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Two-dimensional half Chern-Weyl semimetal with multiple screw axes
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Half-topological states of matter and two-dimensional (2D) magnetism have gained much attention recently.
In this paper, we propose a special topological semimetal phase called a 2D half Chern-Weyl semimetal (HCWS),
which is a 2D magnetic Weyl semimetal bound to the half Chern insulator (fully spin-polarized Chern insulator)
phase by symmetry, and the two phases can be converted to each other by manipulating the magnetization
direction. We provide the symmetry conditions to realize this state in 2D systems with multiple screw axes.
Tight-binding models with multiple basis and a predicted 2D material, monolayer TiTe, are shown as the concrete
examples for HCWSs. The TiTe monolayer was shown to have a high ferromagnetic Curie temperature (≈966 K)
as well as a Coulomb correlation-enhanced spin-orbit coupling (SOC), and further demonstrates the effect of
correlation-enhanced SOC on magnetocrystalline anisotropy energy and energy gap opening. Our work reveals a
state with switchable and spin-resolved half-body charge currents as well as half-boundary charge currents, and
will provide a platform for novel and high-performance topological spintronics devices.
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I. INTRODUCTION

Two-dimensional (2D) half-topological states, possessing
fully spin-polarized topologically nontrivial energy bands
near Fermi level (EF), have gained much attention [1–9]. Two
outstanding representatives, 2D half Weyl semimetals [1–4]
and half Chern insulators (HCIs) or fully spin-polarized Chern
insulators [5–9], with half-metallic linear bulk bands and
half-metallic chiral edge states, respectively, show potential
applications in high-performance and thin spintronics devices.
Unlike in the 3D case, Weyl points in 2D systems must be
protected by additional crystal symmetries due to the loss of
topological protection by dimension reduction [2]. In addi-
tion, for ferromagnetic (FM) materials, the crystal symmetry
is related to the magnetization direction. Thus, the half Weyl
points in 2D materials are governed by their magnetization di-
rection, which gives such systems more diverse manipulation
means based on regulating the magnetization direction.

Besides the crystal symmetry, spin-orbit coupling (SOC)
and electron correlation are also at the core of 2D half
topological states. Specifically, the long-range FM order in
2D half-topological states is stabilized via SOC-induced
magnetocrystalline anisotropy, lifting the Mermin-Wagner re-
striction [10]. Electron correlation is also a significant effect
in 2D magnetic systems, which may enhance their SOC
[11]. Thus, energy gap opened by SOC and magnetocrys-
talline anisotropy energy (MAE) are closely related to electron
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correlation. 2D half Weyl semimetals provide an excellent
platform for studying the entangled physics of topological
properties, crystal symmetry, SOC, and electron correlation.

Here we draw attention to a peculiar class of Weyl
semimetals called 2D half Chern-Weyl semimetals (HCWSs),
which are 2D magnetic Weyl semimetals capable of opening a
nontrivial global energy gap characterized by Chern numbers
by changing their magnetization direction. As shown in Fig. 1,
there are two different transport channels in HCWSs that can
both transport fully spin-polarized charge currents. The two
channels can be switched by manipulating the magnetization
direction in HCWSs and the direction of spin in these two
channels are different, parallel to the different magnetization
directions. These novel properties show their great application
in spintronics.

By generalizing nonmagnetic Dirac semimetals with mul-
tiple screw axes [12–14] to magnetic systems, two types
of hourglasslike, as well as nodal line 2D HCWSs are ob-
tained. Furthermore, we predict a 2D magnets with high
ferromagnetic Curie temperature of 966 K, monolayer TiTe,
as a concrete candidates for realizing the 2D hourglasslike
HCWSs. The two pairs of half Weyl points in TiTe are
protected by a screw symmetry and a glide symmetry, re-
spectively. The systems transform into HCIs after breaking
the pristine nonsymmorphic symmetries by rotating the mag-
netization direction. The Coulomb correlation-enhanced and
magnetization direction-dependent SOC, MAE, and energy
gap opening are explicitly demonstrated in TiTe. Our work
not only reveals a state of matter and its interesting physical
connotations but also offers promising material platforms for
novel topological spintronics applications.
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FIG. 1. Schematic diagram of the two types of transport channels
of HCWSs. Both channels can transport fully spin-polarized charge
currents, where the thick blue arrow indicates bulk transport channel
and the thin blue arrows represent edge transport channels. The spin
orientations in them are different, denoted by red arrows. The green
plane is the BZ, and the red and blue points on it are chiralities of
half Weyl points, red for positive and blue for negative.

