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The in-plane anomalous Hall effect (IPAHE), driven by an in-plane net magnetization or an ap-
plied magnetic field, challenges the conventional anomalous Hall paradigm. Despite growing interest,
a unified symmetry principle governing these phenomena has remained elusive. Here, we establish a
comprehensive symmetry framework that bridges the spin space group, which dictates the magnetic
geometry, with the magnetic space group, which governs the anomalous Hall response. We show
that spontaneous IPAHE can emerge in ferromagnets when spin-orbit-coupling-induced spin-group
symmetry breaking permits additional net magnetization directions. For field-induced IPAHE, we
analyze how an applied magnetic field reduces the symmetries of all 122 magnetic point groups and
identify 54 groups that support IPAHE. Our framework naturally predicts IPAHE in a broad class of
unconventional magnets, including altermagnets and odd-parity magnets. In particular, symmetry
analysis reveals characteristic one-, two-, or three-fold angular harmonics of the Hall conductance
under an in-plane rotating field, providing a symmetry-resolved fingerprint for unconventional mag-
netism. Using this framework, we screen the MAGNDATA database and identify candidate materi-
als supporting spontaneous or field-induced IPAHE, encompassing ferromagnets, antiferromagnets,
and unconventional magnets. Finally, we validate the symmetry predictions through first-principles
calculations for two representative materials.

Introduction—Hall effects are fundamental to con-
densed matter physics [1–3]. The Hall response is de-
scribed by the Hall vector σH, which relates the Hall
current JH to the electric field E through JH = E×σH.
Conventionally, the anomalous Hall (AH) effect is un-
derstood as σH being proportional to the magnetization
M , and the AH current is orthogonal to both E and M
[1]. Recent advances have revealed the in-plane anoma-
lous Hall effect (IPAHE), which challenges this paradigm
and appears in two forms: spontaneous and field-induced
IPAHE. The former occurs in ferromagnets where M lies
in the current plane but σH is not collinear with M [4–
11]. The latter arises when an in-plane magnetic field
induces an AH response orthogonal to the field, as pro-
posed theoretically [12–22] and demonstrated experimen-
tally in nonmagnetic, antiferromagnetic, and ferromag-
netic materials [23–29]. Despite this rapid progress, a
unified symmetry framework for predicting and explain-
ing both spontaneous and field-induced IPAHE phenom-
ena across all magnetic phases remains elusive.

In this Letter, we fill this gap by establishing a unified
symmetry framework connecting the magnetic geometry
of a material to its AH response [Fig. 1(a)]. The key in-
sight is that these two aspects are governed by distinct
but related symmetry structures. The magnetic geome-
try is described by the spin space group (SSG) [30–34],
where spin and spatial degrees of freedom are decoupled.
Its spin operations form a point group Ps, whose polar-
ization space Vs determines the net magnetization direc-
tions. In contrast, in the presence of spin-orbit coupling
(SOC), the AH response is governed by the magnetic
point group (MPG). Its spin operations form a point
group Pm, whose polarization space Vm determines the
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FIG. 1. Unified symmetry framework for IPAHE. (a)
Schematic overview of the symmetry hierarchy. (b) Spon-
taneous IPAHE: the point group Ps (from SSG Gs) and
the point group Pm (from MSG Gm) define spin polar-
ization spaces Vs and Vm, respectively, with SOC mediat-
ing the symmetry reduction. Spontaneous IPAHE requires
dim(Vs) < dim(Vm). (c) Field-induced IPAHE: a magnetic
field along d lowers the symmetry toG′

m, yielding V ′
s = Vm+d

and V ′
m. Field-induced IPAHE requires dim(V ′

s) < dim(V ′
m).

allowed directions of σH. We prove the subspace rela-
tion Vs ⊆ Vm, which guarantees that a ferromagnetic
moment along a polar direction permits a collinear AH
response. Spontaneous IPAHE thus arises from SOC-
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induced spin-group symmetry breaking: when SOC low-
ers the symmetry such that dim(Vs) < dim(Vm), σH can
acquire components perpendicular to the magnetization
[Fig. 1(b)].

Extending this framework to field-induced IPAHE, we
analyze how an applied magnetic field along direction
d lowers the symmetry of an MPG Gm with an al-
lowed net magnetization space Vm. The field reduces the
MPG to G′

m, defining a constrained polarization space
V ′
s = Vm + d and activating a corresponding Hall re-

sponse space V ′
m. The condition dim(V ′

s) < dim(V ′
m)

then dictates the symmetry allowance of field-induced
IPAHE [Fig. 1(c)]. Applying this symmetry condition
to all 122 MPGs, we identify 54 groups—including 14
ferromagnetic MPGs—that permit field-induced IPAHE
[Table I]. Moreover, a further symmetry analysis reveals
that the resulting Hall conductance exhibits characteris-
tic one-, two-, or three-fold harmonic dependences on the
direction angle ϕ of the in-plane magnetic field [Table II].
These angular signatures provide direct, experimentally
testable consequences of the underlying magnetic sym-
metry.

Guided by these symmetry principles, we system-
atically screen the MAGNDATA database to identify
candidate materials encompassing ferromagnets, antifer-
romagnets, and unconventional magnets which exhibit
non-relativistic spin splitting in symmetry-compensated
systems [35–39]. Finally, we validate our predictions
through first-principles calculations for the ferromagnet
Ca2NiOsO6 and the altermagnet RuO2, confirming spon-
taneous and field-induced IPAHE, respectively [Fig. 2].
Our work provides a definitive theoretical roadmap for
the discovery of unconventional Hall materials.

Spontaneous IPAHE—The magnetic geometry of a
material is fundamentally described by its SSG, as de-
tailed in the Supplemental Materials [40]. A general SSG
operation is denoted by gs = {U ||R}, where R and U act
separately on the spatial and spin degrees of freedom, re-
spectively. The set of all spin operations {U} in an SSG
forms a point group Ps, a finite subgroup of O(3). A
net magnetization M is allowed if and only if Ps is polar
[34], and its allowed polarization direction space can be
expressed as

Vs =
⋂

U∈Ps

ker(U − I), (1)

where I is the 3 × 3 identity matrix, and ker(U − I) de-
notes the null space of the matrix (U − I), representing
the spin directions invariant under the operation U . For
a ferromagnet, this invariant subspace is nontrivial, sat-
isfying 1 ≤ dim(Vs) ≤ 3. Physically, the direction of the
net magnetization M is strictly confined to Vs.
When SOC is activated, the spin and spatial degrees

of freedom are coupled, and the AH response is governed
by the corresponding MPG. A general MPG operation
takes the form gm = (R, η), where R is a real-space

point-group operation, and η = +1 (−1) corresponds to
a unitary (antiunitary, i.e., combined with time reversal
T ) operation. The Hall vector σH is an axial vector and
transforms under gm as AσH with A = η det(R)R. The
set of matrices {A} derived from an MPG forms a point
group Pm, representing the spin operations of the MPG.
Analogous to the magnetization case, the symmetry-
allowed directions of σH constitute the polarization space
of Pm,

Vm =
⋂

A∈Pm

ker(A− I). (2)

Physically, the direction of σH is strictly confined to Vm.
Because the MSG is a subgroup of the SSG [34], its

spin-space representation satisfies Pm ⊆ Ps. Conse-
quently, any vector v ∈ Vs remains invariant under all
operations in Pm, yielding a fundamental subspace rela-
tion:

Vs ⊆ Vm. (3)

Physically, this guarantees that a ferromagnetic moment
along v ∈ Vs necessarily permits a collinear AH response,
namely σH · v ̸= 0. Since SOC lowers the symmetry
from the spin group to the magnetic group, it relaxes
the symmetry constraints, potentially enlarging the AH
response space Vm relative to the magnetization space
Vs. Therefore, spontaneous IPAHE can emerge from this
symmetry mismatch when

Vs ⊊ Vm [dim(Vm) > dim(Vs) > 0] . (4)

This condition allows σH to acquire components perpen-
dicular to the net magnetization, namely σH ×M ̸= 0.
Applying this framework to ferromagnets, we find that

the subspace relation guarantees dim(Vm) ≥ dim(Vs) ≥
1. Therefore, spontaneous IPAHE requires dim(Vm) ≥
2 and dim(Vm) > dim(Vs). Evaluating Vm for all 31
ferromagnetic MPGs reveals three cases:

• 1D Vm (26 groups): The AH vector σH is strictly
collinear with M , yielding only the conventional
AH effect.

• 2D Vm (3 groups: 2′, m′, 2′/m′): Vm spans a plane.
If dim(Vs) = 1 (e.g., in group 2′, Vs is the x-axis
while Vm is the x-z plane), a magnetization along
x̂ permits an AH response spanning both x̂ and ẑ,
realizing IPAHE. If dim(Vs) = 2, only the conven-
tional AH effect occurs.

• 3D Vm (2 groups: 1, 1̄): Vm = R3. IPAHE can
emerge if dim(Vs) < 3. If dim(Vs) = 3, only the
conventional AH effect occurs.

This classification provides a definitive design principle:
materials in the 2′, m′, 2′/m′, 1, or 1̄ point groups exhibit
spontaneous IPAHE provided that dim(Vs) < dim(Vm).
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TABLE I. Spontaneous and field-induced IPAHE in magnetic materials. Among the 122 MPGs, 5 and 54 can support sponta-
neous and field-induced IPAHE, respectively. They are classified into ferromagnetic and non-ferromagnetic point group cases,
describing various magnetic phases. The last column presents the number of candidate materials identified from the MAGN-
DATA database.

IPAHE MPG class MPGs Phases Materials

Spontaneous Ferromagnetic 2′, m′, 2′/m′, 1, 1̄ Ferromagnets 33

Field-induced
Ferromagnetic

2, m, 2/m, 4, 4̄, 4/m, 3, 3̄, 6, 6̄, 6/m,
32′, 3m′, 3̄m′

Ferromagnets,
spin-orbital magnetism

131

Non-ferromagnetic

32, 3m, 3̄m, 1.1′, 1.1̄′, 1′, 2.1′, m.1′,
2/m.1′, 4.1′, 4̄.1′, 4/m.1′, 3.1′, 3̄.1′, 32.1′, 3m.1′,

6.1′, 6̄.1′, 6/m.1′, 2′/m, 2/m′, 4′, 4̄′, 4′/m,
4/m′, 4′m′m, 4̄′2′m, 4′/mm′m, 3′, 3̄′, 3̄′m, 3̄′m′,

6′/m, 6/m′, 6′/m′, 6′22′, 6′mm′, 6̄′m2′, 6′/m′mm′, 6̄′m′2

Antiferromagnets,
unconventional magnets

482

Remarkably, our framework naturally unifies the recently
proposed spin-orbital magnetism [34, 40], in which the
net magnetization vanishes (M = 0) under the SSG but
remains finite under the MPG. In our framework, this
corresponds to dim(Vs) = 0 with dim(Vm) ≥ 1, thereby
enabling AH effects in antiferromagnets.

Field-Induced IPAHE—We now consider IPAHE in-
duced by an external field B ∥ d in a system with an
initial MPG Gm. As an axial vector, B breaks time-
reversal symmetry and lowers spatial symmetry, preserv-
ing only operations that leaveB invariant. The surviving
operations form the group

Sd = {I, Cnd,md,m
′
p, C

′
2p}, (5)

where I is inversion, Cnd is the n-fold rotation about
d, and md is the mirror plane perpendicular to d. m′

p

and C ′
2p denote the antiunitary operations that combine

time reversal with a mirror plane perpendicular to p and
the twofold rotation about p (p ⊥ d), respectively. The
field-lowered MPG is the intersection of Gm and Sd:

G′
m = Gm ∩ Sd, (6)

which is the maximal common subgroup of Gm and Sd.
This symmetry reduction establishes the condition

for field-induced IPAHE. The constrained polarization
space, combining the initially allowed AH response space
Vm with the field direction d, is V ′

s = Vm + d, with di-
mension dim(V ′

s) = dim(Vm)+α (α = 1 if d /∈ Vm, and 0
otherwise). The field-lowered MPG G′

m defines the new
AH response space V ′

m. Similarly, we have V ′

s ⊆ V ′

m [40]
and field-induced IPAHE requires a strict dimensional
mismatch:

dim(V ′
m) > dim(V ′

s). (7)

When this inequality is satisfied, there exist elements in
V ′
m orthogonal to both the initially allowed Hall response

directions and d, thereby allowing a field-induced Hall
response orthogonal to the applied field B.

We apply our framework to all 122 MPGs—32 color-
less, 32 gray, and 58 black-and-white—to identify those

capable of hosting field-induced IPAHE. For each MPG
Gm, we consider magnetic fields along the three orthog-
onal axes of the conventional Cartesian coordinate sys-
tem, evaluating the surviving operations that form G′

m,
as detailed in the SMs [40]. By comparing Gm and G′

m,
we obtain dim(V ′

m) and dim(V ′
s), allowing us to iden-

tify the MPGs that can support field-induced IPAHE
[40]. Specifically, we find that 14 of the 31 ferromag-
netic MPGs and 40 of the 91 non-ferromagnetic MPGs
can support IPAHE. These 40 non-ferromagnetic MPGs
include 16 gray groups describing nonmagnetic materials
[17]. In total, 54 MPGs can host field-induced IPAHE, as
summarized in Table I. In the SMs, we list the symmetry-
allowed σH under Gm and G′

m, respectively, for each di-
rection of the magnetic field [40].

Remarkably, while our preceding analysis of field-
induced IPAHE is rooted in MPGs, integrating the
SSG significantly enriches the magnetic phases that can
support field-induced IPAHE. Within the SSG frame-
work, unconventional magnets—which exhibit spin split-
ting while retaining an antiferromagnetic geometry—can
emerge. These unconventional magnetic materials can
host field-induced IPAHE as long as their corresponding
MPGs belong to those listed in Table I. This scenario is
realized in two distinct cases. The first involves uncon-
ventional magnets described by the ferromagnetic point
groups listed in Table I, which fall into the category of
spin-orbital magnetism [34]. The second involves uncon-
ventional magnets described by the non-ferromagnetic
point groups listed in Table I, which lack space-time-
reversal (PT ) symmetry. Consequently, our framework
not only unifies previously studied field-induced IPAHE
in nonmagnetic [13, 17], ferromagnetic [5], and antifer-
romagnetic materials [20], but also predicts a broader
family of unconventional magnets—including altermag-
nets, odd-parity magnets, and hybrid-parity magnets—
that realize IPAHE [35–39]. The MPGs for these phases
are summarized in Table I.

Field dependence of IPAHE—For the field-induced
IPAHE, the Hall conductance depends on the direction of
the applied magnetic field. When the field rotates within
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TABLE II. Leading angular dependences of the field-induced
Hall conductance σxy(ϕ), classified by crystal system, for the
28 MPGs among the 54 IPAHE-supporting MPGs that can
host a z-component Hall response under an in-plane magnetic
field.

Crystal system Magnetic point groups σxy(ϕ)

Triclinic 1.1′, 1̄.1′, 1̄′ a1 cosϕ+ b1 sinϕ

Monoclinic
2, 2.1′, m, m.1′,
2/m, 2/m.1′, 2′/m, 2/m′ a1 cosϕ

Tetragonal
4′, 4̄′, 4′/m a2 cos 2ϕ+ b2 sin 2ϕ

4′m′m, 4̄′2′m, 4′/mm′m a2 cos 2ϕ

Trigonal
3.1′, 3̄.1′, 3̄′ a3 cos 3ϕ+ b3 sin 3ϕ

32, 32.1′, 3m, 3m.1′,
3̄m, 3̄m.1′, 3̄′m, 3̄′m′ b3 sin 3ϕ

the xy plane, B(ϕ) = B(cosϕ x̂ + sinϕ ŷ) with ϕ being
the angle betweenB and the x axis, the Hall conductance
σxy can generally be expanded as

σxy(ϕ) =

∞∑
n=1

[
an cos(nϕ) + bn sin(nϕ)

]
. (8)

where we have fixed the magnitude of B. Remarkably,
the leading harmonic of σxy(ϕ) is completely determined
by the MPG Gm. A symmetry operation gm that keeps
the xy plane invariant maps the field angle ϕ to ϕg and
imposes the constraint [40]

σxy(ϕg) = ξ σxy(ϕ), (9)

where ξ = (−1)η det(R)(R)zz = ±1.
Applying Eq. (9) to the 28 MPGs that can host a z-

component Hall response induced by rotating the mag-
netic field within the xy plane, the leading angular depen-
dence fall into the six symmetry classes summarized in
Table II. The one-fold, two-fold, and three-fold harmonics
originate from the monoclinic/triclinic, tetragonal, and
trigonal symmetry constraints, respectively. Such field-
angle-dependent Hall responses have been experimentally
observed in EuCd2Sb2 [24] and Fe3Sn [28]. The complete
symmetry analysis and the corresponding results for the
other rotation planes are given in the SMs [40].

Candidate materials and first-principles calculations—
Based on the established symmetry framework, we screen
the MAGNDATA database [41] and identify 33 candi-
date ferromagnets that can host spontaneous IPAHE,
as detailed in the SMs [40]. For the field-induced case,
78 candidate ferromagnets are found to support IPAHE.
Furthermore, 53 candidate spin-orbital magnets, catego-
rized as unconventional magnets, are also predicted to
exhibit field-induced IPAHE. In total, 131 materials de-
scribed by ferromagnetic point groups can realize field-
induced IPAHE. Turning to materials characterized by
non-ferromagnetic point groups, we identify 482 candi-
date materials capable of hosting field-induced IPAHE,

among which 55 are altermagnets or odd-parity magnets
[40]. A summary of the candidate material counts is pre-
sented in Table I.

To validate the established symmetry framework,
we study the spontaneous IPAHE in the ferro-
magnet Ca2NiOsO6 using first-principles calculations.
Ca2NiOsO6 belongs to the monoclinic crystal system
with MPG 2′/m′ and hosts a collinear magnetic order
along the x direction [Fig. 2(a)]. Within our symmetry
framework, dim(Vs) = 1 and dim(Vm) = 2, satisfying
the condition for spontaneous IPAHE and allowing σH

to lie in the x− z plane with a component perpendicular
to M . First-principles calculations confirm these sym-
metry predictions. The electronic band structure shown
in Fig. 2(b) exhibits a metallic state. The momentum-
space Berry curvature distribution Ωy in the kz = 0
plane is shown in Fig. 2(c), which respects the symmetry
constraint imposed by the C2yT operation. The energy-
dependent anomalous Hall conductivity in Fig. 2(d) re-
veals that both the σxy and σyz components are signif-
icantly nonzero near the Fermi level. This indicates an
in-plane Hall response orthogonal to the magnetization
direction.

We turn to the field-induced IPAHE realized in the
candidate altermagnet RuO2. RuO2 crystallizes in a
tetragonal rutile structure and is described by the MPG
4′/mm′m. Its ground state adopts a collinear Néel-type
spin arrangement [Fig. 2(e)], and AH effects are forbid-
den since 4′/mm′m is a non-ferromagnetic point group.
However, when an in-plane magnetic field is applied (e.g.,
along the x direction), the MPG symmetry is lowered to
2′/m′, which permits the Hall response σH in the x-z
plane. Therefore, field-induced IPAHE can be realized.
The first-principles results confirm this symmetry anal-
ysis. The Berry curvature distribution Ωz at kz = 0
[Fig. 2(f)] exhibits a quadrupolar structure enforced by
the C4zT symmetry. This symmetry enforces the exact
cancellation of the Berry curvature throughout the Bril-
louin zone. However, once the spin-canting effect induced
by the in-plane field is taken into account, this exact can-
cellation is broken [Fig. 2(h)] and the integral of Ωz over
the Brillouin zone becomes nonzero, yielding a finite Hall
conductivity σxy, as shown in Fig. 2(g). In the SMs, we
further use an effective two-band model to reveal this
physics [40].

Conclusion and discussion— In summary, we have
established a unified symmetry framework for sponta-
neous and field-induced IPAHE arising from symmetry
breaking by SOC and external magnetic fields, respec-
tively. The framework predicts the angular dependence
of field-induced IPAHE and extends IPAHE to unconven-
tional magnets, including altermagnets and odd-parity
magnets. We further identify candidate materials from
the MAGNDATA database and validate our predictions
through first-principles calculations for two representa-
tive materials.
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FIG. 2. First-principles calculations of spontaneous and field-induced IPAHE in the ferromagnet Ca2NiOsO6 and the alter-
magnet RuO2. (a) Crystal structure of Ca2NiOsO6 with collinear magnetic order. (b) Electronic band structure of Ca2NiOsO6

along high-symmetry lines. (c) Momentum-space Berry curvature distribution Ωy in the kz = 0 plane for Ca2NiOsO6 at the
Fermi surface. (d) Energy-dependent anomalous Hall conductivity (AHC) components σxy and σyz in Ca2NiOsO6. (e) Crystal
structure of RuO2. (f) Berry curvature distribution Ωz at kz = 0 for RuO2. (g) Energy-dependent AHC components σxy and
σyz for RuO2 with a spin canting effect Mx = 0.1µb. (h) Berry curvature distribution Ωz at kz = 0 for RuO2 with a spin
canting effect.

Our work provides a theoretical roadmap for discov-
ering unconventional Hall materials. In particular, field-
induced IPAHE in unconventional magnets offers an ex-
perimentally accessible fingerprint of their underlying
magnetic phases. The third-order nonlinear Hall effect in
RuO2, originating from the Berry-curvature quadrupole
[42], has recently been observed experimentally [43]. The
IPAHE predicted here provides an additional and dis-
tinct fingerprint of the altermagnetic phase. Specifi-
cally, RuO2 belongs to the MPG 4′/mm′m. Our sym-
metry analysis shows that, when an in-plane magnetic
field is rotated by an angle ϕ from the crystallographic x
axis, the field-induced Hall conductance follows σxy(ϕ) ∝
cos(2ϕ), exhibiting a characteristic d-wave angular pat-
tern. This symmetry-resolved angular fingerprint pro-
vides a direct experimental means of identifying the al-
termagnetic phase in RuO2. Therefore, IPAHE provides
a symmetry-resolved probe of unconventional magnetic
phases and offers new opportunities for their spintronic
applications.

We emphasize that the classification in Table I is
restricted to conventional measurement geometries, in
which the magnetic field is applied along one of the three
orthogonal Cartesian axes and the Hall response is char-
acterized by σxy, σxz, and σyz. Within this scope, our
analysis provides a complete classification of the MPGs
supporting field-induced IPAHE. For a generic field di-
rection d, however, the surviving subgroup G′

m(d) and
the corresponding Hall-response space V ′

m(d) may differ
from those obtained for fields along the Cartesian axes.

Consequently, if both the field orientation and the Hall-
detection geometry are allowed to vary continuously, ad-
ditional MPGs beyond those listed in Table I may, in
principle, support field-induced IPAHE [40].
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Supplemental Material for “A Unified Symmetry Framework For In-plane Anomalous
Hall effect”

This Supplemental Material includes the following eight sections: (1) magnetic geometry described by the spin
space group (SSG); (2) magnetic geometry described by the magnetic space group and the symmetry condition for
the spontaneous in-plane anomalous Hall effect (IPAHE); (3) field-induced IPAHE; (4) field direction dependence of
Hall conductance; (5) candidate materials for IPAHE; (6) details of first-principles calculations; (7) effective two-band
model for field-induced IPAHE; (8) IPAHE under arbitrary-direction magnetic fields.

A. Magnetic geometry described by SSG

The SSG fully determines the magnetic geometry of a material. In Ref. [34], the authors established the symmetry
criteria for ferromagnets and antiferromagnets by extracting the spin operations from the SSG, which form a point
group Ps. Here, we demonstrate that this point group also encodes the symmetry-allowed directions of the net
magnetization for ferromagnetic states.

