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A lot of insights into the novel physics of these systems over the last four decades

Concretely sets up the question of the present times :

What is the fate of interactions in partially filled topological band ?

This generalizes the question of Fractional quantum hall effect to a much larger settings 
With more MANY more material contexts

Fractional Chern Insulators, Moire systems, topological flat bands…….



A natural platform : Topological flat / almost flat bands



A natural platform : Topological flat / almost flat bands
2

FIG. 2. avm: we may get rid of this band structure and
move the inset to Fig. 5 A tight-binding model on the bilayer
Kagome system when both the layers are decoupled and just
has a nearest neighbor hopping with strength t shows charac-
teristic flat band which is two fold degenerate (Brillouin zone
is shown in the inset). avm: this figure is currently not being
referred to in the main text.

calculations [32, 52] often reveal an interesting, but a
rather complicated band structure for the three dimen-
sional bulk systems. In some cases, however, the bands
with primarily transition metal character does seem to
dominate the physics near the Fermi surface. Curiously,
in the bi-layer limit of Fe3Sn2 these low energy bands ap-
preciably separate out from the high energy ones allowing
for the possibility of analysing the low energy physics via
simpler e↵ective tight-binding models with short-range
electron-electron interactions [52]. In particular, in the
single bi-layer limit Fe3Sn2 has been predicted to be a
ferromagnetic metal with almost flat low energy bands
having non-trivial topology that can be faithfully cap-
tured within symmetry consistent tight-binding models.
The resultant Chen metal has sizeable, but un-quantized,
anomalous Hall e↵ect. A pairing instability of this Chern
metal further results in a chiral p-wave superconductor.
Similar calculations for Ni and Co based materials pre-
dict paramagnetic ground states with significant p or-
bital character (avm: do will really want to motivate
the study of the paramagnetic limit this way? Ni and
Co DFT bands were highly dispersing near the Fermi
energy and thus the role of electron-electron interaction
may not be important). These first principles insights
and the fact that such epitaxial films have recently been
synthesized [53], therefore, sets up the stage to under-
stand the general role of interactions in the partially filled
spin-polarised band of the Chern metal as well as the
paramagnetic metal – both with reduced band widths.

In this paper, we take up the above questions and ex-
plore the various correlation driven instabilities of both
the Chern metal as well as the paramagnetic metal to ob-
tain the general phase diagram relevant for the bi-layer
Kagome intermetallics. The deep contrast of the prox-
imate instabilities immediately indicates the non-trivial

FIG. 3. Ab-initio studies lead to two broad category of mi-
croscopically interesting systems (i) Chern metals – which
spontaneously break the time-reversal symmetry to lead to
partially flatbands with non-zero Chern numbers (ii) Param-
agnetic metal: those which retain the spin-rotation symmetry
(avm: we have non-zero spin-orbit coupling even for the para-
magnetic bands) and can still host partially filled flat bands.

fallout of the topological band for the Chern metal in
comparison to the trivial paramagnetic metal (see Fig-
ure 4). Tuning various microscopic parameters, as we
discuss, can stabilise these phases in di↵erent members
of the family. [Needs to be fixed]
We start with an overview of the central results ob-

tained in this work.

A. Overview of the results

Our analysis starts with a discussion of the bare band
structure. The first principles calculations of Ref. [52]
suggests that for the Kagome-bilayer intermetallics a
starting point to describe the low energy physics is in
terms of an e↵ective single orbital per site model. The
resultant low energy state may or may not further break
time reversal symmetry via ferromagnetism resulting in
either a Chern metal or a paramagnetic metal as shown
schematically in Fig. 3. While first principles suggests a
ferromagnetic state in Fe3Sn2 (also seen in experiments
on the Bulk systems), we explore both the possibilities
to understand the e↵ect of the electronic correlations on
the two low energy theories for the whole class of such
intermetallics as well as other recently studied Kagome
metals.
The resultant e↵ective low energy symmetry allowed

hopping Hamiltonians and electron-electron interactions
are described in Section II where we point out the generic
structure of the almost flat bands in the parameter win-
dow that includes the best-fit for first principles predic-
tions for Fe3Sn2 [52]. Among the various parameters in
the bare one orbital per site hopping Hamiltonian, per-
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but are singular but interesting (SYK, Topological 
order….)
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have band touchings without breaking symmetries
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• On breaking of symmetry such as time reversal 
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FIG. 6. Representative spin-polarized bands: The spin-
polarized tight binding bands obtained for HI with parame-
ters given by t = 1.0, r = 0.9, t? = 0.7, t1 = �0.3, t?1 = 0.25,
t
0
?1 = �0.5 and � = 0.3 is shown in (a) while that forHII with
parameters t = 1.0, r = 1.0, t? = 0.1, t1 = �0.2, t?1 = �0.1,
� = 1.0, D = 0.1 is shown in (b).

tially the same distribution of the Berry curvature; one
of the most crucial ingredients in the emergence of a FCI
phase. Furthermore, in these studies we assume that Vk
and V? are small enough so that only the bands at the
Fermi energy are relevant and all the other bands can be
relinquished. This allows us to obtain results for system
sizes large enough to draw suggestive conclusions about
the thermodynamic limit. Finally, we also drop the ki-
netic terms that are left over after normal ordering this
projected nearest neighbor interaction operator.

The considerations described above lead to the follow-
ing e↵ective Hamiltonian

Hint = P
X

k1,k2,k3,k4

V
↵1,↵2,↵3,↵4

k1,k2,k3,k4
c
†
k1,↵1

c
†
k2,↵2

ck3,↵3ck4,↵4P .

(4)
where ↵’s denote the six sites which form the unit cell of
the bilayer Kagome system (see Fig. 1) and P implements
the projection to the band at the Fermi energy. For the

results presented in this section we shall set V? = Vk = 1
while noting that small deviations from this choice do
not destabilize the FCI phases that we uncover.

1. 1/5 Fractional Chern Insulator

We first investigate the Chern metallic phase shown in
Fig. 6(a) which hosts a very flat band with Chern number
C = 2 at the Fermi energy. Remarkably, at 1/5 filling
of the C = 2 band, we realize a 1/5 fractional Chern
insulator state. As pointed out earlier in [63], this is the
smallest denominator FCI phase that a C = 2 band can
host.
With periodic boundary conditions, this FCI phase is

characterized by a five fold quasi-degenerate ground state
manifold (see Fig. 7(a)) which is clearly separated from
the excited states by a gap that does not change with the
system size (avm will modify the figures to show this).
Moreover, the number of low energy quasi-hole states ex-
pected for the 1/5 FCI (Ref), exactly matches the number
of states that our computation yields (see Appendix.C
and Fig. 21). Furthermore, with twisted boundary con-
ditions where an additional flux �/�� with �� being the
flux quantum, is introduced, one finds that the five states
in the ground state manifold remain isolated from the ex-
cited states while exhibiting a twist angle periodicity of
10⇡ (see Fig. 7(b)); a yet another important characteris-
tic of the 1/5 FCI phase.
The average density of electrons in a single particle

Bloch state having Bloch momentum k in the band at
the Fermi energy, hnki, is shown in Fig. 7(c) for all the
five states in the quasi-degenerate ground state manifold.
While four of the states show hn(k)i ⇠ 1/5 signaling a
uniform density, the lowest energy state exhibits distinct
oscillations which is robust across the system sizes and
aspect ratios of the finite systems that are soluble by ex-
act diagonalization. The lowest energy state is further
distinguished from the other four states in the ground
state manifold by a weak breaking of rotational symme-
try of the infinite lattice (avm will put an inset). While
this may just be a consequence of the fact that the system
sizes and aspect ratios that are accessible for computa-
tion at 1/5 filling do not have the full rotational symme-
tries of the infinite lattice, the similarities and di↵erences
of this phase with the exotic charge density wave phase
which has recently been observed in KV3Sb5 and related
Kagome materials is worth investigating [64]. Neverthe-
less, as shown in Fig. 8, the ground state manifold re-
mains well defined for a wide range of values of t?/t and
the breathing anisotropy parameter r. avm: need to de-
cide if we want to keep Fig. 8.

2. 1/3 Fractional Chern Insulator

In a more realistic situation, the inversion symmetry
of the bilayer kagome system may get broken because of
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The binary intermetallic materials, M3Sn2 (M = 3d transition metal) present a new class of strongly corre-
lated systems that naturally allows for the interplay of magnetism and metallicity. Using first principles calcu-
lations we confirm that bulk Fe3Sn2 is a ferromagnetic metal, and show that M = Ni and Cu are paramagnetic
metals with non-trivial band structures. Focusing on Fe3Sn2 to understand the effect of enhanced correlations in
an experimentally relevant atomistically thin single kagome-bilayer, our ab-initio results show that dimensional
confinement naturally exposes the flatness of band structure associated with the bilayer kagome geometry in a re-
sultant ferromagnetic Chern metal. We use a multistage minimal modeling of the magnetic bands progressively
closer to the Fermi energy. This effectively captures the physics of the Chern metal with a non-zero anomalous
Hall response over a material relevant parameter regime along with a possible superconducting instability of the
spin-polarised band resulting in a topological superconductor.

PACS numbers:

Introduction : Accentuated quantum fluctuations due to
dimensional confinement and electron-electron correlations
are at the heart of some of the novel electronic phases of
condensed matter– e.g., high temperature superconductivity
in cuprates[1] and iron pnictides[2]; the low dimensional frus-
trated magnets[3]; easily exfoliable materials such as mono-
layer and bilayer graphene[4, 5]; and two dimensional (2D)
electron gas leading to integer and fractional quantum Hall
effects[6] in synthetic heterostructures[7, 8].

