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Heterostructures between two-dimensional quantum spin Hall insulators (QSHIs) and superconducting mate-
rials can allow for the presence of Majorana fermions at their conducting edge states. Although a strong interface
hybridization helps induce a reasonable superconducting gap on the topological material, the hybridization can
modify the material’s electronic structure. In this work, we utilize a realistic low-energy model with tunable
interlayer hybridization to study the edge-state physics in a heterostructure between monolayer quantum spin
Hall insulator 1T ′-WTe2 and s-wave superconductor 2H -NbSe2. We find that even in the presence of strong
interlayer hybridization that renders the surface to become conducting, the edge state shows a significantly
enhanced local density of states and induced superconductivity compared to the surface. We provide an alternate
heterostructure geometry that can utilize the strong interlayer hybridization and realize a spatial interface
between a regime with a clean QSHI gap and a topological conducting edge state.
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I. INTRODUCTION

Among all the polytropes of monolayer WTe2, the 1T ′
structure is being extensively studied because of its nontrivial
topological properties [1–6]. Band structure calculations have
revealed that it is a quantum spin Hall insulator (QSHI), where
counterpropagating spin momentum locked electrons move
along the edge, forming helical edge states [3,7,8]. Recent
studies have found that these materials could be an excellent
platform to generate quasiparticle bound states like Majorana
fermions at the edges of the monolayer via proximity-induced
superconductivity with a conventional superconductor [9].
It has already been established that the heterostructure of
WTe2 and NbSe2 leads to an induced superconducting order
parameter in WTe2, which is quite robust and the induced
superconducting gap is enhanced at the topological edge states
of the WTe2 monolayer [10–13]. The strength of the induced
superconducting pairing at the edges depends intricately on
the electronic structure of the edge state and the interlayer
coupling between the materials.

When a monolayer 1T ′-WTe2 is grown on 2H-NbSe2 sub-
strate, the van der Waals interaction between WTe2 and NbSe2

determines the strength of interface coupling. It is important
to explore the role of interface coupling on the underlying
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electronic structure and induced superconducting gap of the
monolayer topological insulator, since these material param-
eters lay the foundation for possible nucleation of Majorana
bound states at the edges of the quantum spin Hall insu-
lator [9,14]. The role of the interface hybridization attains
further significance in engineered heterostructures where the
hybridization is tuned by insertion of decoupled layers be-
tween the hybridizing materials [15–18].

In this work, we present a theoretical model of the
1T ′-WTe2/2H-NbSe2 heterostructure in order to explore the
influence of interface-coupling strength on the induced su-
perconducting gap and topological nature of the edge state
in 1T ′-WTe2. We use a multiorbital real-space tight-binding
Hamiltonian relevant to the low-energy properties of WTe2

and NbSe2 to model the heterostructure and study the evo-
lution of the normal-state electronic structure and induced
superconductivity as a function of the interface-coupling
strength.

The study reveals that the low-energy electronic structure is
highly susceptible to weak interface hybridization between the
1T ′-WTe2 and 2H-NbSe2 electronic states. This leads to the
smearing out of the QSHI gap in the bulk and the formation of
hybridized conducting edge states. Considering three exam-
ples of edge terminations in WTe2, we show that the nature of
the edge state is dependent on both the termination direction
and the terminating 1T ′-WTe2 ions.

Our real-space self-consistent calculations of the supercon-
ducting order indicate that the induced spin singlet state can
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FIG. 1. (a) The unit cells of 1T ′-WTe2 and 2H -NbSe2.
(b) Schematics of the heterostructure formation showing the mono-
layer of 1T ′-WTe2 over 2H -NbSe2. The alignments of W and Te ions
at the three different edges of 1T ′-WTe2 are shown in (c), (d), and (e).

be present both at the surface and edge of 1T ′-WTe2 in the
presence of a finite interface coupling. We discuss how the
induced order varies as a function of interface coupling and
edge termination that are naturally present in experimental
conditions.