II. 2D HCWSS AND HCIS FROM BAND INVERSION

We first analyze the conditions needed for realizing 2D
half Weyl semimetals in the systems with multiple screw
axes. It will be shown that nonsymmorphic symmetries con-
strain the energy bands to be degenerate at the Brillouin zone
(BZ) boundary, which will split and carry different irreducible
representations as they evolve along a k path containing non-
symmorphic symmetries to the interior of the BZ. When
two such groups of energy bands intersect (accidental band
crossings), the nontrivial topological semimetals may appear
(Fig. 2). Then give the requirements for nontrivial gap opening
in these 2D half Weyl semimetals. For all 80 nonmagnetic
layer groups, there are total 11 layer groups with two screw
axes along the axial direction [12]. Later, we will focus on the
layer groups with inversion symmetry among the above 11
layer groups and take the representative case pmmn (No. 46)

FIG. 2. (a) The first BZ with high-symmetry points and lines.
The �-X (Y ) lines are invariant under C̃2x (M̃x) or M̃z (M̃z) when
magnetization direction is parallel to x or z, respectively. (b)–(e) The
Schematic band structures for four distinctive half Weyl semimetal
states of pmmn layer group with FM order along x and z directions,
respectively. Red solid lines and black dot lines denote the different
eigenvalues of the symmetry operations on the high-symmetry lines
given in (a). Each inset shows the band-crossing points inside the BZ.

as our starting point. The generators of layer group pmmn
contain two screw operations (C̃2x = {C2x | a/2}, C̃2y = {C2y |
b/2}), and an inversion P. By including collinear FM and
SOC, the spatial rotation and spin rotation are locked globally,
and the existence of the nonsymmorphic symmetries above
will depend on magnetization direction. In the following, we
discuss two typical FM cases with in-plane (x-axial) and out-
of-plane (z-axial) magnetization vectors (m̂), respectively.

III. CASE 1

If m̂ is along x direction, the time-reversal symmetry T and
the glide mirror symmetry M̃z = PC̃2xC̃2y are broken, while
the joint symmetry of these two symmetries is preserved,
denoted as � = T M̃z. � leaves the X point (kx = π, ky = 0)
and Y point (kx = 0, ky = π ) of BZ invariant. On the other
hand, we have �2 = e−i(kx+ky ). Thus, at X and Y , �2 = −1
will result in Kramers-like degeneracy.

Due to the k lines �-X and �-Y are invariant under C̃2x and
M̃x = PC̃2x, respectively. The eigenstates along �-X and �-Y
can be labeled by the eigenvalues of C̃2x (±ie−ikx/2) and M̃x

(±i), respectively. By considering the following relations:

�C̃2x = −eikyC̃2x�

�M̃x = −eikx M̃x�, (1)

we can draw a conclusion that the two bands evolved from a
Kramers-like degenerate point at X (Y ) will carry the same
eigenvalues of C̃2x (M̃x) along �-X (�-Y ) (for details see
Supplemental Material [15]). As shown in Figs. 2(c)–2(e), if
band inversion happens at the � point between two pairs of
bands, two types of hourglasslike Weyl semimetals emerge,
the hourglasslike Weyl semimetals with a pair of Weyl points
[Figs. 2(d) and 2(e)] and with two pairs of Weyl points
[Fig. 2(c)]. Noticing that the C̃2x and M̃x do not flip the x-
direction spins, thus the above obtained Weyl fermions are all
in single spin channel.

IV. CASE 2

If m̂ is in the z direction, a similar discussion can be car-
ried out using the preserved symmetries M̃z, �x = T C̃2x, and
�y = T C̃2y. �x and �y leave the boundaries of BZ X − M
and Y − M invariant and result in a Kramers-like degeneracy
along them, respectively. Meanwhile, eigenstates inside the
whole BZ can be denoted by eigenvalues of M̃z, which leaves
the BZ invariant. By considering the following relations:

M̃z�x = −eiky�xM̃z

M̃z�y = −eikx �yM̃z, (2)

we make a conclusion that the two bands, evolved from a
Kramers-like degenerate point at boundaries of the BZ, will
carry the different eigenvalues of M̃z inside the whole BZ.
Combining band inversion at the � point, this conclusion will
lead to a nodal line Weyl semimetal, shown in Fig. 2(b).

