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Degeneracies in multilayer graphene, including spin, valley, and layer degrees of freedom, can be
lifted by Coulomb interactions, resulting in rich broken-symmetry states. Here, we report a
ferromagnetic state in charge-neutral ABCA-tetralayer graphene driven by proximity-induced spin-
orbit coupling from adjacent tungsten diselenide. The ferromagnetic state is identified as a Chern
insulator with a Chern number of 4; its maximum Hall resistance reaches 78% quantization at zero
magnetic field and is fully quantized at either 0.4 or –1.5 tesla. Three distinct broken-symmetry
insulating states, layer-antiferromagnet, Chern insulator, and layer-polarized insulator, along with
their transitions, can be continuously tuned by the vertical displacement field. In this system, the
magnetic order of the Chern insulator can be switched by three knobs, including magnetic field,
electrical doping, and vertical displacement field.

R
hombohedral-stackedmultilayergraphene
exhibits highly flat conduction and va-
lence bands in the vicinity of the charge-
neutral point (CNP), where low-energy
bands can be approximately described by

a two-band model with an energy-momentum
dispersion relation of E ~ kN (where E repre-
sents energy, k represents momentum, and
N is the number of layers) (1–5). As a result,
graphene multilayers are anticipated to have
strong Coulomb interactions (6–9). Addition-
ally, the low-energy bands in graphene are
largely associatedwithmomentum-space Berry
curvatures (10) and exhibit multiple degener-
acies, including spin, valley, and layer degrees
of freedom. These degeneracies are believed
to be susceptible to symmetry-breaking effects
induced by interactions (11–15). Therefore, it
is predicted that rhombohedral-stackedmulti-
layer graphene can host a diverse range of
interaction-driven broken-symmetry states,
including the anticipated Chern insulator phase
when the top and bottom layers have op-
posite valley flavors (12–15). Recent success in
fabricating high-quality rhombohedral-stacked
multilayer graphene on hexagonal boron ni-
tride (hBN) devices provides promising oppor-
tunities to investigate the broken-symmetry
states (16–20).
When the layer number of graphene increases

to four, the Coulomb interactions become suf-

ficiently strong to spontaneously break sym-
metries, leading to layer-resolved charge
distribution (layer pseudospin polarization)
associated with four spin-valley flavors, in
charge-neutral ABCA-tetralayer graphene (ABCA-
4LG) on hBN. Recent experiments reported
a layer-antiferromagnetic (LAF) insulator, in
which the flavors (K↑) and (K′↑) are polarized
in the top layer, with (K↓) and (K′↓) in the
bottom layer (where K and K′ correspond to
two valleys, ↑ and ↓ correspond to two spins),
in crystalline ABCA-4LG and ABCAB-pentalayer
graphene (19–21). Such an LAF insulating state
is absent in the ABC-trilayer on hBN (18, 22). By
applying a large vertical displacement field
D, one canmanipulate the charge distribution
of the flavors. Thus, one expects the emer-
gence of partial and full layer-charge polar-
izations, which are associated with quantum
anomalous Hall (QAH) and quantum valley
Hall (QVH), respectively. Indeed, a continuous
phase transition from LAF under balanced
layer-charge polarization to layer polarized in-
sulator [LPI, also referred as QVH according
to certain theory and experimental results
(11–13)] under full layer-charge polarization
was observed when increasing the displace-
ment field (19). However, QAH, namely a Chern
insulator, under partial layer-charge polariza-
tion, was absent in this experiment.
Here, we report ferromagnetism in charge-

neutral ABCA-4LG by introducing spin-orbit
coupling (SOC) from an adjacent layer of WSe2.
Upon tuning D to the intermediate region
between the LAF and LPI states, we observed
an anomalous Hall hysteretic loop, exhibiting
a large Hall resistance Rxy = 5 kW at zero mag-
netic field B. The Rxy value rapidly quantizes
to h/4e2 ~ 6.4 kW (where h is Planck’s con-
stant and e is the electron’s charge) at a very
lowmagnetic field of 0.4 T for positivemagnetic
field (and –1.5 T for the negative side), fol-
lowing the Streda formulawith aChernnumber

C = 4, providing evidence that the ferromag-
netic state is a high-order Chern insulator (23).

