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Altermagnets are a new class of magnetic states that exhibit substantial spin splitting while 
maintaining zero net magnetization without spin-orbit coupling. CrTe has experimentally been 
considered an antiferromagnetic (AFM) material. However, in this study, we demonstrate that CrTe 
exhibits the characteristics of an altermagnet rather than a conventional AFM through first-principles 
calculations based on density functional theory (DFT). We reveal a collinear magnetic order with 
significant spin splitting in certain antiferromagnetic configurations. This spin splitting indicates 
symmetry-protected spin polarization without net magnetization, suggesting that CrTe is a high-
potential altermagnet candidate. Our findings contribute to the growing body of research on materials 
capable of generating spin transport without macroscopic magnetization, thereby providing new 
opportunities for spintronic applications.

A truly fast-moving field of spintronics is in search of new magnetic phases and functionalities beyond 
conventional ferromagnetic (FM) and antiferromagnetic (AFM) materials. New magnetic materials have been 
proposed under the term “altermagnet”, which essentially exhibit alternating spin polarization with a strong 
spin-split band structure, as in ferromagnets, while resulting in zero net macroscopic magnetization, as in 
antiferromagnets1,2. Altermagnetism occurs because of symmetry breaking in the magnetic lattice with spin-
dependent electron hopping, causing significant spin splitting and intermediate transport without the assistance 
of any external magnetic fields2,3. These unique properties make altermagnets prime candidates for next-
generation spintronic devices using spin currents and spin-orbit torque, while evading the limitations imposed 
by stray fields and domain instability in ferromagnets4,5.

Recent attempts have been made to identify materials as altermagnet candidates. One of the earlier proposed 
altermagnets is CrSb, which exhibits spin-split electronic structures and non-collinear spin configurations, thus 
breaking time-reversal symmetry (TRS) without creating any net magnetization6–12. Similarly, MnTe exhibits 
strong spin-polarized transport, with the spin splitting predicted to increase under doping or perturbation, thus 
underscoring its potential in spintronic applications12–18. RuO2 was believed to be paramagnetic until recently, 
when it was identified as an altermagnet owing to spin-polarized transport and significant anomalous Hall 
effects (AHE) introduced by symmetry-protected spin splitting19–23.

Chromium telluride (CrTe) stands out among candidate altermagnetic materials due to its intricate magnetic 
phase diagram and tunable electronic structure24–26. CrTe is known to exhibit complex temperature-dependent 
magnetism in both bulk and thin-film forms: it is paramagnetic above 330 K, ferromagnetic between 110 K 
and 330 K, and antiferromagnetic below 110 K26–30. Although a recent study has explored the surface-oriented 
altermagnetic states of CrTe31, a comprehensive understanding of the intrinsic bulk properties specifically 
the microscopic orbital mechanisms and momentum-dependent spin transport remains lacking. Establishing 
this bulk physical baseline is essential for fully exploiting the material’s potential in spintronics. The interplay 
between these magnetic phases, lattice symmetry, and electron correlations renders CrTe a promising candidate 
for realizing robust altermagnetism.

In this study, we present a comprehensive first-principles investigation of the electronic and magnetic 
properties of hexagonal CrTe using density functional theory (DFT). Our spin-resolved band structure 
calculations reveal pronounced spin splitting and spin polarization without net magnetization in the 
antiferromagnetic configuration, providing direct evidence for symmetry-protected collinear altermagnetism. 
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Furthermore, we clarify the orbital origins of this splitting and analyze the bulk Fermi surface topology. This 
combination of zero net magnetization and symmetry-driven spin splitting opens innovative routes for efficient 
spin current generation and manipulation, significantly expanding the material landscape for future spintronic 
technologies.