A general SSG operation is denoted by gs = {U ||R}, where R ∈ O(3) acts on the spatial coordinates and U ∈ O(3)
acts independently on the spin degrees of freedom. The set of all spin operations {U} obtained by projecting the SSG
onto the spin sector forms a finite subgroup Ps ⊆ O(3). That Ps is indeed a group follows from the group structure
of the SSG itself: it contains the identity {I||I}; the product of any two SSG operations, {U1||R1}{U2||R2} =
{U1U2||R1R2}, remains an SSG operation; and every element has an inverse. Consequently, the spin-sector projection
inherits associativity, closure under multiplication, and the existence of inverses, making Ps a well-defined group.

A net magnetization M can exist in a magnetic structure if and only if Ps is polar, meaning that there exists
a common invariant direction for all U ∈ Ps. The space of all such allowed magnetization directions is the spin
polarization space

Vs =
⋂

U∈Ps

ker(U − I), (S1)

where I is the 3 × 3 identity matrix and ker(U − I) denotes the eigenspace of U with eigenvalue +1, i.e., the spin
directions left invariant by U . Physically, any net magnetization M must lie strictly within Vs. For example, consider
a collinear ferromagnet with the net magnetization along the z direction. The spin polarization space Vs is one-
dimensional and is spanned by the vector (0, 0, 1), an eigenvector of the preserved symmetry Uz(θ), i.e., an arbitrary
rotation about the z axis. In this case, dim(Vs) = 1.
More generally, the dimensionality of Vs reflects the magnetic order and the underlying spin symmetry. For a

collinear ferromagnet, where all spins are aligned along a single axis, dim(Vs) = 1. For a coplanar magnetic structure,
where all spins lie within a common plane, the dimensionality can be either 1 or 2. The case dim(Vs) = 1 corresponds
to a net magnetization along a single direction within the plane, with any perpendicular in-plane component canceled
out, as realized in certain canted antiferromagnets. The case dim(Vs) = 2 requires that the net magnetization be
allowed along any direction within the common spin plane. Similarly, for a noncoplanar magnetic structure, dim(Vs)
can be 1, 2, or 3, depending on whether the point group Ps fixes an axis, a plane, or no direction at all.

Notably, even for a fully compensated magnetic structure with zero net magnetization, the spin polarization space
Vs may remain nonempty if Ps is polar. In such cases, the symmetry permits a net magnetization along the invariant
direction, but the specific magnetic configuration (e.g., antiparallel sublattices of equal magnitude) results in complete
cancellation, yielding M = 0 while Vs ̸= {0}.

B. Magnetic geometry described by MSG and symmetry condition for spontaneous IPAHE

In this section, we present the magnetic geometry description under the MSG framework and detail the symmetry
requirements for spontaneous IPAHE.

B1. Magnetic geometry described by magnetic space group

An antiferromagnet is defined as a magnetic structure with symmetry-enforced zero net magnetization. This
enforcement can operate at the level of either the SSG or the MSG. Under the MSG framework, spin-orbit coupling
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(SOC) is activated, and the spin and spatial degrees of freedom are fully coupled. One can extract the effective
spin-sector operations from the MSG (or, equivalently, the magnetic point group, MPG); these form a point group
Pm ⊆ O(3). The net magnetization direction space is then defined by the fixed subspace of Pm,

Vm =
⋂

A∈Pm

ker(A− I), (S2)

where I is the 3 × 3 identity matrix. If Pm is nonpolar, so that dim(Vm) = 0, the net magnetization is symmetry-
forbidden, and the system is a pure antiferromagnet. If Pm is polar with dim(Vm) ≥ 1, the net magnetization is
symmetry-allowed, and the system is classified as a ferromagnet or ferrimagnet under the MSG framework. Among
the 122 MPGs, 31 are ferromagnetic [dim(Vm) ≥ 1], and the remaining 91 are non-ferromagnetic [dim(Vm) = 0].

The SSG and MSG can be unified within the recently developed oriented SSG framework [34], which is an SSG
with a fixed magnetic orientation. In this unified picture, the relation between the MSG and the SSG is clear: the
MSG is a subgroup of the SSG. Consequently, Pm ⊆ Ps, which leads to the fundamental subspace relation

Vs ⊆ Vm. (S3)

This means that any magnetization allowed by the SSG symmetry is also allowed by the MSG symmetry. Comparing
the magnetic geometries under the SSG and MSG frameworks reveals three distinct scenarios:

• Both the SSG and the MSG define an antiferromagnet; that is, both symmetries forbid a net magnetization (Ps

and Pm are both nonpolar). This includes the well-known PT -symmetric antiferromagnets.

• Both the SSG and the MSG define a ferromagnet; that is, both symmetries allow a net magnetization (Ps and
Pm are both polar). This describes conventional collinear and noncollinear ferromagnets.

• The SSG defines an antiferromagnet but the MSG defines a ferromagnet. Here, Ps is nonpolar while Pm is
polar, corresponding to dim(Vs) = 0 and dim(Vm) ≥ 1. This scenario has recently been identified as spin-orbital
magnetism and systematically screened from the MAGNDATA database [34].

B2. Symmetry condition for spontaneous IPAHE

Under the MSG framework with SOC activated, real-space axial vectors satisfy the same symmetry constraints
as the spin magnetization. Consequently, the anomalous Hall conductivity vector σH, defined by (σH)i = ϵijkσjk/2
with ϵijk the Levi-Civita symbol and σjk the Hall conductivity tensor, obeys the same symmetry properties as the
net magnetization M . Both M and σH are axial vectors, and their symmetry-allowed directions are governed by the
point group Pm.

Conventionally, σH is collinear with M , corresponding to the conventional anomalous Hall effect, in which the
applied electric field, the Hall current, and the magnetization are mutually orthogonal. In this context, the net
magnetization M is assumed to be set by the SSG symmetry (constrained to Vs), while σH is set by the MSG
symmetry (constrained to Vm). The difference between the two frameworks naturally leads to the scenario in which
SOC enlarges the polarization space by breaking the spin-group symmetry. When Vs is a proper subspace of Vm,

Vs ⊊ Vm, dim(Vm) > dim(Vs) > 0, (S4)

the Hall vector σH can acquire a component orthogonal to the net magnetization M fixed by the SSG. The resulting
Hall current then flows within the plane containing M , giving rise to the IPAHE. Therefore, the symmetry condition
for spontaneous IPAHE in a ferromagnet is dim(Vm) > dim(Vs) > 0. Spin-orbital magnetism, in contrast, corresponds
to dim(Vm) ≥ 1 and dim(Vs) = 0. Both phenomena represent spin-group symmetry-breaking effects induced by SOC.
We emphasize that this symmetry condition for IPAHE is necessary but not sufficient. Microscopically, the time-

reversal-odd anomalous Hall effect is given by the integral of the Berry curvature over the Brillouin zone, which must
be evaluated on a case-by-case basis.

C. Field-induced IPAHE

In this section, we detail the application of our symmetry framework for field-induced IPAHE to all 122 MPGs.
We summarize the surviving symmetry operations and the reduced MPGs, G′

m, for each initial MPG Gm under a
magnetic field applied along the three orthogonal axes of the conventional Cartesian coordinate system. Based on
Gm and G′

m, we identify the MPGs that can support field-induced IPAHE.
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C1. Classification of MPGs and crystallographic axis conventions

The 122 MPGs are classified into three types according to whether and how time-reversal symmetry T is incorpo-
rated. The 32 Type-I (colorless) groups correspond to the 32 conventional crystallographic point groups G, containing
only unitary spatial operations without T . The 32 Type-II (gray) groups are the direct products G×{E, T }, with E
being the identity operation; these describe nonmagnetic states and magnetic materials with time-reversal translation
(T τ) symmetry. The 58 Type-III (black-and-white) groups are constructed from the index-2 normal subgroups H of
crystallographic point groups G via M = H + (G−H)T . Here, H contains the unitary operations, while (G−H)T
contains the antiunitary ones. Different choices of H for the same G yield distinct Type-III groups. These describe
either ferromagnets or antiferromagnets depending on the choice of H: if there exists a common polarization direction
preserved by H but reversed by every operation in (G − H), the resulting MPG is ferromagnetic; otherwise, it is
antiferromagnetic.

The 122 MPGs are distributed across the seven crystal systems: 5 in triclinic, 11 in monoclinic, 12 in orthorhombic,
31 in tetragonal, 16 in trigonal, 31 in hexagonal, and 16 in cubic. In the symmetry analysis below, we adopt standard
crystallographic axis conventions: the unique twofold axis in the monoclinic system is set along y (C2y); the three
mutually perpendicular twofold axes (or mirror planes) in the orthorhombic system are aligned along x, y, and z; and
the highest-order rotational axes in the tetragonal (C4z), trigonal (C3z), and hexagonal (C6z) systems are all aligned
along z. The triclinic system possesses no rotational axes, while the cubic system contains four threefold axes along
the body diagonals, in addition to twofold or fourfold axes along the Cartesian directions.

Among the 122 MPGs, 31 are ferromagnetic, admitting a spontaneous magnetization along at least one symmetry-
allowed direction. These comprise 13 Type-I groups—1, 1̄, 2, m, 2/m, 4, 4̄, 4/m, 3, 3̄, 6, 6̄, 6/m—and 18 Type-III
groups—2′, m′, 2′/m′, 2′2′2, m′m2′, m′m′2, m′m′m, 42′2′, 4m′m′, 4̄2′m′, 4/mm′m′, 32′, 3m′, 3̄m′, 62′2′, 6m′m′,
6̄m′2′, and 6/mm′m′. In these 31 ferromagnetic point groups, MPGs 1 and 1̄ in the triclinic crystal system allow
a net magnetization M along arbitrary directions. MPGs 2′, m′, 2′/m′ in the monoclinic crystal system allow M
along the x and y directions. The remaining 26 ferromagnetic point groups allow a net magnetization only along the
z direction.

C2. Surviving symmetries and reduced MPGs

For an initial MPG Gm, we consider applying a magnetic field B along the direction d. As an axial vector, B
breaks time-reversal symmetry and lowers spatial symmetry, preserving only operations that leave B invariant. The
surviving operations form the group

Sd = {I, Cnd,md,m
′
p, C

′
2p}, (S5)

where I is inversion, Cnd is the n-fold rotation about d, and md is the mirror plane perpendicular to d. The
antiunitary operations m′

p and C ′
2p combine time reversal with the mirror plane perpendicular to p and the twofold

rotation about p (p ⊥ d), respectively. The field-lowered MPG is the intersection of Gm and Sd,

G′
m = Gm ∩ Sd, (S6)

which constitutes the maximal common subgroup of Gm and Sd.

Applying this framework to all 122 MPGs, we align the magnetic field along the three orthogonal Cartesian axes
d = x, y, z and identify the surviving symmetry operations and reduced MPGs G′

m for each initial MPG. The results
are enumerated in Tables S5, S6, and S7, respectively.

C3. Symmetry condition for field-induced IPAHE

Under an applied field B ∥ d, the MPG is lowered from Gm to G′
m. The field-lowered Hall response space V ′

m is
the invariant subspace of the point group P ′

m, the set of spin operations of G′
m:

V ′
m =

⋂
A∈P′

m

ker(A− I) (S7)
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The constrained polarization space V ′
s is defined by combining the initially allowed anomalous Hall response space

Vm (determined by Gm) with the field direction d:

V ′
s = Vm + d. (S8)

This space encompasses both the pre-existing spontaneous Hall response (encoded in Vm) and the component parallel
to the applied field. Since a magnetic field along d generally induces a net magnetization in this direction, we have
d ∈ V ′

m, and thus V ′
s ⊆ V ′

m. Field-induced IPAHE is characterized by a Hall response lying outside V ′
s, requiring a

direction orthogonal to both the initial response and the field. The strict dimensional mismatch,

dim(V ′
m) > dim(V ′

s), (S9)

constitutes the symmetry condition for field-induced IPAHE. Here, dim(V ′
s) = dim(Vm) + α, where α = 1 if d /∈ Vm

and α = 0 otherwise.
Before applying Eq. S9, we first examine how the symmetry operations within the 122 MPGs constrain an axial

magnetization vectorM . These operations can be divided into three classes based on their effect on the dimensionality
of the allowed magnetization space, dim(Vm). First, time-reversal symmetry T acts as −I in spin space and completely
forbids any net magnetization, yielding dim(Vm) = 0. Second, pure spatial operations—namely n-fold rotations Cnd

(n ≥ 2) about an axis d, rotation-inversions C̄nd, and mirror planes md with normal d—force the magnetization
to be collinear with the rotation axis or mirror normal. These operations enforce zero net magnetization along the
two directions perpendicular to d, giving dim(Vm) = 1. Third, antiunitary operations combining time reversal with
a spatial operation—CndT and mdT —leave the two directions perpendicular to d invariant while forbidding the
component along d. This results in dim(Vm) = 2. Inversion I, by contrast, does not constrain an axial vector and
can be neglected in this analysis.

We now analyze the necessary conditions for Eq. (S9) to hold. Regardless of the initial state, the constrained polar-
ization space always has dimension dim(V ′

s) ≥ 1. For nonmagnetic or antiferromagnetic systems where dim(Vm) = 0,
the field direction is not contained in Vm, so α = 1 and dim(V ′

s) = 1. For ferromagnetic systems where dim(Vm) ≥ 1,
we have dim(V ′

s) ≥ dim(Vm) ≥ 1. Therefore, the condition dim(V ′
m) > dim(V ′

s) necessarily requires dim(V ′
m) ≥ 2.

This immediately implies that the field-lowered MPG G′
m cannot contain any pure spatial rotation Cnd (n ≥ 2)

or mirror plane md—the only pure spatial operations that leave the field invariant—because such operations would
rigidly confine the magnetization to the field direction d, forcing dim(V ′

m) = 1. Consequently, G′
m must belong to

one of the MPGs that permit a two- or three-dimensional response space: 1, 1̄, 2′, m′, or 2′/m′.
Therefore, IPAHE requires that the applied magnetic field must destroy all pure rotation and mirror symmetries of

the initial MPG. We use p denotes a direction perpendicular to the field (p ⊥ d). A rotation Cnp or mirror plane mp,
whose axis or normal is perpendicular to d, is automatically broken by the field, whereas a rotation Cnd or mirror
plane md about the field direction would be preserved; the above condition therefore amounts to requiring that Gm

possess no Cnd or md symmetry. Once the Cnp and mp symmetries are broken, the two directions perpendicular
to p—previously forbidden by symmetry—become allowed for the net magnetization. The response space V ′

m thus
increases by two dimensions compared with Vm. Meanwhile, the constrained space V ′

s increases by one dimension
(the field direction d itself). It is therefore natural to achieve the dimensional mismatch dim(V ′

m) > dim(V ′
s). In

this sense, field-induced IPAHE can be understood as a process in which the magnetic field destroys the rotation and
mirror symmetries.

By contrast, the antiunitary operations behave differently. Those whose rotation axis or mirror normal is parallel
to the field, CndT and mdT , constrain M to the plane perpendicular to d [dim(Vm) = 2]; they are broken precisely
by a field applied along d, which releases the magnetization component along the field direction itself. Therefore,
breaking the CndT and mdT symmetries cannot induce a Hall response orthogonal to the applied magnetic field.

C4. Results of field-induced IPAHE

For each initial MPG Gm and a given magnetic field direction d, we first determine the dimensionality of the
constrained polarization space, dim(V ′

s). We then identify the dimensionality of the field-lowered response space,
dim(V ′

m), based on the obtained MPG G′
m. When dim(V ′

m) > dim(V ′
s) is satisfied, field-induced IPAHE is realized.

Furthermore, for each entry, we list the symmetry-allowed nonzero components of the Hall conductivity tensor σij

based on dim(V ′
m). The field-induced components that emerge solely due to the symmetry reduction induced by B are

highlighted in red. The complete results for magnetic fields applied along the x, y, and z directions are summarized
in Tables S5, S6, and S7, respectively.
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TABLE S1. Results of field-induced IPAHE. The first column lists the crystal system to which the MPGs belong. The second
column lists the specific MPGs that permit field-induced IPAHE. The third column indicates the magnetic type, categorized
as ferromagnet (no primes in the point group symbol) or non-ferromagnet (with primes or containing .1′). The fourth column
gives the direction(s) of the applied magnetic field B (x, y, or z) under which IPAHE is allowed. The fifth column gives the
total number of magnetic point groups listed in the corresponding row.

Crystal System MPGs Type
Magnetic Field

Direction
Count

Triclinic 1.1′, 1̄.1′, 1̄′ Non-ferromagnet B||x, or B||y, or B||z 3

Monoclinic
2,m, 2/m Ferromagnet B||x or B||z 3

2.1′,m.1′, 2/m.1′, 2′/m, 2/m′ Non-ferromagnet B||x or B||z 5

Tetragonal
4, 4̄, 4/m Ferromagnet B||x or B||y 3

4.1′, 4′, 4̄.1′, 4̄′,
4/m.1′, 4′/m, 4/m′, 4′/m′,
4′m′m, 4̄′2′m, 4′/mm′m

Non-ferromagnet B||x or B||y 11

Trigonal

3, 3̄ Ferromagnet B||x or B||y 2

3.1′, 3̄.1′, 3̄′ Non-ferromagnet B||x or B||y 3

32, 32.1′, 3m, 3m.1′, 3̄m,
3̄m.1′, 3̄′m, 3̄′m′ Non-ferromagnet B||y 5

32′, 3m′, 3̄m′ Ferromagnet B||x 3

Hexagonal

6, 6̄, 6/m Ferromagnet B||x or B||y 3

6.1′, 6′, 6̄.1′, 6̄′,
6/m.1′, 6′/m, 6/m′, 6′/m′ Non-ferromagnet B||x or B||y 8

6′22′, 6′mm′, 6̄′m2′, 6′/m′mm′ Non-ferromagnet B||y 4

6̄′m′2 Non-ferromagnet B||x 1

We further summarize the key information in Table S1, which lists all 54 MPGs (14 ferromagnetic and 40 non-
ferromagnetic) that can host field-induced IPAHE, together with the required magnetic field directions. Among these,
the triclinic system contributes 3 non-ferromagnetic MPGs (1, 1.1′, 1′), which allow IPAHE under any field direction
(x, y, or z) owing to their low symmetry. The monoclinic system contributes 8 MPGs in total: 3 ferromagnetic (2,
m, 2/m) and 5 non-ferromagnetic (2.1′, m.1′, 2/m.1′, 2′/m, 2/m′), all requiring the field to be applied along x or
z. The tetragonal system contributes 14 MPGs: 3 ferromagnetic (4, 4̄, 4/m) and 11 non-ferromagnetic, all requiring
the field to be perpendicular to the principal z axis (i.e., along x or y). The trigonal system contributes 13 MPGs:
5 ferromagnetic (3, 3̄, 32′, 3m′, 3̄m′) and 8 non-ferromagnetic. The hexagonal system contributes the largest number,
16 MPGs: 3 ferromagnetic (6, 6̄, 6/m) and 13 non-ferromagnetic. Notably, no MPG in the orthorhombic or cubic
crystal systems supports field-induced IPAHE.

We emphasize that our classification is exhaustive for the fixed Cartesian Hall measurement geometries considered
here, namely σxy, σxz, and σyz. Although Table S1 lists only magnetic fields applied along the Cartesian axes, the
symmetry analysis covers all 122 MPGs and completely determines whether field-induced IPAHE can occur in these
measurement geometries for an arbitrarily oriented magnetic field. Accordingly, the remaining 68 MPGs, which do
not support IPAHE for fields along x, y, or z, cannot realize IPAHE for any field direction within the fixed Hall



13

TABLE S2. Generic plane-preserving operations g = (Rg, pg) for a field rotating in the plane perpendicular to â [Eq. (S11)],
together with the transformed field angle ϕg and the scalar factor ηa [Eq. (S17)]. Here, Cna and Sna = MaCna denote a rotation
and a rotoreflection about the plane normal â, respectively; Ma is the mirror perpendicular to â; C2(ϕ0) is a twofold rotation
about an in-plane axis at angle ϕ0; and mv(ϕ0) is a mirror containing â, whose in-plane normal points along ϕ0. Operations
that do not preserve the field plane impose no constraint on the angular function.

operation g (Rg)aa ϕg ηa
Cna, n = 2, 3, 4, 6 +1 ϕ+ 2π/n +1

CnaT +1 ϕ+ 2π/n+ π −1

Sna, n = 4, 6 −1 ϕ+ 2π/n+ π +1

SnaT −1 ϕ+ 2π/n −1

Ma −1 ϕ+ π +1

MaT −1 ϕ −1

I −1 ϕ +1

T +1 ϕ+ π −1

IT −1 ϕ+ π −1

C2(ϕ0) −1 2ϕ0 − ϕ −1

C2(ϕ0)T −1 2ϕ0 − ϕ+ π +1

mv(ϕ0) +1 2ϕ0 − ϕ −1

mv(ϕ0)T +1 2ϕ0 − ϕ+ π +1

measurement configurations considered here.

TABLE S3: Leading field-induced angular functions σxz(ϕ) for the 34 MPGs that support an xz-plane-field-induced Hall
response. The angle ϕ is measured from the +x axis toward the +z axis within the xz plane, so that ϕ = 0 for B ∥ +x and
ϕ = π/2 for B ∥ +z.

Crystal system MPGs σxz(ϕ)

Triclinic 1.1′, 1̄.1′, 1̄′ a1 cosϕ+ b1 sinϕ

Trigonal 3, 3.1′, 3̄, 3̄.1′, 3̄′ a1 cosϕ+ b1 sinϕ

Tetragonal
4, 4.1′, 4′, 4̄, 4̄.1′, 4̄′,

4/m, 4/m.1′, 4′/m, 4/m′, 4′/m′ a1 cosϕ

Hexagonal
6, 6.1′, 6′, 6̄, 6̄.1′, 6̄′,

6/m, 6/m.1′, 6′/m, 6/m′, 6′/m′ a1 cosϕ

Trigonal 32′, 3m′, 3̄m′ b1 sinϕ

Hexagonal 6̄′m′2 a2 cos 2ϕ

D. Field-direction dependence of the Hall conductance

In this section, we derive the angular dependence of the Hall conductance when a magnetic field of fixed magnitude is rotated
within a given plane.

D1. Symmetry constraints on the Hall conductance

A magnetic-point-group operation is denoted by g = (Rg, pg), where Rg is its spatial part and pg = 0 (pg = 1) denotes
a unitary (antiunitary) operation. Both the magnetic field B and the Hall vector σH = (σyz, σzx, σxy) are time-reversal-odd
axial vectors. Their transformation laws are therefore

B −→ MgB, σH −→ Mgσ
H, (S10)
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where Mg = (−1)pg det(Rg)Rg.
Let the magnetic field rotate in the plane spanned by two orthonormal vectors û and v̂:

B(ϕ) = B (cosϕ û+ sinϕ v̂) , â = û× v̂, (S11)

where B ≥ 0 and ϕ is measured from û. The Hall component normal to the rotation plane is

σH = â · σH. (S12)

For the ordered planes xy, yz, and zx, this definition gives

σH = σxy, σH = σyz, σH = σzx = −σxz, (S13)

respectively.
A symmetry operation relates two fields within the same rotation plane only if it preserves that plane. This requires

Rgâ = saâ, sa = ±1, (S14)

or equivalently,
(Rg)aa = sa = ±1. (S15)

Since Rg is orthogonal, its in-plane and normal components then decouple. Operations that do not satisfy Eq. (S14) map a
generic in-plane field out of the rotation plane and therefore impose no constraint on the angular scan considered here.

For a plane-preserving operation, define ϕg by
MgB(ϕ) = B(ϕg). (S16)

The normal Hall component obeys
σH(ϕg) = ηa(g)σH(ϕ), (S17)

with
ηa(g) = (−1)pg det(Rg)(Rg)aa = ±1. (S18)

Thus, ϕg is determined by the in-plane action of Mg, whereas the sign of the normal Hall response is determined by ηa(g).
Table S2 lists the corresponding ϕg and ηa(g) for the relevant plane-preserving operations.