Ferromagnetism in ABCA-tetralayer graphene
with WSe2

The presence of ABCA-4LG domains in exfo-
liated tetralayer graphene flakes was confirmed
using scanning near-field infrared microscopy
(fig. S1). To stabilize its stacking during sub-
sequent fabrication processes, the ABCA-4LG
domain was isolated from adjacent ABAB do-
mains by cutting using an atomic force mi-
croscope. Subsequently, the ABCA-4LG domain
was encapsulated between exfoliated hBN thin
films, with a monolayer of WSe2 added be-
tween ABCA-4LG and the top hBN layer. The
resulting heterostructure was fabricated into a
Hall bar geometry, featuring one-dimensional
(1D) edge contacts, a metal top gate, and a
doped silicon bottom gate. Throughout the
fabrication procedures, the stacking order of
ABCA-4LG under hBN coverage was moni-
tored using the phonon-polariton assisted near-
field optical imaging technique (fig. S2D) (19).
Figure 1A shows an optical image of the de-
vice, and Fig. 1B provides a schematic repre-
sentation [see sections S1 and S2 of (24) for
further details on WSe2 crystal growth and
device fabrication]. The top and bottom gates
enable individual tuning of the doping n and
the vertical displacement fieldD applied to the
ABCA-4LG [see section S3 of (24)].
Transport measurements were conducted

on ABCA-4LG both with and without WSe2.
In the case of ABCA-4LG without WSe2, as
shown in fig. S3A, twopeaks in the longitudinal
resistance Rxx are observed at CNP for D = 0
and large |D|. These peaks correspond to the
interaction-driven LAF insulator and LPI states,
respectively (18, 21). A low-resistance region
near |D| ~ 0.1 V/nm connects these two in-
sulators, indicating a gap closure during the
continuous phase transition from LAF to LPI.
The Hall resistance Rxy at a magnetic field |B| =
0.5 T in fig. S3B exhibits the expected sign
change across the CNP for the entire range of
D. In ABCA-4LG with WSe2 (Fig. 1C), Rxx dis-
plays similar features of LAF and LPI at the
CNP for both zero and large |D|. However, in
the Rxy measurement shown in Fig. 1D, at in-
termediate values of D near ±0.1 V/nm, the
sign change of Rxy shifts toward the positive n
side, resulting in a prominent Rxy at the CNP.
Considering that the only difference between
these two devices is the presence of WSe2, the
distinct nonzero Rxy at the CNP can be attrib-
uted to WSe2.
To investigate the large Rxy at CNP for in-

termediate D in ABCA-4LG with WSe2, we
measured its magnetic field dependence. Fig-
ure 1E clearly shows the hysteretic anomalous
Hall effect, providing clear evidence for the fer-
romagnetism in ABCA-4LG with WSe2. As a
comparison, when we performed the same
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measurements on ABCA-4LG without WSe2,
no ferromagnetic behavior was observed un-
der the same conditions (fig. S3D). It is believed
that SOC on the order of milli–electron volts
can be introduced into graphene through prox-
imity with WSe2 because of the hybridization
between electron wave functions of the two
crystals (25, 26). The hysteresis of Rxy disap-
pears as the temperature increases to 11 K
(Fig. 1E), which is consistent with the calculated
and experimental estimates of the proximity-
induced SOC strength of ~1 meV in twisted or
Bernal bilayer graphene with WSe2 (27–30).
Although the intrinsic SOC in graphene was
theoretically predicted to stabilize a 2D quan-
tum spin Hall topological insulator (31), in
practice, the intrinsic SOC is negligible (on
the order of micro–electron volts) (32–34).
However, the proximity-induced SOC in graph-
ene is significant and has been predicted to
give rise to topological phases in multilayer
graphene (26, 35).

Topological phases

To explore the topological phase in ABCA-4LG
with SOC, we further cooled down the sample

to T = 0.1 K and performed measurements of
Rxy and Rxx as a function of n and B at D =
–0.1 V/nm. The anomalous Hall signal at D =
+0.1 V/nm was less pronounced (fig. S8); a
discussion of this D↔ −D asymmetry can be
found in section S5 of (24). The inset of Fig. 2C
displays the hysteresis of Rxy, highlighting
that the Rxy value increases to a maximum of
5 kW at zeromagnetic field and T= 0.1 K. Figure
2B shows that the largeRxy signal persists over
a range of ~–0.1 to 0.4 × 1012 cm−2 and exhibits
a sharp sign reversal near zero magnetic field
due to the anomalous Hall effect. At a very low
field of +0.4 T, the Rxy is rapidly quantized at
6.4 kW, corresponding to a quantum Hall re-
sistance of h/4e2, following the Streda formula
n = neB/h for n = 4, where n is the filling factor
of Landau levels. The presence of the n = 4
quantum Hall state is further evidenced by
the corresponding Rxx fan diagram shown in
Fig. 2A, where a minimum in Rxx starts to
develop along the slope of the n = 4 quantum
Hall states, represented by the dashed lines.
The observed quantumHall state in the pres-