Obviously, the Weyl points come in pairs for all the cases
above, satisfying the no-go theorem [16]. The gap open-
ing at a 2D Weyl point would give a topological charge of
±1/2 [17,18]. Moreover, the topological charges of two Weyl
points connected by inversion P must be identical and will
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TABLE I. The possible half Weyl semimetal states obtained from
symmetry-enforced TB models on a square lattice with different FM
orientations. The basis sets are listed in first column.

FMx
a FMz

(dxy, dz2 ) hourglasslike-Ib nodal line
(dx2−y2 , dz2 ) hourglasslike-I nodal line
(dx2−y2 , dxy) hourglasslike-I or II nodal line
(dxz, dyz) hourglasslike-I or II

aThe subscripts x and z refer to the magnetization directions.
bRoman numerals refer to the number of Weyl point pairs in an
hourglasslike Weyl semimetal, I for one pair and II for two pairs.

contribute to ±1 Chern numbers for the case in Figs. 2(d) and
2(e) (Berry curvature � is even under P). To obtain nonzero
Chern numbers for the cases with multiple pairs of Weyl
points [Figs. 2(b) and 2(c)], additional symmetry needs to be
included, such as C̃4z, to ensure that the topological charges of
different Weyl points do not completely cancel out.

To show some examples, we built square lattice symmetry-
enforced tight-binding (TB) models [19] for different
symmetry-allowed d-orbital doublets with the same spin. By
considering in-plane and out-of-plane magnetization, respec-
tively, and by tuning the parameters of TB models, all possible
half Weyl semimetals under different bases are listed in
Table I. The details of TB models are given in Supplemental
Material [15].

V. MATERIAL EXAMPLES

Next, we reveal a concrete material example of 2D
HCWSs, monolayer TiTe, whose geometric structure is dis-
played in Fig. 3(a). Its unit cell has p4/nmm space group (No.
129) symmetry and comprises two Ti and two Te atoms. The
crystal structure has two screw axes: C̃2x = {C2x | (a/2, 0, 0)}
and C̃2y = {C2y | (0, a/2, 0)}. The inversion center is located
at the crossing point of the two screw axes. The fully opti-
mized lattice parameters are a = b = 4.33 Å for U = 3 eV
[Fig. 3(b)]. The phonon spectra [Fig. S1(a)] without imag-
inary frequency mode manifests the dynamical stability of
the monolayer TiTe. The thermal stability of monolayer TiTe
is further confirmed by first-principles molecular-dynamics
(MD) simulation [Fig. S1(b)], which shows that the structure
remains intact at a temperature of 300 K after 10 ps.

To determine the magnetic ground state, the 2×2×1 super-
cell of the monolayer TiTe with four magnetic configurations
and different Hubbard U values (2–5 eV) are considered
(see Fig. S2). It is found that the monolayer TiTe maintains
a FM ground state for all considered U values (Table II).
The magnetic moment of TiTe is 2μB per Ti atom from our
DFT calculations. It can be well understood by analyzing the
valence electron configuration of Ti atom (3d24s2), which
becomes Ti2+ (3d2 configuration) after transfer 2e− to Te
atom, confirmed by the Bader charge calculations [20]. Un-
paired 2e− electrons prefer to have high spin alignment with
2μB based on Hund’s rules, which can be seen in the partial
densities of states (DOSs) of TiTe [Fig. 4(c)]. The micro-
scopic mechanism of FM ground state for TiTe is explained
by a Ti-Te-Ti FM superexchange interaction according to the

FIG. 3. (a) Top and side view of 2D TiTe monolayer, the blue
and pink balls represent Ti and Te atoms, respectively. Dashed lines
show unit cell. The red arrows indicate the screw axes of C̃2x and
C̃2y. The red dot represents the inversion center. (b) The total ener-
gies as a function of the lattice constant for TiTe monolayer with
U = 2, 3, and 4 eV, respectively, in which the minimum total energy
at the equilibrium lattice constant for each case is set as energy
zero. (c) The MAE by rotating the spin within x-z and x-y planes,
respectively. (d) The normalized average magnetic moment (blue
curve) and specific heat (red curve) versus temperature for the TiTe
monolayer. The results in (c) and (d) are calculated with U = 3 eV.

Goodenough-Kanamori-Anderson rules [21–24], with a bond
angle of Ti-Te-Ti [α = 98.63◦ in Fig. 3(a)] close to the 90◦.

