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FIG. 1. Low-bias magnetotransport and noise in high-mobility bottom-gated hBN-encapsulated graphene sample AuS2 measured at
T = 4 K. Sample dimensions are L × W × thBN = 16 × 10.6 × 0.032 µm. The contact resistance and mobility are Rc = 36 Ohms and
μ = 32 m2/Vs. (a) sketch of the measuring setup. (b) Low-bias (V = 3 mV) conductance quantization steps in units of e2/h, obeying the
MLG quantization sequence ν = 2(2N + 1) for the filling factor ν as function of the Landau index N . (c) Fan chart of the zero-bias differential
conductance ∂Gds/∂Vg showing a series of Landau levels. In (b) and (c), the feature inside the N=7 Landau level (at G � 27 e2/h) is a
measurement artifact. (d) Typical shot-noise spectra in increasing bias at n = 2.1012 cm−2, B = 0.5 T.

to be similar to the interaction-free Zener limit vZ , providing
a clue to the apparent single-particle ILLT puzzle [11]. Even
though the ME scenario can hardly be distinguished from
ILLT according to the breakdown threshold in 2DEGs, it does
explain the superpoissonian noise as a mere consequence of
its collective nature. Note that the ME instability has also
been considered to interpret quantum Hall fluid flows across
an ionized impurity in Ref. [16] and DC magnetoresistance
resonances in monolayer graphene (MLG) in Ref. [17].

The present work extends the noise investigation to MLG,
which sustains a qualitatively different PHES due to its rel-
ativistic Landau level ladder, and a more pronounced effect
of interactions on the ME branches of the PHES, as ex-
plained in Ref. [5]. This peculiarity of MLG is revisited
below, and in Sec. III of the Supplemental Material, with new
RPA calculations of the spectral function and magneto-optical
conductivity σMO, accounting for screening by both hBN
encapsulation and local back gating. Noise measurements,
performed in high-mobility hBN-encapsulated graphene tran-
sistors, present a magnetic field and doping independent
breakdown velocity vMLG

bd � 1.4 105 m/s at variance with
massive BLG where vBLG

bd ∝ √
B. Calculations of the PHES

for our transistor geometry indicate that this constant break-
down velocity is actually determined by an empirical but
universal impedance matching criterion: σMO ∼ 10−2 NGK ,
where NGK is the Hall conductance. This small σMO/NGK ∼
10−2 ratio in QHE is reminiscent of the fine-structure constant

α = Z0GK governing light-matter coupling ruled by vacuum
impedance Z0 = 377 �. We conclude the paper by a compar-
ison between MLG and BLG breakdown velocities at large
doping, illustrating this qualitative difference between mas-
sive and massless ME instability supported by RPA theory.

II. MAGNETOTRANSPORT AND MICROWAVE NOISE
MEASUREMENTS

The samples analyzed in this experiment have been pre-
viously used in the investigations of the Schwinger effect
in Ref. [18] and/or flicker noise in Ref. [19]; they are de-
scribed in the Supplemental Material [20] (Table. SM1).
The transistors are embedded in coplanar wave guides for
DC and microwave noise characterization at 4 Kelvin [see
measurement setup in Fig. 1(a)]. The experiment is per-
formed in the microwave frequency range to overcome
flicker noise, which dominates up to the low-GHz range at
large currents [19], and to access the QHEBD shot noise
of interest. Data presented below concentrate on the hBN-
encapsulated, bottom-gated, graphene sample AuS2 (L ×
W × thBN = 16 × 10.6 × 0.032 µm) which is described in
Fig. 1 and in Ref. [18]. Graphene conductance is calcu-
lated after correcting for the (small) contact resistance effect.
Low-bias magnetoconductance G(Vg, B) = ∂I/∂V [Fig. 1(b)],
and the ∂G/∂Vg(Vg, B) fan chart [Fig. 1(c)], show clear
MLG quantization down to low fields, i.e., for B � 0.5 T in
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FIG. 2. MLG magnetotransport and noise scaling in sample AuS2. (a) High-bias transport current I (V ) at B = 0.5 T for n =
0.5–2.1012 cm−2 deviate from quantum Hall current I = neV/B at the breakdown voltage Vbd � 0.6 V (black line). Inset shows the measured
low-bias mobility I/neV (squares, in m2/Vs) and the 1/B Hall line. (b) Noise current IN (V ) = SI/2e at the same magnetic field and doping
sequence, showing the onset of a large breakdown noise at the same Vbd , above a low noise quantum Hall background IN/V � 0.1 mS due to
contact noise. (c) Voltage dependence of IN (V ) = SI/2e for various magnetic fields, at large doping n = 2.1012 cm−2. Inset shows the linear
dependence Vbd (B) corresponding to vbd = 0.14vF (solid line), which strongly exceeds the Zener velocity (dashed line) at low field. (d) Scaling
of breakdown noise with Hall velocity EH/B for n = 1–2.1012 cm−2 and B = 0.5–2 T corresponding to Vbd = 0.6–2.4 V. It is represented by
the master line IN/W = γ n2[EH/Bvbd − 1] (dashed line), with vbd (n, B) = 1.4 105 m/s (solid line), and γ = 4.10−31 Am3 corresponding to
large breakdown noise currents IN/W ∼ 40 A/m (at n = 1.1012 cm−2).

