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1. Brief introduction to spin space groups

Here we briefly introduce the relevant basics of spin space groups (SSGs), including
their symmetry elements, group structure, international notations, and identification.

For more details on SSG theory, please refer to Refs. [1,2].
1.1. Symmetry elements in spin space groups

Without the effect of spin-orbit coupling (SOC), the key characteristic of SSGs is the
partial separation of spatial and spin operations. The symmetry elements of SSGs are
denoted by the generalized Seitz notation {u||r|t} where u and r are the spin and
lattice rotation, respectively, and t is the lattice translation. In lattice space, r can be
a proper rotation R, (8) or improper rotation R,,(6)P (rotoinversion), where R, (60)
denotes the spatial rotation along the n axis by angle 6, and P denotes spatial
inversion. In spin space, u is either a proper spin rotation Up,(¢) or improper spin
rotation U,,(¢)T, with U,(¢) and T are the spin rotation along the m axis by
angle ¢ and time-reversal, respectively. Notice that the role of T in spin space is

analogous to that of inversion P in lattice space.
1.2. Group structure of spin space groups

The general form of SSGs G, can be expressed as a direct product of the nontrivial
SSG Gys and the spin-only group Ggp, ie., Ggs = Gys X Ggo . Spin-only group
contains pure spin rotations {u||E|0}, and nontrivial SSG contains no pure spin
rotation.

The spin-only group characterizes the general type of magnetic geometry, including
collinear, coplanar (but not collinear), and noncoplanar types. For collinear magnetic
geometry, the spin-only group is G, = SO(2) < {E,U, ()T}, where U,(m) is a
two-fold spin rotation about an axis perpendicular to the Néel vector, and SO(2) =
{U,(¢)|¢ € [0,2m)} is generated by spin rotation along the Néel vector. For coplanar
magnetic geometry, the spin-only group is G&, = {E, U} (m)T}, where U] (m) is a

two-fold spin rotation along the axis normal to all magnetic moments. For noncoplanar
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magnetic geometry, the spin-only group is a trivial group only containing identity
operation.

As for the nontrivial spin space group, it describes the spin and spatial symmetry of
any magnetic geometry in more detail. The nontrivial spin space group Gys is
constructed through the group extension procedure upon crystallographic space groups
(SGs). Given a crystallographic SG G, it can be decomposed into cosets with respect
to one of its normal subgroups L, < G, as

Go = LoV g1Lo U+ U gn_1Lo. (S1)

Here L, is also a SG, and {g;,**,gn—1} are coset representatives with g; = {r;|t;}.

When the quotient group G,/L, is isomorphic to a point group (not necessary a

crystallographic one), one can attribute the operations in this point group as spin

operations, forming G° = {E,uy, -, up,_1} (u; € SO(3) X {E, T} = 0(3)). Then the
nontrivial SSG Gys can be constructed through isomorphism relationship

Gys = {E||Lo} U {uq[lg1Lo} U -+ U {tty_1|lgn-1Lo}- (S2)

Any nontrivial SSG can be further categorized into three types by relation between
Gy and L.

1) t-type SSG

A subgroup L, < G, is referred to as a translationengleiche subgroup or a ¢-
subgroup of G, if their translation subgroups are identical T (L) = T(G,), while the
point group part is reduced P(Ly) < P(Gy). An SSG formed in this way is called a -
type SSG. We use a f-index i, to label the reduction of point group i, =
|P(Gy)|/|P(Ly)|, where |G| denote the number of elements of a finite group G.

2) k-type SSG

A subgroup L, < G is referred to as a klassengleiche subgroup or a k-subgroup of
Gy, if their point group parts are identical P(L,) = P(G,), while the translation
subgroup is reduced T(Ly) < T(Gy). An SSG formed in this way is called a k-type
SSG. We use a k-index i, to label the reduction of translation subgroup i, =

|T(Go)|/IT(Ly)|. The k-subgroup implies cell multiplication to accommodate the

magnetic geometry, where T(Go)/T (L) = Zp, X Zn, X Z, describes orders of



multiplications. While n; are natural numbers, the group structures of G,/L, are
countless. A cut-off of i, = n;n,n; has been applied in Ref. [2] to enumerate the
SSGs that require cell expansion.
3) g-type SSG

Asubgroup L, < G, isnamed general subgroup of Gy, if both the translation group
and point group part are reduced, i.e., T(Ly) < T(G,) and P(Ly) < P(Gy). An SSG
formed in this way is called a g-type SSG. We use both i, = |P(Gy)|/|P(Ly)| and
ir =|T(Gy)|/|T(Ly)| to label the reduction.

Starting from 230 crystallographic space groups and finite translation groups with a

maximum order of eight i, < 8 (this can cover the case of cell doubling in three

directions Zn, X Zp, X Zn, = Zy X Z; X Z;), Chen et al. have enumerated 100612

SSGs, including 8505 #-type, 6738 k-type, and 85369 g-type SSGs. Each SSG is label
by a four-index (L, Gy, iy, m), where m distinguishes inequivalent mapping between

G® and G,/L, through Eq. (S2).
1.3. International notations for spin space groups

Although each SSG are uniquely labeled by four-index (Lg, Gy, iy, m), this label is
not intuitive and show no information on spin rotation. Therefore, we adopt the newly
developed international notation on SSGs in the main text. International notation, also
known as Hermann-Mauguin notation, is a widely used nomenclature for (magnetic)
point groups and (magnetic) space groups.

Before introducing the international notation for SSGs, we first review the
international notation for SG. The international notation of a SG is denoted by
Bg19,93, where the first capital letter B describes the Bravais lattice, including
primitive (P), based-centered (A4, B, C), body-centered (I), face-centered (F) and
rhombohedral ( R ) lattice. The following three letters g4,9g,, 93 describe the
representative symmetry operations. Since the translation operations could couple spin
rotation operations (k- and g-type SSG), the notation of SGs should be first be expanded

into a more comprehensive one Bg;g,gst,tpt.bib,bs. Here t,, . present the
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integral translation of cell expansion, while for SGs one simply has t, = a =
(1,0,0),t, = b =(0,1,0),t, = ¢ = (0,0,1) in fractional coordinate. b,,3 stand for
the fractional translations for the specific Bravais centering-type. Please refer to
Appendix B of Ref. [2] for more details, including the conventions on representative
operations and fractional translation vectors for distinct Bravais centering-types.

The international notation of a SSG follows its construction procedure from a SG via
Eq. (S2). Hence the notation depends on the type of SSG.
1) t-type SSG

For ttype SSGs, T(Ly,) =T(Gy,) and P(Ly) < P(G,) , indicating that the
translation subgroup remains. Then any pure lattice translation operationin L, couples

identity operation in spin space. Therefore, the international notation for #-type SSGs

takes the form B’ glgsz g2953 g3 , involving spin group generators {951” 91} »

{gszllgz}, and {gs3||g3}~
2) k-type SSG

For k-type SSGs, T(Ly) < T(G,) and P(Ly) = P(G,), indicating that spin rotation
operations must couple lattice translation operations. Therefore, the international

notation for k-type SSGs takes the form Blg,1g,%g:" 7, 71,15 in L, basis.
yp 9192 9

This notation implies that besides three representatives {E||g.}, {E|lg2}, and {E|lg3}
to generate L, up to three operations {g51|IE|‘cl}, {gSZHEItZ}, and {g53|IE|r3} are
newly added to construct the SSG, where t; = mya + myb + m.c = (m,, my,, m,)
with a, b, ¢ the lattice vectors of L.
3) g-type SSG

For g-type SSGs, T(Ly) < T(G,) and P(Ly) < P(G,), indicating that spin rotation
operators can couple to both lattice rotation (combined with fractional transition) g;,

integer transition ¢;, and fractional transition b;. Hence, the international notation for
9sy 9 g .

g-type SSGs takes the form B™*'g;"?g, S3g3|(gs4:955'956;9571958'959) in Gy

basis. Notice that in G, basis, the capital letter B reflects the in information of

Bravais lattice of the magnetic cell. Here gg,, gs., gs, denote the spin rotations
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associated with ¢4, t;, t., while g5, gs,, gs, denote the spin rotation associated with

by, b;, bs. Particularly, for P Bravais lattice, gs.,9s,, gs, can be omitted because all

centering-type fractional translations b4, b,, b; are zero.

We note that for collinear and coplanar magnetic configurations, the spin-only group
should also be described in the international notation. For collinear magnetic
configurations, the spin-only group G&, = S0(2) < {E, U, (m)T} is denoted by *™1,
where com is the Hermann-Mauguin notation for the infinite point group G&, = Doy,
in spin space. For coplanar magnetic configurations, the spin-only group G&, =
{E,U| ()T} is denoted by ™1, where m denotes the “reflection” U| ()T in spin

space.
1.4. Identification of spin space groups

Due to the complexity of SSGs, we have established an online program

FINDSPINGROUP (https://findspingroup.com/) to determine the SSG of a provided

magnetic material in mcif format. Here we chose one material example VNDbsSe
collected by the MAGNDATA database for demonstration.
First, we upload the 0.712 VNb3S6.mcif file (downloaded from the MAGNDATA

database at https://www.cryst.ehu.es/magndata/index.php?index=0.712) into the

program and then submit it, as shown in Fig. SI.

Identify Spin Space Group

All experimentally determined magnetic structures available in the MAGNDATA database have been identified and
provided here

Report bug

How to cite FindSpinGroup:
Enumeration and representation theory of spin space groups

Identify Spin Space Group (version-0.37)
Input tolerance
0.001
For cif data
Select a material file:
0.712_VNb3S6.mcif plbsats
Or customize material structure by clicking *Submit’ without uploading a file.

Click the ‘submit to get the detail data.

Fig. S1. The interface of the online program. One can upload a file in mci f format and

submit it for further analysis.


https://findspingroup.com/
https://www.cryst.ehu.es/magndata/index.php?index=0.712

Then the program will load the atomic and magnetic structures and leads the user to
the second interface as shown in Fig. S2. In this interface, the user can modify the
tolerances, unit cell, and magnetization (Mx, My, Mz) of each atom. In general, it is

fine to use the default parameters. Click submit for further analysis.

Modify Parameters

Atomic tolerance:

0.02

Moment tolerance

0.02

Moment eigen_tolerance

0.000004

Lattice:

5.738700 5.738700 12.112600 90.000000 90.000000 120.000000

Types of atoms:
6*Nb 12*S 2*V

Material Structure : (x y z Occupancy Mx My Mz)
0.666667 0.333333 0.004000 1.000000 0.000000 0.000000 0.000000
0.333333 0.666667 0.504000 1.000000 0.000000 0.000000 0.000000
0.663300 0.001100 0.129800 1.000000 0.000000 0.000000 0.000000
0.336700 0.998900 0.629800 1.000000 0.000000 0.000000 0.000000
0.662200 0.998900 0.870200 1.000000 0.000000 0.000000 0.000000
0.337800 0.001100 0.370200 1.000000 0.000000 0.000000 0.000000
0.998900 0.662200 0.129800 1.000000 0.000000 0.000000 0.000000
0.001100 0.337800 0.629800 1.000000 0.000000 0.000000 0.000000
0.336700 0.337800 0.870200 1.000000 0.000000 0.000000 0.000000
0.663300 0.662200 0.370200 1.000000 0.000000 0.000000 0.000000
0.337800 0.336700 0.129800 1.000000 0.000000 0.000000 0.000000
0.662200 0.663300 0.629800 1.000000 0.000000 0.000000 0.000000

Fig. S2. The second interface after loading the atomic and magnetic structures. The user

can modify the default parameters in this interface.

After some time (from few seconds to few minutes, depending on the complexity of
the structure uploaded), the SSG as well as the related properties of the uploaded
structure (or the manually modified structure) will be identified as the results, as shown
in Fig. S3. In this example, the SSG of VNbs;Ss with collinear antiferromagnetic

configuration, encoded in the 0.712 VNb3s6.mcif file, is identified as
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P~16;71212°™1, For the meaning of the international notation, please refer to Section

1.3 or Ref. [2].

File Name Spin Space Group GO Symbol LO Symbol it ik

0.712/VNb3S6 P l637'2'2°™1  P6322(182) P312(149) 2 1

Space Group Magnetic Space Group Spin Part PG Configuration ~ Magnetic Phase
C2'2'2,(20.33) Cix Couv = Dyh . .
P6322(182) Type IIT —1 % com = cofmm Collinear Canting AFM

Little Cogroup at General Position Spin Splitting
without SOC with SOC without SOC with SOC
111 1 k — dependent Yes
Effective Magnetic Point Group Anomalous Hall Effect

without SOC  with SOC

6221’
No Yes

LO-std Unit Magnetic Cell:

a b c alpha beta gamma

57387 57387 121126  90.0 90.0 120.0

Fractional Coordinates & Moments (in LO-std Unit Magnetic Cell)

No. Atom Site Moment (in lattice)
1 \" [0.3333, 0.6667, 0.0] [1.5,0.0, 0.0]
2 \" [0.6667, 0.3333, 0.5] [-1.5,0.0, 0.0]

Fig. S3. Results of the identification program, where the full contents are not shown

here due to the length limit.



2. Nonlinear transports under quantum Kkinetic theory

In this section we derive the conductivity tensors of nonlinear transports (NLTs), or
more explicitly, the second-order transports. The current density J driven by the
second order of external electric field E is given by J* = ¢*SYEPEY . Here we
provide the derivations of the nonlinear conductivity tensors o7 i.e., Egs. (4)-(6) in
Methods within the framework of quantum kinetic theory [3], which completely
captures the geometric contributions of Bloch states. Under the length gauge [4], the
total Hamiltonian reads H = Hy + er - E, where H' = er - E is the field correction
with —e the electronic charge (e > 0) and r the position operator. Taking the
electric field perturbatively, we expand the density matrix as a polynomial of E = |E|
as p=p@ +p® 4+ p@ 4+ 03, with p®™ o« EN . Under the relaxation time
approximation (ignoring disorder effect [5]), the quantum Liouville-von Neumann

equation of the stead density matrix (9p™/dt = 0) reads
y p

i (N) pl(rI:I) . eE (N—1)
gl p ™)+ g =~ e, (53)

where 7, is the relaxation time, A is the reduced Planck constant, and [,n are the

band indices. It has been suggested that the relaxation time for p®) should decrease

as T,/N to avoiding the unphysical results [3]. To circumvent the position operator r

that is ill defined in periodic crystal, the commutator [r, p™ _1)]m should be replaced
by i[Drp™ _1)]ln satisfying

[Dip @], = Vi — i[4,p¥V]

=it = 1) (Ao = V), (s4)
p

where V= (0/0k,,d/0k,,8/0k,) = (0,,0,,0,), and A= (4%, A¥,A?) is the
interband Berry connection Aj, = i{u;(k)|d,up,(k)) with |u, (k)) the eigenstate of
Ho(k) = e "Hye~*7 with dispersion &,(k). In the following, the k-dependences
of eigenstates and eigenenergies will not be written specifically.
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Now we solve the field-corrected density matrix. The unperturbed density matrix
reads pl(:z) = f,6;, where f;={1+expl[(g —wn)/kgT]}"! is the Fermi-Dirac

distribution with kg and T are Boltzmann constant and temperature, respectively.

(0)

m » we then obtain the first- and second-order corrections p® and

Starting from p

p®@ by using Eqgs. (S3) and (S4). For p™, one solves that
eE
P =1, — Vifs, (S5)
as the diagonal components, and
1,0 _ ek - Aln
In Ein — ih/TT

as the off-diagonal components (I # n), respectively, where &, = ¢ — ¢, and f;, =

fins (S6)

fi — fo. With p at hand, we then solve p®, including the diagonal components

(2).d

o and off-diagonal components p(z)’o

m - Notice that the diagonal components

(2).d

oy can be contributed by both the diagonal ( pl(ll)’d) and off-diagonal ( p(l)’o)

In

components of p(. Hence, we split the diagonal components pl(l2 )4 into pl(lz)‘dd and

pl(l2 )’do, where the first “d” in superscript denote the diagonal components of the

66 9

second-order density matrix, and the latter “d” or “0” in superscript traces its origin
from the diagonal or off-diagonal components of the first-order density matrix. More

(2),dd (2),do

explicitly, p;; and p;, are obtained as
@.ad _ 5 &
P =Ty ﬁEﬁEyaﬁayfl, (87)
B v Y 4B
e? A A, +ALA,
pl(lz),do _ _7E/3’EY z p“’p > LI (S8)
p(zD) bt

To derivate Eq. (S8), an expansion is applied in the clean limit (1/7, — 0), as

I ! ! oyt (S9)
im ~ —i —.

/7,0 iAN /T, &, — iAN /T, Nhe,, &)

Similarly, the off-diagonal components of the second-order density matrix pl(lz)’o can
also be separated as pl(j)‘Od and pl(rzl)’oo (I # n), where

10



(2),0d e’ ln ]/fln ln yfln
pln ’ =T, ? BEV + 2ie ZEBE T (810)
€in gln
. B v Y 2B
p@00 _ —ie’EgE, DlﬁnA)l/nflTl _ (AlpAPnfpn _ AlpApnflp) (511)
l - )
" €in €in p(=in) ‘Spn glp

where Dﬁl =0p — i(Alﬁl — Aﬁn)‘
After obtaining the second-order density matrix p®, the current driven by second
order of electric field is then calculated by
J% = —eTr[v*p@] = —ez [vupl(lz)d v{’,‘lp,(lzl)ol (512)
k1l n(#l)
where v¥ = h™19,H (k) is the velocity operator, and the trace is taken over both the
band and k indices. Note that different components of p® have distinct
dependences on relaxation time t,, as can be seen from Egs. (S7), (S8), (S10), and
(S11). Therefore, we separate the current into three parts according to their 7, -

dependences.

2.1. Inversed mass dipole contribution o 2

(2),dd

As shown by Eq. (S7), py depends on the square of t,. This term contributes

to the so-called second-order Drude conductivity [6], as

3
O-]‘)xfuyde = _TE Wz vlaaﬁayfl ) (513)

k1
where vi* = h™1d,¢, is the group velocity of [-th band. Using integrating by parts,

we obtain an alternative form of Eq. (S13), as
e3
O-[C)lrﬁlz/de TT% ﬁZ(aﬁ aagl)ayfl . (814)
k]l

Historical, h=20,0,¢, is defined as the inverse effective mass 1/mqg along k.

o, . . a — .
Therefore, it is reasonable to consider w, F=p 260,6351 as the inverse mass tensor.

ap

Mathematically, w;, " is a Hessian tensor of the energy band manifold ¢, describing

the local curvature of the manifold. By this mean, we henceforward use the term inverse
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mass dipole (IMD) to label gfuyde, which highlights its geometric origin. Hence, the

IMD contribution to NLT tensor reads

0
a&fg——rr th 6 Wl =12— 5 Z F By fl (815)

where we have used the fact that am,[ﬁg is symmetric under any permutation of all three

indices as O'H\fD X Y 0,050, . In zero temperature limit, amfg is obtained by

summing over all the IMD aaw{” ¥ of occupied states (first equal sign), or by tracing

the inverse mass current v;* wlﬁ ¥ at the fermi surface (second equal sign).

2.2. Berry curvature dipole contribution < 7,

(2),0d

The first term of p;, in Eq. (S10) is linearly dependent on the relaxation time

7,, which contributes to a second-order current

B
e3 ViR A0 far
J% = —1, — E4E E E ZnTni 7y Jnl (516)
' TR Il n(=l) Eni

Using the relation 9, ({u;|H(k)|u,)) = 0 (I # n), we find that A}, = ihv[, /e, and
thus

e’ B _ 4B
Ji =t 5 EgEy Z Z i(A%AL, — A7, A% )0, .. (S17)

kil n(#l)

Notice that Y., i(Af’nAﬁl - Aan,”{l) = Ql“B is the Berry curvature, since that

z i(A?nAﬁl - Aanﬁl) = i((aaul|aﬁul> - (aﬁul|6aul>)

n(zl)
= 0,40 — 9,45 = QF. (518)

Then we arrive
e3 e3 ap
Ji =~ 7 By ) 080 fi =1 BBy ) (0,00°)fs,  (519)
Kl Kl

bringing us the so-called Berry curvature dipole (BCD) ayﬂl“ﬁ contribution. As the

12



transport tensor should be symmetric under swapping f < y (electric field indices),

the transport tensor contributed by BCD reads

e3 0
aggg =1, thz(a Q“B + 0pQ; “Y fl —1, th Q?B + vlﬁQf‘V)a_Z, (S20)
Kl

which is the Eq. (5) in the Methods.

Berry curvature Q % isan anti-symmetric tensor, i.e., Qﬁ “ Q , of which only

three components Q;”, )%, Q7 are independent. Hence, one can define a pseudo

vector (); by these three components with the relation

(521)

where €% is the Levi-Civita symbol. Notice that the summation over repeated
indices is implied. In this notation, the dipole moment of Berry curvature of the
occupied states is defined as a rank-two pseudotensor [7]
paf = Z(aanf)fl. (S22)
kl

Owing to the anti-symmetric nature, one finds
1
aff _ af Ba
9,0 = an(nl - )

%aya‘”(a“ﬂaﬁv — §Prsav)
1
=3 0, Ql“’ aps cuvs§
= e, Q8. (S23)
Therefore, Eq. (20) can be expressed by using the dipole moment of Berry curvature as

L G th (Eaﬁf DYE + exréphe), (S24)

recovering the symmetrized results obtained by Sodemann and Fu [7].

2.3. Quantum metric dipole contribution o« t?°

The remaining parts of the density matrix are independent of the relaxation time,

(@),0d (200 por p@° e find that

including p(z) , the second term of p;, """, and p;,

13



e3 AP Av 4 A AP
](L)l:do = ﬁEﬁEy Z (aagl) in TLl82 in‘'nl fln
kLl n(=l) ni

e3 A AT+ AT AL

— _EBEV (aagln) In""nl > in nlfl
2h &
k1l n(zl)

e3 1
- ﬁEﬁEy Z Z (Aan];l + A]l/nAﬁl) <aa S_)fl . (S25)

kl n(z) in

(2),0d
In

: B
v A
Jora =205y, Y Y iy

kL n(z) M

As for the second term of p , we have

2e® A% AP+ a2 AP
=~ EgE, Y Y St InTng g (526)
kLl n(=l) in

(2),00

The current involved p;,

is much trickier. Through tedious derivation following

Ref. [3], however, the result is quite simple, where the current reads

[Py ¥ 0. (Al AL, +ALAfn)f -
0,00 2h Bty ot L Em 1-
We find that
B pv Y 4B
e’ AP AT 4 AY A
](()ldo +]goo = __EBEV Z aa( In“"nl nl ln)fl
' ’ 2h .
k1l n(xl)
e3 5
- _ZEBEVZ 0.6, f1» (S28)
Kl

In“"nl

where gf V= Yn(£0) (Aﬁ AY +AZlAfn) /(2&;,,) is the band-renormalized quantum
metric tensor. Therefore, the total transport tensor independent to 7, is obtained by

= [0a6f" - 2(0,6 + 056" £

1

k
_ By _ B B a_
= Qv =2l 06

(S29)

which is the Eq. (6) in Methods. Such a dipole d, IB ¥ is called quantum metric dipole
(QMD). It has been found that the QMD-contributions can be further separated into the

14



Hall-type (transversal) aggg and non-Hall-type (transversal and longitudinal) agﬂ

contributions, with

83
oner = =7 ). |20:61" = (0,677 + 3,6 | £, ($30)
k!
and
e3
ot == (050" + 0,61 + 356" )fe. (s31)
k!

