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We present CoTe2 as a type-II Dirac semimetal supporting Lorentz-symmetry violating Dirac fermions
in the vicinity of the Fermi energy. By combining first-principles ab initio calculations with experimental
angle-resolved photoemission spectroscopy results, we show CoTe2 hosts a pair of type-II Dirac fermions around
90 meV above the Fermi energy. In addition to the bulk Dirac fermions, we find several topological band
inversions in bulk CoTe2, which gives rise to a ladder of spin-polarized surface states over a wide range of
energies. In contrast to the surface states which typically display Rashba-type in-plane spin splitting, we find
that CoTe2 hosts interesting out-of-plane spin polarization as well. Our work establishes CoTe2 as a potential
candidate for the exploration of Dirac fermiology and applications in spintronic devices, infrared plasmonics,
and ultrafast optoelectronics.
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I. INTRODUCTION

The broad class of layered transition metal dichalco-
genides (TMDs) has attracted significant attention in the last
decades due to their novel electronic, optical, and topological
properties, combined with their potential for various appli-
cations [1–7]. Owing to the weak interlayer van der Waals
interaction, TMDs offer easy exfoliation of isolated mono-
layers which host different physical properties from their
bulk counterpart. Interesting examples of this include the
quantum spin Hall effect, superconductivity, charge density
wave, and various topological phases [8–21]. The physical
and chemical properties of TMDs can be tuned by the selec-
tion of the constituents, the crystal structures, and the layer
thicknesses [22–28]. Specifically, among the T MX2 family of
TMDs, PdTe2, PtTe2, PtSe2, and NiTe2 have attracted notable
interest due to the observation of Lorentz-symmetry violating,
type-II Dirac fermions associated with a tilted Dirac cone
near the Fermi energy [13,18,28–38]. The Lorentz-symmetry
breaking type-II Dirac fermions have electronic, optical, and
other physical properties which are different from those found
in other topological semimetals. The electronic band structure
and spin-polarized topological surface states in these materials
have been thoroughly investigated by combining realistic ab
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initio calculations with spin-resolved and conventional angle-
resolved photoemission spectroscopy (ARPES) experiments.

However, the electronic properties of another prospective
candidate material in the series, CoTe2, are yet to be ex-
plored [39]. CoTe2 can crystallize in both trigonal (P3̄m1) and
orthorhombic (Pnn2 and Pnnm) forms. Among these, cen-
trosymmetric trigonal 1T -CoTe2 has recently been shown to
be a highly efficient electrocatalyst for water splitting [40,41].
In this paper, we present a detailed investigation of the elec-
tronic structure of 1T -CoTe2 by combining first-principles
calculations with spin-polarized ARPES experiments. We find
that similar to other T MX2 compounds, CoTe2 is also a topo-
logical semimetal supporting a type-II Dirac crossing in the
vicinity of the Fermi energy. In addition to the bulk electronic
structure, we demonstrate that CoTe2 hosts a ladder of topo-
logical surface states arising from several topological band
inversions in the bulk electronic structure. These give rise
to spin-polarized Dirac surface states, with a large spectral
weight. We probe this via spin-ARPES measurements and
the measured spin-polarized states are consistent with our
spin-dependent spectral function calculations. Interestingly,
we find that some of the surface states, away from the �̄ point,
have an out-of-plane spin polarization.

The rest of the paper is organized as follows. We describe
the crystal structure and computational details in Sec. II,
followed by the details of the spin-ARPES measurements
in Sec. III. In Sec. IV, we explore the band structure and
geometry of the Fermi surface (FS) in CoTe2. We study the
origin of the Dirac states, multiple band inversions, and their
origin in CoTe2 employing the ARPES measurements com-
bined with ab initio electronic structure calculations in Sec. V.
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TABLE I. Comparison of the experimental and theoretically re-
laxed lattice parameters.

Experimental Referencea Relaxed

a/b (Å) 3.791(9) 3.804 3.778
c (Å) 5.417(0) 5.405 5.618

aTopological Quantum Chemistry Database.