accordance with the large μ � 32 m2/Vs mobility. The spe-
cific MLG quantization, with plateaus at ν = 2(2N + 1), is
clearly observed; the tiny width of the plateaus in Fig. 1(b)
signals the absence of disorder-induced localized bulk states,
which warrants the absence of electrostatic disorder. Plateaus
gate voltages allow for the calibration of the gate capacitance
at Cg = 1 mF/m2 for a thickness of the bottom-hBN thBN =
32 nm with εhBN = 3.4 [21]. The large biases entail promi-
nent drain-gating effects, eventually leading to a pinchoff, as
reported in Ref. [18] including for AuS2. This effect is com-
pensated here by following the gating procedure described in
Ref. [22] and routinely used in Refs. [11,18,19,23]; it consists
of applying a bias-dependent gate voltage Vg(V ) = Vg(0) +
βV , β ∼ 0.4 being adjusted to keep the resistance maximum
at charge neutrality independent of bias at zero magnetic field.
Figure 1(d) shows typical microwave SI ( f ) shot-noise spectra
in increasing bias. Noise is expressed below in terms of the
noise current IN = SI/2e for an easy comparison with the DC
transport current.

The high-bias magnetotransport and noise characteristics
of sample AuS2 are described in Fig. 2. The current voltage
relation I (V ), measured at B = 0.5 T in Fig. 2(a), shows a
smooth crossover between the quantum Hall regime where

I � IH = νGKV (inset) and the extremely high-bias metallic-
like regime where the differential conductance recovers its
zero-field value, which is set by the Zener-Klein conductiv-
ity [11,22]. The breakdown voltage Vbd ≈ 0.6 V (black line)
appears as a gradual deviation from the IH (V ) Hall regime.
By contrast, the current-noise characteristics IN (V ), measured
in the same conditions in Fig. 2(b), clearly distinguish two
regimes: a quasinoiseless quantum Hall regime for V � Vbd =
0.6V, characterized by a residual contact noise conductance
IN/V ∼ 0.1 mS, and a large differential noise conductance
GN (n) = ∂IN/∂V � 1 mS for V � Vbd . The intersection be-
tween the two lines provides an unambiguous determination
of the breakdown voltage Vbd which agrees with the trans-
port determination in Fig. 2(a). In both I (V ) and IN (V ), the
breakdown voltage is found to be nearly doping independent,
as opposed to the high-bias noise conductance GN ∝ n2 in
Fig. 2(b). Figure 2(c) shows the current noise IN (V ) for differ-
ent magnetic fields at a fixed large doping n = 2.1012 cm−2.
It highlights the strong dependence of both Vbd ∝ B (inset)
and GN ∝ GH ∝ 1/B, leading to a field-independent zero-
bias extrapolate (not shown in the figure). These doping and
field dependencies can be cast into the scaling displayed in
Fig. 2(d), where noise data, collected over a broad [n, B]
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FIG. 3. Effect of gate and dielectric screening on the velocity-induced magnetoexciton (ME) instability in MLG and BLG. RPA magneto-
optical conductivity spectra σMO(q, ω) (in units of NGK ) are plotted for the AuS2 MLG-sample geometry at B = 2 T for N = 3 in (a) and
N = 12 in (b), and a similar BLG sample at N = 6 for B = 5 T in (d) and B = 1 T in (e). White lines correspond to the Doppler shifted
drifting-electron spectrum for vMLG

bd = 0.14vF in (a) and (b) and vBLG
bd = h̄/m∗lB

√
N ∝ √

B in (d) and (e). They separate the high-conductivity
domain σMO � 10−2 NGK from the low-conductivity one. (c) Experimental data of vMLG

bd (blue squares) and vBLG
bd (red squares from Ref. [11]),

measured at the same n = 2.1012 cm−2, support these scalings and illustrate the main difference between MLG and BLG.