We also evaluate the induced effective spin-triplet super-
conducting order parameter proposed to be present in the
presence of linearly dispersing Dirac bands constituting the
edge states of quantum spin Hall insulators [9]. We find that
this chiral triplet order can survive at 1T ′-WTe2 edges even in
the presence of interface hybridization which is indicative of
the presence of linearly dispersing bands coinciding with the
bulk states in the hybridized heterostructure at the Fermi level.

In the final section, we study the effect of inducing a super-
conducting gap on 1T ′-WTe2 in a heterostructure where the
superconductor has dimensions smaller than the monolayer
QSHI material. We show that although the strong interlayer
hybridization can lead to the monolayer QSHI in contact with
the superconductor to become metallic and have modified
topological properties, this geometry can nevertheless lead to
the formation of a clean edge separating regions with different
topological properties.

II. MODEL

The 1T ′-WTe2/2H-NbSe2 heterostructure has been mod-
eled using a real-space mean-field Hamiltonian [19]. Fig-
ure 1(a) displays the unit cell structures of 1T ′-WTe2 and
2H-NbSe2. Figure 1(b) depicts a schematic of the heterostruc-
ture, where blue and red spheres represent W and Te ions,
and deep green and light green spheres represent Nb and
Se ions, respectively. Finally, Figs. 1(c)–1(e) show differ-
ent edges of the 1T ′-WTe2 structure. The relevant problem
for the superconducting state has been solved using a self-
consistent Bogoliubov–de Gennes (BdG) formalism [20] (see
Appendix). The Hamiltonian contains four separate parts
given by

H = H0
N + H0

W + HW −N + HN
SC . (1)

FIG. 2. (a) Low-energy electronic bands of 2H -NbSe2 over the
high-symmetry path showing the two bands formed from bilayer
interactions. (b) Calculated local density of states (LDOS) in the
superconducting state showing the gap size of ∼1.1 meV for pristine
2H -NbSe2.

The individual terms of the Hamiltonian are

H0
N =

∑
il jl ′σ

t ll ′
i j c†

ilσ c jl ′σ + H.c.,

HW −N = t⊥
∑
i jσ

c†
i2σ d j1σ + H.c.,

H0
W =

∑
μνi jσσ ′

t i j
μνσσ ′d

†
iμσ d jνσ ′ + H.c.,

HN
SC =

∑
il

�N
il c†

il↑c†
il↓ + H.c.

In the above H0
N is the noninteracting Hamiltonian for

2H-NbSe2 with the operators (c†
ilσ , c jlσ ) representing the cre-

ation and annihilation operators, respectively, at the site i and
j (considering a single d3z2 orbital at each site), l = (1, 2) is
the layer index of this bilayer material, and σ = (↑,↓) is the
spin index. This tight-binding Hamiltonian is generated by a
basis transformation to orbital and layer basis, from a two-
band Hamiltonian that has been studied previously to explain
ARPES [21] and STM experiments [22,23] on 2H-NbSe2. The
normal-state low-energy electronic bands for 2H-NbSe2 are
shown in Fig. 2(a). The electronic structure agrees well with
the earlier tight-binding [24] and DFT calculations [25] and
ARPES experiments [21].

1T ′-WTe2 is a quantum spin Hall insulator (QSHI) having
spin-momentum locked helical edge states and a spin Hall gap
of ∼56 meV at the bulk. It has 6 atoms in a rectangular unit
cell; however as discussed in [26–29] the low-energy bands
are dominated by two Te px orbitals and two W dx2−y2 and dz2

orbitals because of the distortion in the unit cell. We model
the electronic structure of WTe2 using a real-space version of
the 8-orbital Hamiltonian where the 4-atom basis is doubled
in the presence of a Rashba spin-orbital interaction. In H0

W
the indices i, j refer to the unit cell, and μ, ν = (1, 2, 3, 4)
represent the 2 W and 2 Te ions present within each unit
cell, respectively. This momentum-space version of the model
was derived in [26] and is generated by a combination of
DFT and fitting to ARPES experiments. The model provides
reasonable agreement with the low-energy electronic structure
[27,29] including the QSHI observed in ARPES [7] and STM
experiments [7,30].