First-principles electronic structure calculations based on density-functional theory with the generalized 
gradient approximation (GGA) parameterized by Perdew–Burke–Ernzerhof (PBE)32–34 for exchange-correlation 
interactions were performed for CrTe using the Vienna Ab initio Simulation Package (VASP)35. CrTe crystallizes 
in a NiAs-type structure with hexagonal symmetry (space group P63/mmc, No. 194). A plane-wave energy cutoff 
of 500 eV and a 6 × 6 × 5 Gamma-centered Monkhorst-Pack k-point mesh over the hexagonal Brillouin zone (BZ) 
were used to ensure accurate convergence of the total energies and electronic properties. The valence electron 
configurations considered in the pseudopotentials were Cr (3d54s1) and Te (5s25p4). Structural optimizations 
were carried out using the PBE + U method with Ueff = 3.5 eV36 for Cr and 0.0 for Te until the forces on atoms 
were less than 0.001 eV/Å. The fully relaxed lattice parameters were a = 4.259 Å, b = 4.259 Å, and c = 6.288 Å. 
Self-consistent field calculations were performed until the total energy differences between subsequent steps 
were less than 10− 6 eV. The VASPKIT was used for the post-processing of the output data from VASP37. For the 
spin polarization calculation in Fig. 5(b), we took the integration density of states (iDOS) around the fermi-level 
from − 0.2 eV to 0.2 eV at hundred discrete points along the k-path using the formula:

	
P olarization = iDOS (up) − iDOS (down)

iDOS (up) + iDOS (down) .

Several metallic altermagnetic candidates have been reported, namely, CrSb, CrNb4S8, and RuO2
38. Herein, 

we report CrTe as another metallic altermagnet candidate with a large band splitting near the Fermi level. 
Previously, CrTe was reported to show antiferromagnetic properties at temperatures below 110 K30. However, 
our investigations using first-principles calculations without spin-orbit coupling demonstrate large spin-split 
bands with spin-split bands flipping symmetrically about the nodal points. Figure 1 presents the atomic structure 
and location of the spin-split points of CrTe in the Brillouin zone. Figure 1a shows the top view of the unit cell 
with the Cr and Te atomic positions emphasized. Figure 1b shows a side view of the structure with the magnetic 
moments of the Cr atoms oriented antiparallel to the crystal c-axis. This type of spin arrangement results in a 
local symmetry, where the spin orientations alternate in the material. Figure 1c depicts the k-path L’-G-L in 
the Brillouin zone with spin-split bands for the observed altermagnetism. Significant spin splitting has been 
previously reported for CrSb and MnTe39. Figure 1d shows the electronic band structure of CrTe along the path 
L’–G–L with the symmetry points defined in fractional reciprocal lattice coordinates as L’ at (-0.5, 0, 0.5), G at 
(0, 0, 0), and L at (0.5,0, 0.5). The symmetry equivalence of this path is presented in Supplementary Information 
(SI) Sect. 2. The path extends from L′  to L through the bulk Brillouin zone center (G). This trajectory allows 
for the examination of the momentum-dependent spin splitting and its sign reversal across the zone center. The 
symmetry operation responsible for altermagnetic splitting along the path L’-G-L is demonstrated in SI as well. 
The splitting magnitude for CrSb and MnTe are 1200 and 1100 meV, respectively, reported previously39. Here, 
we observe a considerable spin splitting of about 1066 meV similar to that in CrSb and MnTe near the Fermi 
level along the L’–G–L path. In addition, we show variation of spin-splitting magnitude with strain in SI Fig. 
7(d). Moreover, the spin bands are flip-symmetric with respect to the nodal point G, an aspect shared with the 
symmetry-driven spin polarization in known altermagnets. Hence, this feature of spin splitting and symmetry 
about the nodal point serves as a compelling argument for regarding CrTe as an altermagnetic candidate.