ence of a magnetic field is, in fact, a manifes-
tation of the QAH effect in a Chern insulator

with a Chern number C = 4. First, when sweep-
ing the magnetic field back and forth within a
small range of ±0.2 T at CNPandD= –0.1 V/nm,
we clearly observed an anomalous Hall sig-
nal exhibiting a ferromagnetic hysteresis loop.
Themeasured anomalous Hall signals ofRxy =
5.0 kW and 3.5 kW for up and down sweeps of
the magnetic field, respectively, correspond
to 78% and 55% of the quantized Rxy value of
h/4e2. We emphasize that the data presented
in themain text are displayed in their raw form,
and have not undergone any processing such
as symmetrization or antisymmetrization. The
emergence of the anomalous Hall signal sig-
nifies the breaking of time-reversal symmetry
and the presence of ferromagnetism, both of
which are hallmarks of the Chern insulator
(36–41). Second, both the resistance Rxx and
the conductivity sxx at zero magnetic field
decreasewith decreasing temperature (fig. S7),
suggesting the quantum Hall type insulating
behavior at zero magnetic field. This is indica-
tive of the presence of an exchange gap, which
is also consistent with a Chern insulator. At
the same time, the temperature dependence of
Rxy suggests that the incomplete quantization
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Fig. 1. Schematic and transport of ABCA-4LG with WSe2. (A) Optical image
of the hBN/WSe2/ABCA-4LG/hBN device, including a schematic of the transport
measurement configuration. The Hall bar–shaped graphene is highlighted by
red dashed line. Scale bar, 1 mm. (B) Schematic side view of a dual-gate WSe2/
ABCA-4LG device. The crystal structures of ABCA-4LG and WSe2 monolayer
are shaded by light purple and light orange, respectively. A unit cell of ABCA-4LG
is labeled in red. (C and D) Color plot of longitudinal Rxx (C) and Hall Rxy
(D) resistance at T = 1.5 K as a function of carrier density n and displacement

field D. Rxx is measured under zero magnetic field, showing insulating
states at D = 0 V/nm and large |D|. Rxy is measured at a low magnetic field,
B = –0.5 T. The dashed rectangles near D = ±0.1 V/nm in (D) outline the
regions of Chern insulator, where the sign change of Rxy shifts toward
the positive n side, resulting in a large Rxy at the CNP. The gray and black
regions represent larger and smaller values than the color scales,
respectively. (E) Hysteresis loops of anomalous Hall signals at CNP and
D = –0.1 V/nm at various temperatures above T = 1.5 K.
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of Hall resistance at zero magnetic field may
be attributed to sample quality issues, for ex-
ample, nonuniform proximity-induced SOC
(caused by inhomogeneous interface) or de-
fects in the WSe2 crystal. Third, only n = 4
quantum Hall state emerges within the range
of ±2 T, which is a characteristic feature of a
quantized anomalous Hall state. Otherwise,
additional quantum Hall states would be ex-
pected to develop (8, 19, 20). Indeed, when
tuning D outside the range of the anomalous
Hall region, a series of quantum Hall states
emerge, as shown in fig. S9. Finally, the Hall
angle at zero magnetic field, defined as rxy/
rxx, exhibits a large value of 3.6 [which is at
least two orders of magnitude larger than the
expected values for extrinsic mechanisms in
most ferromagnetic materials (42)], indicat-
ing an intrinsic mechanism for the anoma-
lous Hall and, consequently, the nontrivial
band topology.
Following upon the discussions on the Chern

insulator, we present the magnetic field-
stabilized QAH effect in Fig. 2, C and D. The
longitudinal and Hall resistances are plotted
as a function of the magnetic field along the
dashed lines in Fig. 2, A and B, respectively, in
accordance with the Streda formula for a

Chern number C = ±4. The sign of the Chern
number is reflected in the sign of Rxy and can
be switched by controlling the magnetic field.
The ferromagnetic hysteretic behavior for other
values of n and D are shown in fig. S10.