The edge was modeled in [26] using an open bound-
ary condition for various terminations and directions
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FIG. 3. Band diagrams of pristine 1T ′-WTe2 for three different terminations showing the edge-state bands crossing the Fermi energy (EF ),
indicated by the horizontal black line (top panel). Calculated normal-state DOS is shown in the lower panel. The red line indicates the DOS of
the conducting edge whereas the black line is showing the bulk DOS indicating the quantum spin Hall gap of size ∼56 meV.

perpendicular and parallel to atom chain directions that are
naturally present in the structure of monoclinic 1T ′-WTe2.
The edge state electronic structure is reproduced in Fig. 3
and shows the edge bands of 1T ′-WTe2 for three different
edge terminations [26]. The edge state electronic structure in
Fig. 3(a) is for an X edge with W termination, Fig. 3(b) is
for a W-terminated smooth Y edge, and Fig. 3(c) shows the
electronic structure at a W-terminated sawtooth-type Y edge
[26]. The corresponding schematic diagram of these edges has
been shown in Figs. 1(c), 1(d), and 1(e), respectively. Note
that among the three cases discussed in this work, a Dirac-like
spectrum is obtained only for the W-terminated sawtooth-type
Y edge. The local density of states (LDOS) for the three edges
that we hereafter refer to as edge (a), edge (b), and edge (c) are
shown in Figs. 3(d), 3(e), and 3(f), respectively. We find that
edge (a) leads to a constant density of states at low energies
indicative of a linear dispersion. Note that the density of states
is anisotropic between the various edge terminations that can
be expected to have implications for both the magnitude and
structure of any induced superconducting gap.

Our real-space model transforms the 1T ′-WTe2 into a lat-
tice model with open boundary conditions applied to various
edges and termination directions. Although this is a simplified
model for the edge as in real systems we are likely to have
edge regions that are more disordered, this model has been
reasonably successful in reproducing the essential features
observed in recent STM experiments [10].

2H-NbSe2 is a conventional superconductor with a critical
temperature ∼7.2 K [31]. Figure 2(a) shows the band struc-
ture of 2H-NbSe2. We calculate the superconducting order
parameter �N

il = V 〈cil↑cil↓〉 self-consistently at each lattice
site by solving the BdG equations. The on-site s-wave pairing
strength V generates a superconducting gap of � ∼ 1.1 meV
in agreement with the experimental results on pristine 2H-
NbSe2 [see Fig. 2(b)] [32,33]. Note that the model ignores the
additional contribution from a 3Q charge density wave (CDW)
order since in the presence of disorder and heterostructure,

local probe experiments find that CDW order to be strongly
suppressed [10]. The van der Waals heterostructure between
2H-NbSe2 and 1T ′ − WTe2 has been modeled with the
nearest-neighbor hopping t⊥ that acts as a single parameter
representing the interlayer-coupling strength. It is assumed
that this parameter would generally characterize the variation
in interlayer-coupling strength seen in this heterostructure un-
der experimental conditions. The interlayer hopping includes
the contributions from an effective hybridization between the
Nb dz2 orbitals on 2H-NbSe2 and the effective W [dx2−y2 , dz2 ]
orbitals in monoclinic 1T ′-WTe2 leading to a metallic edge
state whose local density of states reasonably agrees with our
experimental observations [10].

III. RESULTS

In Fig. 4 we show the variation in the local density of states
for both the insulating bulk (black) and metallic edge state
(red) at the edge (b) for interface coupling t⊥ varying between
0.02 eV to 0.2 eV. For small interaction strength t⊥ = 0.02 eV
[see Fig. 4(a)], the spin Hall gap (∼56 meV) is clearly visible
for the bulk spectrum (black line), and the edge-state LDOS
shown with the red line also retains features similar to the
corresponding conducting edge state for pristine 1T ′-WTe2

(see Fig. 3). Due to increasing hybridization at the interface,
the spin Hall gap starts shrinking [see Figs. 4(a)–4(f)] devel-
oping a V-shaped structure indicative of the formation of a
significant momentum-dependent anisotropy in the formation
of hybridization-induced low-energy electronic states.