It was proposed by Gao et al. that the Hall-type originates from the electric-field-
induced Berry connection [8], leading to a terminology of Berry connection

polarizability (BCP).
We should emphasize that G la # isnot exact the quantum metric of quantum state but

is a band-renormalized one. The quantum geometry tensor is defined via the interband

Berry connection A, by Q] k= Yn(£0) Af’nAﬁl, of which the real and imaginary parts

are defined as the quantum metric Glaﬁ and Berry curvature Qf‘ﬁ , respectively, as

1

6¥ = ReQff == z (A%AL, + 4 42), (S32)
n(#l)

0ff = —21mof? = 3 i(4gaf, - af45). (s33)
n(#l)

Quantum metric GlaB characters the differential distance between two neighboring

states |u(k + dk)) and |u(k)), while Berry curvature Qfﬁ describes the differential

phase difference between them [9].
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3. Symmetry properties and constraints on second-order transport tensors

3.1. Symmetry constraints by time-reversal and inversion symmetry

Here we analysis the symmetry constraints on second-order transport tensors
contributed by IMD, BCD, and QMD, respectively. Time-reversal T and inversion P

transform the geometry tensor as:

Inverse mass Quantum metric Berry curvature
w (1) G (k) (k)
r wP (—ko) Gf"(=k) /" (~k)
=6 (=k) = -0/’ (=k)
P w (—k) G (-1 aff (~k)
o wy (k) G -0/ ()

Here we have used the fact that Berry curvature is an anti-symmetric tensor
Q?B (k) = —Qf “(k), and quantum metric is a symmetric tensor G; (k) = G," g (k).

Hence, the dipoles of the geometry quantities are transformed as:

IMD 3,w™* (k) QMD 3,67 (k) | BCD 8,0/ (k)
! —a,w (~k) 0,6 (~1) 8,9 (k)
d —0,w (~k) —0,6 (-l | -8,0% (k)
PT 8,w (~k) 8,6 (—k) ~3,0% (—k)

This implies that: (i) If the system is invariant under time-reversal T (or Teg), IMD
ayw,“”’ (k) and QMD aygl“ k (k) are odd function of k, with their integral over the

Brillouin zone vanished; (ii) If the system is invariant under PT (or PTs), Berry
curvature vanishes and so does the BCD contribution, where the same conclusion can
be drown as BCD is an PT-odd function.

We can see that the distinct symmetry constraints of different geometry quantities

can also be deduced by the dependences on relaxation time t, of the corresponding
16



conductivity tensors [Eqgs. (S15), (S20), (S29)].

We recall the definition of the second-order conductivity J* = g*fYEPEY . Since the
current density /¢ is an odd function under time-reversal symmetry T, the tensor is
also an odd function of it where the electric field E# is even. Then one can decompose

the tensor with respect to the relaxation time 7, as

o BY = yOPY 4o B 4 g2y SFY L3y P (534)

As T filps 7, - —1,, )(l.a AY need to be an odd (even) function under time-reversal if

i is even (odd) integer. Similar analysis can be performed by inversion symmetry P,

leading that all x**" are odd function under P. These results can be tabulated as:

Xon! Konia
r —)(gfy ngL
P —)(gfy —)(?ﬂl
PT ngy _ngL

Hence, we deduce that xo°" is T-odd while o7 is PT-odd. Recalling

n+1

OiMp ~ Tr X2, oQMD ~ 7 Xo» Oscp ~ Tr X1 (535)
we see that both IMD and QMD contribute to y,, and BCD contribute to Y2,41,
implying IMD and QMD contributions are T-odd and BCD contribution is PT-odd.
The analysis is also valid if we replace T by the effective one Ter. Such a
phenomenological analysis is consistent with the symmetry analysis on geometric

quantities.
3.2. General procedure on symmetry constraints

As mentioned in the main text, in magnets without SOC, the above analysis is not
limited to the exact T and PT symmetries but can be extended to the effective
symmetries Terr and PTeg. Any symmetry operation in SSG takes the form {u]|r|z}

with u and r are the spin and lattice rotation, respectively, and T the lattice

17



translation. The Tegr symmetry may be the Tt or the pure spin improper rotation u =
U, ()T, where further combining the spatial inversion P brings us the PTg.

Now we show how the spin and lattice symmetries constrain the second-order
transport tensors, by the spirit of the Neumann's principle. Given any spin group

symmetry {u||r|z}, the BCD and IMD/QMD tensors are transformed by
olBY = RauRBVRYNGHT (S36)

Y quip = det(W) RURBVRIGET (537)

where R and U are the representation matrices of r and u under Cartesian
coordinate. Note that the summation over repeated indices is implied. In Eq. (S37), the
T -odd nature of the IMD and QMD contributions are encoded by the factor of
det(U) = £1 with +1(—1) for proper (improper) spin rotation.

Next, we demonstrate how to solve the symmetry-allowed transport tensors, by using
the BCD contributed tensors as an example. Considering the BCD contributed tensors
as a 27-dimensional vector {03y, -+, 04¢5}, Eq. (S36) provides the linear
transformation of it constrained by a given spin group symmetry g; = {u;||r;|T;}. To
solve this linear algebra problem, we recode the 27 components with single index 1 =
(xxx), 2 = (xxy), 3 = (xxz), ..., 26 = (zzy), 27 = (zzz). Then Eq. (S36) can be
rewritten as

M=T"o" © (I-T)o=0 (S38)
where M,N = 1,2,---,27, and the label of BCD is not written explicitly as the
procedure is uniform for IMD and QMD contributions. T; isa 27 X 27 matrix given
by g;, and I is the identity matrix of order 27. By defining T; = I — T;, the nonzero
solutions of g;-allowed tensor components form the kernel of T;, known as ker T;.
For the last step, we consider a SSG generated by L generators {g;, g2, ", g}, Where
each generator is represented by one kernel T;. The tensor components allowed by the
SSG is finally obtained by choosing the basis vector in the intersection of kernels
Nk, ker T;. For IMD and QMD contribution, the procedure is also valid while the

construction of T; need to be modified based on Eq. (S37).
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3.3. Intrinsic symmetries of second-order transport tensors

As the spin group symmetry will constrain the transport tensors, the intrinsic
symmetries of the tensors also limit their nonzero components. First of all, by the
definition of the second-order transport tensor J* = g*fYEFEY , one directly conclude
that all the second-order transport tensor need to be symmetric under the permutation
of the last two indices f < y. In fact, this is the only intrinsic symmetries of the QMD

contributions, and hence at most 18 components out of 27 are independent in ogﬁ]];.
For IMD and BCD contributions, other intrinsic symmetries involve.

Referring to Eq. (S15), we can see that 6awlﬁ V'« a, 0p0, &, indicating that alolifg is
symmetric under any permutation of all three indices a, f, and y. This leads us at

most 10 components are independent in al(lffg . On the other hand, from Eq. (S20), we

find that
83
o5ty + ol =tz > (8,0 + 9,007 + 0,007 +0,0{)fi.  (539)
Kl
As the Berry curvature is anti-symmetric Q% = —0F% | equation (S39) can be

simplified into an important equality of aggg , as

N i G} (540)
This equality implies the rest intrinsic symmetries of the BCD contribution:

(1) If a # f #y # a, it turns out that [10]

O5¢p + Opcp + Tpcp = 0- (S40)
(1) If ¢ = p # y, it becomes
1
oY = 0% = —= oS, (s41)
(1) If a = p =y, itleads to
ogch =0, (542)

which indicates the pure Hall type nature of the BCD contribution. Following Egs.

(S40)-(S42), we settle at most 8 independent components in aggg .
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In our procedure on obtaining the symmetry-allowed tensors, the above-mentioned

intrinsic symmetry constraints can be included by adding special matrices TS]. and Tsj

before solving the intersection of kernels. Taking the IMD contribution as example, the

intrinsic symmetry of agfg is represented by Tyyp s, of which the nonzero elements

1,1 24 _ m410 _ m10,2 37 _ m719 _ m193 511 _ mi11,13 _
are Tiyp s, Timps = Timp,s = Timbs> Timp,s = Tivps = Timb,s> TiMp,s = Limbs =

13,5 6,16
T T

_ T16,20
IMD,s > IMD,s

_ 720,22
— TIMD,s T

_ m2212 _ 12,8 _ 86 921 _ m21,25 _

= Timps = Timps = Timbs = Timp,s » Timp,s = Timb s =
25,9 1414 m1517 _ m17,23 _ m23,15 1824 _ m24,26 _ m26,18 17,17

Timbs: Timb,ss Timbs = Timbs = Timb,ss Timbs = TiMDs = TimD,s> LiMD.s> and all

these elements equal one. Provided with this Tjyps =I— Tyyps as preset, the

(24 . . .
nonzero components of an\fg are obtained by solving basis vectors of

(ﬂ’i;lkerT'i) nker'TIMD,S. The intrinsic symmetries of the BCD and QMD

contributions can be considered likewise.
For convenience, the procedure of identifying finite second-order transport tensors
allowed by SSG symmetries has now been equipped in our online program

FINDSPINGROUP (https://findspingroup.com/).
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4. Database of antiferromagnets with second-order transports

In this section we construct a database of antiferromagnets (AFMs) with second-
order conductivity tensors allowed by SSG symmetry, where all the AFMs are

experimentally validated. There are six steps in our procedure as shown in Fig. S4.

Antiferromagnets in MAGNDATA (1726)

Check spatial-inversion (P-broken 803)

Find spin space group

Check configuration (T ¢, PT )

Constrain tensors

Available tensors

Fig. S4. Procedure on constructing antiferromagnet database within the spin space

group theory.

For the first step, all the experimentally verified magnets are collected in the
MAGNDATA database [11,12] on the Bilbao Crystallographic Server (BCS;

http://www.cryst.ehu.es). In this work, we concentrate on the AFMs, i.e., magnets

without net magnetization insured by certain symmetries. Thus, 1726 AFMs selected
from MAGNDATA form the starting material pool.

In the second step, to materialize the second-order transport effects, we filtered out
the centrosymmetric AFMs whose magnetic space group contain the spatial inversion
P or the combined symmetry of inversion and translation {P|t}. In this step, 803
noncentrosymmetric AFMs are left for further analysis.

In the third step, the SSG of each noncentrosymmetric AFM was identified by our
21
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online program FINDSPINGROUP (Section 1.4). Thanks to the nomenclature of
international notation, the magnetic configuration of each noncentrosymmetric AFM
can be directly read from the spin-only part, labeling 495 collinear, 227 coplanar, and
81 noncoplanar AFMs.

For the fourth step, we recognized the effective symmetries of time-reversal Tegr
and combination of spatial inversion and time-reversal PTeg that are essential for
second-order transports as shown in Tab. I in the main text. As mentioned in the main
text, all the AFMs of collinear and coplanar magnetic configurations endure Tegr
eliminating the IMD and QMD contributions. If no PTeg emerged in collinear and
coplanar AFMs, BCD contribution on second-order transports are allowed. As for
noncoplanar AFMs, all three contributions from IMD, BCD, and QMD would be
symmetrically allowed once the Te; and PTeg are absent.

For the last step, provided the allowed geometry second-order transports in an AFM,
we further predicted the nonzero components of the transport tensors by the strategy
stated in Section 3. For an AFM, if all the components of transport tensors vanish, it
produces no second-order transports even the P, Teg, and PTeg are both absent.

Finally, we established a database of 260 AFMs with geometric second-order
transport tensors induced by magnetic geometry. In this database, 120 collinear and 71
coplanar AFMs allow BCD-contributed NLT. We also found 69 noncoplanar AFMs
with SSG-allowed NLT, 21 among which feature all NLT contributed by both IMD,
BCD, and QMD. All the information of AFMs, SSGs, nonzero tensor components are
tabulated in Tabs. S1-S3, where noncentrosymmetric AFMs without geometric second-
order transports are also tabulated in Tab. S4. Note that we can also apply the same
strategy within the framework of magnetic space group to obtain the allowed tensors,
where the results are included in Tabs. S1-S4. The pure SOC contributions on second-
order transports lie directly on the differences between the columns from SSG (without
SOC) and magnetic space group (with SOC).

We should note that though we start from the simple condition of inversion-breaking,

our framework is complete for symmetry analysis on distinct geometry contributions.
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For instance, the results for BCD recover previous knowledge that BCD term vanishes
unless the point groups of the nonmagnetic materials are gyrotropic point groups [13],
i.e., point groups that allow nonzero components of the rank-two pseudo-tensors. One
step more, we find that two gyrotropic point groups: tetrahedral group T (23) and

octahedral group O (432) force the BCD-contribution aggg to be vanished. Recall

from Eq. (S24) that aggg o €@BEDYS 4 ¢aV$DPS with DY = zk,,(aanf)fl the

rank-two pseudo-tensor known as BCD, and €% is the Levi-Civita symbol. We
found that both gyrotropic point groups T and O allow finite diagonal components
of BCD tensor D** = DYY = D% where D“¥ =0 if a # . Nevertheless, the

component of aggg contributed by the diagonal parts of BCD vanish: gg2p = 0gcpy X

XYZ XZ
—DYY + D% =0, opep = Ogep X —DYY + D% =0, and 0gcp = Oppp X —D** +

DYY = 0. Hence, gyrotropic point groups still not guarantee the existence of the second-
order conductivity contributed by BCD. Since the BCD contribution is even under time-
reversal symmetry, the conclusion is also valid for magnetic (crystallographic) point
groups of polyhedral type (23.1°, 432.1°, 4°32”). Our framework of symmetry analysis
correctly predicts the vanishment of BCD contribution of these cases that the spin space
group and spin point group are homomorphic to either of T (23), O (432), 23.1°,
432.1°, and 4°32’. These cases can be easily found in our database, e.g., row 11-15 in

Table S3 for Mn-based noncoplanar antiferromagnets Mnz XY (X = Ir, Co, ¥ = Ge, Si),

where the spin space group P20012; 31113 g homomorphicto T (23)and then no BCD

contribution.
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Table S1: Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry. Note that without SOC, IMD- and

QMD-contributions are forbidden.

) ) without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
1 ZnFe;0y4 (1.761) r'‘42'at/2 172 0)>~™ Oswy = Osyas Onyz = X X Orwy = Oayas
Oxzy = Oyxz = Oyzx Oyzz = Oyzx,
Ogyz = Ozxzy
2 YMng (1.746) P4312%271(1/2 1/2 1/2)~™1 Orye = Ouny = X X Oyyz = Oyay =
“Oyzz = —Oyzx _Uzyy/2u
Ozay = Ozyxy Oxxz =
Oxze = _Uzma:/2a
Oyzz = Oyzx,
Oxyz = Oxzy
3 GeNiyOy4 (1.563) R''m ™ (1/3 2/3 1/6)™™1 | Oppe = Opsz = Opyz = X X Oyoz = 205, =
Oyzy = _O'zacx/Q = _2Uzzya Ogzz =
70—299/2 —20,0, = =202,
Ouyy = —20yzy =
_2Uyya:; Ozzy =
Ogyxr = _Uymw/Z
4 GeNiyOy4 (1.561) R'3'm™(1/3 2/3 1/6)°™1 | 0pps = Opoz = Oyys = X X Oyon = =204y, =
Oyzy = _Uzza:/2 = _2ozzy; Ozzz =
_UZyy/2 —20,2, = —20224,
Oayy = —20yzy =
*QO—yyra Oxxy =
Oxyxr = _nym/2
5 CeyGes (0.448) 14727t d>m Ozay = Ozyxy Oaxyz = Ozyz = Ozzy = Oyzz = Ozay = Ozyxy Ozyz = Ozay = Ozyzy Ozyz =
Oxzy = Oyxz = Oyza Oyze = Ozxy = Ozyx Oxzy = Oyxz = Oyza Oxzy = Oyxz = Oyza
6 Ce4Sbhs (0.681) Ilgtotgeomy Oswy = Ozyzs Oayz = X Opyz = Opay = Oswy = Ozyzs Opyzr =
Oxzy = Oyxz = Oyza —Oyxz = —Oyza Oxzy = Oyxz = Oyza
7 Tb203 (0345) Fm001dm001d12oom1 Oyyz = Oyzy = Ogzz = Ozxz = Ozzxs Ozxz = Ozzx, Oyyz = Oyzy —
_Uzyy/2a Ogxz = Ozyy = Oyazy = Oyya, Oyzy = Oyyxs Oxzz, _Uzyy/27 Oxxz =
Ogzx = _O'za:x/Q Ozax Ozyys Oxxx Ogzx = _sza:/Q
8 GdInCuy (1.699) I'-42'm*(1/2 1/2 0)>™1 Orwy = Ooyas Ouyz = X X Orwy = Ooyas Ouys =

Oxzy = Oyxz = Oyza

Oxzy = Oyxz = Oyza

Continued on next page
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
9 HoInCuy (1.700) I'-42'm™*(1/2 1/2 0)™™1 Orny = Oy, Ouyz = X X Ouny = Oayes
Oxzy = Oyxz = Oyza Oyxz = Oyzx,
Oxyz = Ozxzy
10 NdBiPt (1.574) Pha'm'27(1/2 1/2 1/2)°™1 | 0uny = Osyes Ouyz = X X Ouny = Osyas Oays =
Ogzy = Oyxz = Oyzx Ozzy = Oyzz = Oyzg
11 GeV,Ss (1.86) P'm'n'2,71(0 1/2 0)~™1 Oyyz = Oyoy = X X Oyys = Oyoy =
7‘72yy/27 Oxxz = 7Uzyy/2a Ogxz =
Ogzx = _szx/2 Ogzxe = _Uzzx/Q
12 GdBiPt (1.111) R''m™(1/3 2/3 1/6)°™™1 | Opps = Opsz = Opyz = X x Oyrz = 202y, =
Oyzy = 70—2-%”5/2 = *2O—zzya Ogzz =
_0299/2 20,4, = =204,
Oy = —20yzy =
—20yyz; Oxay =
Ogyxr = _O'y:m:/2
13 CuMnSb (1.232) R'3'm™(1/3 2/3 1/6)°™1 | 0pps = Opoz = Oyys = X X Oyor = =20y, =
Oyzy = _Uz$93/2 = _20zzy; Ogzz =
_GZyy/Q —20,5, = _20zzw7
Oayy = —20yay =
*QUyyma Oxxy =
Oxyxr = _nyx/Q
14 CuMnSb (1.233) R'3'm™(1/3 2/3 1/6)°™1 | 0pps = Opsz = Oy = X X Ovwr = Opog = Oyys =
Oyzy = *O—zzm/Q = Oyzy = 70211/2 =
_UZyy/2 _Uzyy/2
15 CuMnSb (1.265) R'3'm™(1/3 2/3 1/6)°™1 | 0pps = Opsy = Oyys = X X Oz = Opow = Oyyz =
Oyzy = *O—zzm/Q = Oyzy = 707411/2 =
_UZyy/2 _Uzyy/2
16 UCus (1.424) R'3'm ™ (1/3 2/3 1/6)®°™1 | Opps = Onzw = Oyy. = x X Oras = Opog = Oyys =
Oyzy = *O—zzm/Q = Oyzy = 707411/2 =
_UZyy/2 _Uzyy/2

Continued on next page
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC

. ' with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
17 HoCdCuy (1.701) R'3'm™(1/3 2/3 1/6)°™1 | 0pps = Opow = Oyy> = X X Oyoz = —20., =
Oyzy = _Uzzx/Q = _2Uzzya Oxzz =
_UZyy/2 —20,2: = —20224,
Oryy = —20yzy =
_QO.nya Ogxy =
Ozyxr = 70’y9c$/2
18 UCus (1.721) R'3'm™(1/3 2/3 1/6)°™1 | Opps = Opoz = Oyys = X X Orwe = Opag = Oyyz =
Oyzy = _O'za:w/2 = Oyzy = _Uza;a:/Z =
*O'zyy/Z 702?!9/2
19 MnS, (1.18) P'n'a'2,7'(0 1/2 0)™™1 Oyys = Oyzy = X X Oyys = Oyzy =
_O'zyy/Qa Oxxz = _Uzyy/2a Ogxxz =
Ogza = 7O'z9cx/2 Ogza = 70’zmx/2
20 MnSes (1.0.48) Pletato, oom Oyyz = Oyzy = Opzz = Ospsr = Orzzs Oszsr = Oszas Oyyz = Oyzy =
_O'zyy/Qa Ogxz = Ozyy = Oyxy = Oyyx, Oyzy = Oyyxy Oxzz, _Uzyy/2a Ogxz =
Ogza = 7O'z9cx/2 Ozax Ozyys Oxxx Ogza = 70’zmx/2
21 NayNip TeOg (1.646) I'm'a'27'(1/2 0 0)™™1 Oyys = Oyzy = X X Oyys = Oyzy =
_Uzyy/Qa Oxxz = _Uzyy/2a Ogxxz =
Ogza = _O'zxx/Q Ogze = _Uzacx/Q
22 TbNiAl (2.99) C'm™(1/2 0 0)>™1 Oyor = —204y, = X X Oyoz = —204,, =
_2Uzzya Oxzz = _20zzy7 Ogxzz =
20,5, = =204, —20,5, = =20z,
Oy = —20yzy = Oy = —20yay =
_2Uyym7 Ozzy = _20yy93; Oxxy =
Ogyr = _Uymw/2 Ogyr = _nym/Q
23 TbNiAl (1.738) I'm'm'27'0 1/2 1/2)°™1 Oyyz = Oyay = X X Oyyz = Oyay =
_Uzyy/27 Oxzz = _Uzyy/2a Ogxz =
Ogze = _szm/2 Oxzez = _Uzzx/2
24 CosMo30g (0.332) P63 m ™™ Opnz = Opzg = Oyys = Opze = —Ozyy = Opazr = —Ozyy = Opas = Opzg = Oyys =
Oyzy = —Ozan/2 = TOyry = T Oyya “Oyzy = “Oyyz Oyzy = —Ozea/2 =
—Oyy/2 —Oayy/2

Continued on next page
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
25 FesMosOg (0.331) P63 m ™™ Opzz = Opzg = Oyys = Opze = —Ogyy = Opazr = —Ozyy = Opas = Opzg = Oyys =
Oyzy = —Ozxa/2 = TOyry = “Oyya “Oyzy = T Oyyz Oyzy = —Ozea/2 =
—Oyy/2 —0yy/2
26 CosMo30g (0.338) P65 m ™™ Oppz = Opzg = Oyys = Opze = —Ogyy = Opazr = —Ozyy = Opaz = Opzg = Oyys =
Oyzy = —Ozaa/2 = “Oyzy = “Oyyx “Oyzy = “Oyyz Oysy = —Ozaa/2 =
—Oyy/2 —Oyy/2
27 ErAuGe (1.33) P'm'c'2,7M(1/2 1/2 0)>™1 Oyys = Oysy = X X Oyyz = Oyay =
_Uzyy/Zv Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/2
28 GdCuSn (1.504) P'm'c'2,7M(1/2 1/2 0)>™1 Oyys = Oysy = X X Oyyz = Oyay =
_Uzyy/Za Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/2
29 GdAgSn (1.505) P'm'c'2,7M(1/2 1/2 0)™™1 Oyys = Oysy = X X Oyyz = Oyay =
_Uzyy/Za Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/Q
30 CaOFeS (1.472) P'm'n'2,71(1/2 1/2 0)™™1 Oyys = Oyay = X X Oyyz = Oyay =
_Uzyy/Za Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/Q
31 GdAuSn (1.506) P'm'c'2,7M(1/2 1/2 0)>™1 Oyys = Oysy = X X Oyyz = Oyay =
_Uzyy/Qa Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/Q
32 NayCoyTeOg (1.184) P2,12,12%0 1/2 1/2)~°™1 Oony = Ooyas X X Oony = Oayas
Oyxz = Oyza, Oyxz = Oyzax,
Ogxyz = Ozxzy Oxyz = Ozxzy
33 AgNiO; (1.50) P'2,%2,2°50 1/2 1/2)°™1 Oowy = Oayas X X Oowy = Oayas
Oyxz = Oyza, Oyxz = Oyzax,
Ogxyz = Ozxzy Oxyz = Ozxzy
34 CoNb3Sg (1.349) P'22'2,"Y(1/2 1/2 0)>™1 Orwy = Oayas X X