Generally, the Hall conductance σH(ϕ) under a fixed magnitude of magnetic field can generally be expanded as

σH(ϕ) =

∞∑
n=1

[
an cos(nϕ) + bn sin(nϕ)

]
. (S19)

where we have fixed the magnitude of B. The leading harmonic of σH(ϕ) is completely determined by the symmetry constraints
imposed by Eq. S17.

TABLE S4: Leading field-induced angular functions σyz(ϕ) for the 45 MPGs that support a yz-plane-field-induced Hall response.
The angle ϕ is measured from the +y axis toward the +z axis within the yz plane, so that ϕ = 0 for B ∥ +y and ϕ = π/2 for
B ∥ +z.

Crystal system MPGs σyz(ϕ)

Triclinic 1.1′, 1̄.1′, 1̄′ a1 cosϕ+ b1 sinϕ

Monoclinic
2, 2.1′, m, m.1′,

2/m, 2/m.1′, 2′/m, 2/m′ b1 sinϕ

Tetragonal
4, 4.1′, 4′, 4̄, 4̄.1′, 4̄′,

4/m, 4/m.1′, 4′/m, 4/m′, 4′/m′ a1 cosϕ

Trigonal 3, 3.1′, 3̄, 3̄.1′, 3̄′ a1 cosϕ+ b1 sinϕ

Trigonal 32, 3m, 3̄m a2 cos 2ϕ+ b2 sin 2ϕ

Hexagonal
6, 6.1′, 6′, 6̄, 6̄.1′, 6̄′,

6/m, 6/m.1′, 6′/m, 6/m′, 6′/m′ a1 cosϕ

Hexagonal 6′22′, 6′mm′, 6̄′m2′, 6′/m′mm′ a2 cos 2ϕ
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D2. Results

In the 54 MPGs that support IPAHE, we find that 28 MPGs, 34 MPGs, and 45 can support nonzero σxy, σxz, and σyz for
the applied magnetic field in the xy-, xz-, and yz-plane. In the main text, we have presented the leading angular dependences
of the field-induced Hall conductance σxy(ϕ). The results for σxz(ϕ), σyz(ϕ) is summarized in Tables. S3 and S4, respectively.

E. Candidate materials for IPAHE

In this section, we present candidate materials for both spontaneous and field-induced IPAHE.

E1. Candidate materials for spontaneous IPAHE

Spontaneous IPAHE in ferromagnets requires the dimensional mismatch dim(Vm) > dim(Vs) > 0. Since dim(Vs) ≥ 1 for
any ferromagnet, this necessitates dim(Vm) ≥ 2. Among the 31 ferromagnetic MPGs, only five satisfy this requirement: 2′, m′,
and 2′/m′ with dim(Vm) = 2, and 1 and 1̄ with dim(Vm) = 3. For these five groups, the mismatch condition imposes distinct
constraints on dim(Vs). In 2′, m′, and 2′/m′, where dim(Vm) = 2, spontaneous IPAHE requires dim(Vs) = 1. This corresponds
to a net magnetization along a single direction, which is most naturally realized in collinear ferromagnets, though certain
canted or noncoplanar configurations with a uniaxial net magnetization are also permitted. In 1 and 1̄, where dim(Vm) = 3,
the condition requires dim(Vs) = 1 or 2, allowing for collinear, coplanar, or noncoplanar magnetic orders provided that the net
magnetization does not span all three dimensions. To identify concrete material realizations, we have systematically screened
the ferromagnetic compounds cataloged in the MAGNDATA database [41]. Table S8 presents the 33 candidate materials
identified from this screening.

E2. Candidate materials for field-induced IPAHE

In Table S1, we list all 54 MPGs capable of supporting field-induced IPAHE. Based on these target MPGs, candidate
materials can be identified from magnetic structure databases. We specifically focus on magnetic materials, thereby excluding
nonmagnetic compounds from our screening.

We first consider materials characterized by ferromagnetic point groups, which comprise 14 MPGs: 2, m, and 2/m in the
monoclinic system; 4, 4̄, and 4/m in the tetragonal system; 3, 3̄, 32′, 3m′, and 3̄m′ in the trigonal system; and 6, 6̄, and 6/m in
the hexagonal system. In these ferromagnetic materials, a spontaneous magnetization along a single direction already exists at
zero field. Applying an external magnetic field along the symmetry-allowed directions (specified in Table S1) can then induce
the IPAHE. These MPGs can describe both conventional ferromagnets and spin-orbital magnets. In Tables S9 and S10, we
list the candidate materials for realizing field-induced IPAHE in these two classes, respectively. While spin-orbital magnets
exhibit antiferromagnetic order, they generally display nonrelativistic spin splitting due to the breaking of PT symmetry.
These materials belong to the category of unconventional magnetism, including altermagnets with collinear magnetic order
[35]. Moreover, unconventional magnetism has been completely classified into four classes according to their parity properties,
namely even-parity, odd-parity, hybrid-parity, and unconstrained parity [38, 39]. These novel magnetic phases, in addition to
altermagnets, can also support IPAHE.

For the remaining 40 non-ferromagnetic MPGs, 16 belong to gray groups (Type-II), which can describe either nonmagnetic
materials or magnetic materials with T τ symmetry. Among these, the three MPGs 2/m.1′, 4/m.1′, and 6/m.1′ preserve PT
symmetry, enforcing spin degeneracy in the energy bands. This degeneracy is broken by the applied magnetic field, which
can generate a Hall response orthogonal to the field direction. Here, we focus on magnetic materials with T τ symmetry.
In Table S11, we present candidate materials belonging to the target MPGs that can support IPAHE. We emphasize that
in coplanar or noncoplanar magnetic orders where inversion symmetry is broken, the preserved T τ symmetry enforces time-
reversal-preserving non-relativistic spin splitting, placing these materials in the category of odd-parity magnets [38].

In Table S11, we also present candidate antiferromagnetic materials belonging to the remaining 24 Type-III MPGs. Among
these, 2′/m, 2/m′, 4/m′, 6′/m, and 6/m′ preserve PT symmetry, which enforces spin degeneracy. For the remaining 19 MPGs,
PT symmetry is broken, and these systems can generally exhibit nonrelativistic spin splitting. Specifically, in collinear magnetic
orders, nonrelativistic spin splitting arises when the spin-contrast sublattices are related by rotation or mirror symmetry rather
than by inversion or time reversal, realizing altermagnetism. In coplanar or noncoplanar magnetic orders, nonrelativistic
spin splitting exists as long as there is no multi-spin rotation-translation symmetry, realizing unconventional magnetism. In
Table S11, we present information on whether the candidate materials are unconventional magnets, including altermagnets,
odd-parity magnets, and hybrid-parity magnets [38, 39].
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F. Details of first-principles calculations

The magnetic structures of Ca2NiOsO6 and RuO2 used in this work were obtained from the MAGNDATA collection hosted
by the Bilbao Crystallographic Server [41, 44]. In the absence of an external magnetic field, the directions and magnitudes of
the magnetic moments were assigned according to the corresponding magnetic CIF files provided by MAGNDATA.

Ca2NiOsO6 crystallizes in the monoclinic space group P21/n (No. 14), and its magnetic structure has the MPG 2′/m′. In
the noncollinear spin-orbit calculations, the magnetic moments were constrained along the crystallographic x direction, with
the Ni and Os moments aligned antiparallel, as specified in the magnetic CIF file.

RuO2 adopts the tetragonal rutile structure with space group P42/mnm (No. 136), and its magnetic structure has the MPG
4′/mm′m. In this structure, the Ru moments are antiferromagnetic order along the z direction. To simulate an external
magnetic field applied along the x direction, a small uniform x component of 0.1 µB was added to each Ru moment. This setup
mimics the field-induced canting of the antiferromagnetic moments while preserving the staggered z-axis antiferromagnetic
component.

First-principles calculations based on density functional theory were performed using the Vienna Ab initio Simulation Pack-
age (VASP) [45, 46]. Core–valence interactions were described using the projector augmented-wave (PAW) method [47]. The
exchange–correlation functional was treated within the generalized gradient approximation (GGA) using the Perdew–Burke–
Ernzerhof (PBE) parametrization [48]. Spin-orbit coupling (SOC) was included in the noncollinear formalism, and crystal-
lographic symmetry was switched off during the self-consistent calculations in order to preserve the magnetic configurations
specified by the MAGNDATA magnetic CIF files. A kinetic-energy cutoff of 550 eV was used for the plane-wave basis. The
Brillouin zone (BZ) was sampled with Monkhorst–Pack k-point meshes corresponding to a reciprocal-space spacing of approx-
imately 2π × 0.01 Å−1. The electronic self-consistency criterion was set to 10−8 eV, and a Gaussian smearing of 0.05 eV was
employed.

On-site correlation effects were included using the rotationally invariant GGA+U method of Dudarev et al. [49]. For RuO2,
an effective interaction parameter of Ueff = 2.0 eV was applied to the Ru-4d states, consistent with previous first-principles
calculations for antiferromagnetic RuO2 [50]. For Ca2NiOsO6, Ueff = 6.2 eV was applied to the Ni-3d states, following earlier
LSDA/GGA+U benchmark calculations for Ni-3d oxides [51]. Previous first-principles studies of Ca2NiOsO6 were also used to
guide the correlated magnetic-calculation setup [52].

Tight-binding Hamiltonians were constructed from maximally localized Wannier functions using wannier90 [53–55]. For
RuO2, the spinor Wannier basis was constructed from Ru-d and O-p orbitals. For Ca2NiOsO6, a Ni-d/Os-d/O-p basis was used
in the final magnetic-symmetry analysis, since both Ni and Os carry magnetic moments in MAGNDATA entry 0.796.

The Berry curvature and anomalous Hall conductivity were evaluated using WannierTools [56] on the basis of the Wannier
tight-binding Hamiltonians. To restore the target magnetic symmetry in the Wannier tight-binding model, the real-space
Hamiltonian was symmetrized using wannhr symm Mag [57].

G. Effective two-band model for field-induced IPAHE

To explicitly demonstrate the field-induced IPAHE in systems with a Berry curvature quadrupole, we construct a 2D two-band
model,

H(k) = tk2 + v(kxσy − kyσx) +m(k2
x − k2

y)σz

+B(cosϕσx + sinϕσy),
(S20)

where σi (i = x, y, z) are the Pauli matrices acting on the spin space, t is the effective mass parameter, v characterizes the
spin-orbit coupling, m denotes the Néel-order-induced dx2−y2 mass term, and B is the Zeeman energy of the in-plane field
B = B(cosϕ, sinϕ, 0) with ϕ the azimuthal angle measured from the x axis. At h = 0, H belongs to the MPG 4′m′m and the
Berry-curvature quadrupole for this model has been studied in Ref. [42]. In this case, the Hall conductivity vanishes enforced
by the C4zT symmetry.

Writing the Hamiltonian as H = ε0σ0 + d · σ with σ0 the identity matrix, we have ε0(k) = tk2 and

d(k) =
[
−vky +B cosϕ, vkx +B sinϕ, m(k2

x − k2
y)
]
, (S21)

so that the eigenenergies are E±(k) = ε0 ± |d|. The Berry curvature of band n = ± is Ω±,z = ±d · (∂kxd× ∂kyd)/(2|d|3), with
the exact triple product

d · (∂kxd× ∂kyd) = −mv2(k2
x − k2

y)− 2mvB (kx sinϕ+ ky cosϕ), (S22)

and the intrinsic Hall conductivity follows from

σxy =
e2

ℏ

∫
d2k

(2π)2
f(E−(k))Ω−,z(k), (S23)

with f the Fermi-Dirac distribution.
At B = 0 the two bands touch at the Γ point. The in-plane field does not gap this node linearly but shifts it to

k0 =
B

v
(− sinϕ, cosϕ), (S24)
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and generates a σz mass at the shifted node,

M = m
(
k2
0x − k2

0y

)
= −mB2

v2
cos 2ϕ, (S25)

whose sign is controlled by the field direction. The gapped Dirac cone at k0 carries the Berry flux −π sgnM ; since the total
flux vanishes at B = 0 by C4zT , the field-induced Hall conductivity for the chemical potential µ located inside the energy gap
is

σxy(ϕ) = − e2

2h
sgn

(
m cos 2ϕ

)
. (S26)

When the chemical potential µ is above the energy gap, the field-induced Hall conductivity is [58]

σxy(ϕ) = −e2B2m cos(2ϕ)

2hµv2
. (S27)

Thus the in-plane field unlocks a finite Hall conductivity from the Berry-curvature quadrupole, whose angular dependence is
governed by cos 2ϕ.

H. IPAHE under arbitrary-direction magnetic fields

The classification in Table S1 assumes a conventional measurement geometry in which the magnetic field is applied along one
of the fixed Cartesian axes and the Hall response is resolved into σxy, σxz, and σyz. Although sufficient for this measurement
convention, such a classification does not exhaust all possible field orientations and Hall-detection geometries.

As an example, we consider a magnetic field applied along the crystallographic [112] direction,

B = Bd̂, d̂ =
x̂+ ŷ + 2ẑ√

6
. (S28)

Then the effective spin-polarization space relevant to the fixed-axis measurement convention is

V
′
s = span {x̂, ŷ, ẑ} , dimV

′
s = 3. (S29)

Here, dimV
′
s counts the number of nonzero Cartesian components of magnetic field in the fixed measurement basis, rather

than the intrinsic dimension of the line spanned by the single vector d. Consequently, none of the three Cartesian Hall-vector
basis directions associated with σyz, σzx, and σxy is strictly perpendicular to M . Within this fixed-axis convention, these three
standard Hall channels therefore do not individually satisfy the geometric condition for the IPAHE.

This restriction can be removed by choosing a measurement basis adapted to the field direction. Let ẑ′ = d̂ and choose x̂′

and ŷ′ perpendicular to ẑ′. In this basis, the spin polarization has support only along ẑ′,

Ṽ
′
s = span{ẑ′}, dim Ṽ

′
s = 1, (S30)

whereas the Hall-vector components σy′z′ and σz′x′ are strictly perpendicular to M(B). If either component is symmetry
allowed, the corresponding response satisfies the geometric condition for field-induced IPAHE. Thus, allowing arbitrary field
orientations together with an adapted Hall-detection geometry may reveal field-induced IPAHE in additional MPGs beyond
those listed in Table S1.
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TABLE S5: Field-reduced symmetry and field-induced IPAHE for all 122 MPGs under the magnetic field along the x direction.
IPAHE is realized when dim(V ′

m) > dim(V ′
s). ”Crystal System” denotes the crystallographic system to which the point group

belongs. ”Initial MPG” is the MPG before applying the external magnetic field. ”Type” indicates the type of MPG (Type-
I: colorless, Type-II: gray, Type-III: black-and-white). ”FM?” specifies whether the group is a ferromagnetic point group.
”Surviving operations” lists the symmetry operations preserved under the applied magnetic field. ”Final MPG” represents
the reduced MPG after symmetry reduction by the field. ”dimV ′

s” is the dimensionality of the constrained polarization space.
”dimV ′

m” is the dimensionality of the response space. ”σij ̸= 0” shows the symmetry-allowed nonzero components of the Hall
conductivity tensor and the red components are associated with the field-induced IPAHE. ”IPAHE?” indicates whether the
IPAHE is supported (Yes) or not (No) under the specified field direction.

Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′
s dimV ′

m σij ̸= 0 IPAHE?

Triclinic

1 I Yes {E} 1 3 3 σxy, σxz, σyz No
1.1′ II No {E} 1 1 3 σxy, σxz, σyz Yes
1̄ I Yes {E, I} 1̄ 3 3 σxy, σxz, σyz No

1̄.1′ II No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes
1̄′ III No {E} 1 1 3 σxy, σxz, σyz Yes

Monoclinic

2 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
2.1′ II No {E,C′

2y} 2′ 1 2 σxy, σyz Yes
2′ III Yes {E,C′

2y} 2′ 2 2 σxy, σyz No
m I Yes {E} 1 2 3 σxy, σxz, σyz Yes

m.1′ II No {E,m′
y} m′ 1 2 σxy, σyz Yes

m′ III Yes {E,m′
y} m′ 2 2 σxy, σyz No

2/m I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes
2/m.1′ II No {E, I, C′

2y,m
′
y} 2′/m′ 1 2 σxy, σyz Yes

2′/m III No {E,C′
2y} 2′ 1 2 σxy, σyz Yes

2/m′ III No {E,m′
y} m′ 1 2 σxy, σyz Yes

2′/m′ III Yes {E, I, C′
2y,m

′
y} 2′/m′ 2 2 σxy, σyz No

Orthorhombic

222 I No {E,C2x} 2 1 1 σyz No
222.1′ II No {E,C2x, C

′
2y, C

′
2z} 2′2′2 1 1 σyz No

2′2′2 III Yes {E,C′
2y} 2′ 2 2 σxy, σyz No

mm2 I No {E,mx} m 1 1 σyz No
mm2.1′ II No {E,C′

2z,mx,m
′
y} m′m2′ 1 1 σyz No

m′m2′ III Yes {E,C′
2z} 2′ 2 2 σxz, σyz No

m′m′2 III Yes {E,m′
y} m′ 2 2 σxy, σyz No

mmm I No {E, I, C2x,mx} 2/m 1 1 σyz No

mmm.1′ II No
{E, I, C2x, C

′
2y,

C′
2z,mx,m

′
y,m

′
z}

m′m′m 1 1 σyz No

m′mm III No {E,C2x, C
′
2y, C

′
2z} 2′2′2 1 1 σyz No

m′m′m III Yes {E, I, C′
2y,m

′
y} 2′/m′ 2 2 σxy, σyz No

m′m′m′ III No {E,C2x,m
′
y,m

′
z} m′m′2 1 1 σyz No

Tetragonal

4 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
4.1′ II No {E,C′

2z} 2′ 1 2 σxz, σyz Yes
4′ III No {E} 1 1 3 σxy, σxz, σyz Yes
4̄ I Yes {E} 1 2 3 σxy, σxz, σyz Yes

4̄.1′ II No {E,C′
2z} 2′ 1 2 σxz, σyz Yes

4̄′ III No {E} 1 1 3 σxy, σxz, σyz Yes
4/m I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes

4/m.1′ II No {E, I, C′
2z,m

′
z} 2′/m′ 1 2 σxz, σyz Yes

4′/m III No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes
4/m′ III No {E,m′

z} m′ 1 2 σxz, σyz Yes
4′/m′ III No {E,m′

z} m′ 1 2 σxz, σyz Yes
422 I No {E,C2x} 2 1 1 σyz No

422.1′ II No {E,C2x, C
′
2y, C

′
2z} 2′2′2 1 1 σyz No

4′22′ III No {E,C2x} 2 1 1 σyz No
42′2′ III Yes {E,C′

2y} 2′ 2 2 σxy, σyz No
4mm I No {E,mx} m 1 1 σyz No

4mm.1′ II No {E,C′
2z,mx,m

′
y} m′m2′ 1 1 σyz No

4′m′m III No {E,m′
y} m′ 1 2 σxy, σyz Yes

4m′m′ III Yes {E,m′
y} m′ 2 2 σxy, σyz No

4̄2m I No {E,C2x} 2 1 1 σyz No
4̄2m.1′ II No {E,C2x, C

′
2y, C

′
2z} 2′2′2 1 1 σyz No

4̄′2′m III No {E,C′
2y} 2′ 1 2 σxy, σyz Yes

4̄′2m′ III No {E,C2x} 2 1 1 σyz No
Continued on next page
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TABLE S5 – continued from previous page
Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′

s dimV ′
m σij ̸= 0 IPAHE?

4̄2′m′ III Yes {E,C′
2y} 2′ 2 2 σxy, σyz No

4/mmm I No {E, I, C2x,mx} 2/m 1 1 σyz No

4/mmm.1′ II No
{E, I, C2x, C

′
2y,

C′
2z,mx,m

′
y,m

′
z}

m′m′m 1 1 σyz No

4/m′mm III No {E,mx, C
′
2y,m

′
z} m′m2′ 1 1 σyz No

4′/mm′m III No {E, I, C′
2y,m

′
y} 2′/m′ 1 2 σxy, σyz Yes

4′/m′m′m III No {E,C2x,m
′
y,m

′
z} m′m′2 1 1 σyz No

4/mm′m′ III Yes {E, I, C′
2y,m

′
y} 2′/m′ 2 2 σxy, σyz No

4/m′m′m′ III No {E,C2x,m
′
y,m

′
z} m′m′2 1 1 σyz No

Trigonal

3 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
3.1′ II No {E} 1 1 3 σxy, σxz, σyz Yes
3̄ I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes

3̄.1′ II No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes
3̄′ III No {E} 1 1 3 σxy, σxz, σyz Yes
32 I No {E,C2x} 2 1 1 σyz No

32.1′ II No {E,C2x} 2 1 1 σyz No
32′ III Yes {E} 1 2 3 σxy, σxz, σyz Yes
3m I No {E,mx} m 1 1 σyz No

3m.1′ II No {E,mx} m 1 1 σyz No
3m′ III Yes {E} 1 2 3 σxy, σxz, σyz Yes
3̄m I No {E, I, C2x,mx} 2/m 1 1 σyz No

3̄m.1′ II No {E, I, C2x,mx} 2/m 1 1 σyz No
3̄′m III No {E,mx} m 1 1 σyz No
3̄′m′ III No {E,C2x} 2 1 1 σyz No
3̄m′ III Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes

Hexagonal

6 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
6.1′ II No {E,C′

2z} 2′ 1 2 σxz, σyz Yes
6′ III No {E,C′

2z} 2′ 1 2 σxz, σyz Yes
6̄ I Yes {E} 1 2 3 σxy, σxz, σyz Yes

6̄.1′ II No {E,m′
z} m′ 1 2 σxz, σyz Yes

6̄′ III No {E,m′
z} m′ 1 2 σxz, σyz Yes

6/m I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes
6/m.1′ II No {E, I, C′

2z,m
′
z} 2′/m′ 1 2 σxz, σyz Yes

6′/m III No {E,C′
2z} 2′ 1 2 σxz, σyz Yes

6/m′ III No {E,m′
z} m′ 1 2 σxz, σyz Yes

6′/m′ III No {E, I, C′
2z,m

′
z} 2′/m′ 1 2 σxz, σyz Yes

622 I No {E,C2x} 2 1 1 σyz No
622.1′ II No {E,C2x, C

′
2y, C

′
2z} 2′2′2 1 1 σyz No

6′22′ III No {E,C2x, C
′
2y, C

′
2z} 2′2′2 1 1 σyz No

62′2′ III Yes {E,C′
2y} 2′ 2 2 σxy, σyz No

6mm I No {E,mx} m 1 1 σyz No
6mm.1′ II No {E,C′

2z,mx,m
′
y} m′m2′ 1 1 σyz No

6′mm′ III No {E,C′
2z,mx,m

′
y} m′m2′ 1 1 σyz No

6m′m′ III Yes {E,m′
y} m′ 2 2 σxy, σyz No

6̄m2 I No {E,mx} m 1 1 σyz No
6̄m2.1′ II No {E,C′

2y,mx,m
′
z} m′m2′ 1 1 σyz No

6̄′m′2 III No {E,m′
z} m′ 1 2 σxz, σyz Yes

6̄′m2′ III No {E,C′
2y,mx,m

′
z} m′m2′ 1 1 σyz No

6̄m′2′ III Yes {E,C′
2y} 2′ 2 2 σxy, σyz No

6/mmm I No {E, I, C2x,mx} 2/m 1 1 σyz No

6/mmm.1′ II No
{E, I, C2x, C

′
2y,

C′
2z,mx,m

′
y,m

′
z}

m′m′m 1 1 σyz No

6/m′mm III No {E,mx, C
′
2y,m

′
z} m′m′2 1 1 σyz No

6′/mmm′ III No {E,mx, C
′
2z,m

′
y} m′m2′ 1 1 σyz No

6′/m′mm′ III No
{E, I, C2x, C

′
2y,

C′
2z,mx,m

′
y,m

′
z}

m′m′m 1 1 σyz No

6/mm′m′ III Yes {E, I, C′
2y,m

′
y} 2′/m′ 2 2 σxy, σyz No

6/m′m′m′ III No {E,C2x,m
′
y,m

′
z} m′m′2 1 1 σyz No

Cubic

23 I No {E,C2x} 2 1 1 σyz No
23.1′ II No {E,C2x, C

′
2y, C

′
2z} 2′2′2 1 1 σyz No

m3̄ I No {E, I, C2x,mx} 2/m 1 1 σyz No
Continued on next page
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TABLE S5 – continued from previous page
Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′

s dimV ′
m σij ̸= 0 IPAHE?