range, are found to collapse on the universal master line

IN

W
= γ n2

[
E

Bvbd
− 1

]
, (1)

where E = V/W , γ = 40 × 10−32 Am3, and vbd = 1.4 ×
105 m/s. While the scaling differs from that of BLG [11],
the noise amplitudes are comparable, with IN/W = 40 A/m
for V = 2Vbd at n = 1012 cm−2. This noise scaling, with a
doping-independent vbd , contrasts with the doping-dependent
ILLT breakdown threshold [dashed line in the inset of
Fig. 2(c)]. Besides, the current noise density SI ∝ n2 corre-
sponds to a doping-independent velocity noise Sv ∝ SI/n2,
suggesting a kinematic interpretation of breakdown such as
that provided by the ME instability, which. together with the
constant breakdown velocity, justifies the scaling in Fig. 2(d).

III. A MAGNETO-OPTICAL CONDUCTIVITY CRITERION
FOR QUANTUM HALL BREAKDOWN

To base this qualitative interpretation on a more quan-
titative analysis, we recalculate below the MLG-PHES of
Ref. [5], adapting it for geometry and material parameters that

are suitable for our experimental conditions. Figures 3(a) and
3(b) show the PHESs calculated in the RPA approximation of
Ref. [5], where the spectral function �RPA with interactions
is obtained from the bare spectral function �0 by the relation
�RPA(q, ω) = �0(q,ω)

1−v(q,ω)�0(q,ω) .
Following the geometry of the AuS2 sample, we consider

for the RPA approximation a screened 2D Coulomb poten-
tial v(q, ω) accounting for the hBN encapsulation and the
presence of a local bottom gate. In this respect, we compute
the electrostatic interaction within a vertical heterostructure
composed of a graphene sheet, a top hBN layer of thickness
d2, and a bottom hBN layer of thickness d1 (see values in
Table SI1 of the Supplemental Material). The whole structure
is placed on top of a Au backgate located at z = 0, with the
half-space z > (d1 + d2) filled with air, and hBN slabs are
associated to frequency-dependent dielectric functions εx(ω)
and εz(ω) for in-plane and out-of-plane components respec-
tively. A schematic is presented in Fig. SI4.

In a similar manner to Ref. [24], and in accordance with
the unscreened limit when d1 → ∞, we obtain the following
expression for the potential:

v(q, ω) =
4πe2 sinh

[
d1

√
εx
εz

q
](√

εx
εz

qεz cosh
[
d2

√
εx
εz

q
] + q sinh

[
d2

√
εx
εz

q
])

√
εx
εz

qεz
(√

εx
εz

qεz cosh
[
(d1 + d2)

√
εx
εz

q
] + q sinh

[
(d1 + d2)

√
εx
εz

q
]) , (2)
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(c)

gated

FIG. 4. RPA calculations of the MLG magneto-optical conductivity σMO for N = 7 and B = 2 T, and role of gate screening and interactions.
The conductivity values are represented in units of the Hall conductance NGK . Panel (a) shows the case of hBN encapsulation with an Au
gate mimicking the AuS2 device (Eq. (2), with d1 = 32 nm, d2 = 60 nm, and dielectric functions for hBN εx and εz described in Ref. [24]).
The conductivity PHES is very similar to that of an interactionless [εb = 100 for an unscreened 2D Coulomb potential v(q) = 2πe2

εbq ] ungated

sample shown in panel (b). Panels (c) and (d) focus on the role of interactions in the ungated case (v(q) = 2πe2

εbq , with εb = 1 [panel (c)] and
εb = 3.4 [panel (d)]). The white line in panels (a) and (b) correspond to the measured breakdown velocity for the AuS2 device ω = vbd q with
vbd = 0.14vF . The lines in panels (c) and (d) correspond to higher breakdown velocities following the discussion in the text. In all cases, the
breakdown Doppler line separates the high-conductivity and low-conductivity PHES sectors at σMO ∼ 10−2 NGK .

where the ω dependence appears through the dielectric prop-
erties εx and εz of the hBN encapsulant. The low-q develop-
ment of this full potential expression (see the SM ) coincides
to leading order with the potential vscr(q) = (2πe2/εzq)[1 −
exp(−2d1q)] ∼ 4πe2d1/εz of an electric point charge in the
presence of a metallic gate at a distance d1 from the graphene
sheet, embedded in a dielectric environment described by the
dielectric constant εz.

