
Chiral-angle-selected spin splitting and spin-
polarized conduction in nanotubes rolled from d-
wave altermagnets
Ersoy Şaşıoğlu 

Martin Luther University Halle-Wittenberg
Tom G. Saunderson 

Martin Luther University Halle-Wittenberg
Börge Göbel 

Martin Luther University Halle-Wittenberg
Ingrid Mertig 

Martin Luther University Halle-Wittenberg
Samir Lounis 

Martin Luther University Halle-Wittenberg

Article

Keywords:

Posted Date: November 9th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-11406326/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-11406326/v1
https://doi.org/10.21203/rs.3.rs-11406326/v1
https://doi.org/10.21203/rs.3.rs-11406326/v1
https://creativecommons.org/licenses/by/4.0/


Chiral-angle-selected spin splitting and spin-polarized conduction in nanotubes rolled

from d-wave altermagnets

Ersoy Şaşıoğlu1,∗ Tom G. Saunderson1, Börge Göbel1, Ingrid Mertig1, and Samir Lounis1
1Institute of Physics and Halle-Berlin-Regensburg Cluster of Excellence CCE,
Martin Luther University Halle-Wittenberg, 06120 Halle (Saale), Germany

Altermagnets combine compensated collinear magnetic order with momentum-dependent spin
splitting, promising spin-polarized currents without stray fields. In two-dimensional (2D) d-wave
altermagnets, however, this splitting changes sign between orthogonal directions and vanishes along
nodal ones, so the spin polarization of a current depends on its direction relative to the crystal
axes, and exploiting it requires currents aligned with specific crystallographic directions. Here we
show that rolling a d-wave altermagnet into a nanotube fixes this direction structurally: although
rolling removes the parent C4T symmetry, the inherited splitting survives through zone folding as
a selection rule set by the chiral angle. Tight-binding, symmetry, and first-principles analyses of
symmetric and Janus nanotubes show that antinodal nanotubes are spin split, whereas the nodal
nanotube remains exactly spin degenerate owing to a surviving mirror symmetry combined with
spin reversal. In V2O nanotubes, the ballistic transmission polarization decreases from 39% for the
antinodal nanotube to zero for the nodal one at comparable total transmission. Our results identify
nanotubes rolled from altermagnets as geometry-selected spin channels for nanoscale spintronics.

Altermagnets combine compensated collinear mag-
netic order with momentum-dependent spin splitting
whose sign alternates between symmetry-related regions
of the Brillouin zone [1–6]. Depending on crystal symme-
try, the momentum dependence of the spin splitting can
exhibit d-, g-, or higher-order wave symmetries [7, 8].
Experimental signatures of altermagnetic spin splitting
have been reported in MnTe, CrSb, and KV2Se2O [9–11].
The coexistence of momentum-dependent spin splitting
with compensated magnetic order makes altermagnets
attractive for spintronics, offering spin-polarized elec-
tronic responses without requiring a net magnetization
[12–14]. Low-dimensional systems are particularly ap-
pealing in this context because reduced dimensionality
and structural transformations can modify the crystalline
symmetries that govern altermagnetic spin splitting. A
growing family of two-dimensional (2D) altermagnets has
been predicted [15–24]. Among these systems, 2D d-
wave altermagnets are particularly relevant because their
spin splitting exhibits symmetry-defined nodal and antin-
odal directions. This anisotropy, however, also limits
how the spin splitting can be exploited in a flat layer.
The spin polarization of a longitudinal current depends
on its direction relative to the crystal axes: it is fi-
nite for currents along antinodal directions and vanishes
along nodal ones [12]. Using it therefore requires devices
whose current direction is aligned with specific crystal-
lographic axes, and any misalignment reduces the po-
larization. Cutting the layer into nanoribbons fixes the
current direction, but introduces edges that could break
the sublattice symmetries of the parent layer and could
host edge states. This raises the question of how the
characteristic spin splitting evolves when a parent 2D d-
wave altermagnet is transformed into a one-dimensional
structure without edges, and whether the resulting elec-
tronic states can support spin-polarized transport whose

polarization is fixed by the structure itself.