Oyxz = Oyza,
Ogxyz = Ozxzy

Ozxy = Ozyx,
Oyxz = Oyzax,
Oxyz = Ozxzy

Continued on next page
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
1olgly -1
35 Feg.32NbS, (1.676) P2%2%9,"Y(1/2 1/2 0)>™1 Gray = Toyar x x Gray = Toyer
Oyxz = Oyzax, Oyxz = Oyzx,
Ozyz = Ozzy Ozyz = Ozzy
-lp -1lolgoom
36 VNbSSG (0712) P 63 2°2 1 Ozyz = Oxzy — Ozz2s Ozz225 Ozyys Ozax, Ozxy = Ozyx,
“Oyxz = —Oyzx Oyyz = Oyzy = Ozyy; Oyyz = Oyzy, Oyxz = Oyzx,
Oxxz = Ogxzax — Ozax Oxxz = Ogzax Oxyz = Ozxzy
1o 169 15 -1 ocom
37 Feo_967Nb386 (1589) P 21 21 21 (O O 1/2) 1 Uzry = O—zyxa X X szy = Uzyra
Oyxz = Oyza, Oyxz = Oyzax,
Ogyz = Ozxzy Oxyz = Ozzy
1l 1 1 -1
38 F60.35Nb82 (1677) P 21 21 21 (O 0 1/2)oom1 Ozay = Ozyx, X X Ozzy = Ozyx,
Oyxz = Oyzx, Oyxz = Oyzx,
Ozyz = Ozzy Ozyz = Ozzy
19-1_ocom
39 CaBCOQ—anxOG (013) R3¢ 1 Oxxz = Ogxzax = Oyyz = Ozzzs Ozzzy Ozzx = Ozyy, Ogxz = Ogzx — Oyyz —
Oyzy = _Uzmx/Q = Oxxz = Oxzx — Oyyz = Oxxz = Oxzax — Oyyz = Oyzy = _Uz:cm/Z =
_Uzyy/2 Oyzy = Ozzx = Ozyy, Oyzyy Ozzx — —Ozyy = _Uzyy/2
Ogzx = —Ogyy = —Oyzy = —Oyyzx
“Oyzy = “Oyya
. 1o-1_ocom _ — —
40 PleOd (021) R3¢ 1 Ozzxz = Ozzx — Oyyz — Ozzzs Ozzzy Ozzx = Ozyy, Ozzz = Ozzx — Oyyz —
Oyzy = _sza:/2 = Ogzz = Ogzz = Oyyz = Ogxz = Ogza = Oyyz = Oyzy = _Uzzx/2 =
_O-zyy/2 Oyzy = Ozzx = Ozyy, Oyzys Ozxx = —Ozyy = _Uzyy/2
Ogzx = —Ogyy = —Oyzy = —Oyyzx
“Oyzy = “Oyya
lg-1_ocom
41 GaFeOj3 (0.306) R'37c™™ Opaz = Opzg = Oyyz = Crzzs Ozzzs Oayys Oyzz = =204y, =
Oyzy = _Uzacx/Q = Oyyz = Oyzy = Ozyy, Ozay = Ozyxy Ozax, _2Uzzya Oxzz =
*Uzyy/Q Ozyz = Oxzy = Oyxz — Oyyz = Oyzy, *QUzmz = *20—2217
Oyze = Ozxy = Ozyx, Oyxz = Oyzz, Oxyy = _20yzy =

Ogzz = Ogze = Ozax

Ozyz = Ozxzy,

Ogxz = Oxzx

_zayym; Oxxy =
Ogyxr = _Uyww/Z
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC

with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
42 MnTiO3 (0.50) R'37 ™™ Opws = Opsy = Oyys = Oaszs Tazzs Oayys Oysz = 20y, =
Oyzy = _Uzzx/Q = Oyyz = Oyzy = Ozyy; Ozzy = Ozyzxy Ozzx,s _2Uzzya Oxzz =
_Uzyy/2 Oxyz = Oxzy = Oyxz — Oyyz = Oyzy, —20,2: = —20224,
Oyzx = Ozazy = Ozyx, Oyxz = Oyzx, Oxyy = _20y$y =
Oxxz = Ogxza = Ozzx Oxyz = Ozzy, _QO.nya Ogxy =
Oxxz = Oxza Ozyxr = 70’y9c$/2
43 HOO.lBiO.QFeOS (0556) ng—lcooml Ogxz = Ogzx = Oyyz = Ozzzs Ozzzy Ozzx = Ozyy, Ogxz = Ogzx = Oyyz =
Oyzy = _O'za:w/2 = Oxxz = Ogzx = Oyyz = Oxxz = Ogzx = Oyyz = Oyzy = _Uza;a:/Z =
—Oayy/2 Oyzy = Ozax = Ozyy, | Oyzy> Ozzx = ~Oayy = —Oayy/2
Ogzx — —Ozyy — —Oyzy = —Oyyx
" Oyzy = “Oyya
44 Hog.95Big.95FeO3 (0555) R13_1C00m1 Oxxz = Ogxzax = Oyyz = Ozz22y Ozzzy Ozzx = Ozyy, Ogxz = Ogzx = Oyyz —
Oyzy = *O—zzm/Q = Oxxz = Oxzx = Oyyz = Oxxz = Oxzx — Oyyz = Oyzy = *0211/2 =
—Osyy/2 Oyzy = Ozazx = Ozyy, Oyzys Ozzx = —Oayy = —Oayy/2
Ogxx = —Ogyy = —Oyzy = —Oyyzx
“Oyzy = “Oyya
45 ScFeO3 (0.57) R'31cmy Opags = Opzg = Oyyz = Crrzs Oz22, Ozyys Oyzz = =20y, =
Oyzy = _o-za:a:/2 = Oyyz = Oyzy = Ozyy, Ozxy = Ozyzx, Ozax _20zzy; Ogzz =
_O-zyy/2 Ozyz = Oxzy = Oyxz = Oyyz = Oyzy; —20,2, = —20224,
Oyzx = Ozzy = Ozyx, Oyxz = Oyzx, Oxyy = _2Uyacy =
Oxxz = Oxzx — Ozax Ozyz = Oxzy, 720—ny3 Oxxy =
Oxxz = Oxzx Oxyxr = _nya:/2
46 AgCrS; (1.136) C'm™(0 0 1/2)>™1 Oyoz = =20, = X X Oyoz = =20, =
720-zzya Oxzz = *2O—zzya Ogzz =
—20,,, = _2Uzzx; —20.0. = —20224,
Oayy = =204y = Oayy = =204y =

_20yyza Ogzxy =
Ogyxr = _O'yxx/Z

_QUyywy Oxxy =
Oxyxr = _O'ya:x/2
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
47 CeFes(BO3)4 (1.459) R'3'27%(1/3 2/3 1/6)>™1 Opye = Opoy = X x Oyys = Oysy =
—Oyxz = —Oyzx _Jzyy/2;
Ozxy = Ozyz) Ozzz —
Oxzz = _Uzwa:/Qa
Oyxz = Oyzx,
Oxyz = Oxzy
48 NdFe3B,015 (1.7) R'3'27'(1/3 2/3 1/6)>™1 Oz = Opoy = X X Oy = Oyay =
—Oyxz = —Oyzx _Uzyy/za
Ozxy = Ozyxy Oxxz —
Ogze = *Uz:cz/2a
Oyxz = Oyzzx,
Ozyz = Oxzy
49 YFe3(BO3)4 (1.90) P'3,12'1710 0 1/2)°™1 Oz = Opny = X X Oyyz = Oyay =
—Oyzz = —Oyza _Uzyy/2a
Ozay = Ozyxy Oxxz =
Oxzx = _Uzma:/za
Oyxz = Oyzx,
Oxyz = Oxzy
50 TbFe3(BO3)4 (1.91) P3,2'1750 0 1/2)°™1 Ouys = Opzy = X X Oysr = Opay =
—Oyxz = —Oyzx —Oyxz = —Oyzx
51 NizTeOg (1.165) R'37M1/3 2/3 1/6)*™1 Opwe = Opap = Oyyz = X X Orwe = Opog = Oyyz =
Oyzy = _szm/Q = Oyzy = _Uzww/Q =
—Oayy/2, —Oayy/2,
Oxyz = Oxzy = Oxyz = Ogzy =
—Oyzz = —Oyzz “Oyxz = —Oyzx
52 NiCry0y4 (1.685) c2'22,10 1/2 1/2)~™1 Orwy = Oayus X X Orwy = Oayas
Oyxz = Oyzax, Oyxz = Oyzx,
Oxyz = Ozxzy Oxyz = Ozxzy
53 ZnVy04 (1.24) Plaz'2t2M(1/2 1/2 1/2)>~™1 Ouys = Opay = X X Ouysr = Opay =

—Oyxz = —Oyzx

—Oyxz = —Oyzx
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
54 Lay02Fe;0Ses (1.58) Clm™(0 0 1/2)*™1 Gyos = 20, = x x Gyos = 20y, =
_20'zzya Ozzz = _2Uzzya Ogzz =
—20,,, = _20-22937 20,4, = _2UZZI7
Oryy = —20yzy = Oryy = —20yzy =
_20yyxa Ogxxy = _QO.nya Ogxy =
Oxyxr = 70’y$w/2 Ozyxr = 70’y9c$/2
55 NiTayOg (1.172) A'm'a'27(0 1/2 0)™™1 Oyys = Oyay = X X Oyys = Oyzy =
_O'zyy/Qa Ogxxz = _Uzyy/2a Ogxxz =
Ogza = 7O'z9cx/2 Ogza = 70’zmx/2
56 CeAuSb, (1.740) A'm'm'27(0 1/2 0)>™1 Oyys = Oyoy = x x Oyys = Oyoy =
_O'zyy/Qa Oxxz = _Uzyy/2a Ogxxz =
Ogza = 7O'z9cx/2 Ogza = 70’zmx/2
57 CuFeS, (0.802) Itq1o-tqoemy Orzy = Osyzs Opyz = | Opyz = Ogoy = Oygz = | Osgy = Osya, Oayz = Ozzy = Ozyzs Opyz =
Oxzy = Oyxz = Oyza Oyze = Ozzy = Ozyx Ogzy = Oyxz = Oyza Oxzy = Oyxz = Oyza
58 CusMnSnS, (1.100) c'270 0 1/2)>™1 Oyyz = Oyay = X X Oyyz = Oyay =
—Oayy/2, —Oayy/2,
Ozxy = Ozyxy Oxxz = Ozxy = Ozyxy Oxxz =
Ogze = _a'zaca:/Qv Ogze = _UZJCQC/27
Oyxz = Oyzax, Oyxz = Oyzax,
Ogxyz = Ozxzy Oxyz = Ozxzy
59 CuzMnSnSy (1.732) c'270 0 1/2)>™1 Oyyz = Oyay = X X Oyyz = Oyay =

702yy/2a

Ozxy = Ozyzxy) Ozxz —

Oxzz = _UZII/Qa
Oyxz = Oyzx,
Ogzyz = Oxzy

70Zyy/2a
Ozxy = Ozyzx) Ozxz —
Ogzz = _Uzwz/Qy

Oyxz = Oyzx,
Oxyz = Oxzy
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
60 CusFeGeS, (1.734) c'270 0 1/2)>™1 Oyyz = Oyay = X X Oyoz = =204y, =
_Uzyy/Qv _2Uzzya Ogzz =
Ozxy = Ozyxs Oxzz — —20,2: = —20224,
Ogze = _szx/za Oyyz = Oyzy =
Oyxz = Oyzx, _Uzyy/2a
Oxyz = Ozxzy Ozxy = Ozyxs Oxxz =
Ogze = *Uz:cz/2a
Oyxz = Oyzz, Ozyy —
—20yzy = —20yya,
Oxxy = Ogyx =
_O'yacx/Qa Oxyz = Ozzy
61 CsCoFy4 (0.405) I tg400m] Opzzs = Ogrg = Osrzs Ozzzy Ozgn = Oy, Opps = Ogpgp =
—Oyyz = —Oyzy = Oxxz = Ogzx = Oyyz = Oxxz = Ogzx = Oyyz = “Oyyz = —Oyzy =
_O'zx;c/z = O'zyy/27 Oyzy = Ozzx = Ozyy Oyzyy Oxyz = Oxzy = _O'zacx/Q = O'zyy/Qa
Ozxy = Ozyzxy, Ozyz — —Oyxzz = —Oyzx Ozxy = Ozyzxy Ozyz —
Oxzy = Oyxz = Oyza Oxzy = Oyxz = Oyza
62 BayFeSio O (1.641) P42, 0 0 1/2)~°™1 Orwy = Osyry, Oayz = X X Oyys = Oyoy =
Oxzy = Oyxz = Oyza 7(szy/2, Oxxz =
Oxzx = _Uzzx/Q
63 BasMnSisO7 (0.229) Plato - tm>m Oszy = Ozyzy Ogyz = Opyz = Opay = Oygs = Oomy = Osyzy Onyz = Oroy = Osyzy Ozyz =
Oxzy = Oyxz = Oyza Oyze = Ozxy = Ozyx Oxzy = Oyxz = Oyza Oxzy = Oyxz = Oyza
64 BayCoGeyO7 (0.56) Plg o, tmeem Oswy = Ozyzs Oayz = Opzz = Ospsr = Oszzs Oszs = Oszas Oyyz = Oyay =
Oxzy = Oyxz = Oyza Oxzyy = Oyxy = Oyyx, Oyzy = Oyyxy Oxzz,y _Uzyy/2a Oxxz =
Ozxx Ozyy, Oxzx Ogzx = *O—z:tm/Q
65 SrMn2V208 (062) 1_141 1C—1doom1 Oxxz = Ogzx = Oyyz = Oxzz = Ozxz = Ozzx, Ozxz = Ozzx, Oyyz = Oyzy =
Oyzy = —Osuu/2 = Ozyy = Oyay = Oyya, Oyzy = Oyyzs Oxzz, —Osyy/2, Onzz =
*O—zyy/Q Ozxx J:Eyy7 Ozxx Ogza = *O—z:tm/Q
66 BaMn,V20g (0.967) T4, e tqeem Opaz = Opzg = Oyyz = Opzz = Ospsr = Oszzs Oszsr = Oszas Oyyz = Oyzy =

Oyzy = _szﬂc/Q =
—0yy/2

Ozyy = Oyzy = Oyyz;

O-ZL‘ZEI

Oyxy = Oyyxs Oxzz;s
Ozyy, Oxzxx

_Uzyy/2a Ogxz =
Ogzx = *O—z:tm/Q
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
67 SrCoy V505 (1.71) Plcta'2 M (1/2 1/2 1/2)°™1 Oyyz = Oyay = X X Oyyz = Oyay =
_Uzyy/Zv Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmm/2 Ogzxe = _Uzza:/2
68 CeRhGes (1.743) Pl4'm'm™(0 0 1/2)>°™1 Opwz = Opap = Oyyz = X X Opwz = Opap = Oyyz =
Oyzy = _Uzzx/Q = Oyzy = _Uzzm/Z =
—0yy/2 —0yy/2
69 YBaCuFeOj; (1.281) IM''m'm™(1/2 1/2 0)°™1 | Gups = Opas = Oyys = X X Oyyz = Oyay =
Oyzy = _0—29090/2 = _Jzyy/2a Ogxz =
_Uzyy/2 Oxzx = _Uzza:/2
70 PrFeAsO (1.586) P'm'a'271(1/2 0 1/2)>™1 Oyyz = Oyoy = X X Oyyz = Oyay =
_Uzyy/Za Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/2
71 Fe4O5 (0999) Clm-lc—12loom1 Oyyz = Oyzy = Oxzz = Ozxz = Ozza, Ozxz = Ozzx, Oyyz = Oyzy =
_Uzyy/Za Oxzz = Ozyy = Oyzy — Oyyx, Oyxy = Oyyzs Oxzz;s _Jzyy/2a Oxxz =
Ozzz — _Uzmx/2 Ozzx Ozyys Oxzx Ogzz — _Uzza:/Q
72 SmNiO3 (1.353) C'm'c'2,7M(1/2 0 0)~™1 Oyyz = Oyay = X X Oyyz = Oyoy =
_Uzyy/Za Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/Q
73 EuNiO3 (1.354) C'm'c'2,7M(1/2 0 0)~™1 Oyyz = Oyay = X X Oyyz = Oyay =
_Uzyy/Qa Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/Q
74 PrNiO; (1.43) C'm'c'2,71(1/2 0 0)~™1 Oyyz = Oyay = X X Oyyz = Oyay =
_Uzyy/Qa Ogzz = _Uzyy/2a Ogxz =
Ogzx = _Uzzx/2 Ogze = _Uzzz/Q
75 NdNiO3 (1.45) C'm'c'2,7M(1/2 0 0)™™1 Oyyz = Oyay = X x Oyyz = Oyay =

_Uzyy/Qa Oxxz =
Ogzx = _Uzzx/2

_Uzyy/2a Oxxz =
Ogzxe = _Uzzz/Q
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
76 BaFe,Ses (1.120) clel(1/2 0 0)>™1 Tyos = —20250 = X x Ty = —202y0 =
_QJzzya Oxzz = _2Uzzy; Oxzz =
—2022: = —20224, —20,2: = —20224,
Ouyy = —20yay = Ouyy = —20yzy =
_20yyxa Ogxxy = _QO.nya Ogxy =
Oxyxr = 70’y$w/2 Ozyxr = 70’y9c$/2
7 NaMnyOy4 (1.723) Cel(1/2 0 0)>™1 Oyon = =204y, = X X Oyon = =204y, =
_2Uzzya Oxzz = _QUzzya Ogxzz =
2002 = =20 224, —20.02 = =202z,
Ozyy = —20yzy = Ouyy = —20yzy =
_2Uyym7 Ogxy = _2Uyy937 Oxxy =
Ogyr = _O-y:r:v/2 Ogyr = _nyw/Q
78 BaFe,Ses (1.429) C'm(1/2 0 0)>™1 Oyoz = =204y, = X X Oyoz = =204y, =
_20zzy7 Oxzz = _2Uzzy7 Oxzz =
—20,3, = —20224, —20,2, = —20224,
Oryy = —20yzy = Oryy = —20yzy =
_2O'yyaca Oxxy = _QUyyaca Ogxy =
Oxyxr = *O—yxx/Q Oxyx = *O—ymr/Q
79 PbaMng.6Cop.4WOg (2.17) Plm 12, %M Oyyz = Oyay = Opzz = Ospsr = Oszzs Oszs = Oszas Oyyz = Oyzy =
—Osyy/2s Opzz = Ozyy = Oyzy = Oyyx; Oyzy = Oyyx> Txzz, —Osyy/2s Opzz =
Oxzx = *O—zmr/Q Ozxx Oxyys Oxax Oxzx = *O—z:tm/Q
80 NayCuS04Cl, (1.682) P'm'n'2,71(0 1/2 0)>~™1 Oyyz = Oyay = X X Oyye = Oyay =
_Uzyy/Qa Ogxz = _Uzyy/2a Oxxz =
Ogzx = *O—zmr/Q Ogzx = *O—z:tm/Q
81 LuMnO; (1.101) P'n'a'2,7M(1/2 0 0)™™1 Oyyz = Oyay = X X Oyyz = Oyay =
_Uzyy/Qa Oxxz = _Uzyy/2a Ogxxz =
Ogzx = *O—zmr/Q Ogzx = *O—z:tm/Q
82 HoMnO3 (1.20) P'n'a'2,7'(1/2 0 0)>™1 Oyyz = Oyoy = X X

_Uzyy/za Oxxz =
Ogzx = *O—zrr/Q

Oyyz = Oyzy =
_Uzyy/2a Ogxz =
Ogzx = *O—z:tm/Q
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
83 TmMnOj (1.341) P'n'a'2,7'(1/2 0 0)~™1 Oyyz = Oyay = X X Oyyz = Oyay =
_Uzyy/Qv Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmm/2 Ogzxe = _Uzza:/2
84 HoNiGe (1.374) P'm™(0 1/2 0)>®™1 Tyos = —20250 = X X Ty = —202y0 =
_20'zzya Ozzz = _2Uzzya Ogzz =
_2Uzmz = _20-22937 _2szz = _2UZZI7
Ooyy = —20ysy = Ooyy = —20yey =
_20yyxa Ogxxy = _QO.nya Ogaxy =
Oxyxr = 70'3;9095/2 Oxyxr = 7nyx/2
85 BaCdVO(POy) (1.298) Plcla'2,7M(0 1/2 0)™™1 Oyyz = Oyay = X X Oy = Oyay =
_Uzyy/za Oxxz = _Uzyy/2a Oxxz =
Ogza = 7O'z9cx/2 Ogza = 70’zmx/2
86 FeNbyOg (1.655) P'2,'2,'27%0 0 1/2)~™1 Oovy = Oayas X X Orvy = Oayas
Oyxz = Oyzx, Oyxz = Oyzx,
Oxyz = Oxzy Oxyz = Oxzy
87 SroFes3Se203 (1.463) C'm'c'2,71(1/2 0 0)™™1 Oyys = Oyay = X X Oy = Oyay =
_Uzyy/Qa Oxxz = _Uzyy/2a Ogxxz =
Ogza = _O'zxx/Q Ogze = _Uzacx/Q
88 SroFesSe203 (1.626) C'm'c'2,71(1/2 0 0)™™1 Oyyz = Oyay = X X Oy = Oyay =
_Uzyy/Qa Oxxz = _Uzyy/za Ogxxz =
Ogza = _O'zacx/Q Ogza = _Uzacx/Q
89 SmMn,O5 (1.192) P'm'c'2,71(1/2 0 0)™™1 Oyyz = Oyay = X X Oyye = Oyay =
_Uzyy/Qa Ogxxz = _Uzyy/za Ogxxz =
Ogza = _O'zacx/2 Ogza = _O'zacac/Q
90 TbsPdaIny (1.697) P'm'c'2,71(1/2 0 0)™™1 Oy = Oyay = X X Oy = Oyay =

_Uzyy/2a Oxxz =
Ogza = _O'zacx/2

_Uzyy/za Ogxxz =
Ogza = _O'zacac/Q
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
1. -1 com

91 PrMn,O5 (1325) P'm (0 1/2 O) 1 Oyzz = 7202?;2 = X X Oyzz = 7202742 =
_20'zzya Ozzz = _2Uzzya Ogzz =
—20,,, = _20-22937 20,4, = _2UZZI7
Ouyy = —20yay = Ouyy = —20yzy =

_20yyxa Ogxxy = _QO.nya Ogxy =

Ozyx = 70'3;9095/2 Ozyx = 70’y9cx/2

. -1 -1_looom — —

92 BiFe 55¢0.503 (0.67) I"'m - a2°™ Oyyz = Oyzy = Opzz = Ospsr = Orzms Oszsr = Oszas Oyyz = Oyzy =
_O'zyy/Qa Ogxxz = Ozyy = Oyzy = Oyyx, Oyxy = Oyyxs Oxzz;s _Uzyy/2a Ogxxz =

Ogza = 7O'z9cx/2 Ozax Ozyys Oxxx Ogza = 7szx/2

-1 -1_looom — —

93 SroMnGaOs5 (0.823) I"'ma2°™ Oyyz = Oyzy = Opzz = Osps = Orzms Oszs = Oszas Oyyz = Oyzy =
_O'zyy/2a Oxxz = Ozyy = Oyzy = Oyya, Oyzry = Oyyxs Oxzz, _Uzyy/2a Oxxz =