m3̄.1′ II No
{E, I, C2x, C

′
2y,

C′
2z,mx,m

′
y,m

′
z}

m′m′m 1 1 σyz No

m′3̄′ III No {E,C2x,m
′
y,m

′
z} m′m′2 1 1 σyz No

432 I No {E,C2x, C4x} 4 1 1 σyz No

432.1′ II No
{E,C′

2[011], C
′
2[011̄], C2x,

C′
2y, C

′
2z, C4x}

42′2′ 1 1 σyz No

4′32′ III No {E,C′
2[011], C

′
2[011̄], C2x 2′2′2 1 1 σyz No

4̄3m I No {E,C2x, C̄4x} 4̄ 1 1 σyz No

4̄3m.1′ II No
{E,C2x, C

′
2y, C

′
2z,

m′
[011],m

′
[011̄], C̄4x} 4̄2′m′ 1 1 σyz No

4̄′3m′ III No {E,C2x,m
′
[011],m

′
[011̄]} m′m′2 1 1 σyz No

m3̄m I No
{E, I, C2x, C4x,
C−1

4x ,mx, C̄4x}
4/m 1 1 σyz No

m3̄m.1′ II No

{E, I, C′
2[011], C

′
2[011̄]

C2x, C
′
2y, C

′
2z, C4x

m′
[011],m

′
[011̄],mx

m′
y,m

′
z, C̄4x}

4/mm′m′ 1 1 σyz No

m′3̄′m III No
{E,C′

2[011], C
′
2[011̄], C2x,

m′
y,m

′
z, C̄4x}

4̄2′m′ 1 1 σyz No

m3̄m′ III No
{E, I, C′

2[011], C
′
2[011̄],

C2x,m
′
[011],m

′
[011̄],mx} m′m′m 1 1 σyz No

m′3̄′m′ III No
{E,C2x, C4x

m′
[011],m

′
[011̄],m

′
y,m

′
z}

4m′m′ 1 1 σyz No
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TABLE S6: Field-reduced symmetry and field-induced IPAHE for all 122 MPGs under the magnetic field along the y direction.
IPAHE is realized when dim(V ′

m) > dim(V ′
s). ”Crystal System” denotes the crystallographic system to which the point group

belongs. ”Initial MPG” is the MPG before applying the external magnetic field. ”Type” indicates the type of MPG (Type-
I: colorless, Type-II: gray, Type-III: black-and-white). ”FM?” specifies whether the group is a ferromagnetic point group.
”Surviving operations” lists the symmetry operations preserved under the applied magnetic field. ”Final MPG” represents
the reduced MPG after symmetry reduction by the field. ”dimV ′

s” is the dimensionality of the constrained polarization space.
”dimV ′

m” is the dimensionality of the response space. ”σij ̸= 0” shows the symmetry-allowed nonzero components of the Hall
conductivity tensor and the red components are associated with the field-induced IPAHE. ”IPAHE?” indicates whether the
IPAHE is supported (Yes) or not (No) under the specified field direction.

Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′
s dimV ′

m σij ̸= 0 IPAHE?

Triclinic

1 I Yes {E} 1 3 3 σxy, σxz, σyz No
1.1′ II No {E} 1 1 3 σxy, σxz, σyz Yes
1̄ I Yes {E, I} 1̄ 3 3 σxy, σxz, σyz No

1̄.1′ II No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes
1̄′ III No {E} 1 1 3 σxy, σxz, σyz Yes

Monoclinic

2 I Yes {E,C2y} 2 1 1 σxz No
2.1′ II No {E,C2y} 2 1 1 σxz No
2′ III Yes {E} 1 3 3 σxy, σxz, σyz No
m I Yes {E,my} m 1 1 σxz No

m.1′ II No {E,my} m 1 1 σxz No
m′ III Yes {E} 1 3 3 σxy, σxz, σyz No
2/m I Yes {E, I, C2y,my} 2/m 1 1 σxz No

2/m.1′ II No {E, I, C2y,my} 2/m 1 1 σxz No
2′/m III No {E,my} m 1 1 σxz No
2/m′ III No {E,C2y} 2 1 1 σxz No
2′/m′ III Yes {E, I} 1̄ 3 3 σxy, σxz, σyz No

Orthorhombic

222 I No {E,C2y} 2 1 1 σxz No
222.1′ II No {E,C′

2x, C2y, C
′
2z} 2′2′2 1 1 σxz No

2′2′2 III Yes {E,C′
2x} 2′ 2 2 σxy, σxz No

mm2 I No {E,my} m 1 1 σxz No
mm2.1′ II No {E,C′

2z,m
′
x,my} m′m2′ 1 1 σxz No

m′m2′ III Yes {E,C′
2z,m

′
x,my} m′m2′ 1 1 σxz No

m′m′2 III Yes {E,m′
x} m′ 2 2 σxy, σxz No

mmm I No {E, I, C2y,my} 2/m 1 1 σxz No

mmm.1′ II No
{E, I, C′

2x, C2y,
C′

2z,m
′
x,my,m

′
z}

m′m′m 1 1 σxz No

m′mm III No {E,C′
2z,m

′
x,my} m′m2′ 1 1 σxz No

m′m′m III Yes {E, I, C′
2x,m

′
x} 2′/m′ 2 2 σxy, σxz No

m′m′m′ III No {E,C2y,m
′
x,m

′
z} m′m′2 1 1 σxz No

Tetragonal

4 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
4.1′ II No {E,C′

2z} 2′ 1 2 σxz, σyz Yes
4′ III No {E} 1 1 3 σxy, σxz, σyz Yes
4̄ I Yes {E} 1 2 3 σxy, σxz, σyz Yes

4̄.1′ II No {E,C′
2z} 2′ 1 2 σxz, σyz Yes

4̄′ III No {E} 1 1 3 σxy, σxz, σyz Yes
4/m I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes

4/m.1′ II No {E, I, C′
2z,m

′
z} 2′/m′ 1 2 σxz, σyz Yes

4′/m III No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes
4/m′ III No {E,m′

z} m′ 1 2 σxz, σyz Yes
4′/m′ III No {E,m′

z} m′ 1 2 σxz, σyz Yes
422 I No {E,C2y} 2 1 1 σxz No

422.1′ II No {E,C′
2x, C2y, C

′
2z} 2′2′2 1 1 σxz No

4′22′ III No {E,C2y} 2 1 1 σxz No
42′2′ III Yes {E,C′

2x} 2′ 2 2 σxy, σxz No
4mm I No {E,my} m 1 1 σxz No

4mm.1′ II No {E,C′
2z,m

′
x,my} m′m2′ 1 1 σxz No

4′m′m III No {E,m′
x} m′ 1 2 σxy, σxz Yes

4m′m′ III Yes {E,m′
x} m′ 2 2 σxy, σxz No

4̄2m I No {E,C2y} 2 1 1 σxz No
4̄2m.1′ II No {E,C′

2x, C2y, C
′
2z} 2′2′2 1 1 σxz No

4̄′2′m III No {E,C′
2x} 2′ 1 2 σxy, σxz Yes

4̄′2m′ III No {E,C2y} 2 1 1 σxz No
Continued on next page
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TABLE S6 – continued from previous page
Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′

s dimV ′
m σij ̸= 0 IPAHE?

4̄2′m′ III Yes {E,C′
2x} 2′ 2 2 σxy, σxz No

4/mmm I No {E, I, C2y,my} 2/m 1 1 σxz No

4/mmm.1′ II No
{E, I, C′

2x, C2y,
C′

2z,m
′
x,my,m

′
z}

m′m′m 1 1 σxz No

4/m′mm III No {E,my, C
′
2x,m

′
z} m′m2′ 1 1 σxz No

4′/mm′m III No {E, I, C′
2x,m

′
x} 2′/m′ 1 2 σxz, σxy Yes

4′/m′m′m III No {E,m′
x, 2y,m

′
z} m′m′2 1 1 σxz No

4/mm′m′ III Yes {E, I, C′
2x,m

′
x} 2′/m′ 2 2 σxy, σxz No

4/m′m′m′ III No {E,C2y,m
′
x,m

′
z} m′m′2 1 1 σxz No

Trigonal

3 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
3.1′ II No {E} 1 1 3 σxy, σxz, σyz Yes
3̄ I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes

3̄.1′ II No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes
3̄′ III No {E} 1 1 3 σxy, σxz, σyz Yes
32 I No {E} 1 1 3 σxy, σxz, σyz Yes

32.1′ II No {E,C′
2x} 2′ 1 2 σxy, σxz Yes

32′ III Yes {E,C′
2x} 2′ 2 2 σxy, σxz No

3m I No {E} 1 1 3 σxy, σxz, σyz Yes
3m.1′ II No {E,m′

x} m′ 1 2 σxy, σxz Yes
3m′ III Yes {E,m′

x} m′ 2 2 σxy, σxz No
3̄m I No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes

3̄m.1′ II No {E, I, C′
2x,m

′
x} 2′/m′ 1 2 σxy, σxz Yes

3̄′m III No {E,m′
x} m′ 1 2 σxy, σxz Yes

3̄′m′ III No {E,m′
x} m′ 1 2 σxy, σxz Yes

3̄m′ III Yes {E, I, C′
2x,m

′
x} 2′/m′ 2 2 σxy, σxz No

Hexagonal

6 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
6.1′ II No {E,C′

2z} 2′ 1 2 σxz, σyz Yes
6′ III No {E,C′

2z} 2′ 1 2 σxz, σyz Yes
6̄ I Yes {E} 1 2 3 σxy, σxz, σyz Yes

6̄.1′ II No {E,m′
z} m′ 1 2 σxz, σyz Yes

6̄′ III No {E,m′
z} m′ 1 2 σxz, σyz Yes

6/m I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes
6/m.1′ II No {E, I, C′

2z,m
′
z} 2′/m′ 1 2 σxz, σyz Yes

6′/m III No {E,C′
2z} 2′ 1 2 σxz, σyz Yes

6/m′ III No {E,m′
z} m′ 1 2 σxz, σyz Yes

6′/m′ III No {E, I, C′
2z,m

′
z} 2′/m′ 1 2 σxz, σyz Yes

622 I No {E,C2y} 2 1 1 σxz No
622.1′ II No {E,C′

2x, C2y, C
′
2z} 2′2′2 1 1 σxz No

6′22′ III No {E,C′
2z} 2′ 1 2 σxz, σyz Yes

62′2′ III Yes {E,C′
2x} 2′ 2 2 σxy, σxz No

6mm I No {E,my} m 1 1 σxz No
6mm.1′ II No {E,C′

2z,m
′
x,my} m′m2′ 1 1 σxz No

6′mm′ III No {E,C′
2z} 2′ 1 2 σxz, σyz Yes

6m′m′ III Yes {E,m′
x} m′ 2 2 σxy, σxz No

6̄m2 I No {E,C2y} 2 1 1 σxz No
6̄m2.1′ II No {E,C2y,m

′
x,m

′
z} m′m′2 1 1 σxz No

6̄′m′2 III No {E,C2y,m
′
x,m

′
z} m′m′2 1 1 σxz No

6̄′m2′ III No {E,m′
z} m′ 1 2 σxz, σyz Yes

6̄m′2′ III Yes {E,m′
x} m′ 2 2 σxy, σxz No

6/mmm I No {E, I, C2y,my} 2/m 1 1 σxz No

6/mmm.1′ II No
{E, I, C′

2x, C2y,
C′

2z,m
′
x,my,m

′
z}

m′m′m 1 1 σxz No

6/m′mm III No {E,my, C
′
2x,m

′
z} m′m2′ 1 1 σxz No

6′/mmm′ III No {E,C′
2z, C2y, C

′
2x} 2′2′2 1 1 σxz No

6′/m′mm′ III No {E, I, C′
2x,m

′
x} 2′/m′ 1 2 σxz, σyz Yes

6/mm′m′ III Yes {E, I, C′
2x,m

′
x} 2′/m′ 2 2 σxy, σxz No

6/m′m′m′ III No {E,C2y,m
′
x,m

′
z} m′m′2 1 1 σxz No

Cubic

23 I No {E,C2y} 2 1 1 σxz No
23.1′ II No {E,C′

2x, C2y, C
′
2z} 2′2′2 1 1 σxz No

m3̄ I No {E, I, C2y,my} 2/m 1 1 σxz No
Continued on next page
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TABLE S6 – continued from previous page
Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′

s dimV ′
m σij ̸= 0 IPAHE?

m3̄.1′ II No
{E, I, C′

2x, C2y,
C′

2z,m
′
x,my,m

′
z}

m′m′m 1 1 σxz No

m′3̄′ III No {E,C2y,m
′
x,m

′
z} m′m′2 1 1 σxz No

432 I No {E,C2y, C4y, C
−1
4y } 4 1 1 σxz No

432.1′ II No
{E,C′

2[101], C
′
2[101̄], C

′
2x,

C2y, C
′
2z, C4y}

42′2′ 1 1 σxz No

4′32′ III No {E,C′
2[101], C

′
2[101̄], C2y, } 2′2′2 1 1 σxz No

4̄3m I No {E,C2y, C̄4y} 4̄ 1 1 σxz No

4̄3m.1′ II No
{E,C′

2x, C2y, C
′
2z,

m′
[101],m

′
[101̄], C̄4y} 4̄2′m′ 1 1 σxz No

4̄′3m′ III No {E,C2y,m
′
[101],m

′
[101̄]} m′m′2 1 1 σxz No

m3̄m I No
{E, I, C2y, C4y,

my, C̄4y} 4/m 1 1 σxz No

m3̄m.1′ II No

{E, I, C′
2[101], C

′
2[101̄]

C′
2x, C2y, C

′
2z, C4y

m′
[101],m

′
[101̄],m

′
x

my,m
′
z, C̄4y}

4/mm′m′ 1 1 σxz No

m′3̄′m III No
{E,C′

2[101], C
′
2[101̄], C2y,

m′
x,m

′
z, C̄4y}

4̄2′m′ 1 1 σxz No

m3̄m′ III No
{E, I, C′

2[101], C
′
2[101̄],

C2y,m
′
[101],m

′
[101̄],my} m′m′m 1 1 σxz No

m′3̄′m′ III No
{E,C2y, C4y,

m′
[101],m

′
[101̄],m

′
x,m

′
z}

4m′m′ 1 1 σxz No
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TABLE S7: Field-reduced symmetry and field-induced IPAHE for all 122 MPGs under the magnetic field along the z direction.
IPAHE is realized when dim(V ′

m) > dim(V ′
s). ”Crystal System” denotes the crystallographic system to which the point group

belongs. ”Initial MPG” is the MPG before applying the external magnetic field. ”Type” indicates the type of MPG (Type-
I: colorless, Type-II: gray, Type-III: black-and-white). ”FM?” specifies whether the group is a ferromagnetic point group.
”Surviving operations” lists the symmetry operations preserved under the applied magnetic field. ”Final MPG” represents
the reduced MPG after symmetry reduction by the field. ”dimV ′

s” is the dimensionality of the constrained polarization space.
”dimV ′

m” is the dimensionality of the response space. ”σij ̸= 0” shows the symmetry-allowed nonzero components of the Hall
conductivity tensor and the red components are associated with the field-induced IPAHE. ”IPAHE?” indicates whether the
IPAHE is supported (Yes) or not (No) under the specified field direction.

Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′
s dimV ′

m σij ̸= 0 IPAHE?

Triclinic

1 I Yes {E} 1 3 3 σxy, σxz, σyz No
1.1′ II No {E} 1 1 3 σxy, σxz, σyz Yes
1̄ I Yes {E, I} 1̄ 3 3 σxy, σxz, σyz No

1̄.1′ II No {E, I} 1̄ 1 3 σxy, σxz, σyz Yes
1̄′ III No {E} 1 1 3 σxy, σxz, σyz Yes

Monoclinic

2 I Yes {E} 1 2 3 σxy, σxz, σyz Yes
2.1′ II No {E,C′

2y} 2′ 1 2 σxy, σyz Yes
2′ III Yes {E,C′

2y} 2′ 2 2 σxy, σyz No
m I Yes {E} 1 2 3 σxy, σxz, σyz Yes

m.1′ II No {E,m′
y} m′ 1 2 σxy, σyz Yes

m′ III Yes {E,m′
y} m′ 2 2 σxy, σyz No

2/m I Yes {E, I} 1̄ 2 3 σxy, σxz, σyz Yes
2/m.1′ II No {E, I, C′

2y,m
′
y} 2′/m′ 1 2 σxy, σyz Yes

2′/m III No {E,C′
2y} 2′ 1 2 σxy, σyz Yes

2/m′ III No {E,m′
y} m′ 1 2 σxy, σyz Yes

2′/m′ III Yes {E, I, C′
2y,m

′
y} 2′/m′ 2 2 σxy, σyz No

Orthorhombic

222 I No {E,C2z} 2 1 1 σxy No
222.1′ II No {E,C′

2x, C
′
2y, C2z} 2′2′2 1 1 σxy No

2′2′2 III Yes {E,C′
2x, C

′
2y, C2z} 2′2′2 1 1 σxy No

mm2 I No {E,C2z} 2 1 1 σxy No
mm2.1′ II No {E,C2z,m

′
x,m

′
y} m′m′2 1 1 σxy No

m′m2′ III Yes {E,m′
x} m′ 2 2 σxy, σxz No

m′m′2 III Yes {E,C2z,m
′
x,m

′
y} m′m′2 1 1 σxy No

mmm I No {E, I, C2z,mz} 2/m 1 1 σxy No

mmm.1′ II No
{E, I, C′

2x, C
′
2y,

C2z,m
′
x,m

′
y,mz} m′m′m 1 1 σxy No

m′mm III No {E,C′
2y,m

′
x,mz} m′m2′ 1 1 σxy No

m′m′m III Yes
{E, I, C′

2x, C
′
2y,

C2z,m
′
x,m

′
y,mz} m′m′m 1 1 σxy No

m′m′m′ III No {E,C2z,m
′
x,m

′
y} m′m′2 1 1 σxy No

Tetragonal

4 I Yes {E,C2z, C4z} 4 1 1 σxy No
4.1′ II No {E,C2z, C4z} 4 1 1 σxy No
4′ III No {E,C2z} 2 1 1 σxy No
4̄ I Yes {E,C2z, C̄4z} 4̄ 1 1 σxy No

4̄.1′ II No {E,C2z, C̄4z} 4̄ 1 1 σxy No
4̄′ III No {E,C2z} 2 1 1 σxy No

4/m I Yes
{E, I, C2z, C4z,

mz, C̄4z} 4/m 1 1 σxy No

4/m.1′ II No
{E, I, C2z, C4z,

mz, C̄4z} 4/m 1 1 σxy No

4′/m III No {E, I, C2z,mz} 2/m 1 1 σxy No
4/m′ III No {E,C2z, C4z} 4 1 1 σxy No
4′/m′ III No {E,C2z, C̄4z} 4̄ 1 1 σxy No
422 I No {E,C2z, C4z} 4 1 1 σxy No

422.1′ II No
{E,C′

2[110], C
′
2[11̄0], C

′
2x,

C′
2y, C2z, C4z}

42′2′ 1 1 σxy No

4′22′ III No {E,C′
2[110], C

′
2[11̄0], C2z} 2′2′2 1 1 σxy No

42′2′ III Yes
{E,C′

2[110], C
′
2[11̄0], C

′
2x,

C′
2y, C2z, C4z}

42′2′ 1 1 σxy No

4mm I No {E,C2z, C4z} 4 1 1 σxy No

4mm.1′ II No
{E,C2z, C4z,

m′
[110],m

′
[11̄0],m

′
x,m

′
y}

4m′m′ 1 1 σxy No

Continued on next page
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TABLE S7 – continued from previous page
Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′

s dimV ′
m σij ̸= 0 IPAHE?

4′m′m III No {E,C2z,m
′
x,m

′
y} m′m′2 1 1 σxy No

4m′m′ III Yes
{E,C2z, C4z,

m′
[110],m

′
[11̄0],m

′
x,m

′
y}

4m′m′ 1 1 σxy No

4̄2m I No {E,C2z, C̄4z} 4̄ 1 1 σxy No

4̄2m.1′ II No
{E,C′

2x, C
′
2y, C2z,

m′
[110],m

′
[11̄0], C̄4z} 4̄2′m′ 1 1 σxy No

4̄′2′m III No {E,C′
2x, C

′
2y, C2z} 2′2′2 1 1 σxy No

4̄′2m′ III No {E,C2z,m
′
[110],m

′
[11̄0]} m′m′2 1 1 σxy No

4̄2′m′ III Yes
{E,C′

2x, C
′
2y, C2z,

m′
[110],m

′
[11̄0], C̄4z} 4̄2′m′ 1 1 σxy No

4/mmm I No
{E, I, C2z, C4z,

mz, C̄4z} 4/m 1 1 σxy No

4/mmm.1′ II No

{E, I, C′
2[110], C

′
2[11̄0]

C′
2x, C

′
2y, C2z, C4z

m′
[110],m

′
[11̄0],m

′
x

m′
y,mz, C̄4z}

4/mm′m′ 1 1 σxy No

4/m′mm III No
{E,C2z, C4z,

C′
2[110], C

′
2[11̄0], C

′
2x, C

′
2y}

42′2′ 1 1 σxy No

4′/mm′m III No
{E, I, C′

2x, C
′
2y,

C2z,m
′
x,m

′
y,mz} m′m′m 1 1 σxy No

4′/m′m′m III No
{E,C′

2[110], C
′
2[11̄0], C2z,

m′
x,m

′
y, C̄4z}

4̄2′m′ 1 1 σxy No

4/mm′m′ III Yes

{E, I, C′
2[110], C

′
2[11̄0]

C′
2x, C

′
2y, C2z, C4z

m′
[110],m

′
[11̄0],m

′
x

m′
y,mz, C̄4z}

4/mm′m′ 1 1 σxy No

4/m′m′m′ III No
{E,C2z, C4z,

m′
[110],m

′
[11̄0],m

′
x,m

′
y}

4m′m′ 1 1 σxy No

Trigonal

3 I Yes {E,C3z} 3 1 1 σxy No
3.1′ II No {E,C3z} 3 1 1 σxy No

3̄ I Yes
{E, I, C3z

C̄3z} 3̄ 1 1 σxy No

3̄.1′ II No
{E, I, C3z

C̄3z} 3̄ 1 1 σxy No

3̄′ III No {E,C3z} 3 1 1 σxy No
32 I No {E,C3z} 3 1 1 σxy No

32.1′ II No
{E,C′

2[010], C
′
2[110], C

′
2x,

C3z}
32′ 1 1 σxy No

32′ III Yes
{E,C′

2[010], C
′
2[110], C

′
2x,

C3z}
32′ 1 1 σxy No

3m I No {E,C3z} 3 1 1 σxy No

3m.1′ II No
{E,C3z,m

′
[010],

m′
[110],m

′
x}

3m′ 1 1 σxy No

3m′ III Yes
{E,C3z,m

′
[010],

m′
[110],m

′
x}

3m′ 1 1 σxy No

3̄m I No
{E, I, C3z

C̄3z} 3̄ 1 1 σxy No

3̄m.1′ II No

{E, I, C′
2[010], C

′
2[110]

C′
2x, C3z,m

′
[010]

m′
[110],m

′
x, C̄3z}

3̄m′ 1 1 σxy No

3̄′m III No
{E,C′

2[010], C
′
2[110], C

′
2x,

C3z}
32′ 1 1 σxy No

3̄′m′ III No
{E,C3z,m

′
[010],

m′
[110],m

′
x}

3m′ 1 1 σxy No

3̄m′ III Yes

{E, I, C′
2[010], C

′
2[110]

C′
2x, C3z,m

′
[010]

m′
[110],m

′
x, C̄3z}

3̄m′ 1 1 σxy No

Hexagonal

6 I Yes
{E,C2z, C3z

C6z} 6 1 1 σxy No

Continued on next page
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TABLE S7 – continued from previous page
Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′

s dimV ′
m σij ̸= 0 IPAHE?