In square-lattice 2D d-wave altermagnets, the
opposite-spin magnetic sublattices are related by C4T
symmetry, which constrains the spin splitting to change
sign between two orthogonal antinodal directions, with
spin-degenerate nodal lines separating them. When a
structural transformation removes this C4T relation, the
symmetry classification of the parent 2D altermagnet
no longer directly applies. It is therefore not evident
whether the parent d-wave spin splitting must disappear
together with C4T , or whether its characteristic momen-
tum dependence can remain encoded in the electronic
structure of the resulting lower-dimensional system. Re-
solving this question is important for understanding how
altermagnetic spin splitting evolves when both dimen-
sionality and the symmetry of the parent system are al-
tered.

Nanotubes provide a natural setting for addressing this
problem. Rolling a 2D layer imposes periodic bound-
ary conditions around the circumference, quantizing the
circumferential momentum and converting the 2D elec-
tronic structure into one-dimensional (1D) subbands dis-
persing along the tube axis. In carbon nanotubes,
the wrapping geometry selects the allowed momentum-
space cuts and thereby determines whether a nanotube
is metallic or semiconducting [25, 26]. Nanotubes and
scrolls have also been realized from transition-metal
dichalcogenides and Janus layers [27–32]. For a 2D d-
wave altermagnet, this construction directly connects the
wrapping geometry to the momentum-dependent spin
splitting: the chiral angle, defined by the tube axis rela-
tive to an antinodal direction of the parent 2D layer, de-
termines how the quantized momentum-space cuts sam-
ple its nodal and antinodal directions. Unlike a flat layer
or a nanoribbon, a seamless nanotube fixes the trans-
port direction relative to the parent lattice through its
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FIG. 1. Zone folding of d-wave spin splitting into one-dimensional nanotube states. (a) Band structure of the parent
2D d-wave altermagnet along X–Γ–Y. (b) Momentum-resolved spin splitting ∆E(k) of the parent system, showing antinodal
regions with opposite signs of the spin splitting separated by symmetry-protected nodal lines. (c)–(e) Spin-resolved 1D band
structures of nanotubes with chiral angles θ = 0◦, 45◦, and 90◦, respectively. These three high-symmetry nanotubes are achiral.
The antinodal nanotubes at θ = 0◦ and 90◦ exhibit finite spin splitting with opposite signs for a given Néel vector, whereas
the complete spectrum of the nodal nanotube at θ = 45◦ is spin degenerate. (f) Spin-resolved energies of the k⊥ = 0 subband
at the 1D zone-boundary point Z as a function of chiral angle θ. The splitting evolves continuously between the two antinodal
limits, vanishes at the nodal limit, and reverses sign. For small k∥, Eq. (4) predicts a cos(2θ) dependence. At Z, the angular
dependence deviates from this form because the spin splitting is no longer linear in the d-wave form factor.

wrapping geometry and has no edges. At the same time,
rolling makes the axial and circumferential directions in-
equivalent and therefore removes the parent C4T symme-
try irrespective of the chiral angle. The nanotube geome-
try thus combines chiral-angle-dependent zone folding of
the parent d-wave electronic structure with the loss of the
symmetry that defines the parent altermagnetic state.

Here, we show that nanotubes rolled from 2D d-wave
altermagnets exhibit a chiral-angle-selected spin splitting
inherited from the parent d-wave electronic structure de-
spite the loss of C4T symmetry. A minimal tight-binding
model and symmetry analysis establish the selection rule:
nanotubes whose axes are aligned with an antinodal di-
rection are spin split, the two antinodal orientations be-
ing related by the parent C4T operation with the sublat-
tices interchanged, whereas the nodal nanotube remains
exactly spin degenerate and magnetically compensated
owing to a surviving mirror symmetry combined with
spin reversal. First-principles calculations for V2O and
three additional compounds, including two Janus sys-
tems, demonstrate that this behavior persists despite
structural changes induced by rolling and, in the antin-
odal nanotubes, sublattice moment imbalance. Com-
parison with the zone-folded electronic structure of the
parent 2D layer further shows that the chiral-angle de-
pendence of the spin splitting originates from the par-