For larger interaction strengths t⊥ > 0.15 eV the DOS at
the Fermi energy becomes significantly larger. As shown in
Fig. 4, a finite DOS develops at the Fermi energy (EF ) even
at t⊥ = 0.06 eV. It can also be noted in Fig. 4 that with
increasing interaction strength, a sharp DOS peak develops in
the valence band at around energy, ω = −40 meV, that is not
present for weak interlayer hybridizations. This is likely due
to a bulk contribution from the formation of a flat band at the
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FIG. 4. Normal-state DOS of Y edge: Normal-state density of states (DOS) of 1T ′-WTe2 for different interface-coupling strengths (t⊥)
ranging from 0.02 eV to 0.2 eV as labeled in the plots. The red line represents the DOS for the edge unit cell whereas the black line corresponds
to the bulk. The dotted vertical line in each plot indicates the Fermi energy (EF ).

� point in the hybridized band structure around this energy, as
shown in Fig. 5(b), where the deep blue lines are indicating
the modified WTe2 bands and the light gray lines are the
NbSe2 bands. To gain insight into the changes in electronic
structure arising from hybridization, we have included the
pristine WTe2 band structure in blue lines in Fig. 5(a), overlaid
with the pristine NbSe2 band structure in gray lines. These
results from calculations of the normal-state DOS motivate us
to look at the corresponding effect of interlayer coupling on
the superconducting state in WTe2.

In Fig. 6 we show the spatial variation of the induced
s-wave gap on WTe2 with interlayer interaction strength of
t⊥ = 0.06 eV for the three different edge terminations. The
plots present the superconducting gaps resolved over the 4
ions (2 W and 2 Te) in the unit cell. As shown in Figs. 6(a),
6(b), and 6(c) that refer to the edges (a), (b), and (c), re-
spectively, the induced gap over the W ions are larger than
the gaps over the Te ions by approximately a factor of 2.
Additionally, we also find that the magnitude of the edge-
state superconducting gap is sensitive to the particular atomic
termination, likely due to the variation in the edge-state local

FIG. 5. (a) Calculated band structure of pristine 1T ′-WTe2 (blue)
showing the surface band crossing the Fermi energy. The gray lines
in the background show the pristine 2H -NbSe2 band structure within
the folded Brillouin zone. (b) Hybridized band structure of 1T ′-WTe2

with interface coupling 0.15 eV.

density of states discussed in Fig. 7. In particular, it is inter-
esting to note that the largest induced superconducting gap is
over the W ions for edge (a) that shows a linear edge-state
dispersion.

In order to identify the variation of the induced supercon-
ductivity with interlayer hybridization, the plots in the lower
panel [see Figs. 6(d)–6(f)] show the variation of the induced
superconducting order parameter (unit cell averaged) at the
edge and the bulk for increasing hybridization strength from
0.02 eV to 0.2 eV. We find that as the interaction strength
increases, as expected the edge-state superconductivity, which
is mainly dominated by the W ions, also increases for all of
the terminations. Even at the edge, the superconducting gap
of W ions remains larger than the Te ions with increasing
t⊥. We have also noticed that the difference between the
bulk and edge gaps increases as the interaction strength in-
creases. It depicts how the interaction strength is responsible
for the larger edge-state superconducting gap. Another fea-
ture that we have observed from the spatial variation plots
is the small-amplitude oscillations [see Figs. 6(b) and 6(c)]
present particularly for the edge (b) and edge (c). These oscil-
lations are formed by interference effects due to the presence
of the edge, and are in general suppressed with increasing
strength of induced superconducting gap (or increasing inter-
layer hybridization). However, in general, these oscillations of
the orbitally resolved superconducting gap have significantly
large coherence lengths in our heterostructure calculation.