A recent addition to this ongoing research is the binary
intermetallic series MmXn with M = 3d transition met-
als (TMs) forming stacked kagome layers, separated by X =
Sn, Ge spacer layers in stoichiometric ratios of m:n = 3:1,
3:2 or 1:1. Recent experiments report the observation of
bulk Dirac cones in the electron band-structure [9, 10], large
anomalous Hall response [11–14] as well as magnetic Weyl
excitations[15] in them. Diverging density of states, probed
by scanning tunneling spectroscopy, have been reported for
Fe3Sn2[16] as well as for the ternary kagome ferromagnetic
compound, Co3Sn2S2[17], though the existence of flat band, a
characteristic to kagome geometry, has remained inconclusive
possibly due to hybridisation with other bands in the 3D ma-
terial. Recently synthesised,[18] bulk FeSn has been claimed
to have flat bands at energies few hundreds of meV below and
above Fermi level. In this backdrop, it is curious to explore
the consequence of dimensional confinement in these inter-
metallics by considering the atomistically thin limit of these
materials which is expected to further enhance the strong cor-
relation physics and thereby providing a platform for the in-
terplay of flat-band physics and fluctuating magnetism in the
low-dimensional itinerant systems containing 3d-TMs.

In this Letter, we explore the above possibility within the
framework of ab-initio density functional theory (DFT) and
effective low energy minimal models inspired by the DFT
band structure. To probe the effect of dimensional confine-
ment, we consider one unit of kagome bilayer derived from

FIG. 1: (a) Layered arrangement in bulk M3Sn2. (b) Bilayer M6Sn6

derived out of the bulk layered structure. (c) Stacking of two kagome
layers within the bilayer, viewed along the out-of-plane direction.

the bulk structure (Fig. 1(a)), sandwiched between two Sn
layers (Fig. 1(b)). Also, in addition to Fe compound which
is already synthesized as a bulk material, we consider two
more late TM based compounds – Ni and Cu– which are
yet-to-be synthesized, in order to understand the generic be-
haviour of this family of materials. The calculated cleavage
energy[19, 20] costs involved in creation of a bilayer is 1� 2
J/m2 [21]– similar to that required for creating 2D MXenes,
the 2D counterparts of MAX phases[22, 23], which have al-
ready been successfully synthesised through chemical etch-
ing.

Analysis of the electronic structure of bulk M3Sn2 (M
= Fe, Ni, and Cu) prompts us to conclude that Fe3Sn2 is
the natural choice to search for fluctuation driven physics in
magnetic flat bands, as both Ni3Sn2 and Cu3Sn2 turn out to
be non-magnetic within our DFT calculations. Thus, while
Ni3Sn2 and Cu3Sn2 have interesting band structures (see be-
low) and hence deserve attention, Fe appears to be in a sweet
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The binary intermetallic materials, M3Sn2 (M = 3d transition metal) present a new class of strongly corre-
lated systems that naturally allows for the interplay of magnetism and metallicity. Using first principles calcu-
lations we confirm that bulk Fe3Sn2 is a ferromagnetic metal, and show that M = Ni and Cu are paramagnetic
metals with non-trivial band structures. Focusing on Fe3Sn2 to understand the effect of enhanced correlations in
an experimentally relevant atomistically thin single kagome-bilayer, our ab-initio results show that dimensional
confinement naturally exposes the flatness of band structure associated with the bilayer kagome geometry in a re-
sultant ferromagnetic Chern metal. We use a multistage minimal modeling of the magnetic bands progressively
closer to the Fermi energy. This effectively captures the physics of the Chern metal with a non-zero anomalous
Hall response over a material relevant parameter regime along with a possible superconducting instability of the
spin-polarised band resulting in a topological superconductor.

PACS numbers:
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anomalous Hall response [11–14] as well as magnetic Weyl
excitations[15] in them. Diverging density of states, probed
by scanning tunneling spectroscopy, have been reported for
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terial. Recently synthesised,[18] bulk FeSn has been claimed
to have flat bands at energies few hundreds of meV below and
above Fermi level. In this backdrop, it is curious to explore
the consequence of dimensional confinement in these inter-
metallics by considering the atomistically thin limit of these
materials which is expected to further enhance the strong cor-
relation physics and thereby providing a platform for the in-
terplay of flat-band physics and fluctuating magnetism in the
low-dimensional itinerant systems containing 3d-TMs.

In this Letter, we explore the above possibility within the
framework of ab-initio density functional theory (DFT) and
effective low energy minimal models inspired by the DFT
band structure. To probe the effect of dimensional confine-
ment, we consider one unit of kagome bilayer derived from
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layers within the bilayer, viewed along the out-of-plane direction.

the bulk structure (Fig. 1(a)), sandwiched between two Sn
layers (Fig. 1(b)). Also, in addition to Fe compound which
is already synthesized as a bulk material, we consider two
more late TM based compounds – Ni and Cu– which are
yet-to-be synthesized, in order to understand the generic be-
haviour of this family of materials. The calculated cleavage
energy[19, 20] costs involved in creation of a bilayer is 1� 2
J/m2 [21]– similar to that required for creating 2D MXenes,
the 2D counterparts of MAX phases[22, 23], which have al-
ready been successfully synthesised through chemical etch-
ing.

Analysis of the electronic structure of bulk M3Sn2 (M
= Fe, Ni, and Cu) prompts us to conclude that Fe3Sn2 is
the natural choice to search for fluctuation driven physics in
magnetic flat bands, as both Ni3Sn2 and Cu3Sn2 turn out to
be non-magnetic within our DFT calculations. Thus, while
Ni3Sn2 and Cu3Sn2 have interesting band structures (see be-
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Both (antiferro)magnetic interactions as well as electron hopping can be frustrated in the 
Kagome geometry.  

2

FIG. 2. avm: we may get rid of this band structure and
move the inset to Fig. 5 A tight-binding model on the bilayer
Kagome system when both the layers are decoupled and just
has a nearest neighbor hopping with strength t shows charac-
teristic flat band which is two fold degenerate (Brillouin zone
is shown in the inset). avm: this figure is currently not being
referred to in the main text.

calculations [32, 52] often reveal an interesting, but a
rather complicated band structure for the three dimen-
sional bulk systems. In some cases, however, the bands
with primarily transition metal character does seem to
dominate the physics near the Fermi surface. Curiously,
in the bi-layer limit of Fe3Sn2 these low energy bands ap-
preciably separate out from the high energy ones allowing
for the possibility of analysing the low energy physics via
simpler e↵ective tight-binding models with short-range
electron-electron interactions [52]. In particular, in the
single bi-layer limit Fe3Sn2 has been predicted to be a
ferromagnetic metal with almost flat low energy bands
having non-trivial topology that can be faithfully cap-
tured within symmetry consistent tight-binding models.
The resultant Chen metal has sizeable, but un-quantized,
anomalous Hall e↵ect. A pairing instability of this Chern
metal further results in a chiral p-wave superconductor.
Similar calculations for Ni and Co based materials pre-
dict paramagnetic ground states with significant p or-
bital character (avm: do will really want to motivate
the study of the paramagnetic limit this way? Ni and
Co DFT bands were highly dispersing near the Fermi
energy and thus the role of electron-electron interaction
may not be important). These first principles insights
and the fact that such epitaxial films have recently been
synthesized [53], therefore, sets up the stage to under-
stand the general role of interactions in the partially filled
spin-polarised band of the Chern metal as well as the
paramagnetic metal – both with reduced band widths.

In this paper, we take up the above questions and ex-
plore the various correlation driven instabilities of both
the Chern metal as well as the paramagnetic metal to ob-
tain the general phase diagram relevant for the bi-layer
Kagome intermetallics. The deep contrast of the prox-
imate instabilities immediately indicates the non-trivial

FIG. 3. Ab-initio studies lead to two broad category of mi-
croscopically interesting systems (i) Chern metals – which
spontaneously break the time-reversal symmetry to lead to
partially flatbands with non-zero Chern numbers (ii) Param-
agnetic metal: those which retain the spin-rotation symmetry
(avm: we have non-zero spin-orbit coupling even for the para-
magnetic bands) and can still host partially filled flat bands.

fallout of the topological band for the Chern metal in
comparison to the trivial paramagnetic metal (see Fig-
ure 4). Tuning various microscopic parameters, as we
discuss, can stabilise these phases in di↵erent members
of the family. [Needs to be fixed]
We start with an overview of the central results ob-

tained in this work.

A. Overview of the results

Our analysis starts with a discussion of the bare band
structure. The first principles calculations of Ref. [52]
suggests that for the Kagome-bilayer intermetallics a
starting point to describe the low energy physics is in
terms of an e↵ective single orbital per site model. The
resultant low energy state may or may not further break
time reversal symmetry via ferromagnetism resulting in
either a Chern metal or a paramagnetic metal as shown
schematically in Fig. 3. While first principles suggests a
ferromagnetic state in Fe3Sn2 (also seen in experiments
on the Bulk systems), we explore both the possibilities
to understand the e↵ect of the electronic correlations on
the two low energy theories for the whole class of such
intermetallics as well as other recently studied Kagome
metals.
The resultant e↵ective low energy symmetry allowed

hopping Hamiltonians and electron-electron interactions
are described in Section II where we point out the generic
structure of the almost flat bands in the parameter win-
dow that includes the best-fit for first principles predic-
tions for Fe3Sn2 [52]. Among the various parameters in
the bare one orbital per site hopping Hamiltonian, per-

Flat band
Local zero modes
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FIG. 5. Paramagnetic tight-binding bands (two fold degener-
ate) obtained for representative parameters given below are
shown using black curves. Red curves show the bands when
the e↵ective spin-orbit coupling is switched o↵ (� = 0); note
the symmetry enforced degeneracies at the � and K points
which are lifted as soon as � is tuned away from zero (see
Appendix A 3). The model parameters that were used are
t = 0.12, r = 1.25, t? = 0.06, t1 = �0.03, t?1 = 0.05,
µ = �0.26 and � = 0.01 (see text for further details). Note
that the energy eigenvalues are in eV units to make a com-
parison with the first principles band structure presented in
Ref. 52.

model of the form

Hint = U

X

i

ni"ni# +
X

ij

Vijninj (2)

where ni"(#) is the electron number operator at site i with
spin up (down), while ni = ni" +ni# is the total electron
number operator at the site i. U is the onsite repulsive
interaction strength and Vij represent the o↵-site near-
est neighbour (both intra and inter-layer) density-density
interactions between electrons at sites i and j.