In Sec. VI, we discuss the spin-polarized surface states and
the existence of unique out-of-plane spin-polarized states in
CoTe2 calculations. We summarize our findings in Sec. VII.

II. CRYSTAL STRUCTURE AND THEORETICAL
METHODS

Bulk CoTe2 crystallizes in a CdI2-type trigonal structure
that belongs to the space group P3̄m1 (No. 164). Each unit
cell of CoTe2 has one Co atom and two Te atoms. To ob-
tain the minimum-energy structure for CoTe2, we performed
the symmetry-protected cell volume and ion relaxation using
the conjugate-gradient algorithm until the Hellman-Feynman
forces on each atom were less than the tolerance value of
10−4 eV/Å. The cell volume of the experimental structure
increased by 2.5% as a result of the relaxation. A comparison
of lattice parameters between experimental and theoretically
relaxed structures is presented in Table I.

The trigonally distorted CoTe6 octahedra accommodating
the nearest-neighbor Co-Te bonds (∼2.55 Å) form an edge
shared geometrical network on the crystallographic a-b plane
[see Figs. 1(a) and 1(b)]. Adjacent monolayers, stacked along
the c axis, interact via a weak van der Waals interaction.
Figure 1(d) shows the corresponding bulk and (001) surface
Brillouin zones (BZs) along with the high-symmetry points.
The CoTe2 crystal structure possesses threefold rotational
symmetry around the z axis (C3), inversion symmetry I , and
three mirror symmetries M100, M010, and M110. Figure 1(e)

shows the experimental x-ray diffraction pattern for CoTe2.
The observation of sharp white spots in the Laue diffraction
pattern in the inset of Fig. 1(e) confirms the high quality of
the CoTe2 crystals cleaved along the (0001) direction. The
presence of threefold rotation symmetry is also evident.

To perform the ab initio calculations, we used the density
functional theory (DFT) in the plane-wave basis set. We used
the Perdew-Burke-Ernzerhof (PBE) [42] implementation of
the generalized gradient approximation (GGA) for the ex-
change correlation. This was combined with the projector
augmented-wave potentials [43,44] as implemented in the
Vienna ab initio simulation package (VASP) [44,45]. GGA
calculations were carried out with and without the Coulomb
correlation (Hubbard U ) and spin-orbit coupling (SOC). The
SOC is included in the calculations as a second variational
form to the original Hamiltonian. The kinetic energy cutoff of
the plane-wave basis for the DFT calculations was chosen to
be 450 eV. A �-centered 12 × 12 × 8 Monkhorst-Pack [46]
k-point grid was used to perform the momentum-space cal-
culations for the Brillouin zone (BZ) integration of bulk.
To calculate the surface spectral function for finite geometry
slabs of CoTe2, we construct the tight-binding model Hamil-
tonian by deploying atom-centered Wannier functions within
the VASP2WANNIER90 [47] codes. Utilizing the obtained tight-
binding model, we calculate the surface spectral function
using the iterative Green’s function method, as implemented
in the WANNIERTOOLS package [48].

III. ARPES AND SPIN-ARPES MEASUREMENTS

ARPES and spin-ARPES measurements were performed at
the low-energy (LE) branch of the APE-NFFA beamline [49]
at the Elettra synchrotron facility (Trieste, Italy), which is
equipped with VESPA [50] as an electron spin polarization
detector. The details of the experimental geometry, such as
the electron analyzer slit opening and incoming photon di-
rection with respect to the analyzer lens axis, can be found
in Ref. [50]. To determine the inner potential (V0) of CoTe2