Ogzx = 7O'z9cx/2 Oxzx Ozyys Oxzx Ogzy = 7szx/2

1. 1_16-1

94 SryCo205 (0.799) P'm*a'2(1/2 1/2 1/2)*™1 Oyyz = Oyzy = X X Oyyz = Oyzy =
_Uzyy/za Oxxz = _Uzyy/2a Oxxz =

Oxzx = 7O'z9cx/2 Ozzax = 70’zmx/2

11.1_16-1

95 MnCly(CO(NHz)2)2 (1.659) P'b'a27(1/2 1/2 1/2)>™ Oyyz = Oyzy = X X Oyyz = Oyzy =
_Uzyy/za Ogxz = _Uzyy/2a Oxxz =

Oxzzx = _O'zxx/Q Ozzax = _Uzacx/Q

-1 1 -logoom _ _

96 ZnFeF5(H20), (0.575) I"'m m 2™ Oyyz = Oyay = Orrzs Ozzzy Ozyys Ozam, Oyyz = Oyzy =
_Uzyy/2a Ogxz = Oyyz = Oyzy = Ozyy, Oyyz = Oyzy; _Uzyy/za Oxxz =

Ogza = _O'zxx/2 Ogzz = Ogze = Ozzx Ogxz = Oxzx Ogza = _Uzacx/Q

-1 31 3-1900om _ _

97 Cua V207 (0.137) Fd'd 2™ Oyyz = Oyay = Opyz = Ogzy = Oygs = Ozzy = Ozyzs Oyyz = Oyzy =
_Uzyy/2a Ogxz = Oyze = Ozay = Ozyx Oyxz = Oyza, _Uzyy/za Oxxz =

Ogza = _O'zacx/2 Ozyz = Oxzy Ogza = _O'zacac/Q

1_-1 -1 ocom _ _

98 ErGe; g3 (0.344) C'm ¢ 2™ Oyyz = Oyzy = Osrzs Oz2zy Ozyys Ozam, Oyyz = Oyzy =
_Uzyy/2a Ogxz = Oyyz = Oyzy = Ozyy, Oyyz = Oyzy; _Uzyy/za Oxxz =

Ogza = _O'zacx/2 Ogzz = Ogzx = Ozzx Ogxz = Ogxzx Ogza = _Uzacac/Q

-1 -1 16 ocom _ _

99 CazMn, 07 (0.23) C m ¢ 2™ Oyyz = Oyay = Opzs = Ospsr = Orzms Oszr = Oszas Oyyz = Oyzy =
_Uzyy/2a Oxxz = Ozyy = Oyxy = Oyyx, Oyzy = Oyyxy Oxzz, _Uzyy/za Ogxz =

Ogza = _O'zacx/2 Ozax Ozyys Oxxx Ogza = _Uzacac/Q
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
100 CazRuz07 (1.263) P'm'c'2,7M(1/2 1/2 0)>™1 Oyys = Oysy = X X Oyyz = Oyay =
_Uzyy/Zv Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmm/2 Ogzxe = _Uzza:/2
101 BaCoF, (1.439) P'n'a'2,7'(0 1/2 0)~™1 Oyyz = Oyay = X X Oyyz = Oyoy =
_Uzyy/Zv Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmm/2 Ogze = _Uzza:/2
102 BaFe,0y4 (1.754) P'n'a'2,7M(1/2 1/2 0)>™1 Oyys = Oysy = X X Oyyz = Oyay =
_Uzyy/Zv Oxzz = _Jzyy/2a Ogxz =
Ogzx = _Uzmx/2 Ogze = _Uzza:/2
103 BaCoF, (1.438) P'2,70 0 1/2)>™1 Oyyz = Oyay = X X Oyyz = Oyay =
—Ozyy/2, —Oayy/2,
Ozxy = Ozyz) Ozzz — Ozxy = Ozyzx) Ozzz —
Ogzx = _Uzzx/za Ogzx = _Uzwz/Qy
Oyxz = Oyzx, Oyxz = Oyzx,
Oxyz = Oxzy Oxyz = Oxzy
104 BaNiF, (1.64) P2,750 0 1/2)°™1 Oyys = Oyzy = X X Oyys = Oyzy =
—02yy/2, —02yy/2,
Ozaxy = Ozyxy Oxxz — Ozxy = Ozyxy, Oxxz =
Ogzx = *Uzmm/Qa Oxze = *Uzzm/2a
Oyxz = Oyza, Oyxz = Oyzax,
Ozyz = Ozxzy Ogyz = Oxzy
105 La; 5Cag5Co0y4 (1.583) A'm'a'27(0 1/2 0)™™1 Oyyz = Oyay = X X Oyoz = =204y, =
_Uzyy/Zv Ozzz = _2azzy; Oxzz =
Ogze = _O-za::r/2 _20-za:z = _QUZZ(E,
Opyy = —20yey =

_QUyyxa Oxxy =
Oxyxr = *O—ymr/Q
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

) . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
. . 1 -1
106 Li;CoSiOy4 (1.79) C'c(1/2 0 0)™1 Oyzz = =204y, = X X Oyzz = =204y, =
_20'zzya Ozzz = _2Uzzya Ogzz =
—20,,, = _20-22937 20,4, = _2UZZI7
Ouyy = —20yay = Ouyy = —20yzy =
_20yyxa Ogxxy = _QO.nya Ogxy =
Oxyxr = 70’y$w/2 Ozyxr = 70’y9c$/2
-1.1, -1 ocom _ _
107 Y5CusO5 (0.241) P n a2;°™1 Oyyz = Oyzy = Orrss Oz22y Oayys Ozams Oyyz = Oyzy =
_O'zyy/2a Oxxz = Oyyz = Oyzy = Ozyy, Oyyz = Oyzy; _Uzyy/2a Oxxz =
Oxzax = 7O'z9cx/2 Ozxz = Ozzax = Ozzxx Ozxz = Oxzx Ozzax = 70’zmx/2
-1.1_-16 ocom — —
108 | [C(ND32)3]Cu(DCOO)3 (0.254) P 'n'a2;°™1 Oyyz = Oyzy = Osrzs Oz2zy Ozyys Ozam, Oyyz = Oyzy =
_O'zyy/2a Oxxz = Oyyz = Oyzy = Ozyy, Oyyz = Oyzy; _Uzyy/2a Oxxz =
Oxzax = 7O'z9cx/2 Ogzxz = Ozzax = Ozzxx Ozxz = Oxzx Ozzax = 70’zmx/2
-1.1, -1 ocom _ _
109 | [C(ND32)3]Cu(DCOO)3 (0.255) P n'a2;°™1 Oyyz = Oyzy = Opyz = Ogzy = Oygs = Orzy = Ozyzs Oyyz = Oyzy =
_O'zyy/2a Oxxz = Oyze = Ozzy = Ozyx Oyzz = Oyza, _Uzyy/2a Oxxz =
Oxzx = 7O'z9cx/2 Ozyz = Oxzy Ozzax = 70’zmx/2
-l -1 16 ocom
110 Bach5 (0303) P7217°21°2¢ 1 Ozay = Ozyx, Ozzz, 0222y Ozyyy Ozax, Ozay = Ozyx,
Oyxz = Oyzx, Oyyz = Oyzy = Ozyy; Oyyz = Oyzy, Oyxz = Oyzx,
Ozyz = Oxzy Oxxz = Oxzx — Ozax Oxxz = Oxza Oxyz = Oxzy
1 -1
111 LusMnCoOg (1.32) P24 (0 0 1/2)oom1 Oyyz = Oyzy = X X Oyyz = Oyzy =
—02yy/2, —02yy/2,
Ozzy = Ozyx, Oxxz — Ozzy = Ozyzs Oxzz —
Oxzx = *Uzmm/Qa Ogze = *Uzzm/2a
Oyxz = Oyza, Oyxz = Oyzx,
Ozyz = Ozxzy Ogyz = Oxzy
112 NayMnF5 (1.55) P00 172 0)™™1 Oyon = =204y, = X X Oyoz = =204y, =
_2Jzzy7 Ozzz = _2Uzzya Ogzz =
—20.,. = _20zzm; 20,4, = _2UZZ$7
Oryy = —20yzy = Oyy = —20yzy =

_20'yyaca Ogxxy =
Oxyxr = *O—yx:c/2

_QUyyxa Ogxy =
Oxyxr = *O—yrr/Q
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
113 PbyCo0sOg (1.565) P00 1/2 0)™™1 Oyoz = =204y, = X X Oyoz = =204y, =
_20'zzya Ozzz = _2Uzzya Ogzz =
—20,,, = _2Uzzxa —20,4, = _2UZZI7
Oayy = =204y = Oayy = =204y =
—20yyz, Onay = —20yyz, Opay =
Oxyxr = 70’y$w/2 Ozyxr = 70’y9c$/2
114 PbyNiOsOg (1.592) P00 1/2 0)™™1 Oyor = —205y, = X X Oyoz = —204,, =
_2Uzzya Oxzz = _QUzzya Ogxzz =
2002 = =20 224, —20.02 = =202z,
Ozyy = —20yzy = Ouyy = —20yzy =
_2Uyym7 Ozzy = _2Uyya:7 Oxxy =
Ogyr = _O-y:r:v/2 Ogyr = _nyw/Q
115 MnyNb,Og (0.722) C e Oyos = =204y, = Oyes = Osys = Orsy,s Ooys = Osay, Oyoz = =204y, =
_20zzy7 Ozzz = Oxzz = Ozxz = Ozza, Ozxz = Ozzay Oyzz, _2Uzzy7 Oxzz =
—20,,, = =204, Oyyy Oyyys Oyzy = Oyyx, —20,2, = —20224,
Oayy = —20yay = Ozyy = Oyay = Oyya, Oyzx, Oxzzy Oxyy, Ozyy = —20ygy =
_2O'yyaca Ogxy = Oxxy = Oxyxr = Oyxx, Oxxy = Oxyx, Oxxx _QUyyaca Oxxy =
Oxyxr = *O—yxx/Q Ozxx Oxyx = *O—ymr/Q
116 LisFeGeSy (1.735) Clct(1/2 0 0)™™1 Oyoz = 202, = X X Oyoz = 205, =
_20'zzya Oxzz = _20'zzya Oxzz =
*2O—zxz = *QO—zzra *20—zrz = *20—2217
Ozyy = —20yzy = Ouyy = —20yzy =

_2Uyym7 Ozzy =
Ogyr = _O-y:vw/Q

_2Uyya:a Ozzy =
Ogyxr = _nyw/Q

Continued on next page
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Table S1 : (continued) Collinear antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
117 LuFe;04 (0.965) P17 (1/2 0 0)°™1 Gyos = 20, = x x Gyos = 20y, =
_20'zzya Ozzz = _2Uzzya Ogzz =
—2022: = —20224, —20,2: = —20224,
Oyyz = Oyzy = Oyyz = Oyzy =
—Oayy/2, —Oayy/2,
Ozxy = Ozyxy Oxxz — Ozxy = Ozyxs Oxxz =
Ogzx = *Uz:vm/Qa Oxze = *Uz:cz/2a
Oyzz = Oyzzy, Oxzyy — Oyxz = Oyzz, Ozyy —
—20yzy = =204y, —20yzy = —20yya,
Oxxy = Ogyxr = Oxxy = Ogyx =
_nyx/za Oxyz = Oxzy _O'yacx/Qa Oxyz = Ozzy
118 CrPS, (1.440) c'270 0 1/2)>™1 Oyys = Oyzy = X X Oyys = Oyzy =
—Oayy/2, —Oayy/2,
Ozxy = Ozyxs Oxxz = Ozxy = Ozyxs Oxxz =
Ogzx = *Uzzm/2a Oxze = *Uzz:t/2a
Oyxz = Oyza, Oyxz = Oyzax,
Ogyz = Ozzy Oxyz = Ozzy
119 CrPS, (1.708) c27'0 0 1/2)>™1 Oyyz = Oyoy = X X Oyyz = Oyay =
—Oayy/2, —Oayy/2,
Ozxy = Ozyxs Ozzz — Ozxy = Ozyxs Oxzxz —
Oxzz = _UZEI/Qa Oxzx = _Uzma:/za
Oyxz = Oyzx, Oyxrz = Oyzx,
Oxyz = Oxzy Oxyz = Oxzy
120 LiFeP,0O~ (083) P_12100m1 Oyyz = Oyzy = Ozzz5 Ozzzy Ozyy> Oyyz = Oyzy =

—Oayy/2,
Ozxy = Ozyxy Oxxz —
Ogzae = _Uzzx/Qa

Oyzz = Oyzx,
Ozyz = Ozxzy

Oyyz = Oyzy = Ozyy,

Oxyz = Oxzy = Oyxz —

Oyzr = Ozxy = Ozyx,

Oxxz = Ogxzax — Ozax

Ozxy = Ozyxy Ozza,s
Oyyz = Oyzy,
Oyxz = Oyzx,
Ozyz = Oxzy,

Ogxz = Ozxzx

_Uzyy/2v
Ozxy = Ozyxy Oxxz —
Ogze = _Uz:cz/2a

Oyzz = Oyzx,
Ozyz = Oxzy
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Table S2: Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry. Note that without SOC, IMD- and

QMD-contributions are forbidden.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
1 ZHF6204 (1760) I1—4m“°mm“°2|(2001, 2001, 2001; 4801)7”1 Ozzy = Ozyx, Oxyz — X X Ozzy = Ozyx; Oxyz —
Oxzy = Oyxz = Oyza Oxzy = Oyxz = Oyzx
2 CsCrFy (1.709) C'm?°1(1/2 0 0)™1 Oyoz = —20,y, = X X Oyon = =204, =
_20zzy7 Oxzz = _2Jzzy7 Oxzz =
—20,4, = =204, 20,4, = _2Uzzx7
Oryy = —20yzy = Oryy = —20yzy =
—20yyzy Ogay = —20yyzy Oxay =
Ogyxr = _Uymc/2 Oxyxr = _O'yacx/Q
3 CsCro.gs Al g2Fy (1.712) C'm?°1(1/2 0 0)™1 Oyon = =205y, = X X Oyon = =205y, =
_2Uzzy7 Oxzz = _Zazzya Oxzz =
—20.02 = =20 24, 20,42 = =20 24,
Ouyy = —20yzy = Ouyy = —20yzy =
—20yyz; Ovay = —20yyz, Ovay =
Ogyxr = _Uyzz/2 Oxyx = _Uywz/2
4 CsCrg.9sAlg.02F4 (1.713) C'm?1(1/2 0 0)™1 Oyor = =204, = X X Oyez = —204y. =
_2Uzzya Oxzz = _2Jzzy7 Oxzz =
—20,5, = =204, —20,02 = —20 224,
Oyy = —20yay = Oryy = —20yzy =
—20yyx, Opay = —20yyz, Opay =
Ogyxr = *O—yzz/2 Oxyxr = *O—yxz/2
5 TmPtIn (1.67) P2001m m?0019| (2410, 2010, 1) ™1 Oyys = Oyay = X X Oyys = Oyay =
_azyy/27 Oxxz = _Jzyy/Qa Oxxz =
Ogze = *O—zzx/2 Oxzx = *O—zrz/Q
6 NigMOgOg (1768) Clmm1000m10021|(1, 1, 1, 2001)m1 Oyyz = Oyzy = X X Oyyz = Oyzy =

_azyy/27 Ogxz =
Ogze = *O—zzr/2

_Jzyy/Qa Ogxz =
Ogzx = *O—zrz/Q

Continued on next page
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
7 HoAuGe (1.34) P'm®(1/2 1/2 0)™1 Oyon = =204y, = X X Oyyz = Oy =
_ZUZzya Oxzz = _UZyy/Zv
20,42 = =204, Ozxy = Ozyxs Ozzz —
Ozyy = _20ywy = Oxzx = _sza:/27
_QUyyw7 Oxxy = Oyxz = Oyzx,
Ozyx = *Uy:cx/2 Ozyz = Ozzy
3501211 ™58 m
8 InMnO3 (1.525) Proo13717 6™ m|(1, 1,2001)™1 Opaz = Ogzg = Oyyz = X X Opaz = Ogzg = Oyyz =
Oyzy = _aza:w/z = Oyzy = _O-za:a:/2 =
*Uzyy/2 70’292//2
3501211 ™8 m
9 InMnO3 (1.524) Proo13717 6™ m|(1, 1,2001)™1 Opaz = Ogzg = Oyyz = X X Opaz = Ogzg = Oyyz =
Oyzy = _aza:w/z = Oyzy = _O-z:m:/Q =
*Uzyy/Q 70’292//2
10 YbMnO3 (0.30) P330163m%"cm%"mm1 Ozaz = Ogzg = Oyyz = Opze = —Ozyy = Opze = —Ozyy = Opaz = Ogzg = Oyyz =
Oyzy = _azzw/z = —Oyzy = —Oyyzx —Oyzy = —Oyyax Oyzy = _O-z:m:/Q =
*Uzyy/Q 70’299/2
11 YMnOs3 (0.44) P330163mé”cm%"mm1 Opaz = Ogzg = Oyyz = Ozay = Ogyz = Orwy = Opys = Opaz = Opze = Oyyz =
Oyzy = —Ozaa/2 = Oyzz = ~Oyyy, Oyzz = —Oyyy, Oyzy = —0zga/2 =
_Uzyy/2 Oxxx = —Ozyy = Ogxx = —Oxyy = _O'zyy/27
“Oyzy = “Oyyx “Oyxy = “Oyyx Ozyz = Ozzy =
—Oyxz = —Oyzx
12 HoMnO3 (0.32) P6‘1’0163mé"cm%"mm1 Opzz = Opzg = Oyys = Oszns Oz2zy Onzw = Oayys Opas = Opzg = Oyyz =
Oyzy = *sza:/Q = Oxxz = Oxzx — Oyyz = Oxxz = Oxzax — Oyyz — Oyzy = *Uzmx/Q =
—Oayy/2 Oyzy = Ozax = Ozyy Oyzy —Ozyy/2
13 YMnO3 (06) P6é0163méwcm%wmm1 Oxxz = Oxzx = Oyyz = Ozz22y Ozz2zy Ozzx = Ozyy, Oxxz = Ogxzax = Oyyz —
Oyzy = *sza:/Q = Oxxz = Oxzx — Oyyz = Oxxz = Oxzx — Oyyz — Oyzy = *Uzmx/Q =
—Oayy/2 Oyzy = Ozax = Ozyy Tyzy —Oayy/2
14 LuFeO3 (0.117) P6‘1’0163m%"cm%"mm1 Opwz = Opzg = Oyyz = X Opyz = Opay = Opas = Opzg = Oyyz =
Oyzy = *O—zxx/Q = —Oyxz = —Oyzx Oyzy = *Uzmx/Q =
_Jzyy/2 _0299/2
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

. . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
65 mi_ mi
15 HoMnOs (0.31) PPoo163 57¢ 3"m™1 Oxzz = Opzg = Oyys = X Opys = Ogay = Opgs = Opag = Oyys =
Oyzy = _szm/2 = —Oyxz = —Oyzx Oyzy = _szx/Q =
—Osyy/2 —Osyy/2
65 mi_ mi_ oy
16 ScMnOg (0.7) PPooig3 67¢ s3™m™1 Opzz = Opzg = Oyys = X Opyz = Ogay = Opgs = Opag = Oyys =
Oyzy = _szm/2 = —Oyxz = —Oyzx Oyzy = _szx/Q =
_Uzyy/2 _Uzyy/2
65 mi_ mi_ oy
17 SCMHOS (08) P 00163 §7c 3"m’'1 Ogxzz = Ogzz = Oyyz = Ozzzs Ozz2z5 Ozxx = Ozyy, Oxxz = Oxzx — Oyyz —
Oyzy = _szm/2 = Oxxz = Oxzax — Oyyz = Oxyz = Ogzy = Oyzy = _O—ZmI/Q =
_Uzyy/2 Oyzy = Ozaxx = Ozyy —Oyzz = —Oyzx, _Uzyy/27
Ogxz = Ogzx = Oyyz = Ozyz = Oxzy =
Oyzy —Oyxz = —Oyzx
1
18 NayCo,TeOg (1.645) Cmio0glomiong (1,1, 1; 200;)™1 ray = oy x x Croy = Tayos
Oyxz = Oyza, Oyzz = Oyza,
Oxyz = Ozzy Oxyz = Oxzy
: 68 m _ _ _
19 BaCOSIO4 (0724) PPooi63™1 Ogzz = Ogzz — Oyyz = Ozzzs Ozzzy Ozzx = Ozyy, Ozxz = Ozzx — Oyyz —
Oyzy = _Uz:rw/Q = Ogxz = Ogza = Oyyz = Ogyz = Ogzy = Oyzy = _szw/2 =
_azyy/27 Oyzy = Ozzx = Ozyy —Oyxz = —Oyzx, _Uzyy/Qa
Oxyz = Ogzy = Oxxz = Oxzx — Oyyz = Oxyz = Oxzy =
—Oyxz = —Oyzx Oyzy —Oyxz = —Oyzx
: 6} m _
20 BaCoSiO, (1.0.49) PPoo163™1 Opwz = Opzg = Oyyz = Crzzs Os2zy Ozzw = Ozyy,

Oyzy = _O'zxac/2 =
70—299/27
Oxyz = Ogzy —
—Oyzz = —Oyzx

Oxxz = Oxzx = Oyyz =
Oyzy = Ozzx = Ozyy

Oxyz = Ogzy =
—Oyxz = —Oyzx,
Oxxz = Ogxzx — Oyyz —
Oyzy

Oxxz = Ogzax = Oyyz =
Oyzy = _O'zacx/2 =
7O—Zyy/2v
Oxyz = Oxzy —
—Oyzz = —Oyzx
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

No.