6.1′ II No
{E,C2z, C3z

C6z} 6 1 1 σxy No

6′ III No {E,C3z} 3 1 1 σxy No

6̄ I Yes
{E,C3z

mz, C̄6z} 6̄ 1 1 σxy No

6̄.1′ II No
{E,C3z

mz, C̄6z} 6̄ 1 1 σxy No

6̄′ III No {E,C3z} 3 1 1 σxy No

6/m I Yes
{E, I, C2z, C3z

C6z,mz

C̄3z, C̄6z}
6/m 1 1 σxy No

6/m.1′ II No
{E, I, C2z, C3z

C6z,mz

C̄3z, C̄6z}
6/m 1 1 σxy No

6′/m III No
{E,C3z

mz, C̄6z} 6̄ 1 1 σxy No

6/m′ III No
{E,C2z, C3z

C6z} 6 1 1 σxy No

6′/m′ III No
{E, I, C3z

C̄3z} 3̄ 1 1 σxy No

622 I No
{E,C2z, C3z

C6z} 6 1 1 σxy No

622.1′ II No

{E,C′
2[010], C

′
2[110], C

′
2[210]

C′
2[1̄10], C

′
2x, C

′
2y, C2z

C3z, C6z}
62′2′ 1 1 σxy No

6′22′ III No
{E,C′

2[210], C
′
2[1̄10], C

′
2y,

C3z}
32′ 1 1 σxy No

62′2′ III Yes

{E,C′
2[010], C

′
2[110], C

′
2[210]

C′
2[1̄10], C

′
2x, C

′
2y, C2z

C3z, C6z}
62′2′ 1 1 σxy No

6mm I No
{E,C2z, C3z

C6z} 6 1 1 σxy No

6mm.1′ II No

{E,C2z, C3z

C6z,m
′
[010],m

′
[110]

m′
[210],m

′
[1̄10],m

′
x,m

′
y}

6m′m′ 1 1 σxy No

6′mm′ III No
{E,C3z,m

′
[210],

m′
[1̄10],m

′
y}

3m′ 1 1 σxy No

6m′m′ III Yes

{E,C2z, C3z

C6z,m
′
[010],m

′
[110]

m′
[210],m

′
[1̄10],m

′
x,m

′
y}

6m′m′ 1 1 σxy No

6̄m2 I No
{E,C3z

mz, C̄6z} 6̄ 1 1 σxy No

6̄m2.1′ II No

{E,C′
2[210], C

′
2[1̄10], C

′
2y

C3z,m
′
[010],m

′
[110]

m′
x,mz, C̄6z}

6̄m′2′ 1 1 σxy No

6̄′m′2 III No
{E,C3z,m

′
[010],

m′
[110],m

′
x}

3m′ 1 1 σxy No

6̄′m2′ III No
{E,C′

2[210], C
′
2[1̄10], C

′
2y,

C3z}
32′ 1 1 σxy No

6̄m′2′ III Yes

{E,C′
2[210], C

′
2[1̄10], C

′
2y

C3z,m
′
[010],m

′
[110]

m′
x,mz, C̄6z}

6̄m′2′ 1 1 σxy No

6/mmm I No
{E, I, C2z, C3z

C6z,mz

C̄3z, C̄6z}
6/m 1 1 σxy No

Continued on next page
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TABLE S7 – continued from previous page
Crystal System Initial MPG Type FM? Surviving operations Final MPG dimV ′

s dimV ′
m σij ̸= 0 IPAHE?

6/mmm.1′ II No

{E, I, C′
2[010], C

′
2[110]

C′
2[210], C

′
2[1̄10], C

′
2x, C

′
2y

C2z, C3z, C6z

m′
[010],m

′
[110],m

′
[210]

m′
[1̄10],m

′
x,m

′
y,mz

C̄3z, C̄6z}

6/mm′m′ 1 1 σxy No

6/m′mm III No

{E,C′
2[010], C

′
2[110], C

′
2[210]

C′
2[1̄10], C

′
2x, C

′
2y, C2z

C3z, C6z}
62′2′ 1 1 σxy No

6′/mmm′ III No

{E,C′
2[010], C

′
2[110], C

′
2x

C3z,m
′
[210],m

′
[1̄10]

m′
y,mz, C̄6z}

6̄m′2′ 1 1 σxy No

6′/m′mm′ III No

{E, I, C′
2[210], C

′
2[1̄10]

C′
2y, C3z,m

′
[210]

m′
[1̄10],m

′
y, C̄3z}

3̄m′ 1 1 σxy No

6/mm′m′ III Yes

{E, I, C′
2[010], C

′
2[110]

C′
2[210], C

′
2[1̄10], C

′
2x, C

′
2y

C2z, C3z, C6z

m′
[010],m

′
[110],m

′
[210]

m′
[1̄10],m

′
x,m

′
y,mz

C̄3z, C̄6z}

6/mm′m′ 1 1 σxy No

6/m′m′m′ III No

{E,C2z, C3z

C6z,m
′
[010],m

′
[110]

m′
[210],m

′
[1̄10],m

′
x,m

′
y}

6m′m′ 1 1 σxy No

Cubic

23 I No {E,C2z} 2 1 1 σxy No
23.1′ II No {E,C′

2x, C
′
2y, C2z} 2′2′2 1 1 σxy No

m3̄ I No {E, I, C2z,mz} 2/m 1 1 σxy No

m3̄.1′ II No
{E, I, C′

2x, C
′
2y,

C2z,m
′
x,m

′
y,mz} m′m′m 1 1 σxy No

m′3̄′ III No {E,C2z,m
′
x,m

′
y} m′m′2 1 1 σxy No

432 I No {E,C2z, C4z} 4 1 1 σxy No

432.1′ II No
{E,C′

2[110], C
′
2[11̄0], C

′
2x,

C′
2y, C2z, C4z}

42′2′ 1 1 σxy No

4′32′ III No {E,C′
2[110], C

′
2[11̄0], C2z} 2′2′2 1 1 σxy No

4̄3m I No {E,C2z, C̄4z} 4̄ 1 1 σxy No

4̄3m.1′ II No
{E,C′

2x, C
′
2y, C2z,

m′
[110],m

′
[11̄0], C̄4z} 4̄2′m′ 1 1 σxy No

4̄′3m′ III No {E,C2z,m
′
[110],m

′
[11̄0]} m′m′2 1 1 σxy No

m3̄m I No
{E, I, C2z, C4z,

mz, C̄4z} 4/m 1 1 σxy No

m3̄m.1′ II No

{E, I, C′
2[110], C

′
2[11̄0]

C′
2x, C

′
2y, C2z, C4z

m′
[110],m

′
[11̄0],m

′
x

m′
y,mz, C̄4z}

4/mm′m′ 1 1 σxy No

m′3̄′m III No
{E,C′

2[110], C
′
2[11̄0], C2z,

m′
x,m

′
y, C̄4z}

4̄2′m′ 1 1 σxy No

m3̄m′ III No
{E, I, C′

2[110], C
′
2[11̄0],

C2z,m
′
[110],m

′
[11̄0],mz} m′m′m 1 1 σxy No

m′3̄′m′ III No
{E,C2z, C4z,

m′
[110],m

′
[11̄0],m

′
x,m

′
y}

4m′m′ 1 1 σxy No
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TABLE S8: Candidate materials for spontaneous IPAHE. The first column, ID, is the unique identifier for the candidate
magnetic material. The second column, Chemical formula, is the chemical composition of the material. The third column,
OSSG, is the oriented spin space group of the materials. The fourth column, MPG, is the magnetic point group corresponding
to the material. The fifth column, Vs, gives the general vectors spanning the constrained polarization space. The sixth
column, Vm, gives the general vectors spanning the response space. The seventh column, dimVs, is the dimensionality of the
constrained polarization space. The eighth column, dimVm, is the dimensionality of the response space. The ninth column,
σij ̸= 0, lists the symmetry-allowed nonzero components of the anomalous Hall conductivity tensor (components in red are
specifically highlighted associated with field-induced IPAHE).

ID Chemical formula OSSG MPG Vs Vm dimVs dimVm σij ̸= 0

0.106 DyVO3 Pm001nm010m2100a 2′/m′ (x, 0, 0) (x, 0, z) 1 2 σyz, σxy

0.121 Li2Co(SO4)2 P 210021/
2100cmα,0,γ1 2′/m′ (x, 0, 0) (x, 0, z) 1 2 σyz, σxy

0.139 BiCrO3 C12/1c∞0,β,γm1 1̄ (0, y, z) (x, y, z) 2 3 σyz, σzx, σxy

0.176 Mn3Ti2Te6 P 13̄1c∞100m1 2′/m′ (x, 0, 0) (x, 0, z) 1 2 σyz, σxy

0.233 Mn2FeSbO6 R13̄∞100m1 1̄ (x, 0, 0) (x, y, z) 1 3 σyz, σzx, σxy

0.234 MnLaMnSbO6 P 142/
1n∞100m1 2′/m′ (x, 0, 0) (x, y, 0) 1 2 σyz, σzx

0.258 Li3Fe2(PO4)3 P 121/
1c∞100m1 2′/m′ (x, 0, 0) (x, y, 0) 1 2 σyz, σzx

0.297 NaCrGe2O6 C12/1c∞001m1 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

0.359 Mn2ScSbO6 R13∞010m1 1 (0, y, 0) (x, y, z) 1 3 σyz, σzx, σxy

0.397 Mn3Si2Te6 P 13̄111c∞100m1 2′/m′ (x, 0, 0) (x, 0, z) 1 2 σyz, σxy

0.502 La2Ni1.19Os0.81O6 P 210021/
2100cm0011 2′/m′ (x, 0, 0) (x, 0, z) 1 2 σyz, σxy

0.515 CoFe3O5 C1m2100c2100mm0101 2′/m′ (x, 0, 0) (x, y, 0) 1 2 σyz, σzx

0.541 Mn2FeReO6 P 121/
1c∞001m1 1̄ (0, 0, z) (x, y, z) 1 3 σyz, σzx, σxy

0.542 Mn2FeReO6 P 11̄∞001m1 1̄ (0, 0, z) (x, y, z) 1 3 σyz, σzx, σxy

0.543 Mn2FeReO6 P 11̄∞001m1 1̄ (0, 0, z) (x, y, z) 1 3 σyz, σzx, σxy

0.548 Mn2FeReO6 P 11̄m0101 1̄ (x, 0, z) (x, y, z) 2 3 σyz, σzx, σxy

0.664 Mn3Sn2 P 2001n2001m1am0101 2′/m′ (0, 0, z) (0, y, z) 1 2 σzx, σxy

0.682 Ca2FeOsO6 P 121/
1c∞001m1 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

0.683 SrCaFeOsO6 P 121/
1c∞001m1 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

0.796 Ca2NiOsO6 P 121/
1c∞100m1 2′/m′ (x, 0, 0) (x, 0, z) 1 2 σyz, σxy

0.876 La2ZnIrO6 P 200121/
2001cm1001 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

1.0.7 LuFe2O4 C12/1m∞001m1 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

0.891 CuCr2O4 I200141/
1a1m2001dm0101 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

0.894 Ni0.85Cu0.15Cr2O4 F 1d2001d2001dm0101 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

0.1000 Fe4O5 C1m2100c21002m010
1 1 2′ (x, 0, 0) (x, y, 0) 1 2 σyz, σzx

Continued on next page
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TABLE S8 – continued from previous page

ID Chemical formula OSSG MPG Vs Vm dimVs dimVm σij ̸= 0

0.1024 BaFe2Se4 I20104/2010mm0011 2′ (0, y, 0) (x, y, 0) 1 2 σyz, σzx

1.0.13 FeI2 C12/1m∞001m1 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

1.0.22 K2Mn3(VO4)2CO3 P 201063/
1mm2101 2′ (0, y, 0) (x, y, 0) 1 2 σyz, σzx

2.16 Ce2PdGe3 A1m1m12m1001 m′ (x, 0, 0) (x, 0, z) 1 2 σyz, σxy

2.52 Mn3O4 Pm100c2001am01021 m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

2.74 BaDy2O4 P 12∞001m
1 1 2′ (0, 0, z) (0, y, z) 1 2 σzx, σxy

3.14 FeI2 C12/1m∞001m1 2′/m′ (0, 0, z) (x, 0, z) 1 2 σyz, σxy

3.20 TbMn2Ge2 P 121/
1m2001(1/2 0 0)mαβ01 1̄ (0, 0, z) (x, y, z) 1 3 σyz, σzx, σxy
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TABLE S9: Candidate ferromagnets exhibiting field-induced IPAHE. The fourth column presents the direction of magnetic
field that can give rise to IPAHE. The Hall conductance highlighted in red denotes the component that is induced by the
applied magnetic field.

ID Formula Zero-field MPG B Reduced MPG σij ̸= 0

0.35 Cu2OSeO3 3
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.39 Nd2NaRuO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.60 (NH2(CH3)2)n(FeIIIFeII(HCOO)6)n 3m′ B ∥ x 1 σyz, σzx, σxy

0.64 MnV2O4 4/m
B ∥ x

B ∥ y

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.77 Tb2Ti2O7 3m′ B ∥ x 1 σyz, σzx, σxy

0.78 NiN2O6 3
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.84 Mn2FeMoO6 3
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.103 Mn2GeO4 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.120 LiFe(SO4)2 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.122 Li2Mn(SO4)2 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.138 BiCrO3 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.165 SrMn(VO4)(OH) 2
B ∥ x

B ∥ z

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.167 Nd3Sb3Mg2O14 3m′ B ∥ x 1 σyz, σzx, σxy

0.169 U3As4 3m′ B ∥ x 1 σyz, σzx, σxy

0.170 U3P4 3m′ B ∥ x 1 σyz, σzx, σxy

0.204 Ca2MnReO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.228 TbCo2 3m′ B ∥ x 1 σyz, σzx, σxy

0.235 MnPrMnSbO6 4/m
B ∥ x

B ∥ y

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.253 Cs2FeCl5.D2O 2
B ∥ x

B ∥ z

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.259 Li3Fe2(PO4)3 3
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

Continued on next page
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TABLE S9 – continued from previous page

ID Formula Zero-field MPG B Reduced MPG σij ̸= 0

0.265 Mn3(Co0.61Mn0.39)N 3
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.266 Na2BaCo(VO4)2 3m′ B ∥ x 1 σyz, σzx, σxy

0.272 Tb2MnNiO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.274 Mn4N 3m′ B ∥ x 1 σyz, σzx, σxy

0.275 Mn3AlN 3m′ B ∥ x 1 σyz, σzx, σxy

0.291 Tl2NiMnO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.296 Cu2(OD)3Cl 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.310 NaMnFeF6 32′ B ∥ x 1 σyz, σzx, σxy

0.357 CaFe5O7 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.375 La2CoIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.428 BaMn2Si2O7 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.512 Mn3As2 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.537 CaMn0.7Co1.3ReO6 4/m
B ∥ x

B ∥ y

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.538 CaMn1.2Ni0.8ReO6 4/m
B ∥ x

B ∥ y

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.539 Mn2Fe0.8Mo1.2O6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.540 Mn2Fe0.8Mo1.2O6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.557 Ho0.15Bi0.85FeO3 m
B ∥ x

B ∥ z

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.558 Ho0.2Bi0.8FeO3 m
B ∥ x

B ∥ z

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.576 Cr2F5 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.578 NaBaFe2F9 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

Continued on next page
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TABLE S9 – continued from previous page

ID Formula Zero-field MPG B Reduced MPG σij ̸= 0

0.597 MnBi8Te13 3m′ B ∥ x 1 σyz, σzx, σxy

0.612 Cu2OSO4 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.720 Yb0.42Sc0.58FeO3 6
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.721 Yb0.42Sc0.58FeO3 6
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.727 CsMn2F6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.756 GaV4S8 3m′ B ∥ x 1 σyz, σzx, σxy

0.859 YCo3 3̄m′ B ∥ x 1 σyz, σzx, σxy

0.860 Co3Sn2S2 3̄m′ B ∥ x 1 σyz, σzx, σxy

0.861 Co3Sn2S2 3̄m′ B ∥ x 1 σyz, σzx, σxy

0.865 Nd2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.866 Pr2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.867 Nd2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.868 Pr2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.869 Pr2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.870 Pr2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.871 Pr2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.872 Pr2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.873 Pr2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.874 Nd2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.875 Nd2NiIrO6 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

Continued on next page
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TABLE S9 – continued from previous page

ID Formula Zero-field MPG B Reduced MPG σij ̸= 0

0.925 Au70Si17Tb13 3̄
B ∥ x

B ∥ y

1

1

σyz, σzx, σxy

σyz, σzx, σxy

0.944 Yb2Ir2O7 3̄m′ B ∥ x 1 σyz, σzx, σxy

0.948 CaNi3P4O14 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.1014 CsNi(NCS)3 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

0.1044 Cr5Te8 3̄m′ B ∥ x 1 σyz, σzx, σxy

1.0.5 Sr3CoIrO6 3m′ B ∥ x 1 σyz, σzx, σxy

1.0.10 Sr3NiIrO6 3m′ B ∥ x 1 σyz, σzx, σxy

1.0.17 CaBaCo2Fe2O7 3m′ B ∥ x 1 σyz, σzx, σxy

1.0.28 Tb(DCO2)3 3m′ B ∥ x 1 σyz, σzx, σxy

1.0.55 Nd0.33Sr0.67FeO3 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

1.0.56 Pr0.33Sr0.67FeO3 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

2.3 HoNiO3 2
B ∥ x

B ∥ z

1

1

σyz, σzx, σxy

σyz, σzx, σxy

2.5 Mn3CuN 4/m
B ∥ x

B ∥ y

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

2.32 Dy3Ru4Al12 3m′ B ∥ x 1 σyz, σzx, σxy

2.59 Mn3As2 2/m
B ∥ x

B ∥ z

1̄

1̄

σyz, σzx, σxy

σyz, σzx, σxy

3.15 FeI2 3m′ B ∥ x 1 σyz, σzx, σxy

3.25 CoTa3S6 32′ B ∥ x 1 σyz, σzx, σxy

3.26 CoNb3S6 32′ B ∥ x 1 σyz, σzx, σxy
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TABLE S10: Candidate spin orbital magnetism materials that can support field-induced IPAHE. The fourth column presents
the direction of magnetic field that can give rise to IPAHE. The sixth column presents the category under the classification
of unconventional magnets. The Hall conductance highlighted in red denotes the component that is induced by the applied
magnetic field.

ID Formula MPG Field Reduced MPG phases σij ̸= 0

0.61 Li2FeP2O7 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.83 LiFeP2O7 2 B ∥ x 1 altermagnet σyz, σzx, σxy

B ∥ z 1 σyz, σzx, σxy

0.99 YBaMn2O5.5 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.105 ErVO3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.108* Mn3Ir 3̄m′ B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

0.109* Mn3Pt 3̄m′ B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

0.113 NiCO3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.114 CoCO3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.115 MnCO3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.123* MnNiN3 3̄ B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ y 1̄ σyz, σzx, σxy

0.124* MnNiN3 3̄ B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ y 1̄ σyz, σzx, σxy

0.148 La2LiRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.207 TlFe1.6Se2 4/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ y 1̄ σyz, σzx, σxy

0.210 Sr2CoOsO6 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.295 Cu(OD)2Cl3 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.301 Sr2CoTeO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.302 Sr2Co0.9Mg0.1TeO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.316* DyCrWO6 2 B ∥ x 1 unconstrained-parity magnet σyz, σzx, σxy

B ∥ z 1 σyz, σzx, σxy

0.360 Mn2ScSbO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.392 Fe3(PO4)2(OH)2 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.420 Sr2LuRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

Continued on next page
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TABLE S10 – continued from previous page

ID Formula MPG Field Reduced MPG phases σij ̸= 0

0.434 K2ReI6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.475 Sr2TbIrO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.510 Mn2NiReO6 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.553 K2ReI6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.589 NdCrO3 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.590 ErCrO3 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.609 NdMnO3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.669 Sr2YbRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.670 Sr2YbRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.671 Sr2TmRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.714 Li2Ni(SO4)2 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.722 Mn4Nb2O9 m B ∥ x 1 altermagnet σyz, σzx, σxy

B ∥ z 1 σyz, σzx, σxy

0.747 Ba3CoIr2O9 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.791 Sr2TbRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.792 Sr2HoRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.793 Sr2HoRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.794 Sr2HoRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.795 Sr2YRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.864 La2NiIrO6 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.880* CdCu(OH)3(NO6)3H2O2 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.912 Ho5Ni2In4 2/m B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

Continued on next page
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ID Formula MPG Field Reduced MPG phases σij ̸= 0

0.917 Sr2ScOsO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.934 Sr2NiTeO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.935 Sr2Ni0.9Mg0.1TeO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.936 Sr2MnTeO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.937 Sr2CoTeO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.946 YCr0.5Fe0.5O3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.982 TmVO3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.983 TmVO3 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

0.1008 Sr2ErRuO6 2/m B ∥ x 1̄ altermagnet σyz, σzx, σxy

B ∥ z 1̄ σyz, σzx, σxy

2.35 CrSe 3m′ B ∥ x 1 unconstrained-parity magnet σyz, σzx, σxy

3.17 BaCu3V2O8(OD)2 32′ B ∥ x 1 even-parity magnet σyz, σzx, σxy

3.24* CaFe3Ti4O12 3̄ B ∥ x 1̄ even-parity magnet σyz, σzx, σxy

B ∥ y 1̄ σyz, σzx, σxy
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TABLE S11: Candidate materials belonging to non-ferromagnetic point groups that can support field-induced IPAHE. The
fourth column presents the direction of the magnetic field that can give rise to IPAHE. The sixth column presents the category
under the classification of unconventional magnets. The Hall conductance highlighted in red denotes the component that is
induced by the applied magnetic field. AFM is the abbreviation of antiferromagnet.