Breaking symmetry

Next, by examining the broken-symmetry states
and their transitions along tuning the displace-
ment field for charge-neutral ABCA-4LG with
and without WSe2, we were able to gain val-
uable insights into the emergence of the Chern
insulator. In the case of ABCA-4LG without
WSe2, as shown in Fig. 3A and fig. S3, two
broken-symmetry correlated insulating states,
LAF and LPI, are observed at CNP. LAF em-
erges at D = 0, where two spin-valley flavors,
(K↑) and (K ′↑), are polarized in the top layer,
whereas the other two flavors, (K↓) and (K ′↓),
are polarized in the bottom layer. At large
values of D, all four spin-valley flavors become
polarized in the same layer, resulting in the
LPI state. Each spin-valley flavor pair corre-
sponds to a bandwith a Chern number of ±N/2,
where N (=4 for the tetralayer) represents the
number of graphene layers (13). The sign of
the Chern number depends on both the valley
label and the mass term (the sense of layer

polarization) in the two-band model of ABCA-
4LG (10, 13). For simplicity, the sign can be
conveniently represented by the valley-layer
locking: a positive sign when K(K ′) is polarized
in the top (bottom) layer and a negative sign
when K(K ′) is polarized in the bottom (top)
layer. Following this criterion, for LAF, depicted
as the gray diagram in Fig. 3C, the Chern num-
ber of (K↑), (K ′↑), (K↓), and (K ′↓) are 2, –2, –2,
and 2, respectively, resulting in a zero total
Chern number and indicating a topological
trivial state. Similarly, for LPI, illustrated as
the blue diagram in Fig. 3C, (K↓) and (K′↓)
are transferred from the bottom layer to the
top layer, with the signs of their Chern num-
bers reversing and becoming 2 and –2, respec-
tively. As a result, the total Chern number
remains zero for LPI (fig. S6). In the interme-
diate region between LAF and LPI, Rxx con-
tinuously decreases to as low as ~2 kW and
exhibits metallic temperature dependence at
low temperatures (fig. S3C). Additionally, no
anomalous Hall effect is observed (fig. S3, B
andD), indicating a gap closure at D~0.1V/nm.
These broken-symmetry insulating states in
ABCA-4LG without WSe2 are driven by strong
Coulomb interactions in the intrinsic flat bands
of ABCA-4LG, which allows the breaking of

A

B
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Fig. 2. Chern insulator and magnetic field–stabilized QAH effect at
D = –0.1 V/nm. (A and B) Color plot of Rxx (A) and Rxy (B) as a function of
carrier density n and magnetic field B at D = −0.1 V/nm and T = 0.1 K. The
n = 4 quantum Hall state can be identified following the Streda formula (denoted
by the red dashed lines). Near zero magnetic field, Rxy exhibits a sharp sign
reversal, indicating the presence of the anomalous Hall effect. Field is swept

from positive to negative (namely sweeping down) in both plots. (C and
D) Magnetic field–dependent Rxx and Rxy at D = −0.1 V/nm. Data within a
small range of B = ±0.2 T are collected from continuous B sweeping up and
down [see inset of (C) for magnification]. At higher B fields, data points (empty
circles) of Rxx and Rxy are acquired along the dashed lines in (A) and (B) following
the Streda formula.

3 of 6



A

B

C

Fig. 3. Broken-symmetry states at CNP in ABCA-4LG with and without
SOC. (A) Rxx as a function of D at B = 0 T in ABCA-4LG without SOC (WSe2).
Gray and blue shaded regions correspond to the interaction-driven LAF and
LPI states, respectively. (B) Rxy as a function of D at B = 0 T in ABCA-4LG
with SOC (WSe2). In addition to LAF and LPI states, the CI states are observed
with hysteresis loops at D = ±0.1 V/nm (orange shaded regions in the top
panel). The bottom panel shows a magnified plot of Rxy in linear scale. Inset
schematics in (A) and (B) indicate the layer polarization of spin-valley flavors for
different broken-symmetry states (for the CI state, only one representative
polarization phase is presented; the complete phase diagram is shown in fig.