1. The Ferromagnetic Chern metal

First principles calculations suggest that the bi-layer
Fe3Sn2 should stabilize a ferromagnetic ground state [52].
Such a ferromagnetic state can indeed be favored by the
onsite term in eqn. (2) as is easily be seen by a mean-field
analysis of this term [61]
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erators and m = hSii is the uniform mean-field mag-
netisation which we take to be along the z�axis, i.e.
mz = 1

N

P
ihSz

i i 6= 0, mx = my = 0. While ignoring the

e↵ect of the sub-dominant nearest neighbor interactions
Vij , self-consistent mean-field calculations for tight bind-
ing parameters around those presented in Fig. 5 indicate
that U & t is su�cient to completely spin polarize the
bands close to the Fermi energy.
Strong quantum fluctuations arising specially from re-

duced dimensionality of the bi-layer may, however, desta-
bilize the ferromagnetic metal in favor of a non-magnetic
metal. Consequently, in the next couple of sections we
consider two distinct starting points to investigate the
e↵ects of electron-electron interactions. First about the
ferromagnetic Chern metal phase and then about the
non-magnetic metal phase. While a host of conventional
ordered phases like charge density waves and supercon-
ductors are likely to form the ground state of the sys-
tem for most values of the model parameters, we shall
focus on the possibility of realizing a few exotic and un-
conventional phases (see Fig. 4) for a set of physically
meaningful model parameters.

III. EMERGENT PHASES OUT OF A CHERN
METAL

As pointed out in the previous section, the ferromag-
netic nature of the Chern metal arises, within a Hartree-
Fock description, due the dominant onsite Hubbard in-
teractions. Once the ferromagnetic Chern metal is stabi-
lized, the nearest neighbor density-density repulsive in-
teractions become the most relevant ones in determin-
ing the fate of this phase. In this section we highlight
the possibility of realizing a fractional Chern insulating
phase [62] as a consequence of these interactions within a
couple of representative model Hamiltonians whose tight
binding parameters and low energy band structures are
shown in Fig. 6. It is worth emphasizing that the very flat
bands at the Fermi energy in Fig. 6, can be flattened fur-
ther by modest variation of the model parameters, which
as such are chosen from a large set of other possibilities
for illustrative purposes.

A. The fractional Chern insulator

A natural instability of a Chern metal is a fractional
chern insulator (FCI), particularly when the filling of the
band at the Fermi energy is 1/(2m + 1) with m being
an integer [62]. To examine this instability we perform
exact diagonalization studies while incorporating both
intra-layer nearest neighbor interactions Vk and inter-
layer nearest neighbor interactions V?. Moreover, fol-
lowing [62], to ascertain the possibility of the FCI phases
we drop the dispersion, which is already quite small (see
Fig. 6), of the band at the Fermi energy. To justify this
step we note that in all likelihood a choice of model pa-
rameters very close to the ones that we use in our rep-
resentative models (see Fig. 6) the band at the Fermi
energy can be made arbitrarily flat while having essen-
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spin up (down), while ni = ni" +ni# is the total electron
number operator at the site i. U is the onsite repulsive
interaction strength and Vij represent the o↵-site near-
est neighbour (both intra and inter-layer) density-density
interactions between electrons at sites i and j.
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First principles calculations suggest that the bi-layer
Fe3Sn2 should stabilize a ferromagnetic ground state [52].
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e↵ect of the sub-dominant nearest neighbor interactions
Vij , self-consistent mean-field calculations for tight bind-
ing parameters around those presented in Fig. 5 indicate
that U & t is su�cient to completely spin polarize the
bands close to the Fermi energy.
Strong quantum fluctuations arising specially from re-

duced dimensionality of the bi-layer may, however, desta-
bilize the ferromagnetic metal in favor of a non-magnetic
metal. Consequently, in the next couple of sections we
consider two distinct starting points to investigate the
e↵ects of electron-electron interactions. First about the
ferromagnetic Chern metal phase and then about the
non-magnetic metal phase. While a host of conventional
ordered phases like charge density waves and supercon-
ductors are likely to form the ground state of the sys-
tem for most values of the model parameters, we shall
focus on the possibility of realizing a few exotic and un-
conventional phases (see Fig. 4) for a set of physically
meaningful model parameters.
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As pointed out in the previous section, the ferromag-
netic nature of the Chern metal arises, within a Hartree-
Fock description, due the dominant onsite Hubbard in-
teractions. Once the ferromagnetic Chern metal is stabi-
lized, the nearest neighbor density-density repulsive in-
teractions become the most relevant ones in determin-
ing the fate of this phase. In this section we highlight
the possibility of realizing a fractional Chern insulating
phase [62] as a consequence of these interactions within a
couple of representative model Hamiltonians whose tight
binding parameters and low energy band structures are
shown in Fig. 6. It is worth emphasizing that the very flat
bands at the Fermi energy in Fig. 6, can be flattened fur-
ther by modest variation of the model parameters, which
as such are chosen from a large set of other possibilities
for illustrative purposes.

A. The fractional Chern insulator

A natural instability of a Chern metal is a fractional
chern insulator (FCI), particularly when the filling of the
band at the Fermi energy is 1/(2m + 1) with m being
an integer [62]. To examine this instability we perform
exact diagonalization studies while incorporating both
intra-layer nearest neighbor interactions Vk and inter-
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lowing [62], to ascertain the possibility of the FCI phases
we drop the dispersion, which is already quite small (see
Fig. 6), of the band at the Fermi energy. To justify this
step we note that in all likelihood a choice of model pa-
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resentative models (see Fig. 6) the band at the Fermi
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µ = �0.26 and � = 0.01 (see text for further details). Note
that the energy eigenvalues are in eV units to make a com-
parison with the first principles band structure presented in
Ref. 52.

model of the form

Hint = U

X

i

ni"ni# +
X

ij

Vijninj (2)

where ni"(#) is the electron number operator at site i with
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number operator at the site i. U is the onsite repulsive
interaction strength and Vij represent the o↵-site near-
est neighbour (both intra and inter-layer) density-density
interactions between electrons at sites i and j.

1. The Ferromagnetic Chern metal

First principles calculations suggest that the bi-layer
Fe3Sn2 should stabilize a ferromagnetic ground state [52].
Such a ferromagnetic state can indeed be favored by the
onsite term in eqn. (2) as is easily be seen by a mean-field
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e↵ect of the sub-dominant nearest neighbor interactions
Vij , self-consistent mean-field calculations for tight bind-
ing parameters around those presented in Fig. 5 indicate
that U & t is su�cient to completely spin polarize the
bands close to the Fermi energy.
Strong quantum fluctuations arising specially from re-

duced dimensionality of the bi-layer may, however, desta-
bilize the ferromagnetic metal in favor of a non-magnetic
metal. Consequently, in the next couple of sections we
consider two distinct starting points to investigate the
e↵ects of electron-electron interactions. First about the
ferromagnetic Chern metal phase and then about the
non-magnetic metal phase. While a host of conventional
ordered phases like charge density waves and supercon-
ductors are likely to form the ground state of the sys-
tem for most values of the model parameters, we shall
focus on the possibility of realizing a few exotic and un-
conventional phases (see Fig. 4) for a set of physically
meaningful model parameters.

III. EMERGENT PHASES OUT OF A CHERN
METAL

As pointed out in the previous section, the ferromag-
netic nature of the Chern metal arises, within a Hartree-
Fock description, due the dominant onsite Hubbard in-
teractions. Once the ferromagnetic Chern metal is stabi-
lized, the nearest neighbor density-density repulsive in-
teractions become the most relevant ones in determin-
ing the fate of this phase. In this section we highlight
the possibility of realizing a fractional Chern insulating
phase [62] as a consequence of these interactions within a
couple of representative model Hamiltonians whose tight
binding parameters and low energy band structures are
shown in Fig. 6. It is worth emphasizing that the very flat
bands at the Fermi energy in Fig. 6, can be flattened fur-
ther by modest variation of the model parameters, which
as such are chosen from a large set of other possibilities
for illustrative purposes.