FIG. 1. (a) Side and (b) top views of the CoTe2 crystal. In the presence of SOC, the band dispersion of the experimental (orange) and
relaxed (green) structures are plotted along the high-symmetry paths, marked in the Brillouin zone shown in (d). The type-II Dirac crossings
near the Fermi energy of the experimental (Dexpt) and relaxed (Drel) structure are marked with red and black arrows. (e) The x-ray diffraction
peak structure for CoTe2. The inset shows a Laue pattern of the (0001)-oriented CoTe2 single crystals, clearly indicating its purity and the
threefold symmetry along the (001) direction.
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FIG. 2. (a) Side and (b) top views of the 3D FS. The projected FS at E = EF on the (c) Kx-Kz plane along �-K and (d) Ky-Kz plane along
�-M directions. The experimentally measured 2D energy contours over the Kx-Ky plane at fixed values (e) Kz = 0.03c∗, (f) Kz = 0.16c∗, (g)
Kz = 0.29c∗, and (h) Kz = 0.42c∗, where c∗ = 2π/c. The theoretical FS cuts for specific Kz planes are plotted on top of the corresponding
experimental results.

(0001) experimentally, angle-resolved valence band spectra
and FS maps were measured for the photon energy range
between 13 and 85 eV with two linear polarizations (s and
p polarization). Spin-ARPES maps were acquired for two-
photon energies (hν = 19 and 75 eV). The energy and angular
resolutions for the spin-ARPES measurements were set to
100 meV and 1.5◦, respectively. The clean (0001) surface of
CoTe2 was obtained by cleavage of the single crystal in situ
in an ultrahigh vacuum. The sample temperature during the
ARPES and spin-ARPES measurements was kept at 78 K.

IV. ELECTRONIC BAND STRUCTURE AND FS
GEOMETRY

The ionic balance of the chemical formula of CoTe2 sug-
gests that the Co and Te atoms are in 3d34s0 and 5s25p6

configurations, respectively. As a consequence, we expect the
Co d and Te p orbitals to have a major contribution at the
Fermi energy (EF ). We present the bulk band dispersion in the
presence of SOC, for the experimental structure, and also for
the relaxed structure in Fig. 1(c). The experimental electronic
band dispersion in Fig. 1(c) clearly shows the existence of
a couple of tilted Dirac-like crossings just above EF , along
the �-A high-symmetry direction. We find that the position
of the Dirac point (DP) is sensitive to small variations of the
structural parameters. It shifts from ∼0.68 to ∼0.92 eV above
EF due to the small change in the structural parameters on
relaxation. Since the �-A path is an invariant subspace of the
threefold rotational crystal symmetry (C3), the Dirac cone is
protected by rotational symmetry. This is similar to the Dirac
crossing in NiTe2 and other related materials in the same space
group [18,34,51]. Two accidental linear band crossings, one
exactly at EF on the high-symmetry A point and another one

at ∼2.2 eV above EF along the �-A path, become gapped due
to relaxation, as highlighted in Fig. 1(c).

The geometry of the FS and its evolution with change in
the Fermi energy is shown in Fig. 2 for the relaxed struc-
ture. The three-dimensional (3D) FS for E = EF is shown in
Fig. 2(a). The projection of the FS on a plane perpendicular
to the Kz axis in Fig. 2(b) clearly shows three distinct types of
band contributions at the FS, each having twofold degeneracy.
Figures 2(c) and 2(d) capture the projection of the FS on the
Kx-Kz plane along the �-K line, and the Ky-Kz plane along
the �-M direction. The FS along the �-M path is highly
anisotropic as seen in Fig. 2(d). Clearly, bulk CoTe2 has a
strong momentum-dependent anisotropic FS (see Appendix B
for details), which is also expected from the presence of
type-II Dirac fermions in the system. To investigate the FS
modulations along the Kz direction, we have shown the energy
contours at different Kz values in Figs. 2(e)–2(h). The theoret-
ically calculated (solid line) and the experimentally measured
(mud colored scale) two-dimensional (2D) energy contours
within the Wigner-Seitz cell are shown in Figs. 2(e)–2(h) over
the Kx-Ky plane for different Kz values. Different Kz values are
probed in the ARPES experiment by changing the energy of
the incident photon beam. Using the free-electron final state
model [52], we have

k⊥ = 1

h̄

√
2m (V0 + Ekin cos2 θ ). (1)