Materials (ID)

Spin space group

without SOC

with SOC

BCD

IMD

QMD

BCD

21

SIHF63 (B03)4 (1266)

R'3'2%01(1/3 2/3 1/6)™1

Oxyz = Ogzy =
“—Oyxz = —Oyza

X

Oyzz = *QO—zyz =
_20zzy7 Oxzz =
20,5, = =204,
Oyyz = Oyzy =
_O'Zyy/Q’

Ozxy = Ozyxs Oxaxz —
Ogzxe = *O—zmx/Qa
Oyxz = Oyzay Oxyy —
—20ypy = —20yyz,
Oxxy = Ogyx =
_O'y:cac/2a Oxyz = Oxzy

22

HoFe3(BOs), (1.93)

P13,1211%000(0 0 1/2)™1

Ogyz = Ogzy =
—Oyzz = —Oyzx

Oyzz = _QUzyz =
_2022y7 Oxzz =
20,42 = =20 224,
Oyyz = Oyzy =
_Uzyy/Zv
Ozxy = Ozyxs Ozzz —
Oxzx = _szw/27
Oyxz = Oyzas Oxyy =
—20ypy = —20yy.,
Oxxy = Oxyx =
_oyzz/27 Oxyz = Ozxzy

23

BaCU3V208(OD)2 (317)

pong, Mirglimy

Oxyz = Ogzy =
—Oyxz = —Oyzx

Ozzzs
Oxxz = Oxzax — Oyyz =
Oyzy = Ozaxxz = Ozyy,
Ogzy = Oxyx =
Oyzz = —Oyyy

Ozzz5 Ozzx = Ozyy;
Oxxz = Oxzx — Oyyz —
Oyzyy Ozzy = Ozyx —
Oyze = ~Oyyy

Oxyz = Oxzy =
“Oyxz = —Oyzx

Continued on next page
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
24 RuCl; (1.726) PH201(1/2 0 0)™1 s = —20.ys = x x Gy = —20.s =
_QUzzyv Oxzz = _20zzy7 Ogzz =
—20.4, = =204, 20,5, = =204,
Oyyz = Oyzy = Oyyz = Oyzy =
—Oayy/2, —Oayy/2,
Ozxy = Ozyxs Oxxz = Ozxy = Ozyxs Oxaxz —
Ogzx = *szx/Qa Oxze = *O—zmx/Qa
Oyxz = Oyzxy Oxyy — Oyxz = Oyzay Oxyy —
—20y0y = =204y, —20ypy = —20yyz,
Ogxy = Ogyx = Oxxy = Ogyx =
_O'yacx/Qa Oxyz = Ozxzy _nyx/2a Ogzyz = Ogzy
25 CU403 (1418) Il_4m110mm1102|(2001, 2001, 2001; 4801)7”1 Ozzy = Ozyx, Oxyz = X X Ozzy = Ozyxs Oxyz =
Oxzy = Oyxz = Oyza Oxzy = Oyxz = Oyza
2 NiCr,04 (1.688) [™mo109, 20019, 1009 (11,15 200)™1 oy = Toyas x X G rny = Oy
Oyxz = Oyzx, Oyzz = Oyzx,
Ozyz = Ogxzy Ozyz = Ogzy
27 GeCuQO4 (1185) I1—4m“°mm“°2|(2001, 2001, 2001; 4301)7”1 Ozay = Ozyxy Oxyz — X X Ozzy = Ozyx, Oxyz =
Ogxzy = Oyzz = Oyzx Ogzy = Oyzz = Oyzx
28 DyFe,Ge, (1.98) Plm™oom™002(1, 1, 2091) ™1 Ty = Oyoy = x X Tyys = Oyoy =
_Uzyy/27 Oxxz = _Uzyy/2a Oprz —
Ogze = _Uzww/2 Ogze = _O-z:r;v/Q
29 NdSbTe (1.764) P'm?1(0 1/2 0)™ Oyon = =204, = X X Oyen = =204y, =
_2Uzzy7 Oxzz = _2ozzy7 Oxzz =
—20,4, = =204, —20,32 = —20 224,
Oy = —20yay = Oryy = —20yzy =
—20yyx, Onay = —20yyz, Opay =
Ogyx = *O—yzz/Q Oxyxr = *O—yzz/2
30 PbyMnOy (0.552) P4‘1)°1—4m‘“°21m1°°cm1 Oswy = Ozyzs Ouyz = X Opyz = Opay = Oswy = Ozyzs Ouyz =
Oxzy = Oyxz = Oyza —Oyxz = —Oyzx Oxzy = Oyxz = Oyza
31 ProPdAl;Gey (1.757) Plogmioog, oo (1,1, 200;)™1 Orny = Osyzs Opysz = X X Oeny = Ozyzs

Oxzy = Oyxz = Oyza

Oyxz = Oyzx,
Oxyz = Oxzy
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

. . without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
32 ProPdAl;Gey (1.772) Plgmioog, Mooy (1,1, 2001)™1 Oray = Oyas Tays = x x Gray = Toyar
Oxzy = Oyxz — Oyza Oyxz = Oyzzx,
Oxyz = Oxzy
4} m. m m
33 HooGeoO7 (0.107) PFooig, M-1109, 1009 ] Opyz = Ogay = X Opyz = Ogay = Opyz = Ogay =
—Oyxz = —Oyzx —Oyxz = —Oyzx —Oyxz = —Oyzx
34 Er,Pt (1.444) Plm™00n™1009, (1, 2001, 1)™1 Ty = Oyoy = x x Oyye = Oyey =
*Uzyy/27 Ogxz = 7O—zyy/27 Ogaz =
Ogze = _Uzmz/2 Oxzx = _szm/z
35 GdyBaCuOj; (1.443) Plm™00c™i009, (1, 2901, 1)™1 Tyys = Opay = x x Tyys = Opoy =
*Uzyy/z Ogxz = 7O—zyy/27 Ogaz =
Ogze = _Uzmz/2 Oxzx = _sza:/z
m m, 2 m
36 DyFeO3 (010) oo, Hotog, =001, Ozxy = Ozyx, Oxyz = Ogxzy = Oyzxz = Ozxy = Ozyx, Ozxy = Ozyzx,
Oyxz = Oyzx, Oyzx = Ozxy = Ozyx Oyxz = Oyzx, Oyxz = Oyza,
Oxyz = Ozzy Oxyz = Ozxzy Oxyz = Oxzy
m m, 2 m
37 CuzMoz0g (0129) oo, Hotog, #0019, Ozxy = Ozyx, Ozzzs Ozzz5 Ozyys Ozxx, Ozxy = Ozyzx,
Oyxz = Oyzx, Oyyz = Oyzy = Ozyy; Oyyz = Oyzy, Oyxz = Oyza,
Oxyz = Ozzy Oxxz = Oxzax — Ozzxx Oxxz = Oxzx Oxyz = Oxzy
38 La0_333Ca0_667MnO3 (1175) P2°°1mm1°°nm°1°21|(1, 2001, l)ml Oyyz = Oyzy = X X Oyyz = Oyzy =
*Uzyy/z Ogxz = 7(7zyy/27 Ogyz =
Ogze — _Jza:z/2 Oxzx = _sza:/Q
39 La0_3330a0_667MnO3 (1174) P2°°1mm1°"cm°1°21|(1, 2001, 1)m1 Oyyz = Oyzy = X X Oyyz = Oyzy =
7O'zyy/27 Ogxz = 7O'zyy/27 Ogzz =
Ogze — _Jza:z/2 Oxzx = _sza:/Q
40 La0,375Ca0_625MnO3 (1173) P2°°1mm1°"cm°1°21|(1, 2001, 1)m1 Oyyz = Oyzy = X X Oyyz = Oyzy =
7O'zyy/27 Ogxz = 7O'zyy/27 Ogzz =
Ogze = _Jza:z/2 Oxzx = _sza:/Q
A1 LuMnOj (1.340) Py mion 1911200, 1)™1 Tyys = oy = x x

7O'zyy/27 Ogxz =
Ogze = _Jza:z/2

Oyyz = Oyzy =
7O'zyy/27 Ogzz =
Oxzx = _Uzma:/Q

Continued on next page
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
42 TbFeO3 (0353) Pm10021m01021200121m1 Ozxy = Ozyx, Ozzzs Ozz225 Ozyys Ozax, Ozxy = Ozyx,
Oyzz = Oyzx, Oyyz = Oyzy = Ozyy; Oyyz = Oyzy, Oyxz = Oyza,
Oxyz = Ozzy Oxxz = Ogzx — Ozzxx Oxxz = Ogza Oxyz = Oxzy
13 NdNiO3 (1.44) Pmiooy™i00¢19, (2001, 1,1)™1 Ty = Oy = x x Tyye = Oyoy =
_Uzyy/27 Oxxz = _Uzyy/Qa Oprz —
Ogze = _Uzmx/2 Oxzx = _szm/2
44 CoNb,Og (1.224) pmoog mi009, 19((1 1, 2001)™1 ooy = Toyas x x Gray = Toyas
Oyxz = Oyzx, Oyxz = Oyza,
Oxyz = Ozzy Oxyz = Oxzy
45 Tmj;NigIng (1.170) C'm?1(1/2 0 0)™1 Oyoz = —20,y, = X X Oyow = —20.y, =
_20zzy7 Oxzz = _20zzy7 Ogzz =
—20,4, = =202, 20,5, = =204,
Oryy = —20yzy = Oryy = —20yzy =
—20yyz, Onay = —20yyz, Opay =
Ogyxr = 7nyac/2 Oxyxr = 70’1/3035/2
46 HoMn,O5 (1.109) C'm?°1(1/2 0 0)™1 Oyon = =205y, = X X Oyon = =205y, =
_20z2y7 Oxzz = _Zazzya Oxzz =
—20.42 = =20 24, —20.02 = =20 224,
Ouyy = —20yzy = Ouyy = —20yzy =
_2Jyyzv Oxxy = _2Uyym7 Oxxy =
Ozys = _Uywz/Z Ogys = _Uyww/2
47 TbMn,O5 (1.108) C'm?1(1/2 0 0)™1 Oyon = =204, = X X Oyen = =204y, =
_2Uzzy7 Oxzz = _2ozzy7 Oxzz =
—20,4, = =204, —20,32 = —20 224,
Oy = —20yay = Oryy = —20yzy =
—20yyx, Onay = —20yyz, Opay =
Ogyx = *O—yzz/Q Oxyxr = *O—yzz/2
48 PrMn,O5 (1.19) Plm™100¢™1002, | (1, 200;,1)™1 Oyyz = Oyay = X X Oyyz = Oyay =

_Uzyy/27 Ogxz =
Ogze — *O—zzz/2

_Gzyy/Qv Ogxz =
Oxzx = *O—zrz/Q

Continued on next page
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
19 DyMn, 05 (1.324) Plm™00c™002, (1, 2001, 1)™1 Ty = Oy = x x Tyys = Opoy =
_Uzyy/27 Oxxz = _Uzyy/Qa Oprz —
Ogze = _Uzmx/2 Oxzx = _szm/2
50 GdMn, 05 (1.54) Plm™00c™002, (1, 2001, 1)™1 Ty = Oy = x x Tyys = Opoy =
_Uzyy/27 Oxxz = _Uzyy/Qa Oprz —
Ogze = _Uzmx/2 Oxzx = _szm/2
51 DyMny05 (1.76) Plmm“’“le‘“’21|(17 2001,1)™1 Oyys = Oyzy = X X Oyyz = Oyay =
_Uzyy/27 Oxxz = _Uzyy/Qa Oprz —
Ogzae = _Uzmx/2 Oxzx = _szm/2
52 DyMn,Os (1.599) P'm20(0 1/2 0)™1 Gy = —20.ys = x x Gyos = 20y, =
_20zzy7 Oxzz = _20zzy7 Ogzz =
—20,4, = =202, 20,5, = =204,
Oryy = —20yzy = Oryy = —20yzy =
—20yyz, Onay = —20yyz, Opay =
Ogyxr = 7nyac/2 Oxyxr = 70’1/3035/2
53 BiMH205 (174) lemloocm10021|(2001, 2001, 1)m1 Oyyz = Oyzy = X X Oyyz = Oyzy =
_Uzyy/27 Oxxz = _Uzyy/Qa Oxxz =
Ogzx = _Uzacx/z Oxzzx = _O'zxac/Q
54 CayCry0O5 (1.227) P'm'a'2%° (1/2 1/2 1/2)™ Oyys = Oyay = X X Oyys = Oyay =
_Uzyy/27 Ozxz = _Uzyy/Qa
Oxzx = _Uzacx/z Ozxy = Ozyxs Oxaxz —
Ogzx = *Uzmm/Qa
Oyxz = Oyza,
Ogyz = Ozxzy
55 BaNiTe,0; (1.763) C2019|(1, 1, 15 2010) ™1 Tyos = —202y, = x x Tyys = Opoy =
_2Uzzy7 Ogzz = _Uzyy/zv
20,42 = =204, Ozaxy = Ozyxy Oxxz =
Oxyy = _20yzy = Ogze = _szm/27

_QUyyx7 Ogzy =
Ogyxr = *O—yzz/Q

Oyxz = Oyzx,

Oxyz = Oxzy

Continued on next page
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
56 HoCrWOg (0.716) P2ooiymicogmotog, M Oyyz = Oysy = Crzzs Oz22y Oayys Ozams Oyyz = Oyay =
—Osyy /2, Ouez = Oyyz = Oyzy = Ozyy, Oyyz = Oyzy, —Osyy/2s Opzz =
Ogze = _Uzmx/2 Ogxz = Ogzz = Ozzx Ogxzz = Ogzx Oxzx = _szm/2
57 NayCoP207 (0.425) pmotop 2001y mi00g, ™ Oyys = Oyzy = Opzz = Onps = Oszas Orzz = Oszas Oyyz = Oyay =
_Uzyy/27 Ogxz = Ozyy — Oyzy — Oyyx, Oyxy = Oyyxs Oxzz, _Uzyy/Qv Ogzz =
Oxzx = _Uzmx/2 Orxx Oxyy, Oxxax Ogzx = _szm/2
58 Yb20u205 (1280) PmlOOC‘(QOOh 1, 1)m1 Oyzz = 720’2?42 = X X Oyzz = 720—zyz =
_QUzzyv Oxzz = _20zzy7 Ogzz =
—20,5, = =204, 20,5, = =204,
Ouyy = —20yay = Ouyy = —20yay =
—20yyz, Onay = —20yyzs Opay =
Ogyxr = 7nyac/2 Oxyxr = 70’1/3035/2
59 CusMnSiS, (1.730) P™M1o0¢|(2001,1,1)™1 Oyze = =204y, = X X Oyzz = =204y, =
_20zzy7 Ogzz = _Zazzya Ogzz =
—20.02 = =20 24, 2002 = =20 24,
Ozyy = —20yay = Ozyy = —20yzy =
_2Jyyzv Oxxy = _2Uyym7 Oxxy =
Ozys = _Uywz/Z Ogys = _Uyww/2
60 Li;MnGeO, (1.484) P™0¢| (2001, 1,1)™1 Gyos = —205y, = X X Gyss = —203y =
_2Uzzy7 Oxzz = _2ozzy7 Oxzz =
—20,0, = =204, —20,32 = —20 224,
Oy = —20yay = Oryy = —20yzy =
—20yyz, Opay = —20yyz, Opay =
Oxyxr = *o—yzz/Q Ogyxr = *O—yzz/2
61 CuaMnGeSy (1.733) P™M1o0¢| (2001, 1,1)™1 Oyzz = =204y, = X X Oyzz = =204y, =
_20z2y7 Oxzz = _2Uzzy7 Oxzz =
*2Uzzz = *20—22377 *Zo—z:cz = *2O—zzma
Ozyy = —20yay = Ozyy = —20yzy =

_20yyz7 Ogzy =
Oxye = _Uywm/2

_20yyx7 Ozzy —
Ogyer = _Uyzw/Q

Continued on next page
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Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
62 CupFeSiS, (1.731) P™00c| (2001, 1,1)™1 s = —20.ys = x x Gy = —20.s =
_QUzzyv Oxzz = _20zzy7 Ogzz =
—20.4, = =204, 20,5, = =204,
Owyy = —20yay = Ouyy = —20yay =
_QUyyw7 Oxxy = _2ayywa Opay =
Ogyxr = 7Uymc/2 Oxyxr = 70’yac£/2
63 Mn3B;01351 (0.134) Pmo102001m1009 M Oyyz = Oyay = Onzz = Osps = Oszms Oszs = Oszus Oyyz = Oyzy =
—Oayy/2, Ozzz = Oxzyy = Oyay = Oyyx Oyzy = Oyyz; Oxzz, —Osyy/2, Ozzz =
Oxzx = 7Uz3cx/2 Ozxx Oxyy, Oxxx Ogzx = 70’zx3c/2
64 YbLuCoMnOg (1.329) P'2;%01(0 0 1/2)™1 Oyys = Oyay = X X Oyys = Oyay =
—Oayy/2, —Oayy/2,
Ozxy = Ozyxs Oxxz = Ozxy = Ozyxs Oxaxz —
Oxzx = *Uzmx/Qa Oxze = *Uzmm/Qa
Oyxz = Oyzx, Oyzz = Oyzzx,
Ogyz = Ogxzy Ogyz = Ogxzy
65 YbyCoMnOg (1.328) P'2,710 0 1/2)™ Oyyz = Oy = X X Oyyz = Oy =
—Oayy/2, —0zyy/2,
Ozaxy = Ozyxy Oxzz = Ozaxy = Ozyxy Oxxz =
Ogzz = _azzw/Qv Oxzax = _azxm/27
Oyzrz = Oyzzx, Oyzz = Oyzx,
Oxyz = Ozzy Oxyz = Oxzy
66 LuyCoMnOg (1.330) P'2,%01(0 0 1/2)™ Oyyz = Oyay = X X Oyyz = Oyay =
—Ozyy/2, —0zyy/2,
Ozxy = Ozyxy Ozaz = Ozxy = Ozyxy Oxxz —
Oxzx — _sza:/Qa Ogzx = _szx/Qa
Oyzz = Oyzzx, Oyzz = Oyzzx,
Ogyz = Ogxzy Ogyz = Ogxzy
67 HoNiOj3 (1.48) P12,%01(0 0 1/2)™1 Oyyz = Oy = X X Oyyz = Oy =

_Uzyy/27
Ozay = Ozyx, Ozxz =
Oxza = _O'zxac/27

Oyxz = Oyzx,
Oxyz = Ozzy

_Uzyy/27
Ozay = Ozyxy Oxxz =
Oxzax = _szx/27

Oyxz = Oyzx,

Oxyz = Oxzy

Continued on next page

50




Table S2 : (continued) Coplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.
without SOC with SOC
No. Materials (ID) Spin space group
BCD IMD QMD BCD
68 LuNiOs (1.657) P'2,%01(0 0 1/2)™ Ty = Oy = x x Tyys = Opoy =
—Oayy/2, —0zyy/2,
Ozzy = Ozyxy Oxzxz — Ozxy = Ozyxs Ozzz —
Ogze = _Uzmw/27 Ogzx = _sza:/27
Oyxz = Oyza, Oyxz = Oyzx,
Ozyz = Oxzy Ogyz = Ozzy
69 NiPS3 (1.231) P2%01(1/2 1/2 0)™1 Oyys = Oyay = X X Oyon = =205y, =
_azyy/27 _2Uzzya Oxzz =
Ozxy = Ozyxs Oxxz = 20,5, = =204,
Oxzx = *szx/Qa Oyyz = Oyzy =
Oyzz = Oyzx, _Uzyy/27
Ogyz = Ogxzy Ozaxy = Ozyxy Oxxz =
Ogzx = _O'zmm/27
Oyxrz = Oyzas Oxyy =
—20ypy = —20yy.,
Oxxy = Oxyx —
_Uywz/27 Oxyz = Ozzy
70 NaNdFeWOyq (1.68) PH201(1/2 0 0)™1 Tyos = —202y, = x X Oyos = —204y, =
_2022747 Oxzz = _2Jzzy7 Oxzz =
=205, = =204, 20,5, = =204,
Oyyz = Oyzy = Oyyz = Oyzy =
—Oayy/2, —Oayy/2,
Ozxy = Ozyxs Oxxz = Ozxy = Ozyxs Oxxz =
Ogzx = _Uzma:/Qa Oxze = _Uzmm/Qv
Oyzz = Oyzxy Oxyy — Oyxz = Oyzas Oxyy —
—20y0y = =204y, —20ypy = —20yyz,
Ogxy = Ogyx = Oxxy = Ogyxr =
_Uyacar/Qa Ozyz = Oxzy _O'y:cac/2a Oxyz = Oxzy
71 YBaFe4O7 (1124) Pml(’021|<20017 1, 1)m1 Oyyz = Oyzy = X Oyyz = Oyzy =
—0zyy/2, —0zyy/2,
Ozxy = Ozyxs Oxxz — Ozxy = Ozyxs Oxaxz =
Oxzx = 70—,2:21/2, Oxze = *Uzmm/Qa
Oyxz = Oyza,

Oyzz = Oyzz,

Ogyz = Ogxzy

Ogyz = Ozxzy
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Table S3: Noncoplanar antiferromagnets in MAGNDATA

with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
-3! 21
1 CagLaZraFesO12 R™001-3 57¢ Oazzs Oszzs X Ozzzs Ozzzs X
(0754) Oxxz = Oxzax — Ozxx = Ozyy; Ogxz = Ogzx — Ozzx = Ozyy,
Oyyz = Oyzy — Oxxz = Ogzx — Oyyz = Oyzy — Oxxz = Ogzax —
Ozzx = Ozyy, Oyyz = Oyzy; Ozax = Ozyy, Oyyz = Oyzy;
Ogxy = Ogyx = Oxxy = Ogyx = Oxxy = Ogyx = Oxxy = Ogyx =
Oyzx = —Oyyy Oyzx = —Oyyy Oyza = —Oyyy Oyza = —Oyyy
2 CagYZroFesOqq R3001.3%8 ¢ Orzzy Orzzy X Crzzs Orzzs X
(0752) Oxxz = Ogzx = Ozxx = Ozyy, Ogxz = Ogzx = Ozxx = Ozyy,
Oyyz = Oyzy = Oxxz = Ogzax = Oyyz = Oyzy = Oxxz = Ogzax =
Ozzx = Ozyy, Oyyz = Oyzy, Ozzx = Ozyy, Oyyz = Oyzy,
Ogxxy — Oxyx = Oxxy = Oxyx — Oxxy = Oxyxr — Oxxy = Oxyx —
Oyzz = —Oyyy Oyzz = —Oyyy Oyzz = ~Oyyy Oyzz = ~Oyyy
3 CaYZroFe3019 R-Sém‘?)z%ﬂc Ozzz, Ozzz5 X Ozzzs Ozzzs X
(0751) Oxxz = Oxzax — Ozxz = Ozyy; Ogxz = Ogzz — Ozzx = Ozyy,
Oyyz = Oyzy — Oxxz = Ogzx — Oyyz = Oyzy = Oxxz = Ogzax —
Ozzx = Ozyy, Oyyz = Oyzy; Ozax = Ozyy, Oyyz = Oyzy;
Ozzy = Ozyz = Ozzy = Oxyx = Ozzy = Ogyx = Ozxy = Ogyx =
Oyzz = ~Oyyy Oyzz = ~Oyyy Oyzz = —Oyyy Oyzx = —Oyyy
4 CagLaZraFesOq2 R3001.3% 8¢ Orzzy Orzzy X Crzzs Crzzs X
(0753) Oxxz = Ogzx = Ozzx = Ozyy, Ogxz = Ogza = Ozxx = Ozyy,
Oyyz = Oyzy = Oxxz = Ogzax — Oyyz = Oyzy = Oxxz = Oxzax —
Ozzx = Ozyy, Oyyz = Oyzy, Ozzx = Ozyy, Oyyz = Oyzy,
Ogxxy — Ogxyx = Oxxy = Oxyx = Oxxy = Oxyzr — Oxxy = Oxyx =
Oyzz = ~Oyyy Oyzz = ~Oyyy Oyzz = ~Oyyy Oyzz = ~Oyyy
5 COSA12813012 I4é0141/m001a21ooc2110d Ozzz, Ozz2, X Ozz2z, Ozz2z2, X
(0388) Oxxz = Ogxzax — Ozxz = Ozyy; Ozxz = Ogzz — Ozzz = Ozyy,
Oyyz = Oyzy = Ogxz = Ogzax = Oyyz = Oyzy = Ogxz = Ogzx =
Ozax = Ozyy Oyyz = Oyzy Ozza = Ozyy Oyyz = Oyzy
6 Mgcr2o4 (34) I2_110_4m_110m-12‘(2001’ 2001, 1; 2100) Ogzz = Ogzz — Ozzx = —Ozyy, Ozxy = Ozyzx, Ozxz = Ogzz — Ozzz = —Ozyy, Ozzy — Ozyz,
—Oyyz = Ogxz = Ogzax = Ogyz = Ogzy = —Oyyz = Ogxz = Ogzz = Ogyz = Ogzy =
—Oyzy = Ozaxax = —Oyyz = —Oyzy Oyxz = Oyzx —Oyzy = Ozaax = —Oyyz = —Oyzy Oyzz = Oyzx