A. The fractional Chern insulator

A natural instability of a Chern metal is a fractional
chern insulator (FCI), particularly when the filling of the
band at the Fermi energy is 1/(2m + 1) with m being
an integer [62]. To examine this instability we perform
exact diagonalization studies while incorporating both
intra-layer nearest neighbor interactions Vk and inter-
layer nearest neighbor interactions V?. Moreover, fol-
lowing [62], to ascertain the possibility of the FCI phases
we drop the dispersion, which is already quite small (see
Fig. 6), of the band at the Fermi energy. To justify this
step we note that in all likelihood a choice of model pa-
rameters very close to the ones that we use in our rep-
resentative models (see Fig. 6) the band at the Fermi
energy can be made arbitrarily flat while having essen-

Effect of short range interactions : HInt = U∑
i

ni(ni − 1) + ∑
ij

Vijninj

Drives (almost) Flat-band ferromagnetism
(Seen in experiments for bulk materials)
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ing parameters around those presented in Fig. 5 indicate
that U & t is su�cient to completely spin polarize the
bands close to the Fermi energy.
Strong quantum fluctuations arising specially from re-

duced dimensionality of the bi-layer may, however, desta-
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METAL
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lized, the nearest neighbor density-density repulsive in-
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binding parameters and low energy band structures are
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bands at the Fermi energy in Fig. 6, can be flattened fur-
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we drop the dispersion, which is already quite small (see
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rameters very close to the ones that we use in our rep-
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FIG. 6. Representative spin-polarized bands: The spin-
polarized tight binding bands obtained for HI with parame-
ters given by t = 1.0, r = 0.9, t? = 0.7, t1 = �0.3, t?1 = 0.25,
t
0
?1 = �0.5 and � = 0.3 is shown in (a) while that forHII with
parameters t = 1.0, r = 1.0, t? = 0.1, t1 = �0.2, t?1 = �0.1,
� = 1.0, D = 0.1 is shown in (b).

tially the same distribution of the Berry curvature; one
of the most crucial ingredients in the emergence of a FCI
phase. Furthermore, in these studies we assume that Vk
and V? are small enough so that only the bands at the
Fermi energy are relevant and all the other bands can be
relinquished. This allows us to obtain results for system
sizes large enough to draw suggestive conclusions about
the thermodynamic limit. Finally, we also drop the ki-
netic terms that are left over after normal ordering this
projected nearest neighbor interaction operator.

The considerations described above lead to the follow-
ing e↵ective Hamiltonian

Hint = P
X

k1,k2,k3,k4

V
↵1,↵2,↵3,↵4

k1,k2,k3,k4
c
†
k1,↵1

c
†
k2,↵2

ck3,↵3ck4,↵4P .

(4)
where ↵’s denote the six sites which form the unit cell of
the bilayer Kagome system (see Fig. 1) and P implements
the projection to the band at the Fermi energy. For the

results presented in this section we shall set V? = Vk = 1
while noting that small deviations from this choice do
not destabilize the FCI phases that we uncover.

1. 1/5 Fractional Chern Insulator

We first investigate the Chern metallic phase shown in
Fig. 6(a) which hosts a very flat band with Chern number
C = 2 at the Fermi energy. Remarkably, at 1/5 filling
of the C = 2 band, we realize a 1/5 fractional Chern
insulator state. As pointed out earlier in [63], this is the
smallest denominator FCI phase that a C = 2 band can
host.
With periodic boundary conditions, this FCI phase is

characterized by a five fold quasi-degenerate ground state
manifold (see Fig. 7(a)) which is clearly separated from
the excited states by a gap that does not change with the
system size (avm will modify the figures to show this).
Moreover, the number of low energy quasi-hole states ex-
pected for the 1/5 FCI (Ref), exactly matches the number
of states that our computation yields (see Appendix.C
and Fig. 21). Furthermore, with twisted boundary con-
ditions where an additional flux �/�� with �� being the
flux quantum, is introduced, one finds that the five states
in the ground state manifold remain isolated from the ex-
cited states while exhibiting a twist angle periodicity of
10⇡ (see Fig. 7(b)); a yet another important characteris-
tic of the 1/5 FCI phase.
The average density of electrons in a single particle

Bloch state having Bloch momentum k in the band at
the Fermi energy, hnki, is shown in Fig. 7(c) for all the
five states in the quasi-degenerate ground state manifold.
While four of the states show hn(k)i ⇠ 1/5 signaling a
uniform density, the lowest energy state exhibits distinct
oscillations which is robust across the system sizes and
aspect ratios of the finite systems that are soluble by ex-
act diagonalization. The lowest energy state is further
distinguished from the other four states in the ground
state manifold by a weak breaking of rotational symme-
try of the infinite lattice (avm will put an inset). While
this may just be a consequence of the fact that the system
sizes and aspect ratios that are accessible for computa-
tion at 1/5 filling do not have the full rotational symme-
tries of the infinite lattice, the similarities and di↵erences
of this phase with the exotic charge density wave phase
which has recently been observed in KV3Sb5 and related
Kagome materials is worth investigating [64]. Neverthe-
less, as shown in Fig. 8, the ground state manifold re-
mains well defined for a wide range of values of t?/t and
the breathing anisotropy parameter r. avm: need to de-
cide if we want to keep Fig. 8.

2. 1/3 Fractional Chern Insulator

In a more realistic situation, the inversion symmetry
of the bilayer kagome system may get broken because of

6

Chern No. = 0

2

-1

M K ° K0 M0 ° M
°4

°2

0

2

4

(E
k
°

E
F
)/

t

Chern No. = 1

1

0

(a)

(b)

FIG. 6. Representative spin-polarized bands: The spin-
polarized tight binding bands obtained for HI with parame-
ters given by t = 1.0, r = 0.9, t? = 0.7, t1 = �0.3, t?1 = 0.25,
t
0
?1 = �0.5 and � = 0.3 is shown in (a) while that forHII with
parameters t = 1.0, r = 1.0, t? = 0.1, t1 = �0.2, t?1 = �0.1,
� = 1.0, D = 0.1 is shown in (b).

tially the same distribution of the Berry curvature; one
of the most crucial ingredients in the emergence of a FCI
phase. Furthermore, in these studies we assume that Vk
and V? are small enough so that only the bands at the
Fermi energy are relevant and all the other bands can be
relinquished. This allows us to obtain results for system
sizes large enough to draw suggestive conclusions about
the thermodynamic limit. Finally, we also drop the ki-
netic terms that are left over after normal ordering this
projected nearest neighbor interaction operator.
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the projection to the band at the Fermi energy. For the
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Fig. 6(a) which hosts a very flat band with Chern number
C = 2 at the Fermi energy. Remarkably, at 1/5 filling
of the C = 2 band, we realize a 1/5 fractional Chern
insulator state. As pointed out earlier in [63], this is the
smallest denominator FCI phase that a C = 2 band can
host.
With periodic boundary conditions, this FCI phase is

characterized by a five fold quasi-degenerate ground state
manifold (see Fig. 7(a)) which is clearly separated from
the excited states by a gap that does not change with the
system size (avm will modify the figures to show this).
Moreover, the number of low energy quasi-hole states ex-
pected for the 1/5 FCI (Ref), exactly matches the number
of states that our computation yields (see Appendix.C
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ditions where an additional flux �/�� with �� being the
flux quantum, is introduced, one finds that the five states
in the ground state manifold remain isolated from the ex-
cited states while exhibiting a twist angle periodicity of
10⇡ (see Fig. 7(b)); a yet another important characteris-
tic of the 1/5 FCI phase.
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Bloch state having Bloch momentum k in the band at
the Fermi energy, hnki, is shown in Fig. 7(c) for all the
five states in the quasi-degenerate ground state manifold.
While four of the states show hn(k)i ⇠ 1/5 signaling a
uniform density, the lowest energy state exhibits distinct
oscillations which is robust across the system sizes and
aspect ratios of the finite systems that are soluble by ex-
act diagonalization. The lowest energy state is further
distinguished from the other four states in the ground
state manifold by a weak breaking of rotational symme-
try of the infinite lattice (avm will put an inset). While
this may just be a consequence of the fact that the system
sizes and aspect ratios that are accessible for computa-
tion at 1/5 filling do not have the full rotational symme-
tries of the infinite lattice, the similarities and di↵erences
of this phase with the exotic charge density wave phase
which has recently been observed in KV3Sb5 and related
Kagome materials is worth investigating [64]. Neverthe-
less, as shown in Fig. 8, the ground state manifold re-
mains well defined for a wide range of values of t?/t and
the breathing anisotropy parameter r. avm: need to de-
cide if we want to keep Fig. 8.
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tially the same distribution of the Berry curvature; one
of the most crucial ingredients in the emergence of a FCI
phase. Furthermore, in these studies we assume that Vk
and V? are small enough so that only the bands at the
Fermi energy are relevant and all the other bands can be
relinquished. This allows us to obtain results for system
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netic terms that are left over after normal ordering this
projected nearest neighbor interaction operator.
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insulator state. As pointed out earlier in [63], this is the
smallest denominator FCI phase that a C = 2 band can
host.
With periodic boundary conditions, this FCI phase is
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manifold (see Fig. 7(a)) which is clearly separated from
the excited states by a gap that does not change with the
system size (avm will modify the figures to show this).
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of states that our computation yields (see Appendix.C
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ditions where an additional flux �/�� with �� being the
flux quantum, is introduced, one finds that the five states
in the ground state manifold remain isolated from the ex-
cited states while exhibiting a twist angle periodicity of
10⇡ (see Fig. 7(b)); a yet another important characteris-
tic of the 1/5 FCI phase.
The average density of electrons in a single particle

Bloch state having Bloch momentum k in the band at
the Fermi energy, hnki, is shown in Fig. 7(c) for all the
five states in the quasi-degenerate ground state manifold.
While four of the states show hn(k)i ⇠ 1/5 signaling a
uniform density, the lowest energy state exhibits distinct
oscillations which is robust across the system sizes and
aspect ratios of the finite systems that are soluble by ex-
act diagonalization. The lowest energy state is further
distinguished from the other four states in the ground
state manifold by a weak breaking of rotational symme-
try of the infinite lattice (avm will put an inset). While
this may just be a consequence of the fact that the system
sizes and aspect ratios that are accessible for computa-
tion at 1/5 filling do not have the full rotational symme-
tries of the infinite lattice, the similarities and di↵erences
of this phase with the exotic charge density wave phase
which has recently been observed in KV3Sb5 and related
Kagome materials is worth investigating [64]. Neverthe-
less, as shown in Fig. 8, the ground state manifold re-
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FIG. 4. Chern metal lies at a crucial interjection which opens
up route to many strongly correlated phases such as frac-
tional Chern insulators, topological superconductors and chi-
ral quantum flavor liquids. Similarly the paramagnetic metal
can lead to either an electronic superconductor or a Z2 quan-
tum spin liquid (QSL).