In the context of velocity-induced instability, we have plot-
ted the magneto-optical conductivity spectrum 
[σMO(q, ω)]
(denoted σMO below), which is deduced from the usual
spectral function �[�RPA(q, ω)] using the 
[σMO(q, ω)] =
−ωe2

q2 �[�RPA(q, ω)] relation. Note that σMO suffers from non-
physical divergence in the low-q PHES limit, blurring the
magnetoplasmon branch and hiding the existence of a spec-
tral gap that appears more clearly in the spectral function
(see �RPA spectra in Fig. SI5 of the Supplemental Material).
This N-dependent bandgap is equal to the MLG cyclotron
gap ωMLG

c = (
√

N + 1 − √
N )vF /lB � vF /Rc (with Rc the cy-

clotron radius), similarly to BLG in Figs. 3(d) and 3(e), where
ωBLG

c = 1/m∗l2
B is N independent (see the spectral function in

Fig. SI7). Conductivity spectra are plotted for N = 3 [panel
(a)] and N = 12 [panel (b)], displayed in logarithmic scale to
map their steep ω and q dependencies, and normalized to the
Hall conductivity NGK (per spin and valley) for a direct com-
parison of electronic and collective electron-hole excitation’s

conductivity. The momentum and energy scales are expressed
in MLG-relevant dimensionless units qlB and ωlB/vF , which
imply a magnetic-field independence of the ME branches
phase velocity vME = ωME/q. Remarkably, the ME optical
conductivity σMO is steeply increasing with vME , with σMO ∼
(3.10−4–3.10−2) NGK for vME = (0.06–0.35) vF .

The effect of screening is quite substantial in MLG, as
depicted in Fig. 4 and in the SM, and much more prominent
than in BLG (Fig. SI8), especially at large q. The white
lines in Figs. 3(a) and 3(b) correspond to the Doppler-shifted
electronic energy ω = vbd q of drifting electrons, calculated
at the measured breakdown velocity vbd = 0.14vF of Fig. 2.
In both the N = 3 [panel (a)] and the N = 12 [panel (b)]
examples, this line separates a high ME-conductivity domain
for ω � vbd q, where σMO � 10−2NGK , from a low conduc-
tivity domain for ω � vbd q; the N = 7 example displayed
in Figure 4 a shows similar behavior. The observation of
an N and B independent ME instability, at a velocity vBD �
vME = cst. controlled by a fixed σMO ∼ 10−2NGK constraint,
is consistent with a collective wave interpretation, even if the
precise value of the optical impedance threshold remains to
be established theoretically. It is obviously consistent with our
experimental observation in Fig. 2 of an N- and B-independent
breakdown velocity, a feature observed in all tested Au-gated
samples (see Table SI1 in the Supplemental Material). Unlike
in BLG, the vbd = cst. breakdown velocity of MLG, inferred
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from the above conductivity criterion, exceeds the ILLT vZ ∝√
B, especially at low B.
Let us recall that the situation is different in BLG.

Figures 3(d) and 3(e) reproduce the theoretical analysis for
a similar BLG sample, such as that measured in Ref. [11]; in
this case, we rely on the calculations for a conventional 2DEG,
that match the bilayer case in the large N limit [4]. The en-
ergy (ω/ωc) and momentum (q/kF ) reduced units are adapted
for a massive 2DEG-like BLG, but the reduced conductivity
scale σMO/NGK is the same. The two panels correspond to
the same N = 6, but different magnetic fields B = 5 T [panel
(d)] and B = 1 T [panel (e)]. Contrarily to MLG, the phase
velocity ωME/q is not magnetic-field independent in this rep-
resentation, as ωc ∝ B and kF ∝ 1/lB ∝ √

B have different
B dependencies. As a consequence, positioning an identical
Doppler line on the two reduced-unit plots amounts to taking
a vbd ∝ √