The MAE derived from the SOC plays a crucial role for a
2D material keeping in a long-range FM ground state [25].
The MAE of TiTe monolayer in the x-z and x-y planes as
functions of the magnetization angle θ is depicted in Fig. 3(c).
By comparing the energy difference of the two planes, we
find that the magnetic easy axes of the TiTe monolayer prefer
the in-plane direction with the U = 3.0 eV. This trend of
MAE remains consistent in the range of U = 2–3.4 eV. With
increasing U , the magnetic anisotropy direction changes from
the in-plane to the out-of-plane, and the critical U value is
about 3.4 eV [Fig. 5(c)]. The mechanism for this interesting

TABLE II. The relative total energy (meV per unit cell) of four
magnetic configurations shown in Fig. S2, magnetic coupling param-
eters of J1 and J2 (meV), anisotropy parameter D (meV per Ti atom),
and critical temperature Tc (K) obtained from the Heisenberg model
for TiTe monolayer with U = 3 and 5 (eV), respectively.

FM AFM-N AFM-L AFM-Z J1 J2 D Tc

U = 3 0 557.1 586.4 332.5 69.64 38.48 −0.37 966
U = 5 0 628.8 689.1 25.1 78.60 46.83 5.70 1148

205108-3



XU, YI, HUAN, ZHAO, XUE, AND YANG PHYSICAL REVIEW B 106, 205108 (2022)

FIG. 4. (a) The orbital resolved band structures of TiTe mono-
layer without SOC. The orbital projections are only applied for
the bands in spin-up channel and the spin-down bands are plotted
with black dashed lines. (b) Band structures with SOC of TiTe
monolayer with x magnetization and z magnetization, respectively.
The irreducible representations of the two bands crossing the EF

for x-magnetization case are displayed. (c) The projected densities
of states for the TiTe monolayer with two U values, respectively,
in which the dxz and dyz orbitals are degenerate. (d) Distribution of
the Berry curvatures for the TiTe monolayer with the magnetization
direction along the z axis.

U -correlated MAE phenomenon will be explained later. To
evaluate the TC of the TiTe monolayer, a Heisenberg model is
built as [26]

H0 = −J1

∑
〈i, j〉

Si · Sj −J2

∑
〈〈i, j〉〉

Si · Sj −D
∑

i

∣∣Se
i

∣∣2
, (3)

where Si is the spin vector, Se
i is the spin component along

the easy axis, Ji (i = 1, 2) and D denote the strengths for
exchange interaction and anisotropy, respectively. Both the
first and second terms can be regarded as isotropic. Both Ji and
D can be extracted from the first-principles calculations with
the equations in Supplemental Material [15] and are listed in
Table II. As shown in Fig. 3(d), the Curie temperature for the
FM state can be estimated as TC ≈ 966 K, which is signifi-
cantly higher than the room temperature and also than that of
the 2D star magnetic material of the CrI3 monolayer (45 K
[27] or 95 K [28]).

For now, the magnetic ground state for TiTe monolayer
is confirmed as FM, satisfying the prerequisites for 2D
HCWSs. By calculating the electronic band structures of TiTe
monolayer without SOC, one observes two pairs of fully
spin-polarized twofold band crossing points symmetrically
distributed on the x axis and the y axis in Fig. 4(a), which are
related to each other by C̃4z = {C4z | (a/2, 0, 0)} and represent
2D Weyl points. This half-semiconducting feature is robust to
the change in Hubbard U (Fig. S3).

FIG. 5. (a) and (b) The edge states of a semi-infinite TiTe
monolayer cut along the [100] direction with x magnetization
and z magnetization, respectively. (c) The MAE, orbital moment
anisotropy (�Morb = |M [001]

orb | − |M [100]
orb |), and maximal band gap as

functions of U . (d) The band gap of the TiTe monolayer with the
magnetization direction varying from θ = 0◦ to θ = 360◦ in the x-z
plane. The green and blue areas indicate the monolayer with Chern
numbers of −2 and 2, respectively.

Considering the SOC effect, the stability of the 2D Weyl
points depends on the magnetization directions. For the x-
axial magnetization, these half Weyl points can be protected
by preserved nonsymmorphic symmetries C̃2x and M̃x, shown
in Fig. 4(b), consistent with the discussion in Fig. 2(c). The
marked different irreducible representations of LD3 and LD4
(F3 and F4) confirm the robustness of the half Weyl points
in TiTe with the in-plane-axial magnetization. As shown in
Fig. 5(a), the edge state of TiTe starts from the Weyl point
projection on −X − � and ends at the projection of another
Weyl point on X − �, very similar to the Fermi arc in 3D Weyl
semimetals [18,29–31].