haps the most important ones are the– (1) inter-layer
hybridisations, t?, (2) intra-layer breathing anisotropy
between the up and down triangles, r and, (3) inter-
layer potential di↵erence, D, caused by the substrate or
gating. These parameters, can be tuned in the experi-
ments to realize various Chern metals. In the presence of
electron-electron interactions these metallic phases can
in turn admit some noble instabilities like the topologi-
cal superconductor already reported in [52]. More gener-
ally, the enhanced quantum fluctuations because of low
dimensionality can allow for other interesting phases –
the topic of this paper. We report a couple of fractional
Chern insulator phases which can be realized at the fill-
ings of 1/3 and 1/5 of the nearly flat topological bands
at the Fermi energy. We further point out another exotic
instability of the chiral metal, a chiral quantum flavor
liquid which is captured within a parton construction.
Additionally we point out that even in the paramagnetic
limit which has an approximate spin-rotation symmetry,

this system can host an interesting superconductor phase
which gives way to a Z2 spin liquid describable using a
t-J model. We provide an encompassing field theoretic
framework to capture the various phases and their tran-
sitions. Furthermore, we provide the comparative energy
scales for various material systems and which instabili-
ties are generically expected and at what energy domains.
The schematic outline of our results is presented in Fig. 4.
[Explain the main results of the work]
The rest of this paper is organised as follows. We start

in Section II by developing the low energy tight binding
Hamiltonians for the Kagome bi-layer. To this end we
summarise and extend several results of Ref. [52] provid-
ing the class of low energy hopping Hamiltonians that
describe the electrons hopping on the Kagome bi-layer.
Particularly, we show the realization of a Chern metallic
phase which can then lead to further exotic phases. In
Section III we discuss the realization of a couple of frac-
tional Chern insulator states and the chiral flavor liquid,
both arising from a Chern metallic phase. In section IV
we discuss the possibility of superconductivity and a Z2

quantum spin liquid emerging from a paramagnetic state.
In section V we discuss the field theoretic framework that
describes the various phases and their intervening tran-
sitions (see Fig. 4). In Section VI a comparative energy
scales for various material systems and which instabilities
would be preferred and generically expected is pointed
out. In section VII we conclude with broader perspec-
tive and discussions.

II. LOW ENERGY HAMILTONIANS FOR
BI-LAYER KAGOME METALS

The bilayer Kagome system, with the six sites in a
unit cell forming a star of David (see Fig. I), is a tri-
angular lattice with D3d point group symmetry. In this
section, we describe the salient features of a symmetry
consistent tight binding Hamiltonian with one orbital per
site, meant to model the low-energy bands that this sys-
tem may host in the non-interacting limit. We also pro-
vide the tight binding parameters for a few representative
Hamiltonians which, as shown in the later sections, are
likely to host interesting phases of the electrons.

A. Minimal Hopping Hamiltonian

The first principle calculations for both bulk and bi-
layer Kagome intermetallics, M3Sn2, generically exhibits
a rather complex band structure close to the Fermi en-
ergy involving both the transition metal and the Sn or-
bitals [52]. However in case of Fe3Sn2 bi-layers, the low
energy bands are nearly flat and are made almost exclu-
sively out of the Fe d-orbitals. This allows for multi-scale
modelling of the band structure involving only the rele-
vant orbitals. In continuation with those e↵orts, we start
by introducing a set of symmetry allowed hopping Hamil-

Chern Metal as the parent of many different Novel phases
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� = 1.0, D = 0.1 is shown in (b).

tially the same distribution of the Berry curvature; one
of the most crucial ingredients in the emergence of a FCI
phase. Furthermore, in these studies we assume that Vk
and V? are small enough so that only the bands at the
Fermi energy are relevant and all the other bands can be
relinquished. This allows us to obtain results for system
sizes large enough to draw suggestive conclusions about
the thermodynamic limit. Finally, we also drop the ki-
netic terms that are left over after normal ordering this
projected nearest neighbor interaction operator.

The considerations described above lead to the follow-
ing e↵ective Hamiltonian

Hint = P
X

k1,k2,k3,k4

V
↵1,↵2,↵3,↵4

k1,k2,k3,k4
c
†
k1,↵1
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ck3,↵3ck4,↵4P .

(4)
where ↵’s denote the six sites which form the unit cell of
the bilayer Kagome system (see Fig. 1) and P implements
the projection to the band at the Fermi energy. For the

results presented in this section we shall set V? = Vk = 1
while noting that small deviations from this choice do
not destabilize the FCI phases that we uncover.

1. 1/5 Fractional Chern Insulator

We first investigate the Chern metallic phase shown in
Fig. 6(a) which hosts a very flat band with Chern number
C = 2 at the Fermi energy. Remarkably, at 1/5 filling
of the C = 2 band, we realize a 1/5 fractional Chern
insulator state. As pointed out earlier in [63], this is the
smallest denominator FCI phase that a C = 2 band can
host.
With periodic boundary conditions, this FCI phase is

characterized by a five fold quasi-degenerate ground state
manifold (see Fig. 7(a)) which is clearly separated from
the excited states by a gap that does not change with the
system size (avm will modify the figures to show this).
Moreover, the number of low energy quasi-hole states ex-
pected for the 1/5 FCI (Ref), exactly matches the number
of states that our computation yields (see Appendix.C
and Fig. 21). Furthermore, with twisted boundary con-
ditions where an additional flux �/�� with �� being the
flux quantum, is introduced, one finds that the five states
in the ground state manifold remain isolated from the ex-
cited states while exhibiting a twist angle periodicity of
10⇡ (see Fig. 7(b)); a yet another important characteris-
tic of the 1/5 FCI phase.
The average density of electrons in a single particle

Bloch state having Bloch momentum k in the band at
the Fermi energy, hnki, is shown in Fig. 7(c) for all the
five states in the quasi-degenerate ground state manifold.
While four of the states show hn(k)i ⇠ 1/5 signaling a
uniform density, the lowest energy state exhibits distinct
oscillations which is robust across the system sizes and
aspect ratios of the finite systems that are soluble by ex-
act diagonalization. The lowest energy state is further
distinguished from the other four states in the ground
state manifold by a weak breaking of rotational symme-
try of the infinite lattice (avm will put an inset). While
this may just be a consequence of the fact that the system
sizes and aspect ratios that are accessible for computa-
tion at 1/5 filling do not have the full rotational symme-
tries of the infinite lattice, the similarities and di↵erences
of this phase with the exotic charge density wave phase
which has recently been observed in KV3Sb5 and related
Kagome materials is worth investigating [64]. Neverthe-
less, as shown in Fig. 8, the ground state manifold re-
mains well defined for a wide range of values of t?/t and
the breathing anisotropy parameter r. avm: need to de-
cide if we want to keep Fig. 8.

2. 1/3 Fractional Chern Insulator

In a more realistic situation, the inversion symmetry
of the bilayer kagome system may get broken because of
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FIG. 7. 1/5 FCI at strong interlayer hybridization: (a) Low
energy spectra for the 1/5 state on a 5⇥6 periodic bound-
ary system for strongly hybridized limit (see Fig. 6(b)) show-
ing a five fold degenerate ground state manifold. (b) Flux
threading results for the 1/5 state showing that the ground
state manifold remains gapped while exhibiting a periodicity
of �/�� = 10⇡. Di↵erent colors are used to distinguish the
total momenta of the states. (c) hn(k)i ⇠ 1/5 for all k in the
five quasi-degenerate ground states.

FIG. 8. avm: need to decide if we want to keep this figure The
many-body spectra for the interacting 5⇥6 periodic bound-
ary Hamiltonian in the strongly hybridized bi-layer limit (see
Fig. 6(b)) with deviations in the tight binding model param-
eters t? in (a) and r in (b) showing that the 1/5 FCI state
is stable over a wide range of these experimentally relevant
parameters. (dashed lines are guides to the eye). For every
value of t? and r the corresponding ground state energy has
been subtracted for better visualization.

the presence of a substrate or due to the application of
a strong electric field perpendicular to the plane of the
bilayer. We model this situation by incorporating an on-
site potential D which is di↵erent for the atoms in the
two layers. In this case, interestingly, as the magnitude
of the inter-layer hopping amplitudes are lowered from
Fig. 6(a) we find a Dirac closing at the K0 point (see
Appendix. B for details) between the two lowest bands
with Chern numbers C = 0 and C = 2. On further
lowering the inter-layer hopping amplitudes one obtains
two C = 1 bands as the lowest bands with one of them
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tially the same distribution of the Berry curvature; one
of the most crucial ingredients in the emergence of a FCI
phase. Furthermore, in these studies we assume that Vk
and V? are small enough so that only the bands at the
Fermi energy are relevant and all the other bands can be
relinquished. This allows us to obtain results for system
sizes large enough to draw suggestive conclusions about
the thermodynamic limit. Finally, we also drop the ki-
netic terms that are left over after normal ordering this
projected nearest neighbor interaction operator.

The considerations described above lead to the follow-
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where ↵’s denote the six sites which form the unit cell of
the bilayer Kagome system (see Fig. 1) and P implements
the projection to the band at the Fermi energy. For the
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not destabilize the FCI phases that we uncover.
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insulator state. As pointed out earlier in [63], this is the
smallest denominator FCI phase that a C = 2 band can
host.
With periodic boundary conditions, this FCI phase is

characterized by a five fold quasi-degenerate ground state
manifold (see Fig. 7(a)) which is clearly separated from
the excited states by a gap that does not change with the
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the presence of a substrate or due to the application of
a strong electric field perpendicular to the plane of the
bilayer. We model this situation by incorporating an on-
site potential D which is di↵erent for the atoms in the
two layers. In this case, interestingly, as the magnitude
of the inter-layer hopping amplitudes are lowered from
Fig. 6(a) we find a Dirac closing at the K0 point (see
Appendix. B for details) between the two lowest bands
with Chern numbers C = 0 and C = 2. On further
lowering the inter-layer hopping amplitudes one obtains
two C = 1 bands as the lowest bands with one of them
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tially the same distribution of the Berry curvature; one
of the most crucial ingredients in the emergence of a FCI
phase. Furthermore, in these studies we assume that Vk
and V? are small enough so that only the bands at the
Fermi energy are relevant and all the other bands can be
relinquished. This allows us to obtain results for system
sizes large enough to draw suggestive conclusions about
the thermodynamic limit. Finally, we also drop the ki-
netic terms that are left over after normal ordering this
projected nearest neighbor interaction operator.