Figure 2a shows the total density of states (TDOS) for the altermagnetic state of CrTe, with the Fermi level 
located at zero energy. The symmetric DOS in the spin-up and spin-down channels displays a zero net magnetic 
moment despite the spin-split bands shown in Fig. 2c. The spin band splitting in the absence of net magnetization 
in altermagnets arises from the broken Kramers Degeneracy without spin-orbit coupling in a collinear magnetic 

Fig. 1.  (a) and (b) show top and side views of the CrTe crystal structure, respectively. The magnetic structure 
is shown in the side view, with red and blue arrows indicating spin-up and spin-down, respectively. (c) The 
green line L’-G-L indicates the band structure path in the Brillouin zone, with spin-split bands illustrated by 
the red and blue bands in the inset. The dotted horizontal line in the inset represents the Fermi level. (d) Spin-
decomposed band structures for CrTe using PBE without SOC. The red and blue bands represent the spin-up 
and spin-down states, respectively. The black arrows indicate the maximum spin splitting.
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structure and does not produce macroscopic magnetization14. The features appearing in this DOS strengthen the 
claim that CrTe is an altermagnet, in agreement with the results from the band structure.

Moreover, in the energy window from − 1.5 eV to 0.5 eV around the Fermi energy, the PDOS of Cr atoms 
(Fig. 2b) shows that the dominant contributions arise from the d-orbitals. Both spin-up and spin-down atoms 
exhibit a strong d-orbital weight concentrated just below and slightly above the Fermi level. This region is critical 
for electronic transport and spin polarization, making d-state dominance a key feature in the emergence of spin-
split bands. Thus, with a greater contribution from the Cr d-states than from the s- and p-states, it is clear that 
these are the states on which the magnetic and conducting properties of CrTe are built. This is consistent with 
the general behavior exhibited by transition metals in the case of chalcogenides, where partially filled d-orbitals 
mediate magnetic exchange interactions and build up the bands. The pronounced spin symmetry between the 
spin-up and spin-down states in this energy window reiterates the collinear antiferromagnetic ordering with 
significant spin splitting. Figure 2c shows the projected density of states of Te in CrTe. The Te-5p orbitals make a 
major contribution to the energy window from − 1.5 to 0.5 eV with respect to the Fermi level.

In Fig. 3a–h, we show spin and orbital projected spectral-weight band structure calculations from 1.5 eV 
below to 0.5 eV above the Fermi level. The orbital dependent spin polarization can be seen clearly through the 
color brightness. Cr d-orbitals have major contributions to the spin splitting bands with minor contributions 
from s- and p-orbitals (less than 0.2). This orbital-resolved nature of the spin asymmetry forms the basis of the 
altermagnetic character of CrTe and its usefulness for spintronic applications. In Fig. 3i–l, the spectral weight 
also presents the greatest components of the spin splitting bands are from the Te-5p orbitals, which confirms 
their participation in the low-energy electronic structure and their strong hybridization with the Cr-3d orbitals. 
The Te-d and s orbitals contribute only slightly (the weightage is below 0.2). This suggests their lesser influence 
on magnetic interactions. Although the contribution of Te is almost half that of Cr, the spectral weight confirms 
the nontrivial attribution of the Te-p states to the spin-split features and magnetic interactions in CrTe.

Figure 4a presents the k-resolved spin density by integrating the occupied spin-polarized DOS at each k-point 
along the L’–G–L path. The spin density is mainly contributed by the magnetic Cr d-orbitals. Positive values 
correspond to higher spin-up occupations, whereas negative values represent higher spin-down occupations 
at each k-point. A clear antisymmetric distribution of the k-dependent spin density about the G point was 
observed. Specifically, bands that exhibit a spin-up character in the L’ to G segment are mirrored by bands 
with a spin-down character in the G to L segment. This pattern is consistent with the flip symmetry previously 
described in Fig. 1d, where the spin-resolved bands exhibit no net magnetization (NM).