“Ozyy

“Ozyy

Continued on next page
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

. . without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
. 4300 43" 21-10
7 GdsTiz 07 (3.16) P*oo4°-11-1321-10m | (1] -] -1) X X Opys = Ogay = X X Opyzr = Opzy =
Oyxz = Oyzax — Oyxz = Oyzx =
Ozxy = Ozyx Ozzy = Ozyx
41
8 | ZnFe,04 (1.759) Ploor_gmioogmiog| (1] 1) X X Grny = Oy x x ooy = Toyar
Oxyz = Oxzy = Oxyz = Ogzy =
Oyxz = Oyzzx Oyzz = Oyzx
41
9 Mn (1.85) TFoo1_gmroogMmutoy (17, 1;-1) X X Ormy = Oayzs X X Oszy = Oayzs
Oxyz = Oxzy — Oxyz = Ogzy =
Oyxz = Oyzzx Oyzrz = Oyzx
—43 32 mi-i10
10 BaCuTesOg Prot04,°-11-13 2 Opyz = Opzy = Opyz = Ogzy = X Opyz = Ogzy = Ogyz = Ogay = X
(0658) Oyrz = Oyzz = Oyxz = Oyzz = Oyxz = Oyzax = Oyxz = Oyzx =
Ozzy = Ozyx Ozzy = Ozyx Ozxy = Ozyx Ozxy = Ozyx
21009 3] _ _ _ _ _ _ _ _
11 Mn3RhGe pPer002,°1113 Opyz = Opoy = Opyz = Ogzy = X Opyz = Ogzy = Ogyz = Ogay = X
(01005) Oyrz = Oyzz = Oyrz = Oyzz = Oyxz = Oyzax = Oyxz = Oyzx =
Ozzy = Ozyx Ozzy = Ozyx Ozxy = Ozyx Ozxy = Ozyx
21009 3] _ _ _ _ _ _ _ _
12 | MnsIrGe (0.1006) petoog, @3 Opyz = Ogay = Opyz = Ogzy = X Opyr = Ogzy = Opyz = Ogay = X
Oyrz = Oyzz = Oyrz = Oyzz = Oyxrz = Oyzax = Oyxz = Oyzx =
Ozzy = Ozyx Ozzy = Ozyx Ozxy = Ozyx Ozxy = Ozyx
: 21009 3] _ _ _ _ _ _ _ _
13 Mnj3IrSi (0.898) petoog,°ing Opyz = Ogay = Onyz = Ogay = X Opyr = Ogzy = Opyz = Ogay = X
Oyrz = Oyzz = Oyrz = Oyzz = Oyxz = Oyzax = Oyxrz = Oyzx =
Ozzy = Ozyx Ozzy = Ozyx Ozxy = Ozyx Ozxy = Ozyx
21009 3] _ _ _ _ _ _ _ _
14 Mn3IrGe (0.899) peroog,°1ing Opyz = Ogay = Opyz = Ogay = X Opyr = Ogay = Opyz = Ogay = X
Oyrz = Oyzx = Oyxz = Oyzz = Oyxz = Oyzax = Oyxrz = Oyzx =
Ozzy = Ozyx Ozzy = Ozyx Ozxy = Ozyx Ozxy = Ozyx
21009 3] _ _ _ _ _ — _ —
15 | Mn3CoGe (0.900) peroog,°1ng Opyz = Ogay = Opyz = Ogay = X Opyr = Ogzy = Opys = Ogay = X
Oyrz = Oyzz = Oyxz = Oyzz = Oyxz = Oyzax = Oyxrz = Oyzx =
Ozzy = Ozyx Ozzy = Ozyx Ozxy = Ozyx Ozxy = Ozyx
2010 -1 mp10,,,-1 2 2 _ _ _ _ _ _ _ _
16 CrSe (235) P 63/ m m C‘(Sool’ 3001, 1) X Oxyz = Ogzy = X Oxxy = Oxyx = Oxyz = Ogzy = Oxxz = Ogza =
“Oyxz = —Oyzx Oyxx = —Oyyy —Oyzz = —Oyzx, Oyyz = Oyzy —
Oxxy = Oxyx — _szz/2 =
Oyzx = ~Oyyy —Oayy/2
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Table S3 :

(continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
Mnj;Si3 (1.307) P'm'c'2,71(0 1/2 1/2) X X Oyyz = Oyoy = X X Oyez =
—Ozyy/2, —20,y, =
Oxxz = Ogzax — _20zzy7 Oxzz =
_szw/Q _QUzzz =
_2Uzzxa Oyyz =
Oyzy = —Ozyy/2,
Ozzy = Ozyx,
Ogzz = Ogzz —
_o-z:rz/Qa
Oyxz = Oyzx,
Oxyy =
204y =
—20yyz,
Ogzy = Ozyx —
_Uya:m/Qa
Oxyz = Ozzy
CaCoSO (1.595) P3t1%000n|(1,1,-1) X X Ovwr = Opag = X X Oyoz =
Oyyz = Oyzy = =202y, =
_sza:/Q = _20'zzy7 Oxzz =
*O—zyy/Z *Zo—zxz =
_2Uzzxa Oxyy =
204y =
—20yyz, Opay =
Oxyxr = _Uywa:/z
-32 22 1
COG(OH)3(T603)4 Pooi63 5™m 3 Oxxx — —Ogyy — Ogxxr = —Oxyy = Oxxz = Ogzx — Oxxx = —Ozyy = Oxxx = —Ozyy = Oxxz = Ogxzax —
(OH)o.9(Hzo) “Oyzy = “Oyyz | “Oyazy = “Oyya Oyyz = Oyzy = “Oyzy = “Oyyz | “Oyzy = “Oyya Oyyz = Oyzy =
(0.381) )2 =  rn)2 =
—0yy/2 —Ozyy/2
HOMDOB (033) % % Ozzzy Ozz2zy Ogxz = Ogzz = Ozzz, Ozzz Oxzz = Ogzz =
= Ogzx = Ozzax = Ozyy, Oyyz = Oyzy = Oxxz = Ogzax = Ozxx = Ozyy, Oyyz = Oyzy =
= Oyzy = Oxxz = Ogzax = _Uzacac/2 = Oyyz = Oyzy = Oxxz = Ogzax = _Uzac;c/z =
Ozax = Ozyy Oyyz = Oyzy —Oayy/2 Ozzz = Ozyy Oyyz = Oyzy —Oayy/2
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.
) ) without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
_32 2,2 mi
21 HOMHOB (043) P 00163 37c 3Tm Ogzx = —Ozyy — Ogxxx = —Oxyy — Ogxz = Ogzax — Ogxx = —Oxyy = Ozxx = —Oxyy = Oxxz = Oxzax —
“Oyzy = “Oyyz “Oyzy = “Oyyz Oyyz = Oyzy = “Oyzy = ~Oyyz “Oyzy = “Oyyz Oyyz = Oyzy =
_Uzza:/2 = _szw/2 =
—Oyy/2 —Oayy/2
83016, 227 Phn
22 HOMHO.95F60.0503 P 63 57c 3"m Ogzx — —Ozyy — Ozxx — —Ozxyy — Ozxz = Ogzx — Ogxx — —Ozxyy — Oxxx = —Ozyy = Oxxz = Oxzax —
(0.654) “Oyzy = “Oyyz “Oyzy = “Oyyz Oyyz = Oyzy = “Oyzy = “Oyyz “Oyzy = “Oyyz Oyyz = Oyzy =
_Uzz$/2 = _Uzww/Q =
_(7'zyy/2 _Uzyy/2
_32 22 mi
23 HOMHOB (0652) P00z 57¢ 3™ m Oxxx — —Ogyy — Ogxxr = —Oxyy = Oxxz = Ogzx — Oxxx = —Ozyy = Oxxx = —Ozyy = Oxxz = Ogzax —
“Oyzy = “Oyyx | “Oyazy = ~Oyyz Oyyz = Oyzy = “Oyzy = “Oyyax | ~Oyzy = “Oyya Oyyz = Oyzy =
_O'za:a:/Q = _Uzww/2 =
*O'zyy/Z 70’21/11/2
‘3301 22" Min
24 HOMHO.QQFeO.Olo?) P 63 37c 3"m Ogzx = —Ozyy = Ogzx = —Ogyy = Ogxz = Ogzx = Ogax = —Oxyy = Ogxx = —Oxyy = Ogzz = Ogzz =
(0.653) “Oyzy = “Oyyx “Oyzy = “Oyyx Oyyz = Oyzy = “Oyay = “Oyyz “Oyazy = ~Oyyz Oyyz = Oyzy =
7szx/2 = 7Uzac:c/2 =
—0yy/2 —Oyy/2
B3301a. 22 M,
25 HOMnOAQFeOJOS P 63 3°C 3°Im Oxxx = —Ozyy = Oggx = —Oxyy = Oxxz = Ogzax = Ogxx = —Ozyy = Ogxx = —Oxyy = Ogxz = Ogzx =
(0.655) “Oyzy = ~Oyyz “Oyzy = “Oyyx Oyyz = Oyzy = “Oyazy = ~Oyya “Oyazy = “Oyyz Oyyz = Oyzy =
*Uzmm/Q == *Jza:z/Q =
—0Oyy/2 —Oyy/2
-3 1. 2100 _ _ _ _ _ _ _ _ _ _ _ _
26 HoMnO3 (042) P03 37 m Ogzx = —Ozyy = | Oxzzx = —Ogyy = Ogxz = Ogza — Oxxx = —Oxyy = | Ozax = —Oxyy = Oxxz = Oxzax =
“Oyzy = “Oyyz “Oyzy = “Oyyz Oyyz = Oyzy = “Oyzy = “Oyyz “Oyzy = “Oyyz Oyyz = Oyzy =
_Uza:x/2 = _szz/2 =
_Uzyy/2 _Uzyy/2
27 | YbMnO- (0.488 P3%016, ™A n 2100 _ _ _ _ _ _ _ _ _ _ _ _
nUs ( . ) 3 3°C m Oxzx — *Jzyy - Ozxx — *O—zyy - Ogxz = Ogzx — Ogxx — *O—myy - Oxxx = *O—myy - Oxxz = Oxzax —
“Oyzy = “Oyyz “Oyzy = “Oyyz Oyyz = Oyzy = “Oyzy = “Oyyz “Oyzy = “Oyyz Oyyz = Oyzy =
_Uzzx/2 = _Uzzm/2 =
_O'zyy/2 _Uzyy/Q
28 YbMnO= (0.489 P35016, ™A n 2100 — — — — - — - - - - — -
nvs ( . ) 3 3°C m Oxxx — —Ogyy — Ogxxr = —Oxyy = Oxxz = Ogzx — Oxxx = —Oxyy — Oxxx = —Ozyy — Oxxz = Oxzax —
“Oyzy = “Oyyx | “Oyzy = ~Oyyz Oyyz = Oyzy = “Oyzy = “Oyyaz | ~“Oyazy = “Oyya Oyyz = Oyzy =

_szw/Q =
—Oyy/2

_Uzww/Q =
—Oayy/2
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

. . without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
_65
29 Tb14Ag51 (1052) ) Ozz2z2y Ozz2z2y X Ozz2z, 022z X
Oxxz = Oxzax — Ozxx = Ozyy; Ogxz = Ogzx — Ozzx = Ozyy,
Oyyz = Oyzy — Oxyz = Ogzy = Oyyz = Oyzy = Oxyz = Ogzy =
Ozax = Ozyy —Oyzz = —Oyza, Ozax = Ozyy —Oyzxz = —Oyzax,
Ogxxz = Ogzax = Ogxz = Ogzx =
Oyyz = Oyzy Oyyz = Oyzy
192 .9l 2 _ _ _ _ _ _ _ _ _ _ _ _
30 LaO.33sr0.67FeOS R3 1002‘(17 17 17 30017 3001) Ogzx = —Ozyy = Ozyz = Oxzy = Oxyz = Oxzy = Ozzx = —Oxyy = Ozyz = Oxzy = Ogyz = Ogzy =
(1015) —Oyzy = —Oyyzx —Oyxz = —Oyzx, —Oyxz = —Oyzx —Oyzy = —Oyyx —Oyxz = —Oyzx, —Oyxz = —Oyzx
Oggxr = —Oxyy = Ozxx = —Oxyy =
“Oyzy = “Oyyx “Oyzy = “Oyya
1 m 1
31 PrFe3(BO3)4 R30013 72|(1,1,-1;-1,1) X X Opyr = Ogay = X X Opyzr = Ogay =
(1.161) —Oyzz = —Oyaz —Oyzz = —Oyza
32 | DyFes(BO P03, Mim2)(1,1,-1 = Opoy = = Oy =
y €3( 3)4 1 6 |( s 4y~ ) X X Oxyz = Oxzy = X X Ogyz = Ogzy =
(189) —Oyzz = —Oyzx —Oyzz = —Oyzx
33 |  HoFes(BO P3oi3, M2 |(1,1,-1 — Oy = = Gy =
0 63( 3)4 1 6 |( s Ly ) X X Ozyz = Oxzy — X X Ogyz = Oxzy —
(192) —Oyzz = —Oyzx —Oyzz = —Oyzx
1
34 | YbsPty (0.430) R0013 Oanzs Oanzs X Tanzs Tanzs X
Ogzz = Ogzz — Ozxz = Ozyy; Ozxz = Ogzz — Ozzz = Ozyy,

Oyyz = Oyzy =
Ozzx = Ozyy,
Ogxy = Ogyxr =

Oyzz = ~Oyyy>
Oxxx — —Ogyy —
“Oyzy = ~Oyyx

Ogyz = Ogzy =
—Oyzz = —Oyza,
Oxxz = Oxzo =
Oyyz = Oyzy;
Oxxy = Oxyx —

Oyzx = ~Oyyy;
Oggx = —Oxyy =
“Oyzy = ~Oyyx

Oyyz = Oyzy =
Ozxx = Ozyy,
Ozxy = Oxyx =

Oyza = ~Oyyy,
Oxxx = —Oxyy =
“Oyzy = ~Oyyx

Ogyz = Ogzy =
—Oyzz = —Oyzx,
Ozxz = Oxza =
Oyyz = Oyzy,
Oxxy = Oxyx —

Oyzz = ~Oyyy,
Ogxx = —Ogyy =
“Oyzy = ~Oyyx
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.
without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
35 | TbSbTe (2.102) Pmo09|(-1,1,1) x x Gyye = oy = x x Tyye = oy =
—Ozyy/2, —Oayy/2,
Ozxy = Ozyx, Ozzy = Ozyx,
Oxxz = Oxza = Ozxz = Oxza =
_Uz;cw/Za _szw/Qa
Oyxz = Oyzax, Oyxz = Oyzx,
Oxyz = Oxzy Oxyz = Ozzy
36 | TbSbTe (2.101) Pmoo9|(-1,1,1) x x Gy = Oy = x x Gy = Oy =
—Oayy/2, —Ozyy/2,
Ozxy = Ozyx, Ozzy = Ozyx,
Ozxz = Ogzz — Ogzz = Ogzz —
_Uzza:/za _O-Z:Ew/27
Oyxz = Oyzx, Oyxz = Oyzx,
Ozyz = Oxzy Oxyz = Ozzy
37 CuB204 (0431) C_IC Ozaxy = Ogyx = Ogzyy = Oyzx, Ogxy = Ogyxz = Ozxxy Oxay = Ogzx, Ogzy = Oxyx =
Ozyy = Oyxax = Oxxy = Ogyxr = 0$yy/2 = Ozyr = Oyzxx, Ogzzy = Oxyx, _Uyaw/Qa
Oyxy = Oyyx, Oyxy = Oyyx, _nyx/z = Oxxz = Ogzax = Oxxz = Oxzx, Oxxz = Ogzax =
Ozzx = Oyyys Oxyz = Oxzy — —Oyxy = —Oyyx, Ozxxs Oxyy — Ozyy *Uzmz/Qa
Oxxz = Oxzax — —Oyxz = —Oyzx, Ozyz = Oxzy = Oyzy = Oyyx, Ozyz = Oxzy, Oxyy —
—Oyyz = Ozxx = Oyyy; Oyxz = Oyzax, Oxyz = Ogzy = Oxzzy Oyxx, _20ymy =
—Oyzy = Ozgax = Oxxz = Ogzax = Ogxz = Ogzx = Oyxz = Oyzx = Oyzy = Oyyx _20yywa
—Ozyy> —Oyyz = —Oyzy, Oyyz = Oyzy = Ozxy = Ozyx, Oyxz = Oyzzx, Oxyz = Ozzy,
Oxzz = Oyzz = Oxzz = Oyzz, *O—zmr/Q = Oxzz = Ozxz = Oyyy» Oxzz =
Ozxz = Ozyz = Ozzx = —Ozyy, _Uzyy/2a Ozzxy Oyyys Oyyz = Oyzy, 20,5, =
Ozzx = Ozzy Ozxz = Ozyz = Ogzz = = Oyzz = Oyyz = Oyzy — Oyzzy Ozzx, —20 2z,
Ozzx = Ozzy —20,4, = Ozyys Oyzz = Ozay = Ozyx, Oyzz = Oyza,
2Uzyz = Ozyz = Ozzy; Ozxz = Ozzx, Oyyz = Oyzy =
20,20 = 20'zzy7 Ozz22 Ozyy _Uzyy/2a Oyzz =
Ozxy = Ozyx Ozyz = Ozzy, *QO—zyz =
Ozz2z _2Uzzy7
Ozoy = Ozyx
38 | MgVo0y (1.138) | Fmioog2iigmong|(11,1;-1,-1,1) x x Grny = Oy x x ray = oy

Oyxz = Oyzax,
Ozyz = Ozzy

Oyzz = Oyzz,
Ozyz = Oxzy

Continued on next page
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Table S3 :

(continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
39 EI‘2G6207 (0419) P-480141211021m1002 Oxyz = Oxzy — Ozxy = Ozyzx, Ozyz = Oxzy — Oxyz = Oxzy = Ozxy = Ozyx, Oxyz = Ogzy =
Oyzz = Oyzz = Oxyz = Ogzy — —Oyxz = —Oyzx Oyxz = Oyzax = Oxyz = Ogzy = —Oyxz = —Oyza
Ozzy = Ozyx Oyrz = Oyzx Ozxy = Ozyx Oyzxz = Oyzx
40 EI‘2G6207 (0942) P_480141211021m1002 Oxyz = Oxzy — Ozxy = Ozyzx, Ozyz = Oxzy — Oxyz = Oxzy = Ozxy = Ozyx, Oxyz = Ogzy =
Oyrz = Oyzz = Oxyz = Ogzy = “Oyxz = —Oyzx Oyxz = Oyzax = Oxyz = Ogzy = —Oyxz = —Oyza
Ozzy = Ozyx Oyzz = Oyzx Ozxy = Ozyx Oyxz = Oyzx
41 | Ba(TiO)Cuy(POy4)4 P01 gm0, 21109)(1 1, 1) X X Ouye = Opzy = X X Ouye = Opzy =
(1.235) —Oyzz = —Oyaz —Oyzs = —Oyza
42 Dy2CosAlg Amooyy ooy moiog|(] 1 1;1) X X Oyyz = Oyzy = X X Oyyz = Oyzy =
(1.267) ey /2, )2,
Oxxz = Ogzax — Oxxz = Oxzax —
_Uzzx/2 _szz/2
43 EraReCy (0.347) Pp2oorplymoory Opns = Ongr = sz = Oszas X Oyzz = Onys = Oayz = Ozzy, X
Ozzxy Oxyy = Oyzy — Oyyx, Ozzyy Oxzz = Ozxz = Ozzx,
Oyzy = Oyyx, Ozzzy Ozyy, Ozzx Ozxz = Ozzx, Oyzzy Oyyy,
Ozax Oyyys Ozyy = Oyzy = Oyyaz;
Oyzy = Oyyx, Oyxxy Oxzz,
Ogxy = Oxyx — Ozyys
Oyzxy Oxxx Ozzy = Oxyx,
Ozzx
44 TbsGey (0141) p2otopmotop 2100y Ozzz = Ozzz = Ozzz = Ozzx,s X Oxzz = Ozgz = Ozxz = Ozzas X
Ozzxy Oxyy = Oyzy = Oyyx, Ozzxy Oxyy — Oyxy = Oyyx,
Oyzy = Oyyx, Ozzzy Ozyy, Ozxx Oyzy = Oyyx, Ozxzzy Ozyys Oxzx
Ozxx Ozzxx
45 Tb5Ge4 (0412) P2010nm010m21003 Ogzz = Ozgz — Ozxz = Ozzx, X Oxzz = Ozxz = Ozxz = Ozzz, X
Ozzxy Oxyy = Oyzy = Oyyx, Ozzxy Oxyy — Oyzy = Oyyx,
Oyzy = Oyyxs Oxzzy Oxyyy Oxza Oyzy = Oyyx, Ozz2z5 Ozyy, Ozaxx
Ozxx Ozzxx
46 TbSGe4 (0411) P2010nm010m2100a Ogzz = Ozgz = Ozxz = Ozzx, X Oxzz = Ozxz = Ozxz = Ozzzx, X
Ozzxy Oxyy = Oyzy = Oyyxs Ozzas Oxyy = Oyzy = Oyyx,

Oyzy = Oyyz;

Ozax

Oxzzy Oxyys Oxax

Oyzy = Oyyz

Oxxx

Ozxzzy Oxyys Oxxx

Continued on next page
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
47 ThCrO3 (2.62) Pm(’l“mm°°1n21°°21|(1, 2010,1) Opyz = Ogay = Oszy = Ozyms Oyyz = Oyzy = Opyz = Ogay = Oszy = Oayzs Oyys = Oyzy =
Oyxz = Oyzaz = Oyxz = Oyzzx, _Uzyy/2a Oyxz = Oyzz = Oyxz = Oyzx, _Uzyy/2,
Ozzy = Ozyx Oxyz = Oxzy Oxxz = Ogzax — Ozxy = Ozyx Oxyz = Ozzy Oxxz = Ogzax —
_szw/Q _Uzww/z
48 CoGeO3 (0.311) p2ioopymooi 2010, Oprz = Onpy = Orzz = Oazgs X Ogry = Ongy = Orzz = Oszgs X
Ozzxy Oxyy — Oyzy = Oyyzx, Ozzzy Ozyy — Oyzy = Oyyzx,
Oyzy = Oyyxs Oxzzy Oxyyy Oxza Oyzy = Oyyx, Ozz225 Ozyy, Ozxx
Ozxx Ozzxx
49 FeQSe2O7 (0807) PQlOOCmOOlC2Dwn Ogzz = Ozgz = Ozxz = Ozzz, X Oxzz = Ozgz = Ozxz = Ozzzx, X
Ozzxy Oxyy = Oyzy = Oyyxs Ozzas Oxyy = Oyzy = Oyyx,
Oyzy = Oyyxs Oxzzy Oxzyyy Oxzax Oyzy = Oyyx Ozz2z5 Ozyy, Ozaxx
Ozxx Ozzxx
50 Fe2se2o7 (0808) P2100Cm001c2010n Oxzz = Ozgz = Ozzz = Ozzzx, X Ogzz = Ozgz = Ozxz = Ozzz, X
Ozzxy Oxyy = Oyzy = Oyyx, Ozzxy Oxyy = Oyzy = Oyyx,
Oyxy = Oyyx, Oxzzy Oxyyy Oxax Oyzy = Oyyx, Oxzzy Oxyy, Oxxx
Ozax Ozxx
51 FeQSGQO7 (0806) P21000m001c2010n Ogzz = Ozpz = Ozpz = Ozzpy X Ogzz = Ozgz — Ozxz = Ozzx, X
Ozzxy Oxyy — Oyxy = Oyyx, Ozzxy Oxyy = Oyzy = Oyyx,
Oyzy = Oyyx, Oxz2zy Oxzyys Ozxxx Oyxy = Oyyx, Ozxzzy Ozyys Oxzx
Ozzx Ozxx
52 SroFe3SesOs C'm™(0 0 1/2)™*1(1/2 0 0) X X Oysz = X X Oyoz =
(2.55) —20 .y, = —20,y, =
_2Jzzy7 Ozzz = _QUzzya Oxzz =
—20,4, = —20,z, =
_20z217 Oxyy = _2022I7 Oxyy =
—20y3y = 204y =