The considerations described above lead to the follow-
ing e↵ective Hamiltonian
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where ↵’s denote the six sites which form the unit cell of
the bilayer Kagome system (see Fig. 1) and P implements
the projection to the band at the Fermi energy. For the

results presented in this section we shall set V? = Vk = 1
while noting that small deviations from this choice do
not destabilize the FCI phases that we uncover.

1. 1/5 Fractional Chern Insulator

We first investigate the Chern metallic phase shown in
Fig. 6(a) which hosts a very flat band with Chern number
C = 2 at the Fermi energy. Remarkably, at 1/5 filling
of the C = 2 band, we realize a 1/5 fractional Chern
insulator state. As pointed out earlier in [63], this is the
smallest denominator FCI phase that a C = 2 band can
host.
With periodic boundary conditions, this FCI phase is

characterized by a five fold quasi-degenerate ground state
manifold (see Fig. 7(a)) which is clearly separated from
the excited states by a gap that does not change with the
system size (avm will modify the figures to show this).
Moreover, the number of low energy quasi-hole states ex-
pected for the 1/5 FCI (Ref), exactly matches the number
of states that our computation yields (see Appendix.C
and Fig. 21). Furthermore, with twisted boundary con-
ditions where an additional flux �/�� with �� being the
flux quantum, is introduced, one finds that the five states
in the ground state manifold remain isolated from the ex-
cited states while exhibiting a twist angle periodicity of
10⇡ (see Fig. 7(b)); a yet another important characteris-
tic of the 1/5 FCI phase.
The average density of electrons in a single particle

Bloch state having Bloch momentum k in the band at
the Fermi energy, hnki, is shown in Fig. 7(c) for all the
five states in the quasi-degenerate ground state manifold.
While four of the states show hn(k)i ⇠ 1/5 signaling a
uniform density, the lowest energy state exhibits distinct
oscillations which is robust across the system sizes and
aspect ratios of the finite systems that are soluble by ex-
act diagonalization. The lowest energy state is further
distinguished from the other four states in the ground
state manifold by a weak breaking of rotational symme-
try of the infinite lattice (avm will put an inset). While
this may just be a consequence of the fact that the system
sizes and aspect ratios that are accessible for computa-
tion at 1/5 filling do not have the full rotational symme-
tries of the infinite lattice, the similarities and di↵erences
of this phase with the exotic charge density wave phase
which has recently been observed in KV3Sb5 and related
Kagome materials is worth investigating [64]. Neverthe-
less, as shown in Fig. 8, the ground state manifold re-
mains well defined for a wide range of values of t?/t and
the breathing anisotropy parameter r. avm: need to de-
cide if we want to keep Fig. 8.

2. 1/3 Fractional Chern Insulator

In a more realistic situation, the inversion symmetry
of the bilayer kagome system may get broken because of
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being at the Fermi energy. In Fig. 6(b) we show a rep-
resentative band structure in this limit and provide the
corresponding model parameters.

Remarkably, when the a↵ect of nearest neighbor in-
teractions are incorporated while projecting them to the
flattened C = 1 band (see Fig. 6(b)) at 1/3 filling, we
realize a 1/3 fractional Chern insulator. With periodic
boundary conditions this 1/3 FCI phase is characterized
by a threefold quasi-degenerate ground state manifold
and a finite gap to excitations (see Fig. 9(a)). When a
flux �/�� is introduced to implement twisted boundary
conditions the threefold quasi-degenerate ground state
manifold remains separated from the excited states while
exhibiting a twist angle periodicity of 6⇡, further confirm-
ing their FCI character (see Fig. 9(b)) [62]. We also find
that for the states in the ground state manifold hnki,
occupancy of the single particle state with crystal mo-
mentum k in the C = 1 band, equals ⇠ 1/3. This again,
is as expected for a 1/3 FCI state (see Fig. 9(c)).

While a 1/3 FCI state in a single layer Kagome sys-
tem has been previously reported in Ref. 62, our result
shows that such a FCI is stable in the bilayer system with
not only significant interlayer hybridization (t? ⇠ t/10)
but also to interlayer repulsions (V?). (avm: depend-
ing up on whether we want to keep the following lines
in this paragraph, I will update the quantitative state-
ments made therein.) We examine the stability of this
state to even stronger t? scales finding that the 1/3 FCI
state remains stable upto t? ⇠ t/4 (see Appendix. C and
Fig. 20 (a)). The ground state manifold is also seen to
be stable to significant breathing anisotropy (r, see Ap-
pendix. C and Fig. 20 (b)) where hopping amplitudes on
the upper triangles, compared to lower triangles can be
varied upto 5� 10% of each other.

3. Comment on DFT band

avm: need to decide if we want to keep this sub-section.
Our analysis above shows that non-trivial fractional

Chern insulator states can be realized in bilayer Kagome
compounds in both, the weakly and the strongly hy-
bridized bilayer limits. Given that the bilayer Fe3Sn2
band structure (see Fig. 16) is adiabatically connected
with the C = 2 band discussed above, we investigate if
a 1/5 FCI gets realized even in this system. Exact di-
agonalization, in this case, does not show systematic five
fold quasi-degenerate ground state manifold for the dif-
ferent system sizes that we could access. But instead it
gives a spectrum which gets easily intermixed in pres-
ence of twisted boundary conditions suggesting metal-
lic ground states. Moreover, the distribution of hn(k)i
over the Brillouin zone is ⇠ 1, 0 (see Fig. 10) suggest-
ing a Fermi liquid, however, the shape of Fermi sea is
not reflective of a physical system [52] given the approx-
imation of band projection and flattening which ignores
the bare dispersion. We therefore believe that within
our numerical studies, limited by finite system sizes, the

FIG. 9. 1/3 FCI at weak interlayer hybridization: (a) Low
energy spectra for the 1/3 state on a 6⇥4 periodic bound-
ary system with weak interlayer hybridization (see Fig. 6(a))
(t? = t/8) showing a three fold degenerate ground state.
(b) Flux threading results for the 1/3 state showing that the
ground state manifold remains gapped while exhibiting a peri-
odicity of �/�� = 6⇡. Di↵erent colors are used to distinguish
the total momenta of the states. (c) hn(k)i ⇠ 1/3 for all
values of k in the three ground states.

8

being at the Fermi energy. In Fig. 6(b) we show a rep-
resentative band structure in this limit and provide the
corresponding model parameters.

Remarkably, when the a↵ect of nearest neighbor in-
teractions are incorporated while projecting them to the
flattened C = 1 band (see Fig. 6(b)) at 1/3 filling, we
realize a 1/3 fractional Chern insulator. With periodic
boundary conditions this 1/3 FCI phase is characterized
by a threefold quasi-degenerate ground state manifold
and a finite gap to excitations (see Fig. 9(a)). When a
flux �/�� is introduced to implement twisted boundary
conditions the threefold quasi-degenerate ground state
manifold remains separated from the excited states while
exhibiting a twist angle periodicity of 6⇡, further confirm-
ing their FCI character (see Fig. 9(b)) [62]. We also find
that for the states in the ground state manifold hnki,
occupancy of the single particle state with crystal mo-
mentum k in the C = 1 band, equals ⇠ 1/3. This again,
is as expected for a 1/3 FCI state (see Fig. 9(c)).

While a 1/3 FCI state in a single layer Kagome sys-
tem has been previously reported in Ref. 62, our result
shows that such a FCI is stable in the bilayer system with
not only significant interlayer hybridization (t? ⇠ t/10)
but also to interlayer repulsions (V?). (avm: depend-
ing up on whether we want to keep the following lines
in this paragraph, I will update the quantitative state-
ments made therein.) We examine the stability of this
state to even stronger t? scales finding that the 1/3 FCI
state remains stable upto t? ⇠ t/4 (see Appendix. C and
Fig. 20 (a)). The ground state manifold is also seen to
be stable to significant breathing anisotropy (r, see Ap-
pendix. C and Fig. 20 (b)) where hopping amplitudes on
the upper triangles, compared to lower triangles can be
varied upto 5� 10% of each other.

3. Comment on DFT band

avm: need to decide if we want to keep this sub-section.
Our analysis above shows that non-trivial fractional

Chern insulator states can be realized in bilayer Kagome
compounds in both, the weakly and the strongly hy-
bridized bilayer limits. Given that the bilayer Fe3Sn2
band structure (see Fig. 16) is adiabatically connected
with the C = 2 band discussed above, we investigate if
a 1/5 FCI gets realized even in this system. Exact di-
agonalization, in this case, does not show systematic five
fold quasi-degenerate ground state manifold for the dif-
ferent system sizes that we could access. But instead it
gives a spectrum which gets easily intermixed in pres-
ence of twisted boundary conditions suggesting metal-
lic ground states. Moreover, the distribution of hn(k)i
over the Brillouin zone is ⇠ 1, 0 (see Fig. 10) suggest-
ing a Fermi liquid, however, the shape of Fermi sea is
not reflective of a physical system [52] given the approx-
imation of band projection and flattening which ignores
the bare dispersion. We therefore believe that within
our numerical studies, limited by finite system sizes, the

FIG. 9. 1/3 FCI at weak interlayer hybridization: (a) Low
energy spectra for the 1/3 state on a 6⇥4 periodic bound-
ary system with weak interlayer hybridization (see Fig. 6(a))
(t? = t/8) showing a three fold degenerate ground state.
(b) Flux threading results for the 1/3 state showing that the
ground state manifold remains gapped while exhibiting a peri-
odicity of �/�� = 6⇡. Di↵erent colors are used to distinguish
the total momenta of the states. (c) hn(k)i ⇠ 1/3 for all
values of k in the three ground states.