B. Figs. 3(d) and 3(e) show that this criterion also
corresponds to a consistent σMO ∼ 10−2NGK criterion for the
ME instability, which is met in BLG at (q, ω)-localized ME
conductivity peaks. This optical impedance analysis shows
that for BLG, and more generally 2DEGs, the ME instability
and Zener ILLT, which are basically different, give consis-
tent and similar breakdown velocities in BLG, confirming
earlier statements of Ref. [11]. Finally, Fig. 3(c) illustrates
the qualitative difference between MLG and BLG in a plot
of vbd (B) at a large n = 2.1012 cm−2 (BLG data are repro-
duced from Fig. 2 of Ref. [11]), with vMLG

ME � 0.14vF (blue
line) and vBLG

ME = h̄/m∗lB
√

N ∝ √
B (red line for N = 5) [11].

Let us note that the magnetic field dependencies vMLG
bd = cst.

and vBLG
bd ∝ √

B merely reflect the energy dependence of the
Fermi velocity, vMLG

F (εL ) = cst. and vBLG
F (εL ) ∝ √

εL, when
taken at the Landau energy εL = h̄ωc ∝ B. Therefore, the
breakdown velocity reflects the relativistic character of trans-
port in graphene.

IV. INFLUENCE OF COULOMB INTERACTIONS
ON BREAKDOWN VELOCITY

Relying on the good mapping of the ME-scenario with ex-
periment, we exploit the RPA calculations further in Fig. 4 and
Secs. III B and III C of the Supplemental Material to model
breakdown in varied graphene geometries such as graphene in
vacuum [with an unscreened 2D Coulomb potential v(q) =
2πe2

εbq where εb = 1] or semi-infinite hBN embedding (εb =
3.4), keeping a systematic benchmark of MLG and BLG
cases, and assuming the existence of a universal impedance-
matching condition. For MLG, we show in Figs. 4(a) and
4(b) that screening by the bottom gate in AuS2 [panel (a)] is
equivalent to a semi-infinite, εb = 100 dielectric [panel (b)],
meaning that both PHESs correspond to the fully screened
conductivity: the presence of a close local gate, that restricts
the Coulombian interaction at shorter range, restores the
magneto-optical conductivity spectrum observed in the non-
interacting case. Effect of interactions, which is maximal for
ungated suspended graphene [εb = 1 in panel (c)], amounts
to suppressing the conductivity amplitude below the σMO ∼

10−2NGK ME-instability threshold over most of the ME spec-
trum leading to an enhanced breakdown velocity vbd � 0.5vF

(white line). Given the impedance matching condition σMO ∼
10−2NGK , we conclude that the ME-instability velocity of
MLG is a constant, in the range vME = [0.14, 0.5] vF that
depends on screening. The same analysis is performed for
BLG in Fig. SI8, showing that the large-q PHES sector is, to
a large extent, insensitive to screening, yielding a Zener-like
breakdown velocity vBLG

ME = h̄
m∗Rc

.

V. CONCLUSION

In conclusion, we have shown that bulk quantum Hall
breakdown is controlled by the magnetoexciton instability
in both MLG and BLG with a threshold vdrift � vME . More
precisely, instability is defined by a universal conductivity
criterion σMO ∼ 10−2NGK . This universal criterion explains
the qualitative differences between the massless MLG and
massive BLG. Whereas the BLG-ME instability mimics
single-particle ILLT, that of MLG is sensitive to screening by
the embedding dielectric and local gates. Screening reduces
the breakdown velocity, and gated transistors correspond to
the fully screened regime. Both studies promote shot noise
as a sensitive probe of quantum Hall transport, RPA as a
relevant theoretical tool to tackle interactions and screening,
and high-velocity transport as a sensitive probe of the large-
momentum collective excitations, as suggested by Landau
[25]. Understanding the combined effects of Landau quanti-
zation and interactions in the collective modes of the integer
quantum Hall effect is a prerequisite before addressing the
more challenging case of the fractional regime, where elusive
magnetorotons may come into play. Finally, and on a broader
scope, let us mention that the magnetoexciton instability is a
quantum-Hall-matter light coupling effect, which belongs to
a domain of current interest, including the recent evidence of
the effect of cavity vacuum fields on integer quantum Hall
transport [26].

Data are available on a public Zenodo repository in
Ref. [27].
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