Here, V0 is the inner potential, Ekin is the kinetic energy of
a photoelectron, and θ denotes the emission angled from the
sample surface normal. For the different panels of Figs. 2(e)–
2(h), we have hν (corresponding Kz ) = 75 eV (0.03c∗), 70 eV
(0.16c∗), 65 eV (0.29c∗), and 60 eV (0.42c∗), respectively,
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FIG. 3. (a) Side and (b) top views of the 3D FS distribution. The planar projection of the constant energy surface at E − EF = 0.94 eV, on
the (c) Kx-Kz and (d) Ky-Kz surface. The 2D energy contours within the Wigner-Seitz cell (marked by a dotted line) in the Kx-Ky plane at fixed
Kz values of (e) Kz = 0, (f) Kz = 0.15c∗, (g) Kz = 0.25c∗, (h) Kz = 0.30c∗, and (i) Kz = 0.42c∗, where c∗ = 2π/c. The 2D plane of (g), which
hosts the Dirac point, is marked in Fig. 1(d).

where c∗ = 2π/c. We have applied V0 = 11 eV to calculate
the Kz values.

The experimental FS demonstrates the transformation of
its symmetry from sixfold at Kz = 0 to threefold for Kz >

0, which is consistent with the theoretical calculations. For
Kz = 0 [Fig. 2(e)], all three (the hexapetalus flower-shaped,
hexagonal, and circular) states are observed and well matched
to the calculated FS. The hexapetalus flower-shaped states in
Fig. 2(e) are transformed into the trefoil in Fig. 2(f). Due to the
experimental geometry and the corresponding matrix-element
effect, the measured FS shows an anisotropic distribution in
the photoemission intensity. The photoemission intensity is
higher along one of the three M̄-�̄-M̄ directions and lower
along the two other M̄-�̄-M̄ directions. This effect reduces
the clarity of the threefold symmetry in the FS, measured for
Figs. 2(g) and 2(h). However, the strong modulation of the FS
on changing Kz is clear, and it is broadly consistent with the
3D FS distribution of Fig. 2(a).

We now focus on the FS, in the vicinity of the DP. The
side and top views of the 3D FS distribution within the
Wigner-Seitz cell at E = EDP for the relaxed structure are
presented in Figs. 3(a) and 3(b), respectively. The presence
of three contributing bands, each having twofold Kramer’s
degeneracy, can be clearly seen. The outermost part of the FS
arises from the electron pocket of the first unoccupied band of
CoTe2, as seen in Fig. 1(c). The type-II nature of the Dirac
semimetal (DSM) phase is also confirmed by the fact that
the Dirac point appears at the fourfold degenerate touching
point of the other electron and hole pockets in the middle, as
marked by the red arrow in the FS in Fig. 3(a). The energy
contours over the Kx-Kz and Ky-Kz planes, for E = EDP, are

shown in Figs. 3(c) and 3(d), respectively. Our calculations
reveal a prominent Dirac crossing located at Kz ∼ ±0.25c∗.
The anisotropic nature of the FS along the Ky direction persists
even at the DP. The in-plane projections of the energy contours
at the DP are presented in Figs. 3(e)–3(i), for five different
out-of-plane distances (or Kz values). At Kz = 0c∗, we ob-
serve a hexapetalus flower shape along with a small circle at
its center. The electron pockets at Kz = 0 transform into an
isolated bean-shaped pattern with increasing Kz magnitude as
seen in Figs. 3(g)–3(i). At Kz approaching the vicinity of bulk
DP, the central contour converges to a tiny circle while the
hexagonal outer contour acquires an almost triangular shape
[see Figs. 3(g) and 3(h)]. Finally, at Kz = 0.3c∗, the FS cut
appears as two contours centered around the origin, which
exhibit a circular and triangular shape for the inner and outer
contours, respectively. In addition, there are small pockets
along three of the six A-H lines [see Fig. 3(h)]. The energy
contour at negative Kz values with the same magnitude shows
the rest of the three small pockets along the other A-H lines.
In Fig. 3(i) the inner contours vanish and we only see three
small pockets along the A-H direction.