3

FIG. 4. Chern metal lies at a crucial interjection which opens
up route to many strongly correlated phases such as frac-
tional Chern insulators, topological superconductors and chi-
ral quantum flavor liquids. Similarly the paramagnetic metal
can lead to either an electronic superconductor or a Z2 quan-
tum spin liquid (QSL).

haps the most important ones are the– (1) inter-layer
hybridisations, t?, (2) intra-layer breathing anisotropy
between the up and down triangles, r and, (3) inter-
layer potential di↵erence, D, caused by the substrate or
gating. These parameters, can be tuned in the experi-
ments to realize various Chern metals. In the presence of
electron-electron interactions these metallic phases can
in turn admit some noble instabilities like the topologi-
cal superconductor already reported in [52]. More gener-
ally, the enhanced quantum fluctuations because of low
dimensionality can allow for other interesting phases –
the topic of this paper. We report a couple of fractional
Chern insulator phases which can be realized at the fill-
ings of 1/3 and 1/5 of the nearly flat topological bands
at the Fermi energy. We further point out another exotic
instability of the chiral metal, a chiral quantum flavor
liquid which is captured within a parton construction.
Additionally we point out that even in the paramagnetic
limit which has an approximate spin-rotation symmetry,

this system can host an interesting superconductor phase
which gives way to a Z2 spin liquid describable using a
t-J model. We provide an encompassing field theoretic
framework to capture the various phases and their tran-
sitions. Furthermore, we provide the comparative energy
scales for various material systems and which instabili-
ties are generically expected and at what energy domains.
The schematic outline of our results is presented in Fig. 4.
[Explain the main results of the work]
The rest of this paper is organised as follows. We start

in Section II by developing the low energy tight binding
Hamiltonians for the Kagome bi-layer. To this end we
summarise and extend several results of Ref. [52] provid-
ing the class of low energy hopping Hamiltonians that
describe the electrons hopping on the Kagome bi-layer.
Particularly, we show the realization of a Chern metallic
phase which can then lead to further exotic phases. In
Section III we discuss the realization of a couple of frac-
tional Chern insulator states and the chiral flavor liquid,
both arising from a Chern metallic phase. In section IV
we discuss the possibility of superconductivity and a Z2

quantum spin liquid emerging from a paramagnetic state.
In section V we discuss the field theoretic framework that
describes the various phases and their intervening tran-
sitions (see Fig. 4). In Section VI a comparative energy
scales for various material systems and which instabilities
would be preferred and generically expected is pointed
out. In section VII we conclude with broader perspec-
tive and discussions.

II. LOW ENERGY HAMILTONIANS FOR
BI-LAYER KAGOME METALS

The bilayer Kagome system, with the six sites in a
unit cell forming a star of David (see Fig. I), is a tri-
angular lattice with D3d point group symmetry. In this
section, we describe the salient features of a symmetry
consistent tight binding Hamiltonian with one orbital per
site, meant to model the low-energy bands that this sys-
tem may host in the non-interacting limit. We also pro-
vide the tight binding parameters for a few representative
Hamiltonians which, as shown in the later sections, are
likely to host interesting phases of the electrons.

A. Minimal Hopping Hamiltonian

The first principle calculations for both bulk and bi-
layer Kagome intermetallics, M3Sn2, generically exhibits
a rather complex band structure close to the Fermi en-
ergy involving both the transition metal and the Sn or-
bitals [52]. However in case of Fe3Sn2 bi-layers, the low
energy bands are nearly flat and are made almost exclu-
sively out of the Fe d-orbitals. This allows for multi-scale
modelling of the band structure involving only the rele-
vant orbitals. In continuation with those e↵orts, we start
by introducing a set of symmetry allowed hopping Hamil-

Chern Metal as the parent of many different Novel phases



3

FIG. 4. Chern metal lies at a crucial interjection which opens
up route to many strongly correlated phases such as frac-
tional Chern insulators, topological superconductors and chi-
ral quantum flavor liquids. Similarly the paramagnetic metal
can lead to either an electronic superconductor or a Z2 quan-
tum spin liquid (QSL).

haps the most important ones are the– (1) inter-layer
hybridisations, t?, (2) intra-layer breathing anisotropy
between the up and down triangles, r and, (3) inter-
layer potential di↵erence, D, caused by the substrate or
gating. These parameters, can be tuned in the experi-
ments to realize various Chern metals. In the presence of
electron-electron interactions these metallic phases can
in turn admit some noble instabilities like the topologi-
cal superconductor already reported in [52]. More gener-
ally, the enhanced quantum fluctuations because of low
dimensionality can allow for other interesting phases –
the topic of this paper. We report a couple of fractional
Chern insulator phases which can be realized at the fill-
ings of 1/3 and 1/5 of the nearly flat topological bands
at the Fermi energy. We further point out another exotic
instability of the chiral metal, a chiral quantum flavor
liquid which is captured within a parton construction.
Additionally we point out that even in the paramagnetic
limit which has an approximate spin-rotation symmetry,

this system can host an interesting superconductor phase
which gives way to a Z2 spin liquid describable using a
t-J model. We provide an encompassing field theoretic
framework to capture the various phases and their tran-
sitions. Furthermore, we provide the comparative energy
scales for various material systems and which instabili-
ties are generically expected and at what energy domains.
The schematic outline of our results is presented in Fig. 4.
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summarise and extend several results of Ref. [52] provid-
ing the class of low energy hopping Hamiltonians that
describe the electrons hopping on the Kagome bi-layer.
Particularly, we show the realization of a Chern metallic
phase which can then lead to further exotic phases. In
Section III we discuss the realization of a couple of frac-
tional Chern insulator states and the chiral flavor liquid,
both arising from a Chern metallic phase. In section IV
we discuss the possibility of superconductivity and a Z2

quantum spin liquid emerging from a paramagnetic state.
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tive and discussions.

II. LOW ENERGY HAMILTONIANS FOR
BI-LAYER KAGOME METALS

The bilayer Kagome system, with the six sites in a
unit cell forming a star of David (see Fig. I), is a tri-
angular lattice with D3d point group symmetry. In this
section, we describe the salient features of a symmetry
consistent tight binding Hamiltonian with one orbital per
site, meant to model the low-energy bands that this sys-
tem may host in the non-interacting limit. We also pro-
vide the tight binding parameters for a few representative
Hamiltonians which, as shown in the later sections, are
likely to host interesting phases of the electrons.

A. Minimal Hopping Hamiltonian

The first principle calculations for both bulk and bi-
layer Kagome intermetallics, M3Sn2, generically exhibits
a rather complex band structure close to the Fermi en-
ergy involving both the transition metal and the Sn or-
bitals [52]. However in case of Fe3Sn2 bi-layers, the low
energy bands are nearly flat and are made almost exclu-
sively out of the Fe d-orbitals. This allows for multi-scale
modelling of the band structure involving only the rele-
vant orbitals. In continuation with those e↵orts, we start
by introducing a set of symmetry allowed hopping Hamil-

Chern Metal as the parent of many different Novel phases

BCS calculations

4

FIG. 4: Panel (a) shows tight binding bands obtained for a three or-
bital model with parameters tuned to reproduce qualitative agreement
with the DFT results. Panel (b) shows the evolution of �xy as a
function of the breathing anisotropy parameter r (see text). Panel
(c) shows the superconducting order parameter in the reduced one
orbital spin polarised tight-binding model with nearest neighbour
attractive interactions mediated by ferromagnetic fluctuations. The
thickness of the bonds is proportional to the amplitude of the super-
conducting order parameter and the colors encode its phase. Panel
(d) shows the topological superconductor and magnetic metal (with
�xy 6= 0) as a function of r for the one-orbital tight-binding model.

of Chern metal in bilayer FeSn and allied materials.
The Chern metal is an extremely interesting phase where

the partially filled band has a topological invariant. The insta-
bility of such a metallic phase therefore involves an intricate
interplay of band topology and correlations. In presence of
small SOC, we expect the ferromagnetic order to be stable at
finite temperatures even in the bilayer, albeit with enhanced
magnetic fluctuations. These magnetic fluctuations can then
act as a pairing glue leading to superconductivity in the spin-
polarised band. We now focus on the possibility of realising
such a magnetic fluctuation driven superconductor.

Superconductivity: Both the DFT and the tight-binding
model show the presence of small Fermi pockets near the K

and the � points of the BZ arising from the almost flat low en-
ergy bands (Figs. 3(d) and 4(a)). Magnetic fluctuations lead to
effective attractive interactions for electrons– driving a super-
conducting instability naturally in the triplet channel for the
spin-polarised bands[35–39]. This superconductivity can be
explored within a self-consistent BCS mean field theory. For
this purpose we use a symmetry allowed effective tight bind-
ing model with one spin polarized orbital/site of the kagome
bilayer, with parameters chosen such that the DFT bands close
to EF are well represented [21]. Further, integrating out the
magnetic fluctuations leads to short-range (nearest neighbour
in our case) attractive interactions, V , between the electronic
densities, ⇠ �V

P
hiji ninj . Within a multi-band BCS mean

field theory, the above model indeed stabilises a superconduc-
tor for a wide regime of the parameter r when V ⇠ t[21],

where t is the nearest neighbour hopping of the effective low
energy one-orbital tight-binding model. The fairly large value
of the interaction can be attributed to the small density of
states at EF due to the small Fermi-pockets. Here we plot
the results for the representative choice of V = 2t. A rough
estimate of effective low energy scales gives t ⇠ 0.13 eV and
hence V ⇠ 0.26 eV ⇡ 0.5U [21].