ent d-wave electronic structure rather than from curva-
ture itself. Spin-resolved transport calculations reveal
the corresponding conduction signature: across the cal-
culated chiral angles, the transmission polarization de-
creases from 39% for the antinodal nanotube to zero
for the nodal nanotube, while the total transmission re-
mains comparable. Because the wrapping geometry fixes
the current direction, nanotubes rolled from the same
magnetic monolayer thus act as spin-polarizing or spin-
neutral conductors depending only on their chiral an-
gle. These results establish the chiral angle as a struc-
tural parameter that selects both spin splitting and spin-
polarized conduction in nanotubes rolled from 2D d-wave
altermagnets.

RESULTS

Zone folding of d-wave spin splitting

To separate geometrical and symmetry principles from
material-specific effects, we first consider a minimal two-
sublattice tight-binding model of a metallic d-wave alter-
magnet on a square lattice. Model parameters are given
in the Supplementary Information. The Bloch Hamilto-
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nian is

Hσ(k) = ε(k)τ0 + tAB(k)τx + [Jσ + λgd(k)] τz, (1)

where σ = ±1 is the spin index, τi are Pauli matrices in
sublattice space, ε(k) is the spin-independent dispersion,
tAB(k) the intersublattice hopping, J the staggered ex-
change field, and λ the strength of the d-wave term with
form factor

gd(k) = cos kx − cos ky. (2)

The resulting spin splitting has two orthogonal antinodal
directions with opposite signs, separated by nodal lines
kx = ±ky along which the bands are spin degenerate
[Figs. 1(a) and 1(b)].

Rolling the layer quantizes the circumferential momen-
tum. We define the chiral angle θ as the angle be-
tween the nanotube axis and an antinodal direction of
the parent layer, and introduce momenta k∥ along and
k⊥ around the tube. The circumferential component is
quantized, k⊥ = 2πn/C for circumference C and inte-
ger n, while k∥ remains continuous, as in the standard
nanotube zone-folding construction [25, 26]. Expanding
Eq. (2) around Γ in the rotated coordinates gives

gd ∝ cos(2θ)(k2∥ − k2⊥)− 2 sin(2θ)k∥k⊥. (3)

For the n = 0 subband (k⊥ = 0), the spin splitting there-
fore scales as

∆tube(θ) ∝ cos(2θ) k2∥, (4)

for small k∥, where the splitting is proportional to λgd.
It is largest in magnitude at θ = 0◦ and 90◦, vanishes at
θ = 45◦, and reverses sign between the two antinodal di-
rections. At larger k∥, the same qualitative behavior per-
sists, but the angular dependence departs from cos(2θ)
because the spin splitting is no longer linear in the d-
wave form factor [Fig. 1(f)]. For n ̸= 0, finite-k⊥ terms
in Eq. (3) contribute, and no universal cos(2θ) depen-
dence is expected.
The band structures for θ = 0◦, 45◦, and 90◦ are shown

in Figs. 1(c)–1(e). The two antinodal nanotubes are spin
split with opposite signs, whereas the nodal nanotube is
spin degenerate. The sign reversal between θ = 0◦ and
90◦ is required by symmetry: the parent C4T symmetry
operation maps the nanotube rolled along [10] onto that
rolled along [01] with the two sublattices interchanged,
so the two nanotubes have identical spectra with the spin
labels reversed. The sign of the splitting is therefore de-
fined relative to the Néel vector: reversing the Néel vec-
tor of the θ = 0◦ nanotube yields the spectrum of the
θ = 90◦ nanotube. The physically distinct cases selected
by the chiral angle are thus spin-split (antinodal) and
spin-degenerate (nodal) nanotubes. The limiting cases
are therefore the antinodal and nodal nanotubes, with
chiral nanotubes at intermediate chiral angles [Fig. 1(f)].