S13). The black and gray lines in the inset represent four graphene layers. Valleys
and spins are represented by K, K′, and ↓, ↑. (C) Schematics of the Chern
numbers and Hall conductivity contributions of four spin-valley flavor pairs for
different broken-symmetry states. Each spin-valley flavor pair corresponds to
a band with a Chern number of ±2, denoted by solid (+2) or dashed (–2) bands
in the bottom panels, respectively. The directions (left and right) of the arrows
in the top panels represent the corresponding Hall conductivity contributions
(+2e2/h and –2e2/h). Only holes in the occupied valence band are considered
here. A more comprehensive diagram is shown in figs. S5 and S6 for ABCA-4LG
with and without WSe2, respectively.
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time-reversal symmetry (T ) and inversion sym-
metry (I) while preserving the valley-Ising sym-
metry (Z2) (13, 43), leading to the absence of
Chern insulator.
By comparison, Fig. 3B shows Rxy as a func-

tion of D at CNP for ABCA-4LG with WSe2
(fig. S4 shows a direct comparison of Rxy-D
data in ABCA-4LG with and without WSe2).
As D is swept, the LAF and LPI states are not
evidently affected by SOC because of their
large energy gaps (19, 21). However, SOC plays
a crucial role in the intermediate state be-
tween LAF and LPI, leading to the emergence
of a Chern insulator state. The Chern insulator
can be attributed to a band inversion of one
flavor pair, driven by the proximity-induced
SOC. At intermediate D = 0.1 V/nm, shown as
the orange diagram in Fig. 3C, (K↓) is trans-
ferred from the bottom layer to the top layer,
resulting in a sign change of its Chern number
from –2 to 2. This sign change leads to a total
Chern number of 4 (= 2 + 2 + 2 – 2) when
adding up the Chern numbers of all four flavor
pairs. In addition to breaking the time-reversal
symmetry and inversion symmetry, the inter-
play of SOC and strong Coulomb interactions
can further break the Z2 symmetry, driving

the formation of the Chern insulator state. We
provide a diagram for the detailedmechanism
by which SOC stabilizes the Chern insulator
state in fig. S5.

Controlling the magnetic order

The observed Chern number C = ±4 in ABCA-
4LG with WSe2 is compatible with the pre-
dicted flavor ferrimagnetic (Fi) state for partial
layer-chargepolarization in rhombohedralmulti-
layer graphene. Such states have associated
“ALL” quantum Hall phases, including quan-
tum anomalous charge, spin, valley, and spin-
valley Hall state (hence the name) (fig. S13)
(13, 44). Our transport measurements primar-
ily detected the quantum anomalous charge
Hall effect in ABCA-4LG with SOC, indicating a
promising systemfor further explorationofquan-
tum anomalous spin, valley, and spin-valley
Hall effects using spin- and valley-sensitive
probes. There are four possible layer-flavor
polarization configurations for the “ALL” state
at a given D (as shown in fig. S13), which cor-
respond to different magnetic states, or name-
ly the Chern numbers. Therefore, one can
expect to manipulate the magnetic order in
this 3D parameter space (B, n, D).

Themagnetic order, represented by the sign
of the anomalous Hall resistance (DRB

xy ¼
RB↑
xy � RB↓

xy), exhibits dependence on n. In Fig.
4A, a sign reversal of DRB

xy is observed when
n slightly crosses CNP at ~0.28 × 1012 cm−2,
indicating a switching of the magnetic order
as the Fermi level crosses the band gap. Figure
4B presents representative line cuts from Fig.
4A at different n values. The magnetic order
can be directly switched by tuning n at fixed
B. At fixedmagnetic fields ranging from0.28 T
to –0.26 T, hysteresis loops of Rxy in the n-axis
are observed, indicating the switching of the
magnetic order as n is swept back and forth
(Fig. 4D). The sign reversal of DRn

xy ¼ Rn↑
xy�

Rn↓
xy occurs when the magnetic field crosses

zero (Fig. 4C). This demonstrates that the mag-
netic order of the Chern insulator at CNP can
be individually controlled by B and n, as shown
in Fig. 4E. Similar electrically tunable magnet-
ism in Chern insulators has been reported in
twisted graphene systems (45–47), where the
net magnetization has two contributions, one
from the bulk stemming from a certain valley
polarization and the other from the edge state,
which can reverse sign when tuning the dop-
ing inside the topological gap (48). However,