In our analysis, we incorporate eighteen pairing order pa-
rameters corresponding to the nearest neighbour bonds asso-
ciated with a unit cell [21]. In Fig. 4(c) we show the supercon-
ducting order with the thickness of a bond being proportional
its magnitude and the color of the bond encoding its phase.
The maximum pairing amplitude is ⇠ 0.02t which would cor-
respond to a mean field transition temperature of ⇠ 10K. A
straightforward analysis reveals that the pairing amplitudes in
Fig. 4(c) transform like a lz = 1 orbital under a rotation by
2⇡/3 about the centre of the hexagon of the bilayer akin to
px + ipy superconductor[36]. The topological nature of su-
perconductivity in this system is easily confirmed by comput-
ing the net Chern number of the negative energy Bogoliubov
bands [40–43]. Remarkably, this topological superconductor
is stable over a wide range of the breathing anisotropy pa-
rameter, r which is promising in regard to its experimental
detection. For sufficiently small values of r superconductivity
ceases to exist and one recovers a magnetic metal exhibiting
anomalous Hall response. This is shown in Fig. 4(d).

Summary and Outlook : Our DFT results show that
kagome intermetallic series derived from bulk M3Sn2 (M =
Fe, Ni, Cu) can host a rich interplay of band physics and corre-
lations. To the best of our knowledge, while only bulk Fe3Sn2
has been synthesized, the Ni and Cu counterparts provide fu-
ture avenues to explore. The above interplay is most promi-
nent in the case of Fe where dimensional confinement in the
bilayer limit enhances it by stabilising a ferromagnetic metal
with nearly flat bands near the Fermi level and thereby giving
a Chern metal with large anomalous Hall conductivity. Insta-
bility of this Chern metal, within a low energy tight-binding
model and BCS mean field theory results in a topological su-
perconductor in a material relevant parameter regime. A re-
lated instability, particularly relevant for the nearly flat band
Chern metal, is a magnetic fluctuation driven fractional Chern
insulator. It would be interesting to investigate the relevance
of such a novel phase in the present context. All the above in-
gredients have close similarity with the rich physics of twisted
bilayer graphene and hence experimental progress in isolat-
ing bilayer Fe3Sn2 and related materials may open up newer
playgrounds of novel correlated physics probing the interplay
of band topology, electron-electron correlations and sponta-
neous symmetry breaking.
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FIG. 4. Chern metal lies at a crucial interjection which opens
up route to many strongly correlated phases such as frac-
tional Chern insulators, topological superconductors and chi-
ral quantum flavor liquids. Similarly the paramagnetic metal
can lead to either an electronic superconductor or a Z2 quan-
tum spin liquid (QSL).

haps the most important ones are the– (1) inter-layer
hybridisations, t?, (2) intra-layer breathing anisotropy
between the up and down triangles, r and, (3) inter-
layer potential di↵erence, D, caused by the substrate or
gating. These parameters, can be tuned in the experi-
ments to realize various Chern metals. In the presence of
electron-electron interactions these metallic phases can
in turn admit some noble instabilities like the topologi-
cal superconductor already reported in [52]. More gener-
ally, the enhanced quantum fluctuations because of low
dimensionality can allow for other interesting phases –
the topic of this paper. We report a couple of fractional
Chern insulator phases which can be realized at the fill-
ings of 1/3 and 1/5 of the nearly flat topological bands
at the Fermi energy. We further point out another exotic
instability of the chiral metal, a chiral quantum flavor
liquid which is captured within a parton construction.
Additionally we point out that even in the paramagnetic
limit which has an approximate spin-rotation symmetry,

this system can host an interesting superconductor phase
which gives way to a Z2 spin liquid describable using a
t-J model. We provide an encompassing field theoretic
framework to capture the various phases and their tran-
sitions. Furthermore, we provide the comparative energy
scales for various material systems and which instabili-
ties are generically expected and at what energy domains.
The schematic outline of our results is presented in Fig. 4.
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The rest of this paper is organised as follows. We start

in Section II by developing the low energy tight binding
Hamiltonians for the Kagome bi-layer. To this end we
summarise and extend several results of Ref. [52] provid-
ing the class of low energy hopping Hamiltonians that
describe the electrons hopping on the Kagome bi-layer.
Particularly, we show the realization of a Chern metallic
phase which can then lead to further exotic phases. In
Section III we discuss the realization of a couple of frac-
tional Chern insulator states and the chiral flavor liquid,
both arising from a Chern metallic phase. In section IV
we discuss the possibility of superconductivity and a Z2

quantum spin liquid emerging from a paramagnetic state.
In section V we discuss the field theoretic framework that
describes the various phases and their intervening tran-
sitions (see Fig. 4). In Section VI a comparative energy
scales for various material systems and which instabilities
would be preferred and generically expected is pointed
out. In section VII we conclude with broader perspec-
tive and discussions.

II. LOW ENERGY HAMILTONIANS FOR
BI-LAYER KAGOME METALS

The bilayer Kagome system, with the six sites in a
unit cell forming a star of David (see Fig. I), is a tri-
angular lattice with D3d point group symmetry. In this
section, we describe the salient features of a symmetry
consistent tight binding Hamiltonian with one orbital per
site, meant to model the low-energy bands that this sys-
tem may host in the non-interacting limit. We also pro-
vide the tight binding parameters for a few representative
Hamiltonians which, as shown in the later sections, are
likely to host interesting phases of the electrons.

A. Minimal Hopping Hamiltonian

The first principle calculations for both bulk and bi-
layer Kagome intermetallics, M3Sn2, generically exhibits
a rather complex band structure close to the Fermi en-
ergy involving both the transition metal and the Sn or-
bitals [52]. However in case of Fe3Sn2 bi-layers, the low
energy bands are nearly flat and are made almost exclu-
sively out of the Fe d-orbitals. This allows for multi-scale
modelling of the band structure involving only the rele-
vant orbitals. In continuation with those e↵orts, we start
by introducing a set of symmetry allowed hopping Hamil-
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layer potential di↵erence, D, caused by the substrate or
gating. These parameters, can be tuned in the experi-
ments to realize various Chern metals. In the presence of
electron-electron interactions these metallic phases can
in turn admit some noble instabilities like the topologi-
cal superconductor already reported in [52]. More gener-
ally, the enhanced quantum fluctuations because of low
dimensionality can allow for other interesting phases –
the topic of this paper. We report a couple of fractional
Chern insulator phases which can be realized at the fill-
ings of 1/3 and 1/5 of the nearly flat topological bands
at the Fermi energy. We further point out another exotic
instability of the chiral metal, a chiral quantum flavor
liquid which is captured within a parton construction.
Additionally we point out that even in the paramagnetic
limit which has an approximate spin-rotation symmetry,

this system can host an interesting superconductor phase
which gives way to a Z2 spin liquid describable using a
t-J model. We provide an encompassing field theoretic
framework to capture the various phases and their tran-
sitions. Furthermore, we provide the comparative energy
scales for various material systems and which instabili-
ties are generically expected and at what energy domains.
The schematic outline of our results is presented in Fig. 4.
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Hamiltonians for the Kagome bi-layer. To this end we
summarise and extend several results of Ref. [52] provid-
ing the class of low energy hopping Hamiltonians that
describe the electrons hopping on the Kagome bi-layer.
Particularly, we show the realization of a Chern metallic
phase which can then lead to further exotic phases. In
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tional Chern insulator states and the chiral flavor liquid,
both arising from a Chern metallic phase. In section IV
we discuss the possibility of superconductivity and a Z2

quantum spin liquid emerging from a paramagnetic state.
In section V we discuss the field theoretic framework that
describes the various phases and their intervening tran-
sitions (see Fig. 4). In Section VI a comparative energy
scales for various material systems and which instabilities
would be preferred and generically expected is pointed
out. In section VII we conclude with broader perspec-
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angular lattice with D3d point group symmetry. In this
section, we describe the salient features of a symmetry
consistent tight binding Hamiltonian with one orbital per
site, meant to model the low-energy bands that this sys-
tem may host in the non-interacting limit. We also pro-
vide the tight binding parameters for a few representative
Hamiltonians which, as shown in the later sections, are
likely to host interesting phases of the electrons.

A. Minimal Hopping Hamiltonian

The first principle calculations for both bulk and bi-
layer Kagome intermetallics, M3Sn2, generically exhibits
a rather complex band structure close to the Fermi en-
ergy involving both the transition metal and the Sn or-
bitals [52]. However in case of Fe3Sn2 bi-layers, the low
energy bands are nearly flat and are made almost exclu-
sively out of the Fe d-orbitals. This allows for multi-scale
modelling of the band structure involving only the rele-
vant orbitals. In continuation with those e↵orts, we start
by introducing a set of symmetry allowed hopping Hamil-
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electron-electron interactions these metallic phases can
in turn admit some noble instabilities like the topologi-
cal superconductor already reported in [52]. More gener-
ally, the enhanced quantum fluctuations because of low
dimensionality can allow for other interesting phases –
the topic of this paper. We report a couple of fractional
Chern insulator phases which can be realized at the fill-
ings of 1/3 and 1/5 of the nearly flat topological bands
at the Fermi energy. We further point out another exotic
instability of the chiral metal, a chiral quantum flavor
liquid which is captured within a parton construction.
Additionally we point out that even in the paramagnetic
limit which has an approximate spin-rotation symmetry,

this system can host an interesting superconductor phase
which gives way to a Z2 spin liquid describable using a
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framework to capture the various phases and their tran-
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