Zone folding also maps states from finite momenta
of the parent Brillouin zone onto the reduced 1D zone.
Spin-split states can therefore appear at the nanotube
zone center even though the parent Γ point is spin de-
generate by symmetry. This provides a way to distin-
guish effects already present through zone folding from
those introduced by curvature, by comparing the nan-
otube bands with those of corresponding unrolled rect-
angular supercells, as we do below.

Symmetry of the rolled structures

Rolling makes the axial and circumferential directions
inequivalent for every chiral angle. Consequently, the
C4T symmetry that relates the two sublattices of the
parent 2D layer does not survive rolling. The nanotubes
should therefore not, in general, be classified as alter-
magnets in the same symmetry sense as the parent layer.
Whether spin degeneracy is retained after rolling is in-
stead determined by the symmetries that remain in the
nanotube.
For the nodal nanotube (θ = 45◦), the axis lies along a

diagonal of the parent lattice. In the parent layer, a diag-
onal mirror exchanges the two opposite-spin sublattices
and therefore enters the spin group in combination with
spin reversal. After rolling, this mirror becomes a verti-
cal mirror plane containing the nanotube axis. Because
this mirror plane also contains the radial direction, the
inequivalence of the inner and outer sides of the nanotube
does not break the mirror symmetry. The same remains
true for the out-of-plane structural asymmetry of a Janus
layer. The combined operation leaves k∥ unchanged, re-
verses the circumferential angular momentum n → −n,
and reverses spin. It therefore pairs (n, ↑) with (−n, ↓)
at every k∥. Thus, an individual n ̸= 0 subband need not
be spin degenerate. Nevertheless, the complete spectrum
is spin degenerate at each k∥, since En↑(k∥) = E−n↓(k∥).
The same symmetry keeps the two magnetic sublattices
equivalent, so the nodal nanotube is magnetically com-
pensated. Since the nanotube has no edges, this protec-
tion holds for the entire conductor, whereas in a nanorib-
bon cut along the nodal direction the edges could break
the sublattice-exchanging mirror.
For the antinodal nanotube (θ = 0◦), the correspond-

ing vertical mirror maps each sublattice onto itself and
does not involve spin reversal. Thus, unlike in the nodal
nanotube, no surviving symmetry exchanges the two sub-
lattices. Their local environments become inequivalent
after rolling: the anisotropic bonds of one sublattice lie
along the tube axis, whereas those of the other lie around
the circumference. Consequently, spin splitting is sym-
metry allowed, and the two sublattices are not required
to have equal magnetic moments. Generic chiral nan-
otubes likewise allow spin splitting because they lack the
corresponding vertical mirror symmetry. These symme-
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FIG. 2. Atomistic realization of nanotubes rolled from a 2D d-wave altermagnet. (a) Checkerboard 2D V2O with
opposite-spin V sublattices and high-symmetry crystallographic directions [10], [11], and [01]. (b) Representative achiral V2O
nanotubes with chiral angles θ = 0◦, 45◦, and 90◦, defined by the orientation of the nanotube axis relative to an antinodal
direction of the parent layer. The θ = 0◦ and 90◦ nanotubes are antinodal, whereas the θ = 45◦ nanotube is nodal.

try arguments explain why spin degeneracy and magnetic
compensation are protected in the nodal nanotube but
not in the antinodal nanotubes considered below.