In Figs. 7(a) and 7(b) we present the calculated DOS at
the edge of WTe2 for different interlayer couplings 0.06 eV
(dashed line) and 0.15 eV (solid line) for the X edge [edge
(a)] and Y edge [edge (b)], respectively. The DOS has the
typical features of a multigap-induced superconducting state,
and the particle-hole symmetric coherence peaks representing
the small gaps agree well with the calculated mean-field gaps
on the W and Te ions at the edge states shown in Figs. 6(a)
and 6(b). In particular, the edge (b) forms a V-shaped super-
conducting LDOS representing a significant superconducting
gap anisotropy although the multigap features for this edge
are weaker than for edge (a).
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FIG. 6. The spatial variation of induced s-wave superconducting gap in 1T ′-WTe2 for three different edges with interface coupling t⊥ =
0.06 eV are shown in the top panel [(a)–(c)]. Four different colors indicate four ions (red = W1, blue = W3, black = Te2, green = Te4) in a unit
cell of 1T ′-WTe2. Variations of the induced gap (unit cell averaged) for the edge (red line) and the bulk (blue line) with the coupling strength
(t⊥) for different edges are shown in the bottom panel [(d)–(f)].

We further explore the nontrivial nature of the electronic
structure in the presence of hybridized bands by looking for
the presence of an effective triplet superconducting gap in
1T ′-WTe2 following the formalism provided by Fu and Kane
[9]. The presence of such an effective triplet order would be
indicative of the presence of a chiral edge state electronic
structure. In Fig. 8 we show the induced triplet order for
various interlayer hybridization strengths. For weaker hy-
bridizations, the induced triplet does not exist but becomes
appreciable for stronger interlayer coupling. We also find that
the triplet order is highly localized at the edge state, indicating
that the chiral nature of the edge-state electronic band sur-
vives in the presence of interlayer hybridization. As shown
in Figs. 9(a)–9(d) we find that irrespective of the terminating
atoms at the edge, the Te-dominated topological triplet state
is obtained in our self-consistent calculations for the Y-edge
terminations but does not exist for the X edge. Note that since
the Te is much more weakly coupled to the underlying NbSe2

compared to the W atoms, the Te-dominated bands retain a
significant amount of their helical character in the edge states.
Therefore any contribution from the Te orbitals (or atom) at
the edge state will be expected to show a dominant topo-
logical triplet character. As shown in Figs. 9(e) and 9(f), the

FIG. 7. Comparison of the superconducting-state DOS of the
(a) X edge [edge (a)] and (b) Y edge [edge (b)] for the two interface-
coupling strengths 0.06 eV (dotted line) and 0.15 eV (solid line).

anisotropy in the topological triplet between the X edge and Y
edge can be understood as arising from the dominant orbital
contribution of the Te px orbital on the Y-edge band whereas
the X-edge band is dominated by the W orbital contribution.
We find that this anisotropy in the orbital content of the band
structure is independent of the atomic edge termination and
is primarily governed by the directional anisotropy between X
and Y terminations.

FIG. 8. Spatial variation of Fu-Kane triplet for the Y edge [edge
(b)] of 1T ′-WTe2 for different interface coupling as mentioned in
each panel. Colors (red = W1, blue = W3, black = Te2, green =
Te4) indicate different atoms in a unit cell of 1T ′-WTe2.
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FIG. 9. Plots (a)–(d) show topological triplet formation at the
edge states. Note that although we have included results from an
additional X-edge termination, the topological triplet state is only
obtained for a Y edge. Panels (e) and (f) show the orbitally resolved
edge-state band structure for an X edge (e) and Y edge (f). Irrespective
of the termination, we find the conducting edge-state band for an
X edge is dominated by the W dx2−y2 orbital and the Y edge is
dominated by the Te px orbital contribution.