To characterize the low-energy band structures for the 2D
HCWSs state, we construct a k · p effective model. With x-
axis magnetization and SOC, the effective Hamiltonian for
half Weyl points in −X − X is subjected to the magnetic
little cogroup m′m2′ of −X − X , with two generators, C̃2x and
T C̃2y. The symmetry constraints are given by

C̃−1
2x H (qx, qy)C̃2x = H (qx,−qy)

(T C̃2y)−1H (qx, qy)(T C̃2y) = H∗(qx,−qy), (4)

where q is measured from the Weyl points in −X − X . In the
basis of the irreducible representations LD3 and LD4, we find
that to linear order in q, the effective model takes the form of
the 2D Weyl model,

H = A(τqx )σz + B(qy)σx + C(qx )σ0, (5)
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where A(τqx ) = τc1qx + c2, B(qy) = c5qy, C(qx ) = c3qx +
c4 (ci=1−5 are constant parameters and τ = ± for the Weyl
points in X − � or −X − � respectively, σx − σz are the Pauli
matrices, and σ0 is the unit matrix. Thus, the low-energy
electrons indeed resemble a pair of 2D half Weyl fermions
located in −X − X [32].

Conversely, by rotating x-axis magnetization to z-axis
magnetization, breaking the C̃2x and M̃x will remove the
Weyl points and open an energy gap, as shown in Fig. 4(b).
The gap opening at a 2D Weyl point would induce a finite
Berry curvature �(q) = −2Im〈∂qx uv | ∂qy uv〉, where | uv〉 is
the eigenstate of the valence band. The integral of Berry
curvature in a region around the Weyl point gives a topological
charge of ±1/2 [17]. Since the four Weyl points are connected
by preserved C̃4z, their topological charges have same sign,
shown in Fig. 4(d), and contribute a nonzero Chern number
(C = 2), which suggests that two chiral edge states appear in
the bulk gap [Fig. 5(b)]. The edge states are confirmed to be
fully spin-polarized by calculations, showing great potential
for dissipationless spintronics.

The SOC effect of light 3d transition-metal ions is usually
small. While, a TiTe monolayer can open a band gap of up to
119 meV with U = 3 eV, and the band gap increases signifi-
cantly as the U value increases (≈429 meV with U = 5 eV),
as shown in Fig. 5(c). The same U -enhancement effect also
appears in the MAE of TiTe [Fig. 5(c)]. These phenomena
suggested a significant correlation-enhancing SOC effect [11]
in TiTe.

Correlation can enhance SOC by enlarging the effective
SOC parameters for both in-plane orbital group {dxy, dx2−y2}
and out-of-plane orbital group {dxz/yz, dz2} in single spin chan-
nel [15]. For in-plane and out-of-plane groups, the enhanced
effective SOC parameters λ‖ and λ⊥ are respectively given as

λ‖ = λ + |L̄z|
4h̄3 Ueff , λ⊥ = λ + |L̄x|

3h̄3 Ueff , (6)

where the λ is pristine SOC parameter, Ueff = U − J with U
and J are the on-site Coulomb repulsion and exchange inter-
action parameters, and |L̄i| = ∑

m∈occ. |〈m | L̂i | m〉|, i = xorz
is the expectation of L̂i over the occupied states. The |L̄x| (|L̄z|)
is also a function of λ⊥ (λ‖). Since the intrinsic SOC λ is
relatively small, |L̄x| (|L̄z|) can be expressed as a function of
λ: |L̄x| = κxλ (|L̄z| = κzλ) and be solved self-consistently.

As shown in Fig. 4(a), the two crossing bands near EF

mainly consist of set {dxy, dx2−y2}. The degeneracy of this set
is lifted by SOC. According to the first-order perturbation, the
splitting can be written as

�E =
(

2λh̄2 + Ueff

2h̄
|L̄z|

)
| cos θ |, (7)

where θ is the angle between the magnetic moment and z
axis. The equation above indicates that the band gap of TiTe
is independent of in-plane rotation angle φ (the angles θ and
φ are illustrated in Fig. S5) and is zero with in-plane magne-
tization to the first-order perturbation. The U -enhancing band
gap increases as θ decreases until it reaches the maximum at
θ = 0, in good agreement with the calculation results shown
in Fig. 5(d).