A B C

D E

Fig. 4. Electrical switching of the magnetic order. (A) Anomalous Hall resistance
when sweeping B, defined by DRBxy ¼ RB↑xy � RB↓xy and represented by colors,
at different dopings near CNP at D = –0.1 V/nm and T = 0.1 K. An abrupt sign
change of DRBxy occurs at ~n = 0.28 × 1012 cm−2. (B) Magnetic hysteresis loops of
Rxy at n = 0.4 × 1012, 0.32 × 1012, 0.2 × 1012, 0, and –0.08 × 1012 cm−2, with colors
corresponding to the doping positions labeled in (A). Data are vertically offset for

clarity. Solid lines on the y axis mark the positions of zero Rxy for each curve. (C) The
anomalous Hall resistance when sweeping n, defined by DRnxy ¼ Rn↑xy � Rn↓xy , at
fixed B ranging from –0.26 T to 0.28 T. Temperature and D are the same as in
(A). (D) Electrical hysteresis loops of Rxy at B = ±50 mT, with colors corresponding
to the magnetic fields labeled in (C). (E) Schematic of two individual knobs, B and
n, of tuning the magnetic order of the Chern insulator at CNP in ABCA-4LG.
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in charge-neutral ABCA-4LG with WSe2, the
magnetic order originates from both K and
K′ valleys, which distinguishes it from themag-
netism reported inMoiré systems (fig. S12). The
detailed mechanism of the electrically tunable
magnetism in such crystalline graphene re-
quires further theoretical investigation.
The magnetic order also exhibits an inter-

esting dependence on the displacement field.
Figure 3B (bottom panel) shows hysteresis
loops of Rxy in D at the Chern insulator states
for D = ±0.1 V/nm. When sweeping D from
negative to positive, Rxy is negative near D =
–0.1 V/nm and positive near D = 0.1 V/nm.
Conversely, when sweeping D from positive
to negative, Rxy becomes negative near D =
0.1 V/nm and positive near D = –0.1 V/nm.
However, at a magnetic field of B = 10 mT
(-10 mT), unlike the sign reversal observed
during doping switching, Rxy remains posi-
tive (negative) for both sweeping directions
on both sides of D (fig. S11). The ferromag-
netism, and therefore the Chern number in
ABCA-4LG/WSe2, can be switched by three
knobs, B, n, and D, represented by a 3D pa-
rameter space shown in fig. S13.

Discussion and outlook
We now discuss the specific properties of the
Chern insulator state observed in ABCA-4LG
with WSe2. First, its mechanism markedly dif-
fers from the Chern insulator states found in
doped and/or intrinsic magnetic topological
insulators and 2D Moiré superlattices. The
time-reversal symmetry breaking emerges from
the strong Coulomb interactions within the
intrinsic flat band of crystalline graphene, and
the nontrivial topology arises from the proximity-
induced SOC from WSe2. Second, the magne-
tism (and the Chern number) in our system
originates from both K and K′ valleys in dif-
ferent layers rather than from a single valley
as in the Moiré system (fig. S12). Two oppo-
site valleys in different layers contribute to
the total Chern number, which is similar to
the Haldane model (36), in which a valley-
contrasting mass term leads to opposite valleys
having the same sign of the Berry curvature,
leading to a nonzero total Chern number in
crystalline graphene. Third, the Chern insula-
tor in ABCA-4LG/WSe2 is at the charge-neutral
point, which differs from the Chern insulators
at certain fillings of Moiré superlattices. As a

result, the realization of a Chern insulator does
not require precise control of the twist angle.
Finally, theChernnumber of 4preciselymatches
the winding number of ABCA-4LG, which im-
plies an approach to developing a Chern in-
sulator family with controllable Chern numbers
by varying the layer number in thicker rhom-
bohedral multilayer graphene with SOC.
Our experiment showcases a system to

achieve a Chern insulator state based on a tun-
able LAF with SOC. Featuring highly tunable
symmetrieswithinone sample, including charge,
spin, valley, layer, and SOC, ABCA-4LG/WSe2
offers a flexible and versatile platform for fur-
ther study. This simple structure also opens up
avenues for investigating topological phase
transitions and potentially exploring topolog-
ical phases such as topological superconductors
and fractional Chern insulators. Additionally, the
layer-dependent Chern numbers in rhombo-
hedral multilayer graphene establish this sys-
tem as a valuable natural crystal resource of
high-order Chern insulators for multichannel
quantum computing.
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