*QO—yyxa Ogxy =
Oxyxr = _Uya:x/2

*20yyz7 Oxxy =
Oxyxr = _Uyzz/Q
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC

with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
53 SroFe3Sey 03 C'm™(0 0 1/2)™1(1/2 0 0) X X Oyez = X X Oyez =
(2.76) —20 .y, = —20,y, =
_20zzy7 Oxzz = _20zzy7 Oxzz =
—20,4, = —20,2, =
_ZUzzw7 Oxyy = _2022I7 Oxyy =
—20y3y = 204y =
*QO—yya:a Ozxy = *20yyza Oxxy =
Oxyxr = _nym/2 Oxyxr = _Jyzz/2
54 | BiMnyOs (1.75) P™ooim|(-1,1,1) X x Tyer = % X Oy =
*20—zyz = *QO—zyz =
_20zzy7 Ozzz = _2Uzzya Oxzz =
20,4, = —20,2, =
—2022, Oryy = —20 24, Ozyy =
—20yay = —20yay =
*QO—yyxa Ozxy = *20yyz7 Oxxy =
Oxyxr = _Uyaz:r/2 Oxyxr = _Jy:cz/Q
55 | NdCrTiOs (0.162) P2o01}y 20105 M100y, Oprz = Osgr = Orpz = Ozzas X Oprzy = Ongy = Oszz = Ozzas X
Ozzxy Oxyy — Oyxy Oyyzxs Ozzxy Oxyy — Oyxy = Oyyx,
Oyzy = Oyyx, Ozzzy Ozyys Ozzx Oyzy = Oyyx, Ozxzzy Ozyys Oxzx
Ozzx Ozzx
56 | GdMn,Os (1.299) ooy 2001cmo109, (1,1 1) x x Ty = Opoy = x x Ty = Oyay =
_Uzyy/2v _Uzyy/2,
Oxxz = Ogzx — Oxxz = Ogzax —
_szw/Q _Uzwm/z
57 | GdMn,0; (1.300) ooy 20010109, (1,1, 1) x x Ty = Oyoy = x x Ty = Oyoy =
—0zyy/2, —Ozyy/2,
Ogxz = Ogzx = Ogxz = Ogzz =
_O'zxx/Q _Uz;wc/2
58 ThsGes (0.342) F?00q2010420019 Ozzzy Oyyz = Ozz22y Ozyys Ozzms Oyyz = Oyzy = Ozzzy Oyyz = Ozz22y Ozyys Ozzas Oyyz = Oyzy =
Oyzy = Ozyys Tyyz = Oyzy; —0zyy/2, Oyzy = Oayy; Oyyz = Oyzy; —Oayy/2,
Ozxz = Ogza = Ozxz = Oxzx Oxxz = Oxza = Ozxz = Oxza = Ozxz = Oxzx Ozxz = Oxza =
Ozax *O'zxr/Z Ozaxx *Uz:cm/z
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.
without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
59 HoyCuyO5 pPmoor2,(-1,1,1) X X Oyyz = Oyay = X X Oyys = Oyzy =
(1.279) _Uzyy/2a _0299/2’
Ozxy = Ozyx, Ozzy = Ozyx,
Ogxz = Ogzx = Ogzxz = Ogzz =
_Uz;cw/Za _szw/Qa
Oyxz = Oyzax, Oyxz = Oyzx,
Oxyz = Oxzy Oxyz = Ozzy
60 | DyFeWOg (1.274) Pmovie|(1,-1,1) X X Tyss = X x Tyss =
—20,y, = =20y, =
*QJzzya Oxzz = 720—22?;, Oxzz =
20,4, = —20., =
—20 s, Ogyy = —20 24, Ozyy =
—20yay = —20y2y =
_2O'yyaca Oxxy = _2O'yyac7 Ogaxy =
Oxyxr = *O—yxx/Q Oxyxr = *Uy:cm/2
61 | DyCrWOg (0.316) Pripmooig 20019, Opyz = Opay = Ormy = Oayms Oyyz = Oyay = Orzzy Oyyz = Orzzs Oayys Oyyz = Oyay =
Oyxz = Oyzx = Oyxz = Oyzx, _Uzyy/2a Oyzy = Ozyy; Ozay = Ozyx, _Uzyy/27
Ozxy = Ozyx Oxyz = Oxzy Oxxz = Ogzax — Oxyz = Ogzy = Ozzxx Ozzy = Ozyx,
_O—ZII/Q Oyxz = Oyzax = Oyyz = Oyzy, Oxxz = Oxzax —
Ozxy = Ozyx, Oyxz = Oyzz, _Uzmz/27
Ogxz = Ogzx = Ozyz = Oxzy, Oyxz = Oyza,
Ozxx Ogxz = Oxzx Ozyz = Oxzy
62 | EryCusOj5 (0.240) P2roopy 2010420019, Ozzzy Oyyz = 0222y Ozyys Oz, Oyyz = Oyzy = Oszzy Oyyz = Oz22y Ozyys Ozaw, Oyyz = Oyzy =
Oyzy = Ozyy, Oyyz = Oyzy, —0Ozyy/2, Oyzy = Ozyy, Oyyz = Oyzy, —Oayy/2,
Ogxz = Ogzax = Ozxz = Oxzx Oxxz = Oxza = Ozxz = Oxza = Ozxz = Oxzx Ozxz = Oxza =
Ozax *Uzmr/Z Ozxx *szz/z
63 | HoCrWOg (0.715) PpZroopy 2010420019, Onzzs Oyyz = Oszzs Oayys Ozams Oyyz = Oyzy = Orzzs Oyysz = Ozzzy Ozyys Ozazs Oyyz = Oyzy =
Oyzy = Ozyy, Oyyz = Oyzy, —Oayy/2, Oyzy = Ozyy, Oyyz = Oyzy, —Ozyy/2,
Oxxz = Oxzx = Oxxz = Oxza Oxxz = Ogzax — Oxxz = Ogzax — Oxxz = Oxza Oxxz = Oxzax —
Ozxx _Uzmm/Q Ozxx _Jzzx/Q
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Table S3 :

(continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.

without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
64 PboMnWOg P1m2001C200121|(20107 1, 1) Ozzzy Oyyz = 02225 Ozyys Ozzx, Oyyz = Oyzy = Ozz2zy Oyyz = Ozzz5 Ozyys Ozax Oyyz = Oyzy —
(2.38) Oyzy = Ozyy, Oyyz = Oyzy, —0yy/2, Oyzy = Ozyy, Oyyz = Oyzy, —Osyy/2,
Ozzz = Ogzz — Ogzz = Ozzzx Ozxz = Ozzz — Ozxz = Ogzz — Ozzz = Ozzx Ogzz = Ogzz —
Ozzx _szw/Q Ozzx _Uzww/z
65 Co3TeOg (0.145) C’m°012/2001c Oyzz = Osyz = Osyz = Ozzy, X Oyzz = Ozys = Oayz = Ozzy, X
Ozzys Oxzz = Ozzz = Ozzx, Ozzyy) Oxzzz = Ozxz = Ozzx,
Ozxz = Ozzx, Oyzzy, Oyyys Ozaz = Ozzas Oyzzy Oyyys
Oyyys Tayy = Oyzy = Oyyas Oyyys Oxyy = Oyay = Oyyx,
Oyxy = Oyyx, Oyxxs Oxzzs Oyxy = Oyyx, Oyxxy Oxzz,
Ogay = Ogyx = Ozyys Ozzy = Oxyx — Ozyy,
Oyzz) Oxzzx Ozzy = Ozyz, Oyzxxy Oxxx Ozzy = Ozyx,
Ozxx Ozxx
66 Coz V207 (0281) F)200121/m()0IC Ozzzy Oyyz = Ozzzy Ozyy, X Ozzzy Oyyz = Ozzzy Ozyy, X
Oyzy = Ozyy, Ozxy = Ozyzx, Oyzy = Ozyy; Ozzy = Ozyx,
Ogyz = Ogzy = Ozaxs Oxyz = Ogxzy = Ozax,
Oyrz = Oyzx = Oyyz = Oyzy, Oyxz = Oyzx = Oyyz = Oyzy,
Ozxy = Ozyzx, Oyxz = Oyzx, Ozxy = Ozyx, Oyxz = Oyzx,
Oxxz = Oxzx — Ozyz = Ozxzy; Ogxz = Ogzx — Ozyz = Oxzy,
Ozzxx Ozzz = Ozzzx Ozzxx Ozxz = Ozxz2x
67 CuyCdB,Og P2°°121/m°°1c Orzzs Oyyz = Ozz2s Oayys X Orzzy Oyys = Ozzzy Oayys X
(0394) Oyzy = Ozyy, Ozxy = Ozyx, Oyzy = Ozyy, Ozxy = Ozyzx,
Oxyz = Ogzy — Ozzxx, Ozyz = Oxzy = Ozzxx,
Oyrz = Oyzz = Oyyz = Oyzy, Oyzz = Oyzz = Oyyz = Oyzy,
Ozxy = Ozyx, Oyxz = Oyzx, Ozxy = Ozyx, Oyxz = Oyzx,
Oxxz = Ogzx = Ozyz = Ozxzy; Ogxz = Ogza = Ozyz = Oxzy,
Ozxx Ogxzz = Ogxzz Ozzxx Ogxz = Ogxzx
68 Fea WOg (0.809) P2°°121/m°°10 Onzzs Oyyz = Oazzs Oayys X Orzzs Oyysz = Orzzs Oayys X

Oyzy = Ozyy,
Oxyz = Ogzy =
Oyrz = Oyzx =

Ozzy = Ozyz,
Ogzz = Ogzz =

O-ZI(E

Ozxy = Ozyzxs
Ozxxs
Oyyz = Oyzy;
Oyzz = Oyzzx,
Ozyz = Ozzy,

Ogzz = Ozzzx

Oyzy = Ozyy,
Oxyz = Ogzy =
Oyxz = Oyzax =

Ozzy = Ozyx,
Ogxz = Ogzz =

Uzzw

Ozxy = Ozyx,
Ozxx
Oyyz = Oyzy,
Oyzz = Oyzz,
Ozyz = Ozxzy,

Ogxxz = Oxzx
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Table S3 : (continued) Noncoplanar antiferromagnets in MAGNDATA with second-order transport tensors triggered by magnetic geometry.
. . without SOC with SOC
No. Materials (ID) Spin space group
IMD QMD BCD IMD QMD BCD
69 | BaFepSes (1.710) pmootm|(-1,1,1) X X Oyzz = X X Oyzz =
_20zzy7 Ozzz =

—20,4, =
_ZUzzw7 Oxyy =
—20y3y =
*QO—yya:a Oxxy =
Oxyxr = _nym/2

_20zzy7 Oxzz =
—20,2, =
_QUZzza Oxyy =
204y =
—20yyz; Ovay =
Oxyxr = _Jyzz/Q
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Table S4: Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

, , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
1 NpCos (0.126) Collinear Frdt3ime™m Oys = Opay = Oowy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
2 MnAl,Oy4 (0.462) Collinear Fld1-3tmem Orys = Opay = Orwy = Oays X
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
3 CoRhy04 (0.461) Collinear Fld1-3tm®em Orys = Oy = Oowy = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
4 Co304 (0.463) Collinear Fld1-3tmem Oys = Opay = I X
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
5 CsFeO, (0.458) Collinear Fld1-3tmem Oys = Opay = Oowy = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
6 RbFeO, (0.456) Collinear Fld1-3tmem Oys = Opay = I X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzrz = Oyzx
7 CoAl, 04 (0.58) Collinear Fld1-3tmem Oys = Opay = Oowy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
8 BiRuMnO7 (0.153) Collinear I''4 /1a1m‘1d°°m1 N X X
9 CoO (1.69) Collinear c'2/'m™(0 0 1/2)>™1 X X X
10 Mn3NigoPg (1.145) Collinear P4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
11 UP (1.160) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™ X X X
12 UAs (1.208) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
13 UN (1.428) Collinear P4/ m'm'm™(1/2 1/2 1/2)°™1 X X X
14 BasYRuOg (1.433) Collinear P 4/ mim'm 1( /2 1/2 1/2)>°™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

, , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD

15 BayLuRuOg (1.432) Collinear P4/t m'm'm™(1/2 1/2 1/2)°™1 X X X

16 BayTmRuOg (1.567) Collinear P 4/ mim'm 1(1/ 1/2 1/2)>™1 X X X

17 Bay YbRuOg (1.566) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X

18 BayMnTeOg (1.706) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X

19 MngNiySiy (1.454) Collinear p 42/ m'n'm 1(1/ 1/2 1/2)>™1 X X X

20 CrN (1.28) Collinear P'm'm'n(0 0 1/2)~™1 X X X

21 CrN (1.678) Collinear P'm'm'n(0 0 1/2)~™1 X X X

22 MnO (1.31) Collinear R-3'm™(1/3 2/3 1/6)>™1 X X X

23 CoO (1.618) Collinear R-3'm™(1/3 2/3 1/6)>™1 X X x

24 NiO (1.6) Collinear R-3'm™(1/3 2/3 1/6)>™1 X X X

25 BayMnWOg (1.707) Collinear R-3'm™(1/3 2/3 1/6)>™1 X X X

26 HoBi (1.753) Collinear R-3'm™(1/3 2/3 1/6)>™1 X X X

27 KNiF3 (1.250) Collinear Flm'-3'm™(1/2 0 0)~™1 X X X

28 | Pby.sBig.oFeo.72s8Wo.26403 Collinear Flm'-3'm™(1/2 0 0)~™1 X X X

(1.590)
29 Pb0.7Bi0,3Fe0.762W0,231O3 Collinear F1m1—31m'1(1/2 0 0)oom1 X X X
(1.591)

30 SrFeOoF (1.84) Collinear F'm'-3'm™(1/2 0 0)~™1 X X x

31 NdMg (1.162) Collinear P'4/'m'm'm™(0 0 1/2)~™1 X X X

32 UPb; (1.423) Collinear P'4/'m'm'm™(0 0 1/2)>™1 X X X

33 LaMn3Cr O15 (1.156) Collinear P2'37Y(1/2 1/2 1/2)>™1 X X Opws = Oprp =
Oyyz = Oyzy =

_Uzacac/2 =
70Zyy/2a

Oxyz = Ogzy =
—Oyzz = —Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
34 CaCo3V4012 (2.106) Collinear Plm'mn>m1 Opyz = Ogay = Oamy = Oayzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozxy = Ozyx Oxyz = Ozzy
35 UNiGa (2.88) Collinear Pl6t2tmem X Ouyz = Opzy = X
—Oyxz = —Oyzx
36 | CeRhgo5Pdg75Sn (1.737) Collinear PL62'm™t(0 0 1/2)~™1 X X X
37 BagCosClO15.5 (1.275) Collinear PL6'm'250 0 1/2)~™1 X X X
38 | PbMnyNigTesOyg (0.1001) Collinear P63/ m>™1 Orsz, Orozy Onww = Oy X
Oxxz = Oxzax — Oxyz = Ogzy —
Oyyz = Oyzy — —Oyzz = —Oyzx,
Ozxx = Ozyy Oxxz = Ogza =
Oyyz = Oyzy
39 | KoMn3(VO,)2CO3 (1.0.21) Collinear P63/ 'm>™1 Ovay = Onyz = Ovay = Ouyz = X
Oyze = ~Oyyy; Oyzz = —Oyyy,
Ozxx = —Ogyy = Oggxr = —Oxyy =
“Oyzy = “Oyya “Oyzy = “Oyya
40 UisAus; (0.282) Collinear P'16/1m°°m1 Opay = Ogyz = Opzy = Opys = X
Oyzz = ~Oyyy; Tyzz = ~Oyyy>
Oxxx = —Ozyy = Ogxx = —Oxyy =
“Oyzy = “Oyya “Oyzy = “Oyya
41 Cry03 (0.110) Collinear R1-3'c>m Oyoz = Onys = Oryz = Ornys X
Ozzyy Oxzz = Ozxz = Ozzxy Oyzz,
Ozzz = Ozzxs Oyyys | Oyyys Oyzy = Oyyz,
Ozyy = Oyxy — Oyxzy Ozzzy Ozyy,
Oyyxy, Oxxy = Ozzy = Oxyx, Oxxa
Ozyr = Oyzxy Oxzx
42 Cry03 (0.59) Collinear R1-31c>omy Ozza = —Ozyy = Opyz = Ogzy = X
—Oyzy = —Oyyzx —Oyzz = —Oyza,
Ogxx = —Oxyy =
“Oyzy = “Oyya
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
Materials (ID) Configuration Spin space group
IMD QMD BCD
AgRuOs3 (0.733) Collinear R1-3lc>m] Oraz = —Oayy = Ouyz = Opzy = X
“Oyzy = ~Oyyx —Oyzz = —Oyzx,
Ogzxr = —Oxyy =
“Oyzy = “Oyya
44 MoP3SiOq; (0.728) Collinear R1-3le>m] Ornzy Oyys = Orzzy Tayys X
Oyzy = Ozyy, Ozxy = Ozyxs Ozzx,
Ogyz = Ogzy = Oyyz = Oyzy;
Oyrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyzx, Oxyz = Oxzy,
Ogxz = Ogzz — Ozzz = Ozzz
Ozzxx
45 MoP3Si01; (0.804) Collinear R1-31c>m Ornzs Oyyz = Trnzy Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzz = Oyzz = Oyzx,
Ozxy = Ozyx, Ozyz = Ozxzy,
Ozxz = Oxza = Ozxz = Oxzx
Ozzxx
46 CuFeO, (1.348) Collinear C'2/'m™t0 0 1/2)~™1 X X X
47 KCeS, (1.627) Collinear c'2/'m™(0 0 1/2)>™1 X X X
48 CoCly (1.246) Collinear R-3'm™(1/3 2/3 1/6)>™1 X X X
49 NiBry (1.248) Collinear R-3'm™(1/3 2/3 1/6)>™1 x X X
50 NiCly (1.247) Collinear R-3'm™(1/3 2/3 1/6)>™1 X X X
51 FeyCoaNbyOg (0.770) Collinear C12/ ™ Orozy Oyyz = Ornzs Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozay = Ozyx, Ozyz = Ozzy,
Ozxz = Oxza = Ozxz = Oxzx
Ozax
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
52 CosNbyOy (0.111) Collinear pglet1om Ovww = —Oayy = Orye = Opay = x
“Oyzy = ~Oyyx —Oyzz = —Oyzx,
Ogzxr = —Oxyy =
“Oyzy = “Oyyz
FesNbyOg (0.443) Collinear pP13telyoomy Orzzy Oyys = Orzzy Tayys X
Oyzy = Ozyy, Ozazy = Ozyx) Ozzax,
Ogyz = Ogzy = Oyyz = Oyzy;
Oyrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyzx, Oxyz = Oxzy,
Oxxz = Ogza = Oxxz = Oxza
UZII
54 MnyTayOg (0.477) Collinear p3telyoomy Orrw = —Ouyy = Orys = Oy = X
“Oyzy = “Oyyx “Oyzz = ~Oyza,
Ogxxr = —Oxyy =
“Oyzy = “Oyyz
55 MnyNb,Og (0.507) Collinear pl3lel1oom Opaw = —Opyy = Opys = Opay = x
“Oyazy = ~Oyyx —Oyzz = —Oyzx,
Ogzx = —Ogyy =
“Oyzy = “Oyyx
56 Mn,Tas0g (0.526) Collinear P 3telyoomy Oppe = —Ozyy = Opys = Opzy = X
—Oyzy = —Oyyzx —Oyzz = —Oyza,
Oggx = —Oxyy =
“Oyzy = “Oyyx
57 Fel, (1.209) Collinear c'2/'m™(0 0 1/2)>™1 X X X
58 Dy,0,8 (1.211) Collinear c'2/'m™(0 0 1/2)>™1 X X X
59 Dy205Se (1.212) Collinear c'2/'m™(0 0 1/2)>™1 X X X
60 Puy03 (1.367) Collinear c2/'m™(0 0 1/2)>™1 X X X
61 ThyO4Se (1.417) Collinear c'2/'m™0 0 1/2)~™ X X X
62 Thy05S (1.416) Collinear c'2/'m™0 0 1/2)~™ X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
63 SrMnyAs,y (0.482) Collinear Pl3tm'1oom] Oyrz = Onys = Oryz = Ornys X
Ozzyy Oxzz = Ozzz = Ozzzs Oyzzs
Ozzz = Ozzay Oyyys> | Oyyyr Oyzy = Oyyx;
Ozyy = Oyzy = Oyzas Oxzzs Oxzyy,
Oyyxy Oxaxy = Ozxy = Oxyxs Oxax
Oxyxr = Oyxx, Oxxx
64 YbMnyShs (0.483) Collinear PL3imtieem Oazzy Oyzz = Ozzzy Osyz = Oy, X
Ozyz = Ozzy, Ozxz = Ozzxy Ozyy,
Oxzz = Ozgz — Ozxy = Ozyxs Ozxx,
Ozzxy Oyyz = Oyzzs Oyyz = Oyzy,
Oyzy = Ozyy; Oyzz = Oyza, Oyyy;
Ogyz = Ogzy = Oyxzy = Oyyx,
Oyrz = Oyzx = Oyxxy Oxzz)
Ozxy = Ozyzx, Oxyz = Oxzy,
Ogxz = Ogzz — Ozxxz = Oxzx,
Ozzxzs Oyyy, Ozyys
Ozyy = Oyzy — Ozzy = Ozyz) Ozzx
Oyyxy, Oxzy =
Oxyxr = Oyxx, Oxxx
65 UsN,oS (0.484) Collinear P1l3imtieem Opze = —Opyy = Opyz = Opzy = X
—Oyzy = —Oyyzx —Oyzz = —Oyza,
Oggxr = —Oxyy =
T Oyzy = “Oyya
66 U;Ns5Se (0.485) Collinear PL3imt1eem Opazr = —Ozyy = Opyz = Opzy = X
—Oyzy = —Oyyx —Oyzz = —Oyzux,
Ogxxr = —Oxyy =
“Oyry = “Oyya
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
67 CaMnsSbs (0.523) Collinear P3tm'1oomy Orzzy Oz = Orozy Ooys = Oanyy X
Ozyz = Ozzy, Ozxz = Ozzx; Ozyy,
Oxzz = Ozzz — Ozxy = Ozyxs Ozzx,
Ozzxy Oyyz = Oyzz; Oyyz = Oyzy,
Oyzy = Ozyy» Oyazz = Oyza; Oyyy,
Oxyz = Ogzy = Oyzy = Oyya,
Oyxz = Oyzx = Oyxxy Oxzz,
Ozxy = Ozyzx, Ozyz = Ozzy;
Ozxz = Oxzax = Oxxz = Oxzxs
Ozzxy Oyyys Oxyy>
Ozyy = Oyzy = Ozzy = Oxyxy Oxxx
Oyyzs Oxzy —
Oxyxr = Oyxx, Oxxx
68 CaMnyShy (0.92) Collinear P13'm'1om Oyoz = Onys = Oryz = Ornys X
Ozzyy Oxzz = Ozxz = Ozzxy Oyzz,
Ozzz = Ozzxy Oyyys | Oyyys Oyzy = Oyyax;
Ozyy — Oyzy — Oyxzy Ozzzy Ozyy,
Oyyxy Oxay = Ozxzy = Oxyz, Ozax
Oxyxr = Oyxx, Oxxx
69 YboOsSe (1.214) Collinear P-3'm'171(0 0 1/2)>™1 X X X
70 CoBr, (1.245) Collinear P3'm'17M(0 0 1/2)*™1 X X X
71 AgsCrOs (1.0.1) Collinear 12 /Mmooty oomy Oyzz = Onyz = Oayz = Ozzy, X
Ozzyy Oxzz = Ozxz = Ozzxs Oyzzs