First-principles realization in V2O nanotubes

We next test the model and symmetry predictions us-
ing checkerboard V2O as a minimal first-principles real-
ization. Its square-lattice magnetic structure exhibits the
dx2−y2 spin splitting of the model. Figure 2(a) shows the
parent layer with the antinodal [10] and [01] directions
and the nodal [11] direction, while Fig. 2(b) shows the
corresponding achiral nanotubes with θ = 0◦, 45◦, and
90◦. The parent band structure [Fig. 3(a)] exhibits spin
splitting that reverses sign between X–Γ and Γ–Y and
vanishes at Γ, consistent with the dx2−y2 pattern of the
model.
To separate zone folding from curvature, we compare

the nanotube electronic structure with that of the corre-
sponding unrolled rectangular supercell. For the θ = 0◦

nanotube, this is a 1× 18 supercell whose Γ–X direction
becomes the nanotube axis [Fig. 3(b)]. Its folded bands
already show spin-split states at the supercell zone center.
The nanotube bands for θ = 0◦, 45◦, and 90◦ [Figs. 3(c)–
3(e)] reproduce the selection rule of the model: the two
antinodal nanotubes are spin split with opposite signs
along Γ–Z, whereas the complete spectrum of the nodal
nanotube is spin degenerate. The close correspondence
between the θ = 0◦ nanotube and the unrolled super-
cell (see also Fig. S1 of the Supplementary Information)
shows that the spin splitting is already encoded in the
zone-folded electronic structure of the parent 2D layer.
Curvature and structural relaxation modify the bands
quantitatively but are not required for the characteristic
spin splitting.
The V2O nanotubes remain nearly magnetically com-

pensated after rolling. For the θ = 0◦ nanotube with
R = 11.04 Å, the two V sublattices carry +2.63 µB and
−2.61 µB , corresponding to a residual magnetic moment
∆M = |M1+M2| ≃ 0.02 µB , with negligible O moments.
As discussed above, such a sublattice moment imbalance
is symmetry allowed for the antinodal nanotube, where
no symmetry operation relates the two sublattices.

Chiral-angle-selected spin-polarized transmission

A spin-split band structure does not by itself determine
the spin polarization of a current, which is governed by
the propagating states at a given energy. We therefore
calculate the spin-resolved ballistic transmission Tσ(E)
along the axes of periodic V2O nanotubes with θ = 0◦,
≃ 18◦, ≃ 27◦, and 45◦. Here, Tσ(E) counts the propagat-
ing spin-σ modes at energy E. The intermediate-angle
nanotubes are chiral and track the evolution between the
antinodal and nodal limits.
For the antinodal θ = 0◦ nanotube [Fig. 4(a)], the

spin channels are strongly imbalanced at the Fermi level,
with T↑(EF ) = 52 and T↓(EF ) = 23 (T = 75). For θ ≃
18◦ and ≃ 27◦, the corresponding values are (46, 28) and
(42, 28), with T = 74 and 70 [Figs. 4(b) and 4(c)]. For the
nodal θ = 45◦ nanotube, T↑(EF ) = T↓(EF ) = 35 (T =
70) [Fig. 4(d)]. Defining the transmission polarization as

PT (E) =
T↑(E)− T↓(E)

T↑(E) + T↓(E)
, (5)

we find that PT (EF ) decreases from 38.7% at θ = 0◦

to 24.3% and 20.0% for the two chiral nanotubes and
vanishes at θ = 45◦, while the total transmission changes
by less than 10%. For the nodal nanotube, the mirror
operation discussed above pairs each spin-up propagating
mode with a spin-down propagating mode at the same
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FIG. 3. Zone folding and spin splitting in V2O nanotubes. (a) Spin-resolved band structure of primitive-cell 2D V2O
along X–Γ–Y. (b) Band structure of a 1 × 18 unrolled rectangular V2O supercell along Γ–X, showing the folded electronic
structure prior to rolling. (c)–(e) Spin-resolved band structures of the achiral V2O nanotubes with chiral angles θ = 0◦, 45◦,
and 90◦, respectively, calculated along the nanotube axis (Γ–Z). The two antinodal nanotubes exhibit finite spin splitting with
opposite signs for a given Néel vector, consistent with the parent C4T symmetry relation between the [10] and [01] directions,
whereas the complete spectrum of the nodal nanotube remains spin degenerate.