In addition to the possibility of tuning the interlayer
hybridization with spacer layers, the heterostructures with
stronger interlayer hybridization could be used to gener-
ate cleaner interfaces. In Fig. 10 we show an example of
an inverted heterostructure geometry where a superconduct-
ing island of NbSe2 is placed over a WTe2 monolayer. In
Fig. 10(b) we can see that in this case although the con-
ducting edge state has a significant DOS, the WTe2 regions
farther from the island retain their QSHI gap. In fact, this
interface can be expected to show nontrivial edge-state prop-
erties (where the edge is defined by the termination of
NbSe2) since it separates a topologically nontrivial regime
showing the QSHI gap from a topologically distinct regime
where the closed QSHI gap is induced by a strong hy-
bridization between NbSe2 and WTe2. In Fig. 10(c), we
show that the self-consistent calculation results considering
an intrinsic superconducting state on NbSe2 lead to a sizable

FIG. 10. (a) Schematics of the heterostructure showing NbSe2 on
top of WTe2. (b) Calculated normal-state DOS spectrum of WTe2 for
the edge (black line) and the bulk (red line) as indicated by the black
and red arrows in panel (a), respectively. (c) Spatial variation of the
orbitally resolved induced s-wave superconductivity in WTe2. The
vertical gray line indicates the edge of NbSe2 over WTe2. The left
of this line shows the induced gap on WTe2 which is below NbSe2

and the right part shows the gap on the rest of the pristine WTe2.
(d) Spatial variation of the calculated Fu-Kane triplet state which is
highly localized at the edges of the heterostructure. (e) Calculated
DOS for the superconducting state in 1T ′-WTe2 at one edge of the
heterostructure.

superconducting gap of � ∼ 0.6 meV at the WTe2 edge state
with the interface-coupling strength t⊥ = 0.15 eV. This gap is
clearly visible in the DOS calculations shown in Fig. 10(e) at
the WTe2 edge. Additionally, the spatial variation of the cal-
culated Fu-Kane type triplet gap has been shown in Fig. 10(d).
We find that the triplet is highly localized at the edges of
the heterostructure indicating that the chiral behavior of the
edge-state electronic bands survives for this heterostructure
arrangement.

IV. CONCLUSION

Based on experimentally observed variations in interlayer
coupling in the 1T ′-WTe2/2H-NbSe2 heterostructure, we
have reported a theoretical study of the evolution of electronic
structure with interlayer coupling in the normal and super-
conducting state. The interlayer hybridization suppresses the
quantum spin Hall gap of 1T ′-WTe2 in the normal state.
The electronic structure of the edge state of WTe2 shows
significant hybridization with the Nb dz2 orbitals even for
relatively weak interlayer coupling of t⊥ = 0.06 eV although
the density of states of the edge state remains larger than the
corresponding bulk values which are consistent with recent
experimental findings [10].

For the superconducting state, we find that even in the
presence of hybridization the induced superconducting gap
at the edge remains stronger than the gap induced on the
surface. We also find that a weaker interface hybridization
leading to a hopping strength of around 0.05–0.07 eV might
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be a reasonable regime to get a suppressed bulk DOS and a
reasonable gap induction at the edge. However, the nature of
the induced gap at the edge state depends on the particular
atomic termination or edge orientation. Additionally, we also
identify the topological features of the superconducting state
by calculating the effective Fu-Kane type chiral spin-triplet
states and showed that they are highly localized at the edge,
indicating the helical nature of the edge state survives in the
presence of interlayer coupling. The induced s-wave super-
conducting gap is dominant on the W orbital compared to the
Te due to the larger hybridization of the W orbital/atom with
the underlying NbSe2 substrate. The stronger hybridization
leads to a larger orbital mixing between the NbSe2 and W
bands and consequently leads to a stronger induced supercon-
ducting gap on the W atoms. Conversely, as discussed above
the weaker hybridization with the Te orbitals helps retain the
helical nature of the Te bands at the edge states and supports
the topological triplet superconducting gap on the Te atoms
at the Y edge. We find the qualitative behavior of the in-
duced even-parity and topological odd-parity superconducting
state is robust against small changes in the electronic doping
levels.