V. ORIGIN OF DIRAC STATES, BAND INVERSION, AND
SURFACE STATES

The presence of type-II Dirac fermions in the bulk dis-
persion of CoTe2 suggests the strong possibility of finding
topologically protected surface states near the Fermi energy.
Additionally, the bulk bands of CoTe2 also support several
other topological band inversions in its bulk. In Fig. 4(a),
the orbital-resolved band structure along the �-A path shows
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FIG. 4. (a) Multiple band inversion arising from the Te p orbital manifold along the �-A direction. The band inversion gap near the Fermi
energy (IBG) is marked with an arrow. The Fermi arc states at constant energy (b) E − EF = 0 and (f) E − EF = −0.49 eV. The theoretically
calculated momentum-resolved spectral density plot along the (c) �̄-K̄ and (g) �̄-M̄ paths. The experimentally measured ARPES plots along
the (d) �̄-K̄ and (h) �̄-M̄ paths. (e) To highlight the origin of the bulk type-II Dirac fermions, we show the schematic of the level diagram of
the Te 5p orbitals in the presence of a local crystal field and SOC.

that the linear crossings near EF are mainly composed of Te
5p orbitals. The Dirac band crossing near 0.92 eV above the
Fermi energy arises from the interplay of the Te px + py and
the Te pz orbitals. Additionally, we find that these orbitals
also contribute to multiple band inversion gaps along differ-
ent high-symmetry paths including �-A [see Fig. 4(a)]. To
understand the origin of the Dirac band crossing, we show the
systematic evolution of the energy levels of the Te 5p orbital
manifold in Fig. 4(e). The six degenerate p orbitals split into
lower (upper) lying threefold bonding (antibonding) orbitals
due to intersite hybridization. The presence of local trigonal
distortion of the Co-Te octahedra further lifts the degeneracy
of the bonding/antibonding p orbitals, breaking them into
singly degenerate a1g (pz) and doubly degenerate eπ

g (px, py)
orbitals. Including the SOC splits the p orbitals into fourfold
Jeff = 3/2 and twofold Jeff = 1/2 pseudospin bases as shown
in the fourth column of Fig. 4(e). The last column of Fig. 4(e)
highlights the effect of the dispersion along the �-A direction.
The bulk type-II Dirac point arises from the crossing of the
bonding and antibonding states of the Jeff = 3/2 orbitals.

The ladder of multiple band inversions and the Dirac point
in the bulk band structure points to the existence of topolog-
ically protected surface states in CoTe2. This is confirmed by
our experiments and theoretical calculations. The measured
ARPES results and the corresponding theoretical spectral
function of the relaxed structure are shown along the high-
symmetry K̄-�̄-K̄ and M̄-�̄-M̄ directions in Figs. 4(c) and 4(d)
and Figs. 4(g) and 4(h), respectively. The pattern of the spec-
tral function and position of the surface Dirac cone matches
well between the theoretical calculations and experimental
plots. However, the other sharp spectral functions (as marked
by purple arrows in Figs. 4(c), 4(d) and yellow arrows in

Fig. 4(g)) arising from the bulk and surface states are slightly
off in energy (see Appendix A for detailed discussions). This
can be due to several reasons including (i) small variations
in the structural parameters, (ii) some ambiguity in the pseu-
dopotential for capturing core states, and (iii) some impurities
or stacking faults in the crystal which are not included in
theoretical calculations, among others. We also note that as
the bulk Dirac cone is significantly above the Fermi energy,
as it cannot be directly observed or mapped via our occupied
state ARPES data.