ID Formula MPG B σij ̸= 0 Magnetic class
0.13 Ca3Co2−xMnxO6 3m B ∥ y σyz, σzx, σxy altermagnet
0.15 MnF2 4′/mm′m B ∥ x σyz, σxy altermagnet
0.15 MnF2 4′/mm′m B ∥ y σzx, σxy altermagnet
0.21 PbNiO3 3m B ∥ y σyz, σzx, σxy altermagnet
0.28 LiFeSi2O6 2/m′ B ∥ x σyz, σxy AFM
0.28 LiFeSi2O6 2/m′ B ∥ z σyz, σxy AFM
0.29 Er2Ti2O7 4′/mm′m B ∥ x σyz, σxy AFM
0.29 Er2Ti2O7 4′/mm′m B ∥ y σzx, σxy AFM
0.30 YbMnO3 6′mm′ B ∥ y σyz, σzx hybrid-parity magnet
0.42 HoMnO3 6′mm′ B ∥ y σyz, σzx AFM
0.43 HoMnO3 6′mm′ B ∥ y σyz, σzx AFM
0.44 YMnO3 6′ B ∥ x σyz, σzx hybrid-parity magnet
0.44 YMnO3 6′ B ∥ y σyz, σzx hybrid-parity magnet
0.47 Gd2Sn2O7 4′/mm′m B ∥ x σyz, σxy AFM
0.47 Gd2Sn2O7 4′/mm′m B ∥ y σzx, σxy AFM
0.54 RbyFe2−xSe2 4/m′ B ∥ x σyz, σzx AFM
0.54 RbyFe2−xSe2 4/m′ B ∥ y σyz, σzx AFM
0.55 KyFe2-xSe2 4/m′ B ∥ x σyz, σzx AFM
0.55 KyFe2-xSe2 4/m′ B ∥ y σyz, σzx AFM
0.74 Mn3Cu0.5Ge0.5N 3̄m B ∥ y σyz, σzx, σxy AFM
0.92 CaMn2Sb2 2′/m B ∥ x σyz, σxy AFM
0.92 CaMn2Sb2 2′/m B ∥ z σyz, σxy AFM
0.110 Cr2O3 2′/m B ∥ x σyz, σxy AFM
0.110 Cr2O3 2′/m B ∥ z σyz, σxy AFM
0.116 FeCO3 3̄m B ∥ y σyz, σzx, σxy altermagnet
0.118 Ba5Co5ClO13 6′/m′mm′ B ∥ y σyz, σzx altermagnet
0.145 Co3TeO6 2′/m B ∥ x σyz, σxy AFM
0.145 Co3TeO6 2′/m B ∥ z σyz, σxy AFM
0.152 LiFePO4 2/m′ B ∥ x σyz, σxy AFM
0.152 LiFePO4 2/m′ B ∥ z σyz, σxy AFM
0.154 Er2Ru2O7 4′/mm′m B ∥ x σyz, σxy altermagnet
0.154 Er2Ru2O7 4′/mm′m B ∥ y σzx, σxy altermagnet
0.156 CaMnGe2O6 2′/m B ∥ x σyz, σxy AFM
0.156 CaMnGe2O6 2′/m B ∥ z σyz, σxy AFM
0.163 MnPS3 2′/m B ∥ x σyz, σxy AFM
0.163 MnPS3 2′/m B ∥ z σyz, σxy AFM
0.177 Mn3GaN 3̄m B ∥ y σyz, σzx, σxy AFM
0.178 CoF2 4′/mm′m B ∥ x σyz, σxy altermagnet
0.178 CoF2 4′/mm′m B ∥ y σzx, σxy altermagnet
0.188 CeMnAsO 2′/m B ∥ x σyz, σxy AFM
0.188 CeMnAsO 2′/m B ∥ z σyz, σxy AFM
0.189 CeMn2Ge4O12 4′/mm′m B ∥ x σyz, σxy altermagnet
0.189 CeMn2Ge4O12 4′/mm′m B ∥ y σzx, σxy altermagnet
0.196 Co4Nb2O9 2/m′ B ∥ x σyz, σxy AFM
0.196 Co4Nb2O9 2/m′ B ∥ z σyz, σxy AFM
0.197 Co4Nb2O9 2/m′ B ∥ x σyz, σxy AFM
0.197 Co4Nb2O9 2/m′ B ∥ z σyz, σxy AFM
0.208 TlFe1.6Se2 2′/m B ∥ x σyz, σxy AFM
0.208 TlFe1.6Se2 2′/m B ∥ z σyz, σxy AFM
0.209 TlFe1.6Se2 4/m′ B ∥ x σyz, σzx AFM
0.209 TlFe1.6Se2 4/m′ B ∥ y σyz, σzx AFM
0.217 LiCrGe2O6 2′/m B ∥ x σyz, σxy AFM
0.217 LiCrGe2O6 2′/m B ∥ z σyz, σxy AFM
0.236 CaFe4Al8 4′/mm′m B ∥ x σyz, σxy AFM
0.236 CaFe4Al8 4′/mm′m B ∥ y σzx, σxy AFM
0.237 Er2Sn2O7 4′/mm′m B ∥ x σyz, σxy AFM

Continued on next page
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ID Formula MPG B σij ̸= 0 Magnetic class
0.237 Er2Sn2O7 4′/mm′m B ∥ y σzx, σxy AFM
0.238 Er2Pt2O7 4′/mm′m B ∥ x σyz, σxy AFM
0.238 Er2Pt2O7 4′/mm′m B ∥ y σzx, σxy AFM
0.243 Li2Fe(SO4)2 2′/m B ∥ x σyz, σxy AFM
0.243 Li2Fe(SO4)2 2′/m B ∥ z σyz, σxy AFM
0.245 Li1.5Fe(SO4)2 2′/m B ∥ x σyz, σxy AFM
0.245 Li1.5Fe(SO4)2 2′/m B ∥ z σyz, σxy AFM
0.252 Cs2FeCl5D2O 2′/m B ∥ x σyz, σxy AFM
0.252 Cs2FeCl5D2O 2′/m B ∥ z σyz, σxy AFM
0.264 Fe3(PO4)2 2/m′ B ∥ x σyz, σxy AFM
0.264 Fe3(PO4)2 2/m′ B ∥ z σyz, σxy AFM
0.273 Mn3ZnN 3̄m B ∥ y σyz, σzx, σxy AFM
0.281 Co2V2O7 2/m′ B ∥ x σyz, σxy AFM
0.281 Co2V2O7 2/m′ B ∥ z σyz, σxy AFM
0.282 U14Au51 6′/m B ∥ x σyz, σzx AFM
0.282 U14Au51 6′/m B ∥ y σyz, σzx AFM
0.283 U14Au51 6/m′ B ∥ x σyz, σzx AFM
0.283 U14Au51 6/m′ B ∥ y σyz, σzx AFM
0.284 KOsO4 4′/m′ B ∥ x σyz, σzx AFM
0.284 KOsO4 4′/m′ B ∥ y σyz, σzx AFM
0.285 KRuO4 4′/m′ B ∥ x σyz, σzx AFM
0.285 KRuO4 4′/m′ B ∥ y σyz, σzx AFM
0.312 MnGeO3 2′/m B ∥ x σyz, σxy AFM
0.312 MnGeO3 2′/m B ∥ z σyz, σxy AFM
0.315 ZrMn2Ge4O12 4′/mm′m B ∥ x σyz, σxy altermagnet
0.315 ZrMn2Ge4O12 4′/mm′m B ∥ y σzx, σxy altermagnet
0.330 ErGe3 2/m′ B ∥ x σyz, σxy AFM
0.330 ErGe3 2/m′ B ∥ z σyz, σxy AFM
0.331 Fe2Mo3O8 6′mm′ B ∥ y σyz, σzx altermagnet
0.332 Co2Mo3O8 6′mm′ B ∥ y σyz, σzx altermagnet
0.334 CoF3 3̄m B ∥ y σyz, σzx, σxy altermagnet
0.338 Co2Mo3O8 6′mm′ B ∥ y σyz, σzx altermagnet
0.347 Er2ReC2 2′/m B ∥ x σyz, σxy AFM
0.347 Er2ReC2 2′/m B ∥ z σyz, σxy AFM
0.355 Mn2.85Ga1.15 6′/m′mm′ B ∥ y σyz, σzx AFM
0.372 DyCrO4 2′/m B ∥ x σyz, σxy AFM
0.372 DyCrO4 2′/m B ∥ z σyz, σxy AFM
0.381 Co6(OH)3(TeO3)4(OH)0.9(H20) 6′mm′ B ∥ y σyz, σzx AFM
0.384 LiCoPO4 2′/m B ∥ x σyz, σxy AFM
0.384 LiCoPO4 2′/m B ∥ z σyz, σxy AFM
0.385 LiCoPO4 2/m′ B ∥ x σyz, σxy AFM
0.385 LiCoPO4 2/m′ B ∥ z σyz, σxy AFM
0.394 Cu2CdB2O6 2/m′ B ∥ x σyz, σxy AFM
0.394 Cu2CdB2O6 2/m′ B ∥ z σyz, σxy AFM
0.416 LaCrO3 3̄m B ∥ y σyz, σzx, σxy altermagnet
0.418 K0.8Fe1.8Se2 4/m′ B ∥ x σyz, σzx AFM
0.418 K0.8Fe1.8Se2 4/m′ B ∥ y σyz, σzx AFM
0.422 EuMnSb2 2/m′ B ∥ x σyz, σxy AFM
0.422 EuMnSb2 2/m′ B ∥ z σyz, σxy AFM
0.441 Fe4Nb2O9 2/m′ B ∥ x σyz, σxy AFM
0.441 Fe4Nb2O9 2/m′ B ∥ z σyz, σxy AFM
0.442 Fe4Nb2O9 2/m′ B ∥ x σyz, σxy AFM
0.442 Fe4Nb2O9 2/m′ B ∥ z σyz, σxy AFM
0.443 Fe4Nb2O9 2/m′ B ∥ x σyz, σxy AFM
0.443 Fe4Nb2O9 2/m′ B ∥ z σyz, σxy AFM
0.444 YbCl3 2′/m B ∥ x σyz, σxy AFM
0.444 YbCl3 2′/m B ∥ z σyz, σxy AFM
0.476 Cs2FeCl5(H2O) 2′/m B ∥ x σyz, σxy AFM
0.476 Cs2FeCl5(H2O) 2′/m B ∥ z σyz, σxy AFM
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0.482 SrMn2As2 2′/m B ∥ x σyz, σxy AFM
0.482 SrMn2As2 2′/m B ∥ z σyz, σxy AFM
0.488 YbMnO3 6′mm′ B ∥ y σyz, σzx AFM
0.489 YbMnO3 6′mm′ B ∥ y σyz, σzx AFM
0.491 NdB4 4/m′ B ∥ x σyz, σzx AFM
0.491 NdB4 4/m′ B ∥ y σyz, σzx AFM
0.492 NdB4 2′/m B ∥ x σyz, σxy AFM
0.492 NdB4 2′/m B ∥ z σyz, σxy AFM
0.501 LiFe2F6 4′/mm′m B ∥ x σyz, σxy altermagnet
0.501 LiFe2F6 4′/mm′m B ∥ y σzx, σxy altermagnet
0.503 K1.62Fe4O6.62(OH)0.38 3̄m B ∥ y σyz, σzx, σxy altermagnet
0.505 Pb2VO(PO4)2 2/m′ B ∥ x σyz, σxy AFM
0.505 Pb2VO(PO4)2 2/m′ B ∥ z σyz, σxy AFM
0.511 Co4Ta2O9 2′/m B ∥ x σyz, σxy AFM
0.511 Co4Ta2O9 2′/m B ∥ z σyz, σxy AFM
0.527 Er2Si2O7 2′/m B ∥ x σyz, σxy AFM
0.527 Er2Si2O7 2′/m B ∥ z σyz, σxy AFM
0.528 CrSb 6′/m′mm′ B ∥ y σyz, σzx altermagnet
0.529 Co4Nb2O9 2/m′ B ∥ x σyz, σxy AFM
0.529 Co4Nb2O9 2/m′ B ∥ z σyz, σxy AFM
0.531 Sr0.7Tb0.3CoO2.9 4′/mm′m B ∥ x σyz, σxy altermagnet
0.531 Sr0.7Tb0.3CoO2.9 4′/mm′m B ∥ y σzx, σxy altermagnet
0.532 Sr0.7Ho0.3CoO2.7 4′/mm′m B ∥ x σyz, σxy altermagnet
0.532 Sr0.7Ho0.3CoO2.7 4′/mm′m B ∥ y σzx, σxy altermagnet
0.533 Sr0.7Er0.3CoO2.8 4′/mm′m B ∥ x σyz, σxy altermagnet
0.533 Sr0.7Er0.3CoO2.8 4′/mm′m B ∥ y σzx, σxy altermagnet
0.550 Mn3ReO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
0.550 Mn3ReO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
0.550 Mn3ReO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
0.551 Mn3ReO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
0.551 Mn3ReO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
0.551 Mn3ReO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
0.555 Ho0.05Bi0.95FeO3 3m B ∥ y σyz, σzx, σxy altermagnet
0.556 Ho0.1Bi0.9FeO3 3m B ∥ y σyz, σzx, σxy altermagnet
0.564 U2Rh3Si5 2/m.1′ B ∥ x σyz, σxy AFM
0.564 U2Rh3Si5 2/m.1′ B ∥ z σyz, σxy AFM
0.585 YbCl3 2′/m B ∥ x σyz, σxy AFM
0.585 YbCl3 2′/m B ∥ z σyz, σxy AFM
0.598 AlCr2 2/m.1′ B ∥ x σyz, σxy AFM
0.598 AlCr2 2/m.1′ B ∥ z σyz, σxy AFM
0.601 CaMnGe 2/m′ B ∥ x σyz, σxy AFM
0.601 CaMnGe 2/m′ B ∥ z σyz, σxy AFM
0.602 CaMnGe 2/m′ B ∥ x σyz, σxy AFM
0.602 CaMnGe 2/m′ B ∥ z σyz, σxy AFM
0.607 RuO2 4′/mm′m B ∥ x σyz, σxy altermagnet
0.607 RuO2 4′/mm′m B ∥ y σzx, σxy altermagnet
0.633 KFeS2 2′/m B ∥ x σyz, σxy AFM
0.633 KFeS2 2′/m B ∥ z σyz, σxy AFM
0.636 RbFeS2 2′/m B ∥ x σyz, σxy AFM
0.636 RbFeS2 2′/m B ∥ z σyz, σxy AFM
0.637 KFeSe2 2/m′ B ∥ x σyz, σxy AFM
0.637 KFeSe2 2/m′ B ∥ z σyz, σxy AFM
0.638 RbFeSe2 2/m′ B ∥ x σyz, σxy AFM
0.638 RbFeSe2 2/m′ B ∥ z σyz, σxy AFM
0.650 ErSi2O7 2′/m B ∥ x σyz, σxy AFM
0.650 ErSi2O7 2′/m B ∥ z σyz, σxy AFM
0.651 Er3Cu4Sn4 2/m.1′ B ∥ x σyz, σxy AFM
0.651 Er3Cu4Sn4 2/m.1′ B ∥ z σyz, σxy AFM
0.652 HoMnO3 6′mm′ B ∥ y σyz, σzx AFM
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0.653 HoMn0.99Fe0.01O3 6′mm′ B ∥ y σyz, σzx AFM
0.654 HoMn0.95Fe0.05O3 6′mm′ B ∥ y σyz, σzx AFM
0.655 HoMn0.9Fe0.1O3 6′mm′ B ∥ y σyz, σzx AFM
0.708 CrNb4S8 6′/m′mm′ B ∥ y σyz, σzx altermagnet
0.723 YbCl3 2′/m B ∥ x σyz, σxy AFM
0.723 YbCl3 2′/m B ∥ z σyz, σxy AFM
0.728 MoP3SiO11 2/m′ B ∥ x σyz, σxy AFM
0.728 MoP3SiO11 2/m′ B ∥ z σyz, σxy AFM
0.734 Mn3Ta2O8 2′/m B ∥ x σyz, σxy AFM
0.734 Mn3Ta2O8 2′/m B ∥ z σyz, σxy AFM
0.748 Ba3NiRu2O9 6′/m′mm′ B ∥ y σyz, σzx altermagnet
0.770 Fe2Co2Nb2O9 2/m′ B ∥ x σyz, σxy AFM
0.770 Fe2Co2Nb2O9 2/m′ B ∥ z σyz, σxy AFM
0.804 MoP3SiO11 2/m′ B ∥ x σyz, σxy AFM
0.804 MoP3SiO11 2/m′ B ∥ z σyz, σxy AFM
0.809 Fe2WO6 2/m′ B ∥ x σyz, σxy AFM
0.809 Fe2WO6 2/m′ B ∥ z σyz, σxy AFM
0.827 Na2MnPO4F 2/m′ B ∥ x σyz, σxy AFM
0.827 Na2MnPO4F 2/m′ B ∥ z σyz, σxy AFM
0.828 Na2MnPOF4 2/m′ B ∥ x σyz, σxy AFM
0.828 Na2MnPOF4 2/m′ B ∥ z σyz, σxy AFM
0.829 Na2MnPOF4 2/m′ B ∥ x σyz, σxy AFM
0.829 Na2MnPOF4 2/m′ B ∥ z σyz, σxy AFM
0.830 Na2MnPOF4 2/m′ B ∥ x σyz, σxy AFM
0.830 Na2MnPOF4 2/m′ B ∥ z σyz, σxy AFM
1.0.1 Ag2CrO2 2′/m B ∥ x σyz, σxy AFM
1.0.1 Ag2CrO2 2′/m B ∥ z σyz, σxy AFM
1.0.8 Ba3MnNb2O9 3m B ∥ y σyz, σzx, σxy odd-parity magnet
1.0.9 CsCoCl3 6′/m′mm′ B ∥ y σyz, σzx altermagnet
1.0.15 La0.33Sr0.67FeO3 32 B ∥ y σyz, σzx, σxy AFM
1.0.21 K2Mn3(VO4)2CO3 6′/m B ∥ x σyz, σzx AFM
1.0.21 K2Mn3(VO4)2CO3 6′/m B ∥ y σyz, σzx AFM
1.0.26 RbCoBr3 6′/m′mm′ B ∥ y σyz, σzx altermagnet
1.0.27 Li2MnTeO6 3̄m B ∥ y σyz, σzx, σxy AFM
1.0.38 CsCoCl3 6′/m′mm′ B ∥ y σyz, σzx altermagnet
1.0.39 BaMnO3 6′/m′mm′ B ∥ y σyz, σzx altermagnet
1.2 CuSe2O5 2/m.1′ B ∥ x σyz, σxy AFM
1.2 CuSe2O5 2/m.1′ B ∥ z σyz, σxy AFM
1.6 NiO 2/m.1′ B ∥ x σyz, σxy AFM
1.6 NiO 2/m.1′ B ∥ z σyz, σxy AFM
1.7 NdFe3B4O12 2.1′ B ∥ x σyz, σxy AFM
1.7 NdFe3B4O12 2.1′ B ∥ z σyz, σxy AFM
1.11 Bi4Fe5O1F3 4/m.1′ B ∥ x σyz, σzx AFM
1.11 Bi4Fe5O1F3 4/m.1′ B ∥ y σyz, σzx AFM
1.12 BaNd0.9Y0.1MoO6 4/m.1′ B ∥ x σyz, σzx AFM
1.12 BaNd0.9Y0.1MoO6 4/m.1′ B ∥ y σyz, σzx AFM
1.13 Ba3Nb2NiO9 3m.1′ B ∥ y σzx, σxy odd-parity magnet
1.14 Ho2BaNiO5 2/m.1′ B ∥ x σyz, σxy AFM
1.14 Ho2BaNiO5 2/m.1′ B ∥ z σyz, σxy AFM
1.15 Er2BaNiO5 2/m.1′ B ∥ x σyz, σxy AFM
1.15 Er2BaNiO5 2/m.1′ B ∥ z σyz, σxy AFM
1.17 CoV2O6-alpha 2/m.1′ B ∥ x σyz, σxy AFM
1.17 CoV2O6-alpha 2/m.1′ B ∥ z σyz, σxy AFM
1.22 DyCu2Si2 2/m.1′ B ∥ x σyz, σxy AFM
1.22 DyCu2Si2 2/m.1′ B ∥ z σyz, σxy AFM
1.25 KFe3(OH)6(SO4)2 3̄m.1′ B ∥ y σzx, σxy AFM
1.26 CsFe2Se3 2/m.1′ B ∥ x σyz, σxy AFM
1.26 CsFe2Se3 2/m.1′ B ∥ z σyz, σxy AFM
1.27 TaFe1+yTe3 2/m.1′ B ∥ x σyz, σxy AFM
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1.27 TaFe1+yTe3 2/m.1′ B ∥ z σyz, σxy AFM
1.31 MnO 2/m.1′ B ∥ x σyz, σxy AFM
1.31 MnO 2/m.1′ B ∥ z σyz, σxy AFM
1.32 Lu2MnCoO6 2.1′ B ∥ x σyz, σxy AFM
1.32 Lu2MnCoO6 2.1′ B ∥ z σyz, σxy AFM
1.35 LiErF4 2/m.1′ B ∥ x σyz, σxy AFM
1.35 LiErF4 2/m.1′ B ∥ z σyz, σxy AFM
1.36 Dy2BaNiO5 2/m.1′ B ∥ x σyz, σxy AFM
1.36 Dy2BaNiO5 2/m.1′ B ∥ z σyz, σxy AFM
1.37 VOCl 2/m.1′ B ∥ x σyz, σxy AFM
1.37 VOCl 2/m.1′ B ∥ z σyz, σxy AFM
1.38 Nd2NaOsO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.38 Nd2NaOsO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.38 Nd2NaOsO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.39 LiFeGe2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.39 LiFeGe2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.46 Sr2FeOsO6 4/m.1′ B ∥ x σyz, σzx AFM
1.46 Sr2FeOsO6 4/m.1′ B ∥ y σyz, σzx AFM
1.47 Sr2FeOsO6 4/m.1′ B ∥ x σyz, σzx AFM
1.47 Sr2FeOsO6 4/m.1′ B ∥ y σyz, σzx AFM
1.48 HoNiO3 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.48 HoNiO3 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.49 Ag2NiO2 2/m.1′ B ∥ x σyz, σxy AFM
1.49 Ag2NiO2 2/m.1′ B ∥ z σyz, σxy AFM
1.51 Cs2CoCl4 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.51 Cs2CoCl4 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.53 Er2BaNiO5 2/m.1′ B ∥ x σyz, σxy AFM
1.53 Er2BaNiO5 2/m.1′ B ∥ z σyz, σxy AFM
1.55 Na2MnF5 m.1′ B ∥ x σyz, σxy AFM
1.55 Na2MnF5 m.1′ B ∥ z σyz, σxy AFM
1.56 Gd2Ti2O7 3̄m.1′ B ∥ y σzx, σxy AFM
1.57 CuMnO2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.57 CuMnO2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.57 CuMnO2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.58 La2O2Fe2OSe2 m.1′ B ∥ x σyz, σxy AFM
1.58 La2O2Fe2OSe2 m.1′ B ∥ z σyz, σxy AFM
1.59 KTb3F12 4/m.1′ B ∥ x σyz, σzx AFM
1.59 KTb3F12 4/m.1′ B ∥ y σyz, σzx AFM
1.60 Ca3Co2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.60 Ca3Co2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.61 MnWO4 2/m.1′ B ∥ x σyz, σxy AFM
1.61 MnWO4 2/m.1′ B ∥ z σyz, σxy AFM
1.62 CuO 2/m.1′ B ∥ x σyz, σxy AFM
1.62 CuO 2/m.1′ B ∥ z σyz, σxy AFM
1.63 MnPb4Sb6S14 2/m.1′ B ∥ x σyz, σxy AFM
1.63 MnPb4Sb6S14 2/m.1′ B ∥ z σyz, σxy AFM
1.64 BaNiF4 2.1′ B ∥ x σyz, σxy AFM
1.64 BaNiF4 2.1′ B ∥ z σyz, σxy AFM
1.66 Fe(ND3)2PO4 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.66 Fe(ND3)2PO4 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.66 Fe(ND3)2PO4 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.68 NaNdFeWO6 1.1′ B ∥ x σyz, σzx, σxy odd-parity magnet