Figure 4b displays the spin polarization around the Fermi level from − 0.2 eV to 0.2 eV by integrating the 
difference between the spin-polarized DOS within this energy window to mimic the k-dependent spin-polarized 

Fig. 2.  (a) Total density of states (DOS) of CrTe calculated using PBE. (b) Orbital-resolved PDOS of Cr (Cr1 
and Cr2 for spin-up and spin-down atoms, respectively). (c) Orbital-resolved PDOS of Te.
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transport behavior along the high-symmetry L’–G–L path. Along the GL’ direction, carriers display slight spin-
down polarization for low wave vectors (low-k) and strong spin-up polarization for middle and high wave vectors 
(high-k). In contrast, this k-dependent spin polarization behavior is reversed along the GL direction. Such novel 
transport behavior could be used in future spintronics applications for spin-selected nanodevices. The spin-up 
and spin-down bands exhibit mirror symmetry about the G point, indicating that the spin polarization is anti-
symmetrically distributed along L’ to G and G to L respectively. This anti-symmetric spin texture is a hallmark of 
altermagnetic band splitting and is corroborated by the spin-resolved band structure in Fig. 1d, where the spin-
split bands are inverted across the G point. Such behavior reinforces the classification of CrTe as an altermagnet 
with momentum-dependent spin polarization and vanishing net magnetization40,41.

Fig. 3.  Spin and orbital decomposed band structure of altermagnet CrTe. (a–h) for Cr and (i–l) for Te. In 
legend: su is for spin up and sd for spin down in their respective orbital. The color scale depicts the spectral 
weight using PBE without SOC.
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Figure 5a shows the 3D electron density distribution centered on the Cr and Te atoms. Cr exhibits a high 
charge density with a localized character, whereas Te shows a lower charge density distributed diffusively. Figure 
5b depicts the 2D electron density distributions in the (001) plane at z = 0.0 and z = 0.5 for Cr atoms. In contrast, 
the 3D and 2D spin density distributions in Fig. 5c,d illustrate the isosurface which shows the real-space spin 
density with pronounced tri-lobed d-like polarization on the transition-metal sites. Neighboring layer Cr ions 
carry opposite sign of spin density with a rotated lobe orientation, directly visualizing the two symmetry-
related sublattices. The anisotropy of spin density at z = 0.048 and 0.558 visualizes as complementary triangular 
and reverse-triangular patterns on the two magnetic sublattices, provides a direct structural fingerprint 
of the defining roto-inversion symmetry of the altermagnetic phase. This observation directly bridges the 
crystallographic symmetry with the electronic structure: the anisotropic local environment is the origin of the 
anisotropic exchange interactions that, in turn, produce the hallmark momentum-dependent spin splitting 
in the Brillouin zone2,39–43 as shown in Fig. 1d. The real-space imaging of this sublattice-specific spin density 

Fig. 5.  (a) 3D charge density contour of CrTe. (b) 2D charge density distribution in the (001) plane at z = 0.0 
and z = 0.5. (c) 3D isosurface of spin density contour. (d) Spin density at z = 0.048 and 0.558, the x-y boundary 
is shifted to -0.5 ~ 0.5 along a-b for clarity. The yellow arrows in (c) and (d) indicate the roto-inversion 
symmetry of altermagnetism in CrTe. The spin density distribution changes sign under the roto-inversion 
operations. Unit of color-bar: electrons per cubic angstrom (e/Å3). All calculations are calculated using PBE.

 

Fig. 4.  Spin density and spin polarization around the Fermi level (-0.2 ~ 0.2 eV) along the k-path: L’, G, and L 
for CrTe, using PBE.
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anisotropy serves as a crucial experimental counterpart to the k-space signature of altermagnets, confirming the 
direct-to-reciprocal-space correspondence that underpins this distinct magnetic phase and its unconventional 
g-wave altermagnetism. In addition to the spin-split bands in reciprocal space (Fig. 1d), these results clearly 
demonstrate the altermagnetism in CrTe.