The ARPES measurements were done with hν = 75 eV,
which corresponds to Kz ∼ 0c∗. Therefore these spectra cap-
ture the bulk bands along with the surface states. The
prominent features corresponding to the surface states, in the
measured ARPES spectrum and the calculated spectral func-
tion, are marked by thick arrows. Despite some discrepancies
in the binding energy of a few states, the experimental and the
theoretical results show good qualitative agreement. The small
energy difference in the location of the surface states possibly
arises due to structural effects or from the surface potential
which is not included in our theoretical calculations.

The Dirac cone in the surface states is located at the �̄ point
at an energy 0.49 eV below the Fermi energy. The presence
of a topological band inversion near EF , as marked by an
arrow in Fig. 4(a), gives rise to this surface Dirac crossing
observed in ARPES. A similar surface Dirac cone, which has
relatively broad features in ARPES experiments compared
to theoretical calculations, has also been observed in other
isostructural compounds such as NiTe2 and in PtTe2. Other
than the Dirac cone at the �̄ point, several sharp nontrivial sur-
face states appear near the high-symmetry M̄ point and along
the �̄-K̄ path. These arise from the multiple band inversions
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FIG. 5. Spin polarization of the surface bands along the high-symmetry (a) K̄-�̄-K̄ and (c) M̄-�̄-M̄ directions. The spin-ARPES measure-
ments for the (b) K̄-�̄-K̄ and (d) M̄-�̄-M̄ directions. The spin components are orthogonal to the corresponding momentum directions. (e) The
theoretical and (f) experimentally measured out-of-plane spin polarizations along the K̄-�̄-K̄ direction. CoTe2 supports spin-polarized surface
states over a wide range of energies in the entire BZ.

throughout the BZ. We find the surface states to be symmetric
along both K̄-�̄-K̄ and M̄-�̄-M̄ directions.

The Fermi arc states at constant energy are plotted in
Fig. 4(b) at E − EF = 0 eV and in Fig. 4(f) at E − EF =
−0.49 eV. At the Fermi energy, circular arcs of the sharp sur-
face states appear around the �̄ point. In contrast, a prominent
peak is observed exactly at the �̄ point in Fig. 4(f) which cap-
tures the dominant surface Dirac, crossing along with a few
less intense circular arcs along the �̄-K̄ paths. There is another
set of high-intensity surface arc states around −1.4 eV below
EF [see Figs. 4(c) and 4(g)], which disperse symmetrically
around the �̄ point.

VI. SPIN-POLARIZED SURFACE STATES

The demonstration of topological surface states in CoTe2

inspires the exploration of their spin polarization. To study
the spin polarization of the surface states and the surface
Dirac cone, we experimentally measured the spin-polarized
ARPES spectrum of CoTe2, as shown in Figs. 5(b), 5(d)
and 5(f). The component of probed spin components is chosen
to be perpendicular to the direction of the dispersion. The
corresponding theoretically calculated spin-resolved spectral
function is shown in Figs. 5(a), 5(c) and 5(e). Figures 5(b)
and 5(d) display the measured spin-resolved band struc-
tures superimposed onto the measured spin-integrated band
structures shown in Figs. 4(d) and 4(h), along K̄-�̄-K̄ and
M̄-�̄-M̄, respectively. As was seen in the experimental plots of
Figs. 4(d) and 4(h), the surface Dirac cone spectral intensity
is relatively low compared to the observed bulk states for the
photon energy hν = 75 eV. Accordingly, its contribution to
the measured spin-ARPES spectra is also small. To improve
the resolution of the spin information of the surface Dirac
cone, the spin-ARPES spectra in Fig. 5(d) were measured
with hν = 19 eV. The crossings of the up-spin (red) and the
down-spin (blue) bands are well observed around the energy
of the surface Dirac point, matching well with the calculated
spin texture shown in Fig. 5(c). This confirms the helical na-
ture of the spin-momentum locking around the surface Dirac
point and its topological origin. The signs of the measured and
calculated spin polarization are reversed for Kx/y → −Kx/y, in

all panels. This implies that the spin polarization is not due to
the breaking of time-reversal symmetry.