1.68 NaNdFeWO6 1.1′ B ∥ y σyz, σzx, σxy odd-parity magnet
1.68 NaNdFeWO6 1.1′ B ∥ z σyz, σzx, σxy odd-parity magnet
1.69 CoO 2/m.1′ B ∥ x σyz, σxy AFM
1.69 CoO 2/m.1′ B ∥ z σyz, σxy AFM
1.70 CoV2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.70 CoV2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.72 Sr2CoOsO6 2/m.1′ B ∥ x σyz, σxy AFM
1.72 Sr2CoOsO6 2/m.1′ B ∥ z σyz, σxy AFM
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1.73 CaV2O4 2/m.1′ B ∥ x σyz, σxy AFM
1.73 CaV2O4 2/m.1′ B ∥ z σyz, σxy AFM
1.75 BiMn2O5 m.1′ B ∥ x σyz, σxy AFM
1.75 BiMn2O5 m.1′ B ∥ z σyz, σxy AFM
1.78 Li2MnSiO4 2/m.1′ B ∥ x σyz, σxy AFM
1.78 Li2MnSiO4 2/m.1′ B ∥ z σyz, σxy AFM
1.79 Li2CoSiO4 m.1′ B ∥ x σyz, σxy AFM
1.79 Li2CoSiO4 m.1′ B ∥ z σyz, σxy AFM
1.83 BaFeO2.5 2/m.1′ B ∥ x σyz, σxy AFM
1.83 BaFeO2.5 2/m.1′ B ∥ z σyz, σxy AFM
1.89 DyFe3(BO3)4 321′ B ∥ y σzx, σxy AFM
1.90 YFe3(BO3)4 2.1′ B ∥ x σyz, σxy AFM
1.90 YFe3(BO3)4 2.1′ B ∥ z σyz, σxy AFM
1.91 TbFe3(BO3)4 321′ B ∥ y σzx, σxy AFM
1.92 HoFe3(BO3)4 321′ B ∥ y σzx, σxy AFM
1.93 HoFe3(BO3)4 1.1′ B ∥ x σyz, σzx, σxy AFM
1.93 HoFe3(BO3)4 1.1′ B ∥ y σyz, σzx, σxy AFM
1.93 HoFe3(BO3)4 1.1′ B ∥ z σyz, σzx, σxy AFM
1.94 Ba3LaRu2O9 2/m.1′ B ∥ x σyz, σxy AFM
1.94 Ba3LaRu2O9 2/m.1′ B ∥ z σyz, σxy AFM
1.95 BaNd2O4 2/m.1′ B ∥ x σyz, σxy AFM
1.95 BaNd2O4 2/m.1′ B ∥ z σyz, σxy AFM
1.96 BaNd2O4 2/m.1′ B ∥ x σyz, σxy AFM
1.96 BaNd2O4 2/m.1′ B ∥ z σyz, σxy AFM
1.97 Li2MnO3 2/m.1′ B ∥ x σyz, σxy AFM
1.97 Li2MnO3 2/m.1′ B ∥ z σyz, σxy AFM
1.100 Cu2MnSnS4 2.1′ B ∥ x σyz, σxy AFM
1.100 Cu2MnSnS4 2.1′ B ∥ z σyz, σxy AFM
1.108 TbMn2O5 m.1′ B ∥ x σyz, σxy odd-parity magnet
1.108 TbMn2O5 m.1′ B ∥ z σyz, σxy odd-parity magnet
1.109 HoMn2O5 m.1′ B ∥ x σyz, σxy odd-parity magnet
1.109 HoMn2O5 m.1′ B ∥ z σyz, σxy odd-parity magnet
1.111 GdBiPt m.1′ B ∥ x σyz, σxy AFM
1.111 GdBiPt m.1′ B ∥ z σyz, σxy AFM
1.112 NiTa2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.112 NiTa2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.113 NiSb2O6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.113 NiSb2O6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.113 NiSb2O6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.114 Ca4IrO6 2/m.1′ B ∥ x σyz, σxy AFM
1.114 Ca4IrO6 2/m.1′ B ∥ z σyz, σxy AFM
1.115 Dy3Ru4Al12 2/m.1′ B ∥ x σyz, σxy AFM
1.115 Dy3Ru4Al12 2/m.1′ B ∥ z σyz, σxy AFM
1.116 AgMnVO4 2/m.1′ B ∥ x σyz, σxy AFM
1.116 AgMnVO4 2/m.1′ B ∥ z σyz, σxy AFM
1.117 NaFePO4 2/m.1′ B ∥ x σyz, σxy AFM
1.117 NaFePO4 2/m.1′ B ∥ z σyz, σxy AFM
1.118 GdPO4 2/m.1′ B ∥ x σyz, σxy AFM
1.118 GdPO4 2/m.1′ B ∥ z σyz, σxy AFM
1.119 LaMn3V4O12 3̄.1′ B ∥ x σyz, σzx, σxy AFM
1.119 LaMn3V4O12 3̄.1′ B ∥ y σyz, σzx, σxy AFM
1.120 BaFe2Se3 m.1′ B ∥ x σyz, σxy AFM
1.120 BaFe2Se3 m.1′ B ∥ z σyz, σxy AFM
1.121 NaFeSO4F 2/m.1′ B ∥ x σyz, σxy AFM
1.121 NaFeSO4F 2/m.1′ B ∥ z σyz, σxy AFM
1.124 YBaFe4O7 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.124 YBaFe4O7 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.126 NaCoSO4F 2/m.1′ B ∥ x σyz, σxy AFM
1.126 NaCoSO4F 2/m.1′ B ∥ z σyz, σxy AFM
1.127 BiNiO(PO4) 2/m.1′ B ∥ x σyz, σxy AFM
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1.127 BiNiO(PO4) 2/m.1′ B ∥ z σyz, σxy AFM
1.128 BiCoO(PO4) 2/m.1′ B ∥ x σyz, σxy AFM
1.128 BiCoO(PO4) 2/m.1′ B ∥ z σyz, σxy AFM
1.129 AgFe3(SO4)2(OD)6 3̄m.1′ B ∥ y σzx, σxy AFM
1.133 CuSb2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.133 CuSb2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.134 Co2C1O08H2 2/m.1′ B ∥ x σyz, σxy AFM
1.134 Co2C1O08H2 2/m.1′ B ∥ z σyz, σxy AFM
1.135 C8H1Co02O11 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.135 C8H1Co02O11 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.135 C8H1Co02O11 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.136 AgCrS2 m.1′ B ∥ x σyz, σxy AFM
1.136 AgCrS2 m.1′ B ∥ z σyz, σxy AFM
1.137 Sr2CaIrO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.137 Sr2CaIrO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.137 Sr2CaIrO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.140 PrMgPb 2/m.1′ B ∥ x σyz, σxy AFM
1.140 PrMgPb 2/m.1′ B ∥ z σyz, σxy AFM
1.141 NdMgPb 2/m.1′ B ∥ x σyz, σxy AFM
1.141 NdMgPb 2/m.1′ B ∥ z σyz, σxy AFM
1.144 NH4FeCl2(HCOO) 2/m.1′ B ∥ x σyz, σxy AFM
1.144 NH4FeCl2(HCOO) 2/m.1′ B ∥ z σyz, σxy AFM
1.147 Li2Fe(SO4)2 2/m.1′ B ∥ x σyz, σxy AFM
1.147 Li2Fe(SO4)2 2/m.1′ B ∥ z σyz, σxy AFM
1.151 Mn0.375Co0.375Fe0.25 2/m.1′ B ∥ x σyz, σxy AFM
1.151 Mn0.375Co0.375Fe0.25 2/m.1′ B ∥ z σyz, σxy AFM
1.153 Mn3GaC 3̄m.1′ B ∥ y σzx, σxy AFM
1.154 NaFeSi2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.154 NaFeSi2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.155 LiFeSO4F 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.155 LiFeSO4F 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.155 LiFeSO4F 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.156 LaMn3Cr4O12 3.1′ B ∥ x σyz, σzx, σxy AFM
1.156 LaMn3Cr4O12 3.1′ B ∥ y σyz, σzx, σxy AFM
1.157 FeF3(H2O)2H2O 2/m.1′ B ∥ x σyz, σxy AFM
1.157 FeF3(H2O)2H2O 2/m.1′ B ∥ z σyz, σxy AFM
1.159 Li2Ni(WO4)2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.159 Li2Ni(WO4)2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.159 Li2Ni(WO4)2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.161 PrFe3(BO3)4 32.1′ B ∥ y σzx, σxy AFM
1.163 TmPdIn 6̄.1′ B ∥ x σyz, σzx odd-parity magnet
1.163 TmPdIn 6̄.1′ B ∥ y σyz, σzx odd-parity magnet
1.164 Co3TeO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.164 Co3TeO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.164 Co3TeO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.165 Ni3TeO6 3.1′ B ∥ x σyz, σzx, σxy AFM
1.165 Ni3TeO6 3.1′ B ∥ y σyz, σzx, σxy AFM
1.166 La2LiOsO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.166 La2LiOsO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.166 La2LiOsO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.167 NiS2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.167 NiS2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.167 NiS2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.168 Sr2CuTeO6 2/m.1′ B ∥ x σyz, σxy AFM
1.168 Sr2CuTeO6 2/m.1′ B ∥ z σyz, σxy AFM
1.169 CaCoGe2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.169 CaCoGe2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.170 Tm5Ni2In4 m.1′ B ∥ x σyz, σxy AFM
1.170 Tm5Ni2In4 m.1′ B ∥ z σyz, σxy AFM
1.171 Tb2Fe2Si2C 2/m.1′ B ∥ x σyz, σxy AFM
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1.171 Tb2Fe2Si2C 2/m.1′ B ∥ z σyz, σxy AFM
1.177 Sr2CuWO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.177 Sr2CuWO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.177 Sr2CuWO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.178 Cu1.07Mn0.93O2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.178 Cu1.07Mn0.93O2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.178 Cu1.07Mn0.93O2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.180 Na3Co2SbO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.180 Na3Co2SbO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.180 Na3Co2SbO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.181 Ba3Fe3O7F 2/m.1′ B ∥ x σyz, σxy AFM
1.181 Ba3Fe3O7F 2/m.1′ B ∥ z σyz, σxy AFM
1.182 TlMnO3 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.182 TlMnO3 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.182 TlMnO3 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.183 FePS3 2/m.1′ B ∥ x σyz, σxy AFM
1.183 FePS3 2/m.1′ B ∥ z σyz, σxy AFM
1.186 SrRu2O6 3̄m.1′ B ∥ y σzx, σxy AFM
1.189 TbMg3 3̄m.1′ B ∥ y σzx, σxy AFM
1.190 YCr(BO3)2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.190 YCr(BO3)2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.190 YCr(BO3)2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.191 HoCr(BO3)2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.191 HoCr(BO3)2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.191 HoCr(BO3)2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.193 CrTe3 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.193 CrTe3 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.193 CrTe3 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.194 NiWO4 2/m.1′ B ∥ x σyz, σxy AFM
1.194 NiWO4 2/m.1′ B ∥ z σyz, σxy AFM
1.196 MnV2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.196 MnV2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.197 Fe4Si2Sn7O16 2/m.1′ B ∥ x σyz, σxy AFM
1.197 Fe4Si2Sn7O16 2/m.1′ B ∥ z σyz, σxy AFM
1.199 Sc2NiMnO6 2/m.1′ B ∥ x σyz, σxy AFM
1.199 Sc2NiMnO6 2/m.1′ B ∥ z σyz, σxy AFM
1.201 Cr2ReO6 2/m.1′ B ∥ x σyz, σxy AFM
1.201 Cr2ReO6 2/m.1′ B ∥ z σyz, σxy AFM
1.202 CrReO4 2/m.1′ B ∥ x σyz, σxy AFM
1.202 CrReO4 2/m.1′ B ∥ z σyz, σxy AFM
1.203 Ni2SiO4 2/m.1′ B ∥ x σyz, σxy AFM
1.203 Ni2SiO4 2/m.1′ B ∥ z σyz, σxy AFM
1.204 Ni2SiO4 2/m.1′ B ∥ x σyz, σxy AFM
1.204 Ni2SiO4 2/m.1′ B ∥ z σyz, σxy AFM
1.205 Dy2Fe2Si2C 2/m.1′ B ∥ x σyz, σxy AFM
1.205 Dy2Fe2Si2C 2/m.1′ B ∥ z σyz, σxy AFM
1.206 Dy2Fe2Si2C 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.206 Dy2Fe2Si2C 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.206 Dy2Fe2Si2C 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.209 FeI2 2/m.1′ B ∥ x σyz, σxy AFM
1.209 FeI2 2/m.1′ B ∥ z σyz, σxy AFM
1.210 FePSe3 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.210 FePSe3 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.210 FePSe3 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.211 Dy2O2S 2/m.1′ B ∥ x σyz, σxy AFM
1.211 Dy2O2S 2/m.1′ B ∥ z σyz, σxy AFM
1.212 Dy2O2Se 2/m.1′ B ∥ x σyz, σxy AFM
1.212 Dy2O2Se 2/m.1′ B ∥ z σyz, σxy AFM
1.213 Ho2O2Se 2/m.1′ B ∥ x σyz, σxy AFM
1.213 Ho2O2Se 2/m.1′ B ∥ z σyz, σxy AFM
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1.214 Yb2O2Se 2/m.1′ B ∥ x σyz, σxy AFM
1.214 Yb2O2Se 2/m.1′ B ∥ z σyz, σxy AFM
1.216 Nd2BaNiO5 2/m.1′ B ∥ x σyz, σxy AFM
1.216 Nd2BaNiO5 2/m.1′ B ∥ z σyz, σxy AFM
1.217 Tb2BaNiO5 2/m.1′ B ∥ x σyz, σxy AFM
1.217 Tb2BaNiO5 2/m.1′ B ∥ z σyz, σxy AFM
1.218 Tm2BaNiO5 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.218 Tm2BaNiO5 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.218 Tm2BaNiO5 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.219 CuF2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.219 CuF2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.219 CuF2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.221 YBa2Fe3O7.84 2/m.1′ B ∥ x σyz, σxy AFM
1.221 YBa2Fe3O7.84 2/m.1′ B ∥ z σyz, σxy AFM
1.227 Ca2Cr2O5 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.227 Ca2Cr2O5 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.228 RuCl3 2/m.1′ B ∥ x σyz, σxy AFM
1.228 RuCl3 2/m.1′ B ∥ z σyz, σxy AFM
1.229 BaMoP2O8 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.229 BaMoP2O8 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.229 BaMoP2O8 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.230 NiPS3 2/m.1′ B ∥ x σyz, σxy AFM
1.230 NiPS3 2/m.1′ B ∥ z σyz, σxy AFM
1.231 NiPS3 1.1′ B ∥ x σyz, σzx, σxy odd-parity magnet
1.231 NiPS3 1.1′ B ∥ y σyz, σzx, σxy odd-parity magnet
1.231 NiPS3 1.1′ B ∥ z σyz, σzx, σxy odd-parity magnet
1.232 CuMnSb m.1′ B ∥ x σyz, σxy AFM
1.232 CuMnSb m.1′ B ∥ z σyz, σxy AFM
1.233 CuMnSb 3m.1′ B ∥ y σzx, σxy AFM
1.234 Ca2Sr2IrO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.234 Ca2Sr2IrO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.234 Ca2Sr2IrO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.237 VCl2 3m.1′ B ∥ y σzx, σxy odd-parity magnet
1.238 VBr2 3m.1′ B ∥ y σzx, σxy odd-parity magnet
1.239 MnBr2 2/m.1′ B ∥ x σyz, σxy AFM
1.239 MnBr2 2/m.1′ B ∥ z σyz, σxy AFM
1.240 FeI2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.240 FeI2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.240 FeI2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.241 FeCl2 3̄m.1′ B ∥ y σzx, σxy AFM
1.242 FeBr2 3̄m.1′ B ∥ y σzx, σxy AFM
1.243 Sr2CoOsO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.243 Sr2CoOsO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.243 Sr2CoOsO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.244 CrCl3 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.244 CrCl3 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.244 CrCl3 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.245 CoBr2 2/m.1′ B ∥ x σyz, σxy AFM
1.245 CoBr2 2/m.1′ B ∥ z σyz, σxy AFM
1.246 CoCl2 2/m.1′ B ∥ x σyz, σxy AFM
1.246 CoCl2 2/m.1′ B ∥ z σyz, σxy AFM
1.247 NiCl2 2/m.1′ B ∥ x σyz, σxy AFM
1.247 NiCl2 2/m.1′ B ∥ z σyz, σxy AFM
1.248 NiBr2 2/m.1′ B ∥ x σyz, σxy AFM
1.248 NiBr2 2/m.1′ B ∥ z σyz, σxy AFM
1.256 BaNi2V2O8 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.256 BaNi2V2O8 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.256 BaNi2V2O8 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.257 BaNi2As2O8 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.257 BaNi2As2O8 1̄.1′ B ∥ y σyz, σzx, σxy AFM