Finally, we propose that for certain heterostructure ge-
ometries, the strong interlayer hybridization between a
superconductor and 2D topological insulator can be beneficial
for generating nontrivial topological edge state properties. In
particular, we discuss this scenario for a NbSe2 island placed
over a WTe2 monolayer. The monolayer could be fabricated
over a graphitic substrate that is known to be weakly coupled
to the monolayer and allows the QSHI state on WTe2 to
remain intact. A similar scenario may be applicable to other
2D topological materials with conducting edge states or 3D
topological superconductors with conducting surface states
that have a strong interlayer hybridization to a superconduct-
ing material.

To sum up, in this study, we have investigated the
nature of induced superconductivity in a realistic model,
emphasizing the significant role of orbitals, edge termina-
tions, and termination directions in identifying signatures
of topological superconductivity. Our findings highlight the
importance of tunneling into specific orbitals in STM ex-
periments, particularly those associated with the Te atoms
in the 1T ′-WTe2/2H-NbSe2 heterostructure. Moreover, our
results reveal anisotropy in the topological superconductiv-
ity between X- and Y-edge terminations for the WTe2 and
NbSe2 heterostructure. Overall, our findings indicate that
the existence and anisotropy of topological superconductiv-
ity in the heterostructure between 1T ′-WTe2 and 2H-NbSe2

are inherently influenced by the underlying geometry depen-
dence of both bulk and edge states. This phenomenon of
geometry-dependent topological superconductivity has also
been explored in other topological materials [34–36].

These results suggest that for the heterostructure sys-
tem studied in this work, the directional anisotropy in the
topological features can be probed in tunneling as well
as transport experiments. For example, near X and Y edges
where topological triplet state only forms at the latter edge,
STM measurements probing magnetic vortices can be ex-
pected to find significant anisotropy in the in-gap states. The
observation of topological superconductivity only along one

edge direction could make it interesting to probe corner states
connecting perpendicular edges in monolayer 1T ′-WTe2.
Such hybridized heterostructure systems can also be amenable
to tunability of topological properties either by introduction of
spacer layers or through formation of an alternate geometry,
an example of which has been discussed in this work.

APPENDIX: SELF-CONSISTENT BdG EQUATIONS WITH
SUPERCONDUCTIVITY

The Hamiltonian for the heterostructure in real space is

H = H0
N + H0

W + HW −N + HN
SC, (A1)

where the four different parts are given as

H0
N =

∑
il jl ′σ

t ll ′
i j c†

ilσ c jl ′σ + H.c.,

HW −N = t⊥
∑
i jσ

c†
i2σ d j1σ + H.c.,

H0
W =

∑
μνi jσσ ′

t i j
μνσσ ′d

†
iμσ d jνσ ′ + H.c.,

HN
SC =

∑
il

�N
il c†

il↑c†
il↓ + H.c.

Here σ is the spin index, i, j are the site indices, l is the
orbital index for 2H-NbSe2, and μ, ν are the orbital indices
for 1T ′-WTe2. cilσ is the electron annihilation operator for
2H-NbSe2 and d jνσ is the same for 1T ′-WTe2. ti j and t⊥
are the intraplane and interplane hopping parameters. To
make the calculation easier we Fourier-transform the above
Hamiltonian in one direction and keep the other direction in
real space.

We define a parameter h̃kiσ jσ ′ , which contains all the
hopping parameters (ti j and t⊥) of the heterostructure in
the above basis. The induced superconducting gap in the
spin-singlet channel is evaluated self-consistently by calcu-
lating the anomalous averages �W

iμ ∼ 〈d†
iμ↑d†

iμ↓〉, where μ =
(1, 2, 3, 4) represents the 2 Te and 2 W atoms in the unit cell
and i is the unit cell index. Similarly the singlet superconduct-
ing gap in 2H-NbSe2 is calculated by �N

ił ∼ V 〈c†
ił↑c†

ił↓〉. V is
the pairing potential.