The spin-polarized Fermi surface (FS) without SOC is presented in Fig. 6a, b. A direct correlation with the 
spin-splitting band structure in Fig. 1d is evident: along the high-symmetry direction L’–G, the Fermi level is 
crossed four times by spin-up bands and twice by spin-down bands, a pattern that is precisely inverted along the 
G–L direction. We observe a clear g-wave–like spin texture in Figs. 6(c, d), in agreement with the symmetry-
based expectation for altermagnets belonging to the 6/mmm class and consistent with theoretical predictions 
that g-wave altermagnets host a g-wave–symmetric Fermi surface2,44 and analogous to previous reports for 
CrSb and MnTe2. This robust, momentum-dependent spin texture of the Fermi surface, calculated without 
SOC, is a hallmark signature of altermagnetism, recently confirmed in CrSb by spin-resolved ARPES to reach 
energies up to ~ 1.0 eV near the Fermi level7. The clear alternation of dominant spin character along orthogonal 
crystal directions, directly linked to the asymmetric band crossings, demonstrates the key altermagnetic trait of 
strong time-reversal symmetry breaking without a net magnetic moment39. For comparison, Fig. 9 in SI shows 
Fermi surface calculated with SOC. Furthermore, such spin splitting is foundational to the emergence of non-
trivial topology in altermagnets, as demonstrated by the observation of spin-polarized Fermi arcs arising from 
altermagnetic Weyl nodes in CrSb45.

Finally, some detailed electronic structures of CrTe are provided in SI Information (SI). SI Fig.  1 in the 
SI shows the spin-resolved band structures along the standard k-path in the hexagonal BZ. All the spin-up 
and spin-down bands coincided with each other, showing no spin splitting along these high-symmetry paths. 
Figure 2 in SI compares the spin resolved band structures with and without on-site Hubbard U. SI Fig. 3 shows the 

Fig. 6.  (a,b) 2D sliced fermi surface for spin up and spin down respectively, along L’GL. The color scale shows 
the k-resolved spectral weight A(k, EF) (Arbitrary Units) on a logarithmic scale. (c,d) 3D fermi surface of spin 
band number 12,13 showing roto-inversion, red for spin-up and blue for spin-down, calculated using PBE 
without SOC.
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U-dependent band structures. Both show clear altermagnetism in CrTe, demonstrating the robust altermagnetic 
spin polarized bands against the strong correlation. Figure 4 in SI presents comparison on partial density of 
states with and without U. Both show no net magnetic moments as expected for altermagnetism. SI Fig. 5 present 
Cr-s, p, d atomic orbital decomposition spin polarized band structure without spin-orbit coupling. Figure 6 in SI 
shows the altermagnetic spin splitting band structure with spin-orbit coupling included. In SI Fig. 7, we further 
show that altermagnetic spin splitting is still valid on applying strain. Figure 8 shows U-dependent spin polarized 
band structures with the magnetic moment along [001], [010] and [001] directions. Clearly the altermagnetic 
spin splitting band structure is robust against spin-orbit coupling, magnetic anisotropy, and strain. Whereas 
SOC + U calculations (SI Table 1) yield a small, tunable magnetocrystalline anisotropy for switching the easy 
axis between in-plane and out-of-plane at moderate Ueff​. SI Fig. 9 illustrate the 2D and 3D altermagnetic Fermi 
surfaces with spin-orbit coupling included. At the end of SI, BZ symmetry analysis are presented.

In conclusion, our first-principles study demonstrates that CrTe, which has long been considered an 
antiferromagnetic (AFM) material, but exhibits altermagnetism. This is characterized by spin-split electron 
bands within a collinear antiferromagnetic structure, but crucially, with zero net magnetization. Through first-
principles calculations based on DFT, we reveal substantial spin splitting along the symmetry path L’–G–L in 
the Brillouin zone, further confirming that CrTe does not exhibit any macroscopic magnetization—an essential 
hallmark of altermagnets. The spin-up and spin-down bands are mirror images of each other and spin-flip 
around the G point, consistent with the defining signatures of altermagnets. Analysis of the partial density 
of states (PDOS) and spectral weight reveals that the spin-polarized states near the Fermi level are primarily 
composed of Cr-3d with minor component of Te-5p orbitals. CrTe remains metallic in the altermagnetic phase 
with a k-dependent spin polarized density of states at the Fermi level, suggesting that this material is well-
suited for spintronic applications such as spin-selected transport devices. These insights not only underscore 
its potential but also lay the foundation for future innovations in spintronic technologies that exploit spin 
polarization without the constraints of macroscopic magnetization.

Data availability
The data which show our result are available from the authors upon reasonable request.
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