energy, so T↑(E) = T↓(E) holds at all energies, not only
at the Fermi level.
The transmission polarization does not follow the

cos(2θ) dependence of the n = 0 subband because Tσ(E)
collects contributions from many subbands with different
dispersions. Moreover, commensurate nanotubes with
different chiral angles differ slightly in radius and unit
cell, so the small variation of the total transmission can-
not be attributed uniquely to θ. Across the calculated
chiral angles, the spin-channel imbalance decreases from
T↑ − T↓ = 29 at θ = 0◦ to zero at θ = 45◦, while the
total transmission remains comparable. In the parent
2D layer, the antinodal and nodal directions are already
distinguished by spin-polarized and spin-unpolarized lon-
gitudinal conduction, respectively [12]. There, however,
this distinction must be imposed by the device geometry,
by aligning the current with a crystallographic direction.
In a nanotube, the current direction relative to the par-
ent lattice is fixed by the wrapping geometry, so the chi-
ral angle selects the spin polarization of the conducting
channels, which thus becomes a property of the structure
rather than of the device layout.
To illustrate the corresponding current response,

Figs. 4(e)–4(h) show the spectral currents

Iσ(E) =
e

h
Tσ(E) [fR(E)− fL(E)] , (6)

evaluated with electrochemical potentials EF,L =
−0.2 eV and EF,R = +0.2 eV relative to the equilib-
rium Fermi level, corresponding to an electrochemical-
potential difference of 0.4 eV, while the zero-bias trans-
mission is held fixed. The charge spectral current Ich =
I↑ + I↓ remains comparable across the calculated chi-
ral angles, whereas the spin-channel spectral current
Isp = I↑ − I↓ decreases toward the nodal limit and van-

ishes at θ = 45◦. Because the transmission is not re-
calculated self-consistently at finite bias, these spectral
currents represent a fixed zero-bias transmission approx-
imation rather than a self-consistent finite-bias transport
calculation.

Robustness across material realizations

To test whether the selection rule extends beyond V2O,
we consider three additional material realizations with
different chemical and structural environments: V2OSe2,
a symmetric monolayer; V2OSeTe, a Janus monolayer
with out-of-plane structural asymmetry; and Fe2SSe, a
Janus monolayer that develops a substantially larger sub-
lattice moment imbalance upon rolling. The V2X2O fam-
ily is closely related to the experimentally realized lay-
ered altermagnets KV2Se2O and RbV2Te2O [11, 33, 34].
Further candidate parent monolayers identified in recent
computational searches [35, 36] are listed in Table S1 of
the Supplementary Information. These materials define
a broader candidate space but are not considered here as
validated nanotube realizations.
Rolling introduces an inequivalence between the inner

and outer sides of a nanotube and can modify local bond-
ing, hybridization, and magnetic moments. To examine
how these effects depend on tube radius, we considered
θ = 0◦ nanotubes with radii of approximately 5, 10, and
15 Å for each material (Table S2 of the Supplementary In-
formation). For V2OSe2, the residual magnetic moment
∆M = |M1+M2| decreases from 0.15 to 0.04 and 0.02 µB

with increasing radius. The Janus V2OSeTe nanotubes
show larger values of 0.35, 0.15, and 0.10 µB , whereas
Fe2SSe reaches 0.69 µB at the smallest radius and de-
creases to 0.42 and 0.26 µB at the larger radii. The sys-
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FIG. 4. Chiral-angle-selected spin-polarized transmission in V2O nanotubes. (a)–(d) Zero-bias spin-resolved ballistic
transmission spectra for nanotubes with chiral angles θ = 0◦, ≃ 18◦, ≃ 27◦, and 45◦, respectively. The θ = 0◦ and 45◦