It is interesting to note that as U increases, the easy mag-
netization axis shifts from in-plane to z axis, followed by

a rapid increase in MAE, as shown in Fig. 5(c). DOSs in
Fig. 4(c) show that the occupied states are mostly dz2 and
dxy in spin-up channel and are separated from unoccupied
states by large crystal field splitting, resulting in first-order
perturbation having negligible effect on single-ion anisotropy,
and therefore we considered second-order perturbation for
correlation-enhanced MAE as

MAE =
( 3

4λ2
⊥

�⊥
− λ2

‖
�‖

)
h̄4 cos2 θ, (8)

where �‖ = |ex2−y2 − exy| and �⊥ = |ez2 − eyz| are energy
splitting for the in-plane and out-of-plane orbitals, respec-
tively, which can be estimated by the weight-center positions
of the DOSs [25,33,34]. One can see from the equation above
that for small U , the orbital moment quenched and the MAE
are mainly controlled by the denominator. Because of the

�‖ > �⊥ for the small U [see Fig. 4(c)], (
3
4 λ2

⊥
�⊥

− λ2
‖

�‖
) > 0

leads to an in-plane easy magnetization. Increased correlation
enhances orbital polarization �L = |Lz| − |Lx| [Fig. 5(c)],
and also improves �⊥ to exceed �‖ [Fig. 4(c)], resulting in

(
3
4 λ2

⊥
�⊥

− λ2
‖

�‖
) < 0, hence, the easy magnetization shifting to the

z direction.
We have some remarks before closing. First, the proposed

2D HCWSs here are protected by in-plane screw and glide
symmetry. Hence, the Weyl points are no longer protected by
breaking these nonsymmorphic symmetries when the in-plane
magnetization deviates from the in-plane axial. However,
from Eq. (7), one can see that the energy gap opening is
independent of in-plane rotating angle φ to the first-order per-
turbation. The calculation results show a tiny gap (≈3.5 meV)
when an in-plane rotating applied, which means that the half
Weyl semimetal properties are well maintained for any in-
plane magnetization.

Second, Eq. (8) indicates that the MAE of TiTe is also
less relevant to in-plane rotating angle φ, which is consistent
with the calculation results shown in Fig. 3(c) (the greatest
energy difference between different in-plane angles is about
0.009 meV/Ti). This property ensures that the in-plane mag-
netization of TiTe, as well as the chirality of its Weyl points,
are easily modulated by the magnetic field.

Third, the out-of-plane magnetization will open a finite
energy gap as shown in Fig. 5(d) and Eq. (7), whose Chern
number is related with the magnetization direction. Thus, the
chirality of edge states is locked with their spin direction,
enabling more diverse modulation of TiTe.

In summary, we have proposed a special topological state:
2D HCWSs. It represents a half Weyl semimetal bound to a
half Chern insulator by symmetry. We show the symmetry
conditions to realize this state in 2D systems with multiple
screw axes. Furthermore, we show examples for 2D HCWSs
based on TB models and a new material TiTe, a 2D FM
magnet with a high TC . Correlation-enhanced SOC and its
inherent relevance to the MAE and energy gap opening in
the TiTe are shown. These results demonstrate a universal
proposal for realizing new low-power topological spintronics
devices with easy manipulation and diverse tunable tools.
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VI. COMPUTATIONAL METHODS

Our first-principles density functional theory (DFT) cal-
culations are carried out with the generalized gradient
approximation proposed by Perdew, Burke, and Ernzerhof
(PBE) [35], which is implemented in the Vienna ab initio
simulation package (VASP) [36]. The GGA+U method [37] is
employed to describe the strongly correlated Ti-3d electrons,
unless explicitly stated otherwise, all of the calculations were
done with U = 3 eV [38,39]. The plane-wave cutoff energy
was set to 500 eV and the vacuum space is more than 15 Å
to avoid the influence between two adjacent slabs. The force
converge criterion was less than 0.01 eV/Å, the energies
were less than 10−6 eV, and Monkhorst-Pack k-point grids of
12×12×1 were adopted. The phonon spectra is calculated by
using density functional perturbation theory (DFPT) imple-

mented in PHONOPY code [40,41] with 3×3×1 supercell. For
the monolayer TiTe, the hybrid functional HSE06 [42] is em-
ployed to verify band structure. The tight-binding model and
the topology characteristics of TiTe monolayer are calculated
by WANNIER90 [43] and WANNIERTOOLS [44]. To estimate
the TC of the FM states, the Monte Carlo simulations [45]
are performed on a 51×51 supercell with 106 steps at each
temperature.
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