For an edge along a particular direction of WTe2, the
Bogoliubov–de Gennes (BdG) transformations involve quasi-
particle operators,

dikμσ =
∑

n

(
un

ikμσ γnσ − σvn�
ikμσ γ †

nσ

)
, (A2)

d†
ikμσ

=
∑

n

(
un�

ikμσ γ †
nσ − σvn

ikμσ γnσ

)
. (A3)

Here, μ is the orbital index, and n represents the quasiparti-
cle index for the BdG Hamiltonian. Similar expressions for
the electron operator have been utilized for each layer in
2H-NbSe2.
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The full Hamiltonian in the matrix in the real space
can be written with the superconducting blocks included
in it,

Hi j =

⎛
⎜⎜⎜⎜⎜⎜⎝

h̃i↑ j↑ h̃i↑ j↓ 0 �i j

h̃i↓ j↑ h̃i↓ j↓ � ji 0

0 �∗
i j −h̃∗

i↑ j↑ h̃∗
i↑ j↓

�∗
ji 0 h̃∗

i↑ j↓ −h̃∗
i↓ j↓

⎞
⎟⎟⎟⎟⎟⎟⎠

. (A4)

Here h̃iσ jσ ′ contains the normal-state part of the full
Hamiltonian and �i j is the superconducting part of the
Hamiltonian.

We Fourier-transform the above Hamiltonian in mo-
mentum space along one direction and keep the other
direction in real space. Diagonalizing the above BdG Hamil-
tonian, we self-consistently calculate the electron density
and superconducting gap at each lattice site for the multi-
orbital Hamiltonian. The mean fields would in general be
given by

niμσ = 1

Nk

∑
k,n

∣∣un
ikμσ

∣∣2
f (En). (A5)

Here, f (En) is the Fermi function. As discussed above, the
superconducting gap on NbSe2 has been introduced with a
pairing interaction term V. The self-consistent procedure leads
to induced even-parity (�s

i jμ) and odd-parity (�t
i jμ) order pa-

rameters on 1T ′ − WTe2. The induced superconducting gaps

are obtained from the self-consistent solutions by calculating
the following anomalous averages,

�s
i jμ = 1

Nk

2π∑
n,k=0

[
un

ikμ↑vn�
jkμ↓ + un

jkμ↓vn�
ikμ↑

]
f (En), (A6)

�t
i jμ = 1

2Nk

π∑
n,k=0

[
un

ikμ↑vn�
jkμ↓ − un

ikμ↓vn�
jkμ↑

]
f (En). (A7)

Here, Nk is the number of k divisions which is typically taken
to be 30 000 points to achieve high resolution for the small
gaps observed in the system.

In terms of expectation value of the electron creation (c†)
and annihilation (c) operators all the above-mentioned mean-
field quantities that represent the site- and orbitally resolved
electron densities and the induced superconducting gap on
WTe2 can be expressed as

niμσ = 1

Nk

∑
k

〈
d†μ

i,k,σ
dμ

i,k,σ

〉
, (A8)

�s
i jμ = 1

Nk

∑
k

〈
d†μ

i,k,↑d†μ

j,−k,↓ − d†μ

i,k,↓d†μ

j,−k,↑
〉
, (A9)

�t
i jμ = 1

Nk

∑
k

〈
d†μ

i,k,↑d†μ

j,−k,↓ + d†μ

i,k,↓d†μ

j,−k,↑
〉
, (A10)

where i, j are the real-space points along a particular direction
that represent the unit cell index, μ is the orbital index that
run over the 8 orbitals, σ is the spin index, and Nk are the
number of reciprocal lattice k points (which can be either kx or
ky depending on the chosen lattice termination) perpendicular
to the real-space direction. Note that i equal to j here would
correspond to the induced on-site s-wave superconducting
gap.
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