nanotubes are achiral, whereas the intermediate-angle nanotubes are chiral. The total transmission and the spin-up and spin-
down contributions are shown as functions of energy, with the equilibrium Fermi level set to zero. Across the calculated
chiral angles, the transmission polarization decreases toward the nodal limit and vanishes for the θ = 45◦ nanotube, where
T↑(E) = T↓(E) at all energies by symmetry. (e)–(h) Energy-resolved spectral currents evaluated from the corresponding zero-
bias transmission spectra with electrochemical potentials EF,L = −0.2 eV and EF,R = +0.2 eV relative to the equilibrium
Fermi level, corresponding to a 0.4 eV electrochemical-potential difference. The charge and spin-channel spectral currents are
defined as Ich = I↑+I↓ and Isp = I↑−I↓, respectively. The charge spectral current remains of comparable magnitude across the
calculated chiral angles, whereas the spin-channel spectral current decreases toward the nodal limit and vanishes at θ = 45◦.

tematic reduction of ∆M with increasing radius is consis-
tent with the weakening of curvature-induced inner–outer
inequivalence.

Despite these material-dependent differences, the char-
acteristic antinodal–nodal distinction remains robust
(Fig. S2 of the Supplementary Information). For
V2OSeTe, the θ = 0◦ nanotube exhibits finite spin split-
ting and closely follows the zone-folded bands of the
corresponding unrolled supercell, whereas the complete
spectrum of the θ = 45◦ nanotube remains spin degen-
erate. Fe2SSe exhibits larger quantitative deviations be-
tween the nanotube and unrolled-supercell bands, consis-
tent with its stronger structural and magnetic response
to rolling, but retains the same qualitative distinction be-
tween the antinodal and nodal nanotubes. These results
are consistent with the symmetry analysis: structural
changes induced by rolling, out-of-plane Janus asymme-
try, and sublattice moment imbalance can modify the
electronic structure and the magnitude of the spin split-
ting in the antinodal nanotubes, whereas the nodal spin
degeneracy remains protected as long as the sublattice-
exchanging mirror symmetry combined with spin reversal

is preserved.

DISCUSSION

Our results separate two properties that coincide in the
parent 2D altermagnet: the symmetry that defines the
altermagnetic state and the momentum-dependent spin
splitting it produces. Rolling removes the C4T symmetry
for every chiral angle, so the nanotubes are not altermag-
nets in the same symmetry-classification sense as their
parent 2D layer. Nevertheless, the underlying magnetic
order and exchange splitting persist after rolling, while
zone folding carries the momentum dependence of the
parent d-wave spin splitting into the 1D electronic struc-
ture. How this splitting appears in the nanotube spec-
trum is then selected by the chiral angle and constrained
by the symmetries that remain after rolling. The antin-
odal nanotubes exhibit spin splitting, with opposite signs
for the two antinodal orientations at a fixed Néel vec-
tor, while generic chiral nanotubes lack the correspond-
ing vertical mirror symmetry and therefore allow spin
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splitting. In contrast, the nodal nanotube remains spin
degenerate because a sublattice-exchanging mirror com-
bined with spin reversal survives rolling. The same sym-
metry keeps the two magnetic sublattices equivalent and
therefore enforces magnetic compensation in the nodal
nanotube, whereas no corresponding constraint exists
for the antinodal nanotubes, allowing curvature-induced
sublattice moment imbalance. Similar principles may
apply to nanoscrolls, curved ribbons, and other quasi-
1D structures formed from anisotropic magnetic layers,
where structural transformations modify the symmetries
and electronic structure inherited from the parent layer.

The transport results show that the inherited spin
splitting is reflected in the propagating channels. Nan-
otubes rolled from the same magnetic monolayer can ex-
hibit spin-polarized or spin-unpolarized ballistic conduc-
tion depending on their chiral angle, while retaining com-
parable total transmission. In particular, symmetry en-
forces equal transmission in the two spin channels for the
nodal nanotube, whereas the calculated antinodal nan-
otube exhibits a transmission polarization of 38.7% at
the Fermi level. These results demonstrate that the chi-
ral angle can select the transmission polarization of nan-
otubes rolled from the same parent 2D altermagnet, while
substantial transmission polarization can coexist with a
small residual magnetic moment. This is the main practi-
cal difference from the parent layer. In a flat d-wave alter-
magnet, the spin polarization of the current is selected by
the direction in which the current is driven, so it depends
on the device layout and is reduced by any misalignment.
In a nanotube, the wrapping geometry fixes the current
direction relative to the parent lattice, the conductor has
no edges, and the nodal case is protected by symmetry.
Spin-polarized and spin-neutral conduction then become
properties of the conductor itself, identifying nanotubes
rolled from altermagnets as geometry-selected spin chan-
nels for nanoscale spintronics.