Ozxz = Ozzxy Oyyy,
Ozyy = Oyay =
Oyyzs Oxzy —

Ozyz = Oyzxa, Ozxx

Oyyys Tyzy = Oyya>
Oyxxy Oxzzy Ozyy,
Ozzy = Ozyz) Ozzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
72 MnGeOs3 (0.125) Collinear R1-3%m1 Osnzs Oszzs Orww = Osyy, X
Oxxz = Ogxzax — Oxyz = Ogzy —
Oyyz = Oyzy — —Oyzz = —Oyzx,
Ozzx = Ozyy, Ogxxz = Ogzax =
Oxxy = Ogyx = Oyyz = Oyzy,
Oyzz = —Oyyy; Ozzy = Oxyx =
Ogzx — —Oxyy — Oyzx = —Oyyy>
—Oyzy = —Oyyzx Ozzx — —Ozyy —
“Oyay = " Oyya
73 MnPSes (0.180) Collinear R1-3%°m] Ornzy Oysz = Ornzy Ooyz = Oazy,s X
Ozyz = Ozzy, Ozxz = Ozzx, Ozyy,
Ogzz = Ozxz = Ozay = Ozyxy Ozax,
Ozzxy Oyyz = Oyzzs Oyyz = Oyzy,
Oyzy = Ozyy; Oyzz = Oyza; Tyyy;
Oxyz = Ogzy = Oyxy = Oyyx,
Oyxrz = Oyzx = Oyxxy Oxzz,
Ozzy = Ozyzx, Ozyz = Ozzy;
Ozxz = Oxza = Oxxz = Oxzxs
Ozzas Oyyys Tayy;
Oxyy = Oyxy — Oxxy = Oxyxs Oxzx
Oyyxs Ozay =
Oxyr = Oyxx, Oxxx
74 MnTiO3 (0.19) Collinear R1-3m1 Osnzs Oszzs Orww = Osyy, X
Oxxz = Ogxzax — Oxyz = Ogzy =
Oyyz = Oyzy — —Oyzz = —Oyzx,
Ozzx = Ozyy, Ogxz = Ogzax =

Oxxy = Ogyx =

Oyze = ~Oyyy;
Ozxx = —Ozyy =
“Oyzy = “Oyyx

Oyyz = Oyzy;
Oxxy = Ogyx =

Oyza = ~Oyyy>
Ogxxr = —Oxyy =
“Oyzy = ~Oyyx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD

75 BaNiyP,0g (0.215) Collinear R1-3°m1 Ornzy Oyzs = Oszzy Osys = Oazys X

Ozyz = Ozzy, Ozxz = Ozzx; Ozyy,

Oxzz = Ozzz — Ozxy = Ozyxs Ozzx,

Ozzas Oyyz = Oyzzy Oyyz = Oyzy;

Oyzy = Ozyy» Oyazz = Oyza; Oyyy,

Oxyz = Ogzy = Oyzy = Oyyx)

Oyxrz = Oyzx = Oyxxy Oxzz,

Ozzy = Ozyzx, Ozyz = Ozzy;

Ozxz = Oxzax = Oxxz = Oxzxs

Ozxxs Oyyy, Ozyys
Ozyy = Oyzy = Ozzy = Oxyxy Oxxx
Oyyxs Ozay =
Oxyxr = Oyxx, Oxxx

76 MgMnOs3 (0.277) Collinear R1-3°m] Ornzs Oszzs Orww = Osyy, X

Oxxz = Oxzax — Oxyz = Ogzy =

Oyyz = Oyzy — —Oyzz = —Oyzx,

Ozzz = Ozyy, Ozxz = Ozzz —

Oxxy = Ogyx =

Oyzx = ~Oyyy,
Oxxx = —Oxyy =
“Oyzy = “Oyyz

Oyyz = Oyzy;
Oxxy = Ogyx =

Oyzz = ~Oyyy>
Ogxxr = —Oxyy =
“Oyzy = ~Oyya
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
77 MnPSe; (0.524) Collinear R-3%m Orzzy Oz = Orzzy Oays = Oasys X
Ozyz = Ozzy, Ozxz = Ozzx; Ozyy,
Oxzz = Ozzz — Ozxy = Ozyxs Ozzx,
Ozzxy Oyyz = Oyzzy Oyyz = Oyzy;
Oyzy = Ozyy» Oyazz = Oyza; Oyyy,
Oxyz = Ogzy = Oyzy = Oyya,
Oyxrz = Oyzx = Oyxxy Oxzz,
Ozxy = Ozyzx, Ozyz = Ozzy;
Ogzxz = Ogzz = Oxxz = Oxzxs
Ozzxy Oyyy> Ozyy>
Oxyy = Oyxy = Ozxy = Oxyxs Oxax
Oyyxy Oxxy =
Oxyxr = Oyxx, Oxxx
78 FeTiO3 (1.581) Collinear R-3741/3 2/3 1/6)>™1 X X x
79 CasMnOy (0.211) Collinear 1‘141/'1a'101d°°m1 Onyz = Ogzy = Oeay = Ozyzs X
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
80 GdVOy, (0.198) Collinear 1'141/'1a1m'1d°°m1 Opyz = Ogay = Oeay = Ozyzs X
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
81 TbPOy (0.467) Collinear 1'141/'1a1m'1d°°m1 Onyz = Ogay = Oeay = Ozyzs X
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
82 NaCeO5 (0.525) Collinear 1'141/'1a1m'1d°°m1 Opyz = Ogzy = Oeay = Ozyzs X
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
83 MnSn, (1.558) Collinear C'm'm'e'(0 1/2 1/2)>™1 X X X
84 EuTiO3 (0.16) Collinear 4/ mtetm™>™1 Oz = Ougz = Orpzr = Orzas X
Ozzxy Oxyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyys Ozax
85 NdNiyBoC (1.293) Collinear c'2/'m™(0 0 1/2)>™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

No. Materials (ID) Configuration Spin space group with S0C
IMD QMD BCD
86 BaFeyAsy (1.16) Collinear 'mt(1/2 0 1/2)~™1 X X X
87 KCuMnS; (1.392) Collinear 'm™(1/2 0 1/2)°>™1 X X X
88 CaFeyAs, (1.52) Collinear 'm™t(1/2 0 1/2)~™1 X X X
89 CeMgPb (1.142) Collinear clmlclm-l(o 1/2 1/2)*°™ X X X
90 GdyCuOy4 (1.104) Collinear 0 1/2 1/2)>~™ X X X
91 PraCuOy4 (1.106) Collinear 1/2 1/2)>™1 X X X
92 Sm,CuOy (1.107) Collinear 1/2 1/2)>™1 X X x
93 CeRhySis (1.188) Collinear 1/2 1/2)>™1 X X X
04 KoNiF, (1.249) Collinear 1/2 1/2)*™1 x x x
95 CeRh3Siy (1.290) Collinear 1/2 1/2)>™1 X X X
96 CePd2Sip (1.288) Collinear 1/2 1/2)>™1 X X X
97 CePd2Ges (1.289) Collinear 1/2 1/2)>™1 X X X
98 LaSrFeOy4 (1.29) Collinear 1/2 1/2)>™1 X X X
99 HFeoGey (1.369) Collinear 1/2 1/2)>™1 X X X
100 PraCuOy4 (1.399) Collinear 1/2 1/2)>™1 X X X
101 PryCuOy (1.398) Collinear 1/2 1/2)>°™1 X X x
102 NdCeBaCug ¢Co;.107 Collinear 0 1/2 1/2)*>™1 X X X
(1.396)

103 ThAgs (1.400) Collinear 1/2 1/2)>™1 X X X
104 | NdCeBaCuFeO; (1.395) Collinear 1/2 1/2)>™1 X X x
105 SroCu02Cly (1.404) Collinear 1/2 1/2)°™1 X X X
106 NdyCuOy (1.408) Collinear 1/2 1/2)>™1 X X X
107 NdyCuOy (1.407) Collinear 1/2 1/2)>™1 X X X
108 SrNdFeO, (1.40) Collinear 1/2 1/2)>™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
109 NdyCuOy (1.406) Collinear C'm'm'm™(0 1/2 1/2)~™1 X X X
110 SrNdFeOy (1.41) Collinear C'm'm'm™(0 1/2 1/2)>™1 X X X
111 TbNi,Sisp (1.511) Collinear C'm'm'm™(0 1/2 1/2)~™1 X X X
112 UGeSe (0.413) Collinear 4/ m'm'm®>™1 X Oz = Opny = X
—Oyxz = —Oyzx
113 MnsAu (0.639) Collinear 114/'1m1m1m°°m1 Opzr = Onpy = Ospr = Oszzs X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyys Ozzx
114 MnsAu (0640) Collinear 114/-1m1m1moom1 Oxzz = Ozzz = Ozzz = Ozzz; X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxy = Oyyzs Oxzx Ozyy, Ozzx
115 BaMnsAss (0.18) Collinear I'14/'1m1m'1m°°m1 Opyzr = Ogay = Oszy = Ozyzs X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
116 SroMngAs;O9 (0.212) Collinear I'14/'1m1m'1m°°m1 Opyzr = Ogay = Oszy = Ozyzs X
Oyzrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
117 BaCrFeAss (0.366) Collinear I'14/'1m1m'1m°°m1 Opyzr = Ogay = Oszy = Ozyms X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
118 SrCraAsy (0.364) Collinear I'14/'1m1m'1m°°m1 Opyzr = Ogay = Oszy = Ozyms X
Oyzrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
119 BaCraAssy (0.365) Collinear I'14/'1m1m'1m°°m1 Opyz = Ogay = Oszy = Ozyms X
Oyrz = Oyzx = Oxyz = Oxzy =
Ozxy = Ozyx Oyzz = Oyzx
120 EuMnBi, (0.426) Collinear I'14/'1m1m'1m°°m1 Opyzr = Ogay = Oszy = Ozyms X

Oyrz = Oyzx =
Ozxy = Ozyx

Oxyz = Ogzy =
Oyzz = Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
121 BaMn,Ps (0.464) Collinear I''4/ m'm ™ m>m1 Orye = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyzz = Oyzx
122 ThCr,Siy (0.466) Collinear I/ 'm'm m>m1 Opre = Oags = Oonz = Osnas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
123 HoCr,Siy (0.465) Collinear 4/ 'm'm  m>m1 Ouyz = Opay = Oony = Oyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
124 BaMn,Sby (0.470) Collinear I/ 'm'm m>m1 Ouys = Oy = Oony = Oyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
125 EuMnyGey (0.474) Collinear I''4/ 'm'm 'm>m1 Ouyz = Opzy = Oony = Ooyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
126 LaMn,Siy (0.472) Collinear 4/ 'm'm 'm>m1 Ouyz = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
127 BayMnsSboOy (0.471) Collinear 4/ 'm'm 'm>m1 Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
128 ErCr,Siy (0.486) Collinear 4/ 'm'm 'm>m1 Ouys = Oy = Oowy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
129 LaMn;Siy (0.498) Collinear 4/ 'm'm 'm>m1 Ouys = Oy = Oowy = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
130 ThCr,Siy (0.518) Collinear I''4/ m'mtm>™1 I X

Oxyz = Ogzy =
Oyrz = Oyzx =
Ozxy = Ozyx

Oxyz = Ogzy =
Oyzz = Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
131 HoCr3Siz (0.519) Collinear I''4/ m'm ™ m>m1 Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyzz = Oyzx
132 CaMnyGey (0.603) Collinear I‘14/'1m1m‘1m°°m1 Opys = Ogay = Oamy = Oayzs X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
133 CaMnyGey (0.604) Collinear I‘14/'1m1m‘1m°°m1 Opys = Ogay = Oamy = Oayms X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
134 BaMn,Ges (0.605) Collinear I''4/ m'm ™ m>™m1 Ouyz = Opay = Oony = Oyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
135 BaMn,Ges (0.606) Collinear I''4/ m'm ™ m>m1 Ouyz = Opzy = Oony = Ooyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
136 BaMnSh, (0.611) Collinear I''4/ m'm ™ m>m1 Ouyz = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
137 SrMnBi, (0.73) Collinear I''4/ m'm ™ m>m1 Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
138 BaMn,Biy (0.89) Collinear 4/ 'm'm 'm>m1 Ouys = Oy = Oowy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
139 EuMnBi, (0.919) Collinear 4/ 'm'm 'm>m1 Ouys = Oy = Oowy = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
140 TbNiyGey (1.510) Collinear P'4/'m'm'm™(0 0 1/2)>™1 X X X
141 PrScSb (0.454) Collinear P'Y4/'m'm'm™(1/2 1/2 1/2)™™1 x x x
142 TbRh,Siy (1.187) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

No. Materials (ID) Configuration Spin space group with 5OC
IMD QMD BCD

143 DyCosSiy (1.21) Collinear P4/t m'm'm™(1/2 1/2 1/2)°™1 X X X
144 CeAu,Siy (1.291) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™ X X X
145 HoNiyB,C (1.292) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
146 HoNiyBoC (1.294) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
147 DyNiyBoC (1.295) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™ x X X
148 PrNiyBoC (1.296) Collinear P4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
149 HoNipB,C (1.312) Collinear P4/ 'm'm'm™(1/2 1/2 1/2)>™1 X X X
150 NdCoyP5 (1.251) Collinear P'4/'m'm'm™(0 0 1/2)>™1 X X X
151 | SroMnOsAg; 5Ses (1.372) Collinear P4/'m'm'm™(1/2 1/2 1/2)>™1 X X x
152 | Lag.o5Pro.75Co2P2 (1.316) Collinear P 4/ m'm m'l(O 0 1/2)™1 X X X
153 NdRh,Si, (1.421) Collinear P4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
154 HoCoyGey (1.427) Collinear P4/ 'm'm'm™(1/2 1/2 1/2)>™1 X X X
155 URu,Siy (1.442) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
156 TbCo,Siy (1.512) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
157 HoCosSis (1.513) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
158 HoCo,Siy (1.514) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
159 CeCy (1.530) Collinear P4/ m'm'm™(1/2 1/2 1/2)>™1 X X X
160 PrC, (1.531) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™ X X X
161 NdC, (1.532) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™1 X X X
162 UPd,Siy (1.536) Collinear P'4/'m'm'm™(1/2 1/2 1/2)>™ X X X
163 URh,Siy (1.537) Collinear P'4/'m'm'm™(1/2 1/2 1/2)°>™1 X X X
164 ErFe,Siy (1.635) Collinear P4/'n'm'm™(0 0 1/2)>™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
165 EuMnBi, (2.50) Collinear P45/ mm ™™ Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyzz = Oyzx
166 EuMnBi, (2.98) Collinear P45/ mm ™™ Ouyz = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
167 CeRh,Siy (2.30) Collinear P'm'm'a™(1/2 1/2 0)>™1 X X X
168 NdPd;Al, (1.507) Collinear P'm'm'n'(0 0 1/2)>™1 X X X
169 CryTeOg (0.143) Collinear P142/'1m1n1m°°m1 Opzr = Opgr = Osez = Ozzay X
Ozzxy Ozyy — Oyzy — Oyyz, Oxzz,
Oyzy = Oyyzs Oxxx Ozyys Oxzx
170 Fey TeOg (0.142) Collinear P45/ 'm'n'm®™1 X Ouyz = Opoy = X
—Oyxz = —Oyzx
171 CryTeOg (0.76) Collinear P45/ 'm'n'm®™1 Opzy = Opgy = Osez = Ozzay X
Ozzxy Ozyy = Oyzy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy; Ozzx
172 CryTeOg (0.959) Collinear P45/ m'n'm®>™1 Opzy = Opgy = Ospz = Ozzz, X
Ozzxy Ozyy = Oyzy = Oyyxy Oxzz,
Oyazy = Oyyz) Ozzx Ozxyy, Oxax
173 FeyTeOg (0.960) Collinear P45/ 'm'n'm>™1 X Orys = Oy = X
—Oyxz = —Oyzx
174 K5CoP50O7 (0230) Collinear P-142/-1m1n-1moom1 Ogxzz = Ozxz = Ozzz = Ozzx,s X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozax Ozyys Ozzax
175 CraWOg (0.144) Collinear Py /M mntm™™1 Opor = Ongz = Oope = Osnas X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozax Ozyys Ozzax
176 CroWOg (075) Collinear P-142/-1m-1n1moom1 Ozzz = Ozzz = Ozxz = Ozza, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,

Oyxy = Oyyzs Oxzx

Ozyys Ozzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
177 VoWOg (0.966) Collinear P4,/ 'm n'm>m1 Oz = Ougs = Orps = Osnas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyz) Ozzx Ozxyyy Oxax
178 CesPdGe; (0.166) Collinear P45/ mm ™™ Ouyz = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
179 Bi,CuO, (0.348) Collinear P4/ n'cle™™m1 X Ouye = Opzy = X
“Oyxz = —Oyzx
180 BiyCuOy (0.694) Collinear P4/ ntcteoom X Oz = Opny = X
—Oyxz = —Oyzx
181 BizCuOy4 (0.695) Collinear P4/ n'cle™™ Ozzz = Ozgz = Ozxz = Ozzz, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyzy = Oyyx, Oxaax Oxyys Ozzx
182 UPt2Sis (0.194) Collinear P14/'1n1m1m°°m1 X Opyz = Ogay = X
—Oyzz = —Oyzx
183 CuMnAs (0.222) Collinear P4/ n'm'm>™1 Opzz = Ozgs = Ozez = Ozza, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxy = Oyyxs Oxxx Ozyys Oxzx
184 UBi, (0.378) Collinear P14/'1n1m1m°°m1 X Opyz = Opzy = X
—Oyzz = —Oyzx
185 TbRuAsO (0.452) Collinear P4/ n'm'm>m1 Opos = Orgs = Oz = Oazas X
Ozzxy Ozyy — Oyzy — Oyyz, Oxzz,
Oyzy = Oyyxs Oxax Ozyys Ozax
186 CuMnAs (0.881) Collinear P4/ n'm'm>™1 Opzz = Ongz = Ozaz = Ozzas X
Ozzxy Ozyy — Oyzy — Oyyz, Oxzz,
187 CeMnAsO (0.186) Collinear P'14/‘1n1m‘1m°°m1 Opys = Ogay = X

Oyrz = Oyzx =
Ozay = Ozyx

Ozxy = Ozyx,
Oxyz = Ogzy =
Oyxz = Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
. . plg/t
188 YbMnBis (0.267) Collinear P74/ n I tm*emy Opyz = Ogay = Oamy = Oayzs X
Oyxz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyzz = Oyzx
. . 1 1
189 CaMunSi (0.599) Collinear P74/ "n I tm>emy Opys = Ogay = Oamy = Oayzs X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
: 1 1
190 CaMnGe (0.601) Collinear P74/ n I tm>emy Orzzy Oyyz = Oz22y Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyza,
Ozxy = Ozyx, Ozyz = Ozxzy,
Ozxz = Oxza = Ozxz = Oxzx
Ozax
. . p-l
191 CaMnSi (0.600) Collinear 4/ nlmtmem Opyz = Ogay = Oszy = Ozyzs X
Oyzrz = Oyzax = Ogyz = Oxzy =
Ozxy = Ozyx Oyzz = Oyzx
. pl
192 CaMnGe (0.602) Collinear 4/ nlmtmem Oszzy Oyyz = Orzzy Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozay = Ozyx, Ozyz = Ozzy,
Ogxz = Ogzx = Ogzz = Ogzzzx
Ozax
. 1
193 NdMnAsO (0.623) Collinear 4/ nim tm ™ Opyz = Ogay = Oazy = Osyzs X
Oyxz = Oyzx = Ogyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
. . p-l
194 KMnBi (0.618) Collinear 4/ n'm tm ™ Opyz = Ogay = Oszy = Osyzs X
Oyxz = Oyzx = Ogyz = Ogzy =
Ozxy = Ozyx Oyxz = Oyzx
195 KMnSb (0.617) Collinear P4/ n'mtm>m X

Ogyz = Ogzy =
Oyrz = Oyzx =
Ozxy = Ozyx

Ozazy = Ozyx,
Oxyz = Ogzy =
Oyzz = Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
196 LaMnAsO (0.624) Collinear P4/ ntm M m>e™ Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyzz = Oyzx
197 LaMnAsO (0.619) Collinear P4/ ntm M m™em Ouyz = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
198 NdMnAsO (0.620) Collinear P'14/'1n1m'1m°°m1 Opys = Ogay = Oamy = Oayms X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
199 NaMnP (0.628) Collinear P4/ ntm M m>em Ouyz = Opay = Oony = Oyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
200 NaMnP (0.626) Collinear P4/ ntm M m ™™ Ouyz = Opzy = Oony = Ooyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
201 NaMnAs (0.630) Collinear P4/ ntm M m>em Ouyz = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
202 NaMnP (0.627) Collinear P4/ n'm  m>m Oysr = Opay = Oszy = Ooyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
203 NaMnSb (0.631) Collinear P4/ 'n'm tm>m1 Ouyz = Opay = Oony = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
204 NaMnSb (0.632) Collinear P4/ ntmtm>m Ouys = Oy = Oowy = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
205 NaMnAs (0.629) Collinear P4/ ntmtm>m Orys = Oy = I X

Oyrz = Oyzx =
Ozxy = Ozyx

Oxyz = Ogzy =
Oyzz = Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
206 NaMnBi (0.634) Collinear P4/ ntm M m>e™ Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyzz = Oyzx
207 NaMnBi (0.635) Collinear P4/ ntm M m™em Ouyz = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
208 CeMnSbO (0.665) Collinear P4/ ntm M m>em Ouyz = Opay = Oony = Oyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
209 LaMnSbO (0.667) Collinear P4/ ntm M m>em Ouyz = Opay = Oony = Oyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
210 CaMnBi, (0.72) Collinear P4/ ntm M m ™™ Ouyz = Opzy = Oony = Ooyas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
211 YbMnSh, (0.766) Collinear P4/ ntm M m>em Orye = Opay = Oony = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
212 YbMnBi; (0.769) Collinear P4/ ntm M m™em Orye = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
213 ThMnPN (0.920) Collinear P4/ 'n'm tm>m1 Ouyz = Opay = Oony = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
214 ThMnPN (0.921) Collinear P4/ ntmtm>m Oys = Opay = Oowy = Oayas X
Oyxrz = Oyzx = Oxyz = Ogzy =
Ozzy = Ozyx Oyzz = Oyzx
215 ThMnAsN (0.922) Collinear P4/ ntmtm>m Orys = Oy = I X

Oyrz = Oyzx =
Ozxy = Ozyx

Oxyz = Ogzy =
Oyzz = Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
216 ThMnAsN (0.923) Collinear P4/ ntm M m>e™ Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyzz = Oyzx
217 FeyAs (1.131) Collinear P4/'n'm'm™(0 0 1/2)>™1 X X X
218 MngAs (1.132) Collinear P'4/"'m'm™(0 0 1/2)>™1 X X X
219 NdCoAsO (1.179) Collinear P'4/'n'm'm™(0 0 1/2)>™1 X X X
220 DyOCI (1.643) Collinear P'4/'n'm'm™(0 0 1/2)>™1 X X X
221 DySbTe (1.765) Collinear P'4/'n'm'm™(0 0 1/2)>™1 X X X
222 NdNiMg;5 (1.457) Collinear P'm'm'a(1/2 1/2 0)~™1 X X X
223 CeMnAsO (0.187) Collinear P'm'm™'n>"1 Opzz = Osgz = Orze = Ozza X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxy = Oyyzs Oxzx Ozyy, Ozzx
224 NdMnAsO (0.621) Collinear Plm*m n>~™1 Oprs = Oags = Oops = Onnas X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyzy = Oyyzxs Oxax Oxyys Ozzx
225 NdMnAsO (0.622) Collinear Plm'm™*n>m™1 Ogzz = Osgy = Ozpz = Oszas X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyzy = Oyyzxs Oxax Oxyys Ozzx
226 PrMnSbO (0.668) Collinear Plm*m n>™1 Oprr = Onpy = Ospr = Oszzs X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyys Ozzx
227 CeMnShO (0.666) Collinear P'm'm™'n>"1 Opzz = Osgz = Orze = Ozza X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxy = Oyyzs Oxzx Ozyy, Ozzx
228 CraAs (1.130) Collinear P'm'm'n'(0 0 1/2)°>™1 X X X
229 DyBy4 (0.22) Collinear P'btalm®™1 Opzz = Osgz = Oruz = Ozzzs X
Ozzas Oxyy = Oyzy = Oyyxs Oxzz,