Interestingly, we also observe a significant contribution
of the out-of-plane component in our spin-ARPES experi-
ments and calculations for the K̄-�̄-K̄ direction, as shown in
Figs. 5(e) and 5(f). The measurement is done with incident
photons with energy hν = 75 eV. The corresponding out-of-
plane spin component for the M̄-�̄-M̄ direction is negligibly
small. The scale of the in-plane and the out-of-plane spin
polarizations in all the panels is identical. Note that due to the
presence of time-reversal and inversion symmetry in CoTe2,
the spin polarization of the bulk states is forbidden. Even
an isolated monolayer of CoTe2 preserves the inversion and
the time-reversal symmetries. Thus, an isolated monolayer of
CoTe2 will also not support spin-polarized states. However, in
a system of finite size, the inversion symmetry is broken for
the atomic layers near the surface even for bulk centrosym-
metric systems. This is what allows for spin polarization of the
surface states (both in plane and out of plane) in a finite slab
of CoTe2, and other Dirac semimetals. Another interesting
point is that the surface states near the �̄ point primarily
arise from the topological bulk band inversions, and these lead
to Dirac surface states which have an in-plane Rashba-like
spin-momentum locking. This can be clearly seen in Fig. 5(e),
where the out-of-plane spin states are completely absent near
the �̄ point.

VII. CONCLUSIONS

In summary, based on the ARPES experiments combined
with detailed first-principles calculations, we show that CoTe2

hosts a pair of type-II Dirac nodes. The Dirac node is located
along the �-A axis around 0.92 eV above the Fermi energy,
and they support Lorentz-symmetry violating Dirac fermions.
We find that in addition to the Dirac fermions, bulk CoTe2

also hosts several topological band inversions which give rise
to a ladder of spin-polarized surface states over a wide range
of energies. The surface states corresponding to the bulk band
inversions form a surface Dirac cone at the �̄ point, which
has Rashba-type in-plane spin splitting. Interestingly, we find
that some surface states in CoTe2 also support an out-of-plane
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FIG. 6. (a) Theoretically calculated and (b) experimental
momentum-resolved spectral function plot M̄-�̄-M̄ directions. The
theoretical spectral function incorporates an energy scaling factor of
0.7 to best match the experimental data.

spin polarization. Our study highlights that CoTe2 supports
interesting bulk and surface Dirac fermiology, which should
be explored further in transport, optical, plasmonic, and opto-
electronic experiments.
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FIG. 7. The projected experimental Fermi surface at E = EF on
the (a) Kx-Kz plane along where Kx is along the �-K direction, and
on the (b) Ky-Kz plane with Ky being along the �-M direction. The
black lines are the theoretically calculated 2D energy contours.

APPENDIX A: SCALED ARPES

The prominent bulk and surface states (except for the Dirac
crossing) of theoretically calculated spectral function and ex-
perimentally measured ARPES plots in Figs. 4(c) and 4(d)
and in Fig. 4(g) have an energy difference of ∼500 meV.
This can arise from various factors as discussed in Sec. V.
For example, a similar discrepancy of energy is reported for a
related compound PtSe2 in Ref. [53]. An energy scale factor
of 1.05 and an energy offset of −0.1 eV is necessary for
the PtSe2 compound to correctly match the energy between
theoretical and experimental ARPES results. Similarly in our
calculation, an energy scaling of 0.7 can be used to best fit the
experimental plot (see Fig. 6).

APPENDIX B: FERMI-SURFACE ANISOTROPY

In this Appendix, we have compared the theoretically cal-
culated and experimentally observed Fermi-surface maps on
Kx-Kz and Ky-Kz planes. In Fig. 7, we have plotted the the-
oretically calculated 2D energy contours at E = EF on top
of the experimental results. Here, the anisotropy, as discussed
in Sec. IV, is evident from the differences between the plots
shown in Figs. 7(a) and 7(b). The experimental Kx-Kz and
Ky-Kz maps are taken with the photon energy range between
55 and 85 eV.
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