The implications for spintronic applications should be
considered within the scope of the present calculations.
The behavior demonstrated here is confirmed for several
structurally distinct nanotube realizations, whereas the
broader set of 2D altermagnets identified in the Supple-
mentary Information should be regarded as a candidate
space rather than as validated nanotube systems; the
stability, magnetic configuration, and electronic struc-
ture of each rolled material must be established individ-
ually. Likewise, the transport calculations describe zero-
bias ballistic transmission and spectral currents evalu-
ated within a fixed zero-bias transmission approximation,
rather than a self-consistent finite-bias transport calcu-
lation. Contacts, disorder, defects, finite-temperature ef-
fects, and scattering may modify the transmission polar-
ization in realistic devices, and explicit device-level cal-
culations will be required to assess potential spintronic
functionalities.

Note added. After the original submission of this

manuscript, we became aware of an independent work,
posted around the same time, on spin-dependent phe-
nomena in nanotubes rolled from two-dimensional alter-
magnets, including spin filtering and persistent spin cur-
rents [37]. Subsequently, a related preprint appeared on
p-wave magnetism in chiral nanotubes [38].

METHODS

Tight-binding calculations

Nanotube states of the model in Eq. (1) were obtained
by rotating the momentum coordinates according to the
chiral angle θ and imposing periodic boundary conditions
around the circumference. This quantizes the circumfer-
ential momentum k⊥, while k∥ remains continuous along
the nanotube axis, yielding the 1D zone-folded subbands.
Model parameters and further numerical details are pro-
vided in the Supplementary Information.

First-principles calculations

First-principles calculations were performed within
density-functional theory using the generalized gradient
approximation in the Perdew–Burke–Ernzerhof (PBE)
parametrization, as implemented in QuantumATK,
with norm-conserving PseudoDojo pseudopotentials and
localized atomic-orbital basis sets [39–41]. All calcu-
lations were collinear and performed without spin–orbit
coupling. Atomic structures were relaxed until the resid-
ual forces were below 0.01 eV/Å. A vacuum region of
more than 20 Å was used to separate periodic images
in the nonperiodic directions. Brillouin-zone sampling
employed 20 × 20 × 1 Monkhorst–Pack meshes for the
monolayers and at least 20 k points along the periodic
nanotube axis. Nanotubes were constructed from com-
mensurate supercells of the parent monolayers for the
corresponding chiral angles. Construction details and
additional computational parameters are provided in the
Supplementary Information.

Spin-resolved transmission

Spin-resolved ballistic transmission spectra were calcu-
lated with QuantumATK for periodic nanotubes, with
transport along the nanotube axis and no separate scat-
tering region. In this periodic geometry, Tσ(E) counts
the number of propagating spin-σ modes at energy E. All
transmission spectra were calculated at zero bias. The
spectral currents shown in Figs. 4(e)–4(h) were evalu-
ated from Eq. (6) using the zero-bias transmission spec-
tra and electrochemical potentials EF,L = −0.2 eV and
EF,R = +0.2 eV relative to the equilibrium Fermi level,



8

corresponding to an electrochemical-potential difference
of 0.4 eV. The transmission spectra were held fixed and
were not recalculated self-consistently at finite bias.
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[2] L. Šmejkal, R. González-Hernández, T. Jungwirth, and
J. Sinova, Crystal time-reversal symmetry breaking and
spontaneous hall effect in collinear antiferromagnets, Sci-
ence Advances 6, eaaz8809 (2020).
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