Continued on next page



46

TABLE S11 – continued from previous page
ID Formula MPG B σij ̸= 0 Magnetic class
1.257 BaNi2As2O8 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.258 Cu3Co2SbO6 2/m.1′ B ∥ x σyz, σxy AFM
1.258 Cu3Co2SbO6 2/m.1′ B ∥ z σyz, σxy AFM
1.259 Cu3Ni2SbO6 2/m.1′ B ∥ x σyz, σxy AFM
1.259 Cu3Ni2SbO6 2/m.1′ B ∥ z σyz, σxy AFM
1.260 NaMnGe2O6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.260 NaMnGe2O6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.260 NaMnGe2O6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.264 CoPS3 2/m.1′ B ∥ x σyz, σxy AFM
1.264 CoPS3 2/m.1′ B ∥ z σyz, σxy AFM
1.265 CuMnSb 3m.1′ B ∥ y σzx, σxy AFM
1.266 SmFe3(BO3)4 1.1′ B ∥ x σyz, σzx, σxy odd-parity magnet
1.266 SmFe3(BO3)4 1.1′ B ∥ y σyz, σzx, σxy odd-parity magnet
1.266 SmFe3(BO3)4 1.1′ B ∥ z σyz, σzx, σxy odd-parity magnet
1.268 Fe0.48TiSe2 2/m.1′ B ∥ x σyz, σxy AFM
1.268 Fe0.48TiSe2 2/m.1′ B ∥ z σyz, σxy AFM
1.269 Fe0.482TiSe 2/m.1′ B ∥ x σyz, σxy AFM
1.269 Fe0.482TiSe 2/m.1′ B ∥ z σyz, σxy AFM
1.270 Fe0.25TiSe2 2/m.1′ B ∥ x σyz, σxy AFM
1.270 Fe0.25TiSe2 2/m.1′ B ∥ z σyz, σxy AFM
1.272 CeNiAsO 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.272 CeNiAsO 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.274 DyFeWO6 m.1′ B ∥ x σyz, σxy AFM
1.274 DyFeWO6 m.1′ B ∥ z σyz, σxy AFM
1.276 Na0.5Li0.5FeGe2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.276 Na0.5Li0.5FeGe2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.278 Cu(NCS)2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.278 Cu(NCS)2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.278 Cu(NCS)2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.279 Ho2Cu2O5 2.1′ B ∥ x σyz, σxy AFM
1.279 Ho2Cu2O5 2.1′ B ∥ z σyz, σxy AFM
1.280 Yb2Cu2O5 m.1′ B ∥ x σyz, σxy AFM
1.280 Yb2Cu2O5 m.1′ B ∥ z σyz, σxy AFM
1.282 YBaCuFeO5 2/m.1′ B ∥ x σyz, σxy AFM
1.282 YBaCuFeO5 2/m.1′ B ∥ z σyz, σxy AFM
1.283 YBaCuFeO5 2/m.1′ B ∥ x σyz, σxy AFM
1.283 YBaCuFeO5 2/m.1′ B ∥ z σyz, σxy AFM
1.284 YBaCuFeO5 2/m.1′ B ∥ x σyz, σxy AFM
1.284 YBaCuFeO5 2/m.1′ B ∥ z σyz, σxy AFM
1.286 Fe2(C2O4)3.4H2O 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.286 Fe2(C2O4)3.4H2O 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.286 Fe2(C2O4)3.4H2O 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.287 V2O3 2/m.1′ B ∥ x σyz, σxy AFM
1.287 V2O3 2/m.1′ B ∥ z σyz, σxy AFM
1.293 NdNi2B2C 2/m.1′ B ∥ x σyz, σxy AFM
1.293 NdNi2B2C 2/m.1′ B ∥ z σyz, σxy AFM
1.297 CuFe2(P2O7)2 2/m.1′ B ∥ x σyz, σxy AFM
1.297 CuFe2(P2O7)2 2/m.1′ B ∥ z σyz, σxy AFM
1.301 BiMnTeO6 2/m.1′ B ∥ x σyz, σxy AFM
1.301 BiMnTeO6 2/m.1′ B ∥ z σyz, σxy AFM
1.302 Ba2CoO4 2/m.1′ B ∥ x σyz, σxy AFM
1.302 Ba2CoO4 2/m.1′ B ∥ z σyz, σxy AFM
1.303 Dy3Ru4Al12 2/m.1′ B ∥ x σyz, σxy AFM
1.303 Dy3Ru4Al12 2/m.1′ B ∥ z σyz, σxy AFM
1.304 ZnMnO3 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.304 ZnMnO3 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.304 ZnMnO3 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.306 Na2BaMn(VO4)2 2/m.1′ B ∥ x σyz, σxy AFM
1.306 Na2BaMn(VO4)2 2/m.1′ B ∥ z σyz, σxy AFM
1.307 Mn5Si3 1.1′ B ∥ x σyz, σzx, σxy AFM
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1.307 Mn5Si3 1.1′ B ∥ y σyz, σzx, σxy AFM
1.307 Mn5Si3 1.1′ B ∥ z σyz, σzx, σxy AFM
1.308 MnBi2Te4 3̄m.1′ B ∥ y σzx, σxy AFM
1.309 MnBi2Te4 3̄m.1′ B ∥ y σzx, σxy AFM
1.310 MnBi4Te7 3̄m.1′ B ∥ y σzx, σxy AFM
1.311 BaMo(PO4)2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.311 BaMo(PO4)2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.311 BaMo(PO4)2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.314 NaFeSi2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.314 NaFeSi2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.315 Mn0.81Cu0.19WO4 2/m.1′ B ∥ x σyz, σxy AFM
1.315 Mn0.81Cu0.19WO4 2/m.1′ B ∥ z σyz, σxy AFM
1.317 La0.25Pr0.75Co2P2 2/m.1′ B ∥ x σyz, σxy AFM
1.317 La0.25Pr0.75Co2P2 2/m.1′ B ∥ z σyz, σxy AFM
1.320 Sr2FeWO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.320 Sr2FeWO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.320 Sr2FeWO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.321 Ba2FeWO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.321 Ba2FeWO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.321 Ba2FeWO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.322 Sr2FeWO5N 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.322 Sr2FeWO5N 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.322 Sr2FeWO5N 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.323 CoGeO3 2/m.1′ B ∥ x σyz, σxy AFM
1.323 CoGeO3 2/m.1′ B ∥ z σyz, σxy AFM
1.325 PrMn2O5 m.1′ B ∥ x σyz, σxy AFM
1.325 PrMn2O5 m.1′ B ∥ z σyz, σxy AFM
1.328 Yb2CoMnO6 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.328 Yb2CoMnO6 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.329 YbLuCoMnO6 2.1′ B ∥ x σyz, σxy AFM
1.329 YbLuCoMnO6 2.1′ B ∥ z σyz, σxy AFM
1.330 Lu2CoMnO6 2.1′ B ∥ x σyz, σxy AFM
1.330 Lu2CoMnO6 2.1′ B ∥ z σyz, σxy AFM
1.331 Li0.31Na0.69FeGe2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.331 Li0.31Na0.69FeGe2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.332 Li0.22Na0.78FeGe2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.332 Li0.22Na0.78FeGe2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.339 EuAs3 2/m.1′ B ∥ x σyz, σxy AFM
1.339 EuAs3 2/m.1′ B ∥ z σyz, σxy AFM
1.342 Co3(PO4)2 2/m.1′ B ∥ x σyz, σxy AFM
1.342 Co3(PO4)2 2/m.1′ B ∥ z σyz, σxy AFM
1.343 Ba2Co9O14 2/m.1′ B ∥ x σyz, σxy AFM
1.343 Ba2Co9O14 2/m.1′ B ∥ z σyz, σxy AFM
1.344 Ba2Co9O14 2/m.1′ B ∥ x σyz, σxy AFM
1.344 Ba2Co9O14 2/m.1′ B ∥ z σyz, σxy AFM
1.345 NaMnF4 2/m.1′ B ∥ x σyz, σxy AFM
1.345 NaMnF4 2/m.1′ B ∥ z σyz, σxy AFM
1.346 TlMnF4 2/m.1′ B ∥ x σyz, σxy AFM
1.346 TlMnF4 2/m.1′ B ∥ z σyz, σxy AFM
1.347 CuFeO2 2/m.1′ B ∥ x σyz, σxy AFM
1.347 CuFeO2 2/m.1′ B ∥ z σyz, σxy AFM
1.348 CuFeO2 2/m.1′ B ∥ x σyz, σxy AFM
1.348 CuFeO2 2/m.1′ B ∥ z σyz, σxy AFM
1.350 Nd2BaCoO5 2/m.1′ B ∥ x σyz, σxy AFM
1.350 Nd2BaCoO5 2/m.1′ B ∥ z σyz, σxy AFM
1.351 Ba2Co2F7Cl 2/m.1′ B ∥ x σyz, σxy AFM
1.351 Ba2Co2F7Cl 2/m.1′ B ∥ z σyz, σxy AFM
1.352 Ba2Ni2F7Cl 2/m.1′ B ∥ x σyz, σxy AFM
1.352 Ba2Ni2F7Cl 2/m.1′ B ∥ z σyz, σxy AFM
1.355 DyGe3 2/m.1′ B ∥ x σyz, σxy AFM
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1.355 DyGe3 2/m.1′ B ∥ z σyz, σxy AFM
1.357 Ho3Ge4 2/m.1′ B ∥ x σyz, σxy AFM
1.357 Ho3Ge4 2/m.1′ B ∥ z σyz, σxy AFM
1.359 Dy3Ge4 2/m.1′ B ∥ x σyz, σxy AFM
1.359 Dy3Ge4 2/m.1′ B ∥ z σyz, σxy AFM
1.361 DyGe 2/m.1′ B ∥ x σyz, σxy AFM
1.361 DyGe 2/m.1′ B ∥ z σyz, σxy AFM
1.363 TbCu2Si2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.363 TbCu2Si2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.363 TbCu2Si2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.364 HoCu2Si2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.364 HoCu2Si2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.364 HoCu2Si2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.365 TbCu2Si2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.365 TbCu2Si2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.365 TbCu2Si2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.366 HoCu2Si2 2/m.1′ B ∥ x σyz, σxy AFM
1.366 HoCu2Si2 2/m.1′ B ∥ z σyz, σxy AFM
1.367 Pu2O3 2/m.1′ B ∥ x σyz, σxy AFM
1.367 Pu2O3 2/m.1′ B ∥ z σyz, σxy AFM
1.373 Li3Ni2SbO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.373 Li3Ni2SbO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.373 Li3Ni2SbO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.374 HoNiGe m.1′ B ∥ x σyz, σxy AFM
1.374 HoNiGe m.1′ B ∥ z σyz, σxy AFM
1.375 CeScGe 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.375 CeScGe 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.375 CeScGe 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.377 CeScSi 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.377 CeScSi 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.377 CeScSi 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.379 ErNiGe 2/m.1′ B ∥ x σyz, σxy AFM
1.379 ErNiGe 2/m.1′ B ∥ z σyz, σxy AFM
1.390 La2NiO3F1.93 2/m.1′ B ∥ x σyz, σxy AFM
1.390 La2NiO3F1.93 2/m.1′ B ∥ z σyz, σxy AFM
1.397 Cu3Mg(OD)6Br2 2/m.1′ B ∥ x σyz, σxy AFM
1.397 Cu3Mg(OD)6Br2 2/m.1′ B ∥ z σyz, σxy AFM
1.409 NaMnO2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.409 NaMnO2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.409 NaMnO2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.411 EuMn2P2 2/m.1′ B ∥ x σyz, σxy AFM
1.411 EuMn2P2 2/m.1′ B ∥ z σyz, σxy AFM
1.416 Tb2O2S 2/m.1′ B ∥ x σyz, σxy AFM
1.416 Tb2O2S 2/m.1′ B ∥ z σyz, σxy AFM
1.417 Tb2O2Se 2/m.1′ B ∥ x σyz, σxy AFM
1.417 Tb2O2Se 2/m.1′ B ∥ z σyz, σxy AFM
1.424 UCu5 3m.1′ B ∥ y σzx, σxy AFM
1.429 BaFe2Se3 m.1′ B ∥ x σyz, σxy AFM
1.429 BaFe2Se3 m.1′ B ∥ z σyz, σxy AFM
1.430 Mn5(VO4)2(OH)4 2/m.1′ B ∥ x σyz, σxy AFM
1.430 Mn5(VO4)2(OH)4 2/m.1′ B ∥ z σyz, σxy AFM
1.431 Ca2Mn3O8 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.431 Ca2Mn3O8 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.431 Ca2Mn3O8 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.434 Fe1.05Te 2/m.1′ B ∥ x σyz, σxy AFM
1.434 Fe1.05Te 2/m.1′ B ∥ z σyz, σxy AFM
1.435 Fe1.05Te 2/m.1′ B ∥ x σyz, σxy AFM
1.435 Fe1.05Te 2/m.1′ B ∥ z σyz, σxy AFM
1.436 Fe1.125Te 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.436 Fe1.125Te 1̄.1′ B ∥ y σyz, σzx, σxy AFM
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1.436 Fe1.125Te 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.437 Fe1.068Te 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.437 Fe1.068Te 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.437 Fe1.068Te 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.438 BaCoF4 2.1′ B ∥ x σyz, σxy AFM
1.438 BaCoF4 2.1′ B ∥ z σyz, σxy AFM
1.440 CrPS4 2.1′ B ∥ x σyz, σxy AFM
1.440 CrPS4 2.1′ B ∥ z σyz, σxy AFM
1.441 NaFe3(SO4)2(OH)6 3̄m.1′ B ∥ y σzx, σxy AFM
1.445 Y2BaCuO5 2/m.1′ B ∥ x σyz, σxy AFM
1.445 Y2BaCuO5 2/m.1′ B ∥ z σyz, σxy AFM
1.448 HoSi 2/m.1′ B ∥ x σyz, σxy AFM
1.448 HoSi 2/m.1′ B ∥ z σyz, σxy AFM
1.449 Li2CuW2O8 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.449 Li2CuW2O8 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.449 Li2CuW2O8 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.455 Mn6Ni16Si7 2/m.1′ B ∥ x σyz, σxy AFM
1.455 Mn6Ni16Si7 2/m.1′ B ∥ z σyz, σxy AFM
1.459 CeFe3(BO3)4 2.1′ B ∥ x σyz, σxy AFM
1.459 CeFe3(BO3)4 2.1′ B ∥ z σyz, σxy AFM
1.462 La2CoPtO6 2/m.1′ B ∥ x σyz, σxy AFM
1.462 La2CoPtO6 2/m.1′ B ∥ z σyz, σxy AFM
1.464 U2N2P 3̄m.1′ B ∥ y σzx, σxy AFM
1.465 U2N2As 3̄m.1′ B ∥ y σzx, σxy AFM
1.470 UCr2Si2 2/m.1′ B ∥ x σyz, σxy AFM
1.470 UCr2Si2 2/m.1′ B ∥ z σyz, σxy AFM
1.471 EuCd2As2 2/m.1′ B ∥ x σyz, σxy AFM
1.471 EuCd2As2 2/m.1′ B ∥ z σyz, σxy AFM
1.476 Ba2CoO4 2/m.1′ B ∥ x σyz, σxy AFM
1.476 Ba2CoO4 2/m.1′ B ∥ z σyz, σxy AFM
1.477 Ba2CoO4 2/m.1′ B ∥ x σyz, σxy AFM
1.477 Ba2CoO4 2/m.1′ B ∥ z σyz, σxy AFM
1.478 CoTi2O5 2/m.1′ B ∥ x σyz, σxy AFM
1.478 CoTi2O5 2/m.1′ B ∥ z σyz, σxy AFM
1.480 Mn2CoReO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.480 Mn2CoReO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.480 Mn2CoReO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.482 Er2Fe2Si2C 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.482 Er2Fe2Si2C 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.482 Er2Fe2Si2C 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.484 Li2MnGeO4 m.1′ B ∥ x σyz, σxy odd-parity magnet
1.484 Li2MnGeO4 m.1′ B ∥ z σyz, σxy odd-parity magnet
1.485 Mn3TeO6 2/m.1′ B ∥ x σyz, σxy AFM
1.485 Mn3TeO6 2/m.1′ B ∥ z σyz, σxy AFM
1.497 EuMg2Bi2 2/m.1′ B ∥ x σyz, σxy AFM
1.497 EuMg2Bi2 2/m.1′ B ∥ z σyz, σxy AFM
1.498 Cu6(SiO3)6(H2O)6 3̄.1′ B ∥ x σyz, σzx, σxy AFM
1.498 Cu6(SiO3)6(H2O)6 3̄.1′ B ∥ y σyz, σzx, σxy AFM
1.499 CsFe(MoO4)2 3.1′ B ∥ x σyz, σzx, σxy odd-parity magnet
1.499 CsFe(MoO4)2 3.1′ B ∥ y σyz, σzx, σxy odd-parity magnet
1.500 Sr2CoO2Cu2S2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.500 Sr2CoO2Cu2S2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.500 Sr2CoO2Cu2S2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.501 Ba2CoO2Cu2S2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.501 Ba2CoO2Cu2S2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.501 Ba2CoO2Cu2S2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.502 Li3Co2SbO6 2/m.1′ B ∥ x σyz, σxy AFM
1.502 Li3Co2SbO6 2/m.1′ B ∥ z σyz, σxy AFM
1.509 Pd2.87Mn0.88 2/m.1′ B ∥ x σyz, σxy AFM
1.509 Pd2.87Mn0.88 2/m.1′ B ∥ z σyz, σxy AFM
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1.515 ErCo2Si2 2/m.1′ B ∥ x σyz, σxy AFM
1.515 ErCo2Si2 2/m.1′ B ∥ z σyz, σxy AFM
1.524 InMnO3 3m.1′ B ∥ y σzx, σxy odd-parity magnet
1.525 InMnO3 3m.1′ B ∥ y σzx, σxy odd-parity magnet
1.526 LiCoF4 2/m.1′ B ∥ x σyz, σxy AFM
1.526 LiCoF4 2/m.1′ B ∥ z σyz, σxy AFM
1.528 Bi2Fe4O9 2/m.1′ B ∥ x σyz, σxy AFM
1.528 Bi2Fe4O9 2/m.1′ B ∥ z σyz, σxy AFM
1.529 MnBi6Te10 3̄m.1′ B ∥ y σzx, σxy AFM
1.538 Ba2MnTeO6 2/m.1′ B ∥ x σyz, σxy AFM
1.538 Ba2MnTeO6 2/m.1′ B ∥ z σyz, σxy AFM
1.560 GeNi2O4 2/m.1′ B ∥ x σyz, σxy AFM
1.560 GeNi2O4 2/m.1′ B ∥ z σyz, σxy AFM
1.561 GeNi2O4 m.1′ B ∥ x σyz, σxy AFM
1.561 GeNi2O4 m.1′ B ∥ z σyz, σxy AFM
1.562 GeNi2O4 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.562 GeNi2O4 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.563 GeNi2O4 m.1′ B ∥ x σyz, σxy AFM
1.563 GeNi2O4 m.1′ B ∥ z σyz, σxy AFM
1.564 GeCo2O4 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.564 GeCo2O4 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.565 Pb2CoOsO6 m.1′ B ∥ x σyz, σxy AFM
1.565 Pb2CoOsO6 m.1′ B ∥ z σyz, σxy AFM
1.568 GdCu2Si2 2/m.1′ B ∥ x σyz, σxy AFM
1.568 GdCu2Si2 2/m.1′ B ∥ z σyz, σxy AFM
1.569 SrRu2O6 3̄m.1′ B ∥ y σzx, σxy AFM
1.570 La3OsO7 2/m.1′ B ∥ x σyz, σxy AFM
1.570 La3OsO7 2/m.1′ B ∥ z σyz, σxy AFM
1.571 La3OsO7 2/m.1′ B ∥ x σyz, σxy AFM
1.571 La3OsO7 2/m.1′ B ∥ z σyz, σxy AFM
1.572 La2.8Ca0.2OsO7 2/m.1′ B ∥ x σyz, σxy AFM
1.572 La2.8Ca0.2OsO7 2/m.1′ B ∥ z σyz, σxy AFM
1.573 FeSO4 2/m.1′ B ∥ x σyz, σxy AFM
1.573 FeSO4 2/m.1′ B ∥ z σyz, σxy AFM
1.576 Yb2O2S 2/m.1′ B ∥ x σyz, σxy AFM
1.576 Yb2O2S 2/m.1′ B ∥ z σyz, σxy AFM
1.577 SrNd2O4 2/m.1′ B ∥ x σyz, σxy AFM
1.577 SrNd2O4 2/m.1′ B ∥ z σyz, σxy AFM
1.578 KErSe2 2/m.1′ B ∥ x σyz, σxy AFM
1.578 KErSe2 2/m.1′ B ∥ z σyz, σxy AFM
1.579 NiTiO3 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.579 NiTiO3 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.579 NiTiO3 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.580 NiTiO3 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.580 NiTiO3 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.580 NiTiO3 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.581 FeTiO3 3̄.1′ B ∥ x σyz, σzx, σxy AFM
1.581 FeTiO3 3̄.1′ B ∥ y σyz, σzx, σxy AFM
1.582 Fe0.945O 3̄m.1′ B ∥ y σzx, σxy AFM
1.583 La1.5Ca0.5CoO4 m.1′ B ∥ x σyz, σxy AFM
1.583 La1.5Ca0.5CoO4 m.1′ B ∥ z σyz, σxy AFM
1.587 NdFeAsO 2/m.1′ B ∥ x σyz, σxy AFM
1.587 NdFeAsO 2/m.1′ B ∥ z σyz, σxy AFM
1.592 Pb2NiOsO6 m.1′ B ∥ x σyz, σxy AFM
1.592 Pb2NiOsO6 m.1′ B ∥ z σyz, σxy AFM
1.595 CaCoSO m.1′ B ∥ x σyz, σxy AFM
1.595 CaCoSO m.1′ B ∥ z σyz, σxy AFM
1.596 TbCuSb2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.596 TbCuSb2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.596 TbCuSb2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
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1.597 TbCuSb2 2/m.1′ B ∥ x σyz, σxy AFM
1.597 TbCuSb2 2/m.1′ B ∥ z σyz, σxy AFM
1.599 DyMn2O5 m.1′ B ∥ x σyz, σxy odd-parity magnet
1.599 DyMn2O5 m.1′ B ∥ z σyz, σxy odd-parity magnet
1.600 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.600 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.601 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.601 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.602 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.602 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.603 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.603 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.604 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.604 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.605 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.605 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.606 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.606 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.607 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.607 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.608 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.608 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.609 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.609 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.610 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.610 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.611 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.611 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.612 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.612 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.613 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.613 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.614 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.614 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.615 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.615 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.616 Bi4Fe5O13F 4/m.1′ B ∥ x σyz, σzx AFM
1.616 Bi4Fe5O13F 4/m.1′ B ∥ y σyz, σzx AFM
1.617 LiFe(MoO4)2 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.617 LiFe(MoO4)2 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.617 LiFe(MoO4)2 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.618 CoO 2/m.1′ B ∥ x σyz, σxy AFM
1.618 CoO 2/m.1′ B ∥ z σyz, σxy AFM
1.619 MnS 2/m.1′ B ∥ x σyz, σxy AFM
1.619 MnS 2/m.1′ B ∥ z σyz, σxy AFM
1.622 CoGeO3 2/m.1′ B ∥ x σyz, σxy AFM
1.622 CoGeO3 2/m.1′ B ∥ z σyz, σxy AFM
1.623 EuMg2Bi2 2/m.1′ B ∥ x σyz, σxy AFM
1.623 EuMg2Bi2 2/m.1′ B ∥ z σyz, σxy AFM
1.624 EuSn2P2 2/m.1′ B ∥ x σyz, σxy AFM
1.624 EuSn2P2 2/m.1′ B ∥ z σyz, σxy AFM
1.627 KCeS2 2/m.1′ B ∥ x σyz, σxy AFM
1.627 KCeS2 2/m.1′ B ∥ z σyz, σxy AFM
1.642 TlFeS2 2/m.1′ B ∥ x σyz, σxy AFM
1.642 TlFeS2 2/m.1′ B ∥ z σyz, σxy AFM
1.644 EuSn2As2 2/m.1′ B ∥ x σyz, σxy AFM
1.644 EuSn2As2 2/m.1′ B ∥ z σyz, σxy AFM
1.648 Nd2O3 2/m.1′ B ∥ x σyz, σxy AFM
1.648 Nd2O3 2/m.1′ B ∥ z σyz, σxy AFM
1.649 Sr3ZnIrO6 2/m.1′ B ∥ x σyz, σxy AFM
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1.649 Sr3ZnIrO6 2/m.1′ B ∥ z σyz, σxy AFM
1.650 DyBaCuO5 2/m.1′ B ∥ x σyz, σxy AFM
1.650 DyBaCuO5 2/m.1′ B ∥ z σyz, σxy AFM
1.651 HoBaCuO5 2/m.1′ B ∥ x σyz, σxy AFM
1.651 HoBaCuO5 2/m.1′ B ∥ z σyz, σxy AFM
1.653 FeWO4 2/m.1′ B ∥ x σyz, σxy AFM
1.653 FeWO4 2/m.1′ B ∥ z σyz, σxy AFM
1.654 NiNb2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.654 NiNb2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.656 CoNb2O6 2/m.1′ B ∥ x σyz, σxy AFM
1.656 CoNb2O6 2/m.1′ B ∥ z σyz, σxy AFM
1.657 LuNiO3 2.1′ B ∥ x σyz, σxy odd-parity magnet
1.657 LuNiO3 2.1′ B ∥ z σyz, σxy odd-parity magnet
1.658 DyGa3 2/m.1′ B ∥ x σyz, σxy odd-parity magnet
1.658 DyGa3 2/m.1′ B ∥ z σyz, σxy odd-parity magnet
1.660 FePb4Sb6S14 2/m.1′ B ∥ x σyz, σxy AFM
1.660 FePb4Sb6S14 2/m.1′ B ∥ z σyz, σxy AFM
1.661 La2NiIrO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.661 La2NiIrO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.661 La2NiIrO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.662 La2NiIrO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
1.662 La2NiIrO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
1.662 La2NiIrO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
1.663 Tb2Ni2In 2/m.1′ B ∥ x σyz, σxy AFM
1.663 Tb2Ni2In 2/m.1′ B ∥ z σyz, σxy AFM
2.2 Sr2F2Fe2OS2 2/m.1′ B ∥ x σyz, σxy AFM
2.2 Sr2F2Fe2OS2 2/m.1′ B ∥ z σyz, σxy AFM
2.8 SrHo2O4 2/m′ B ∥ x σyz, σxy AFM
2.8 SrHo2O4 2/m′ B ∥ z σyz, σxy AFM
2.9 Ca3CuNi2(PO4)4 2/m.1′ B ∥ x σyz, σxy AFM
2.9 Ca3CuNi2(PO4)4 2/m.1′ B ∥ z σyz, σxy AFM
2.18 Sc2NiMnO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
2.18 Sc2NiMnO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
2.18 Sc2NiMnO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
2.21 TbOOH 2/m′ B ∥ x σyz, σxy AFM
2.21 TbOOH 2/m′ B ∥ z σyz, σxy AFM
2.22 FeTa2O6 4/m.1′ B ∥ x σyz, σzx AFM
2.22 FeTa2O6 4/m.1′ B ∥ y σyz, σzx AFM
2.23 Sr2CoO2Ag2Se2 4/m.1′ B ∥ x σyz, σzx AFM
2.23 Sr2CoO2Ag2Se2 4/m.1′ B ∥ y σyz, σzx AFM
2.24 Ba2CoO2Ag2Se2 4/m.1′ B ∥ x σyz, σzx AFM
2.24 Ba2CoO2Ag2Se2 4/m.1′ B ∥ y σyz, σzx AFM
2.25 Sr2CoOsO6 1̄.1′ B ∥ x σyz, σzx, σxy AFM
2.25 Sr2CoOsO6 1̄.1′ B ∥ y σyz, σzx, σxy AFM
2.25 Sr2CoOsO6 1̄.1′ B ∥ z σyz, σzx, σxy AFM
2.33 Na2Mn3Se4 1̄.1′ B ∥ x σyz, σzx, σxy AFM
2.33 Na2Mn3Se4 1̄.1′ B ∥ y σyz, σzx, σxy AFM
2.33 Na2Mn3Se4 1̄.1′ B ∥ z σyz, σzx, σxy AFM
2.37 La8Cu7O19 1̄.1′ B ∥ x σyz, σzx, σxy AFM
2.37 La8Cu7O19 1̄.1′ B ∥ y σyz, σzx, σxy AFM
2.37 La8Cu7O19 1̄.1′ B ∥ z σyz, σzx, σxy AFM
2.45 Pb2BaCuFeO5Br 2.1′ B ∥ x σyz, σxy AFM
2.45 Pb2BaCuFeO5Br 2.1′ B ∥ z σyz, σxy AFM
2.46 Pb2BaCuFeO5Cl 2.1′ B ∥ x σyz, σxy AFM
2.46 Pb2BaCuFeO5Cl 2.1′ B ∥ z σyz, σxy AFM
2.49 La2O2Fe2OSe2 2/m.1′ B ∥ x σyz, σxy AFM
2.49 La2O2Fe2OSe2 2/m.1′ B ∥ z σyz, σxy AFM
2.54 Sr2Cr3As2O2 2/m.1′ B ∥ x σyz, σxy AFM
2.54 Sr2Cr3As2O2 2/m.1′ B ∥ z σyz, σxy AFM
2.55 Sr2Fe3Se2O3 m.1′ B ∥ x σyz, σxy AFM
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2.55 Sr2Fe3Se2O3 m.1′ B ∥ z σyz, σxy AFM
2.56 La2O2Fe2OS2 2/m.1′ B ∥ x σyz, σxy AFM
2.56 La2O2Fe2OS2 2/m.1′ B ∥ z σyz, σxy AFM
2.69 La0.5Ca0.5MnO3 2/m.1′ B ∥ x σyz, σxy AFM
2.69 La0.5Ca0.5MnO3 2/m.1′ B ∥ z σyz, σxy AFM
2.71 HoRh 2/m.1′ B ∥ x σyz, σxy AFM
2.71 HoRh 2/m.1′ B ∥ z σyz, σxy AFM
2.75 Sr2Fe3S2O3 2/m.1′ B ∥ x σyz, σxy AFM
2.75 Sr2Fe3S2O3 2/m.1′ B ∥ z σyz, σxy AFM
2.76 Sr2Fe3Se2O3 m.1′ B ∥ x σyz, σxy AFM
2.76 Sr2Fe3Se2O3 m.1′ B ∥ z σyz, σxy AFM
2.85 HoBaCuO5 2′/m B ∥ x σyz, σxy AFM
2.85 HoBaCuO5 2′/m B ∥ z σyz, σxy AFM
2.86 FeTa2O6 4/m.1′ B ∥ x σyz, σzx AFM
2.86 FeTa2O6 4/m.1′ B ∥ y σyz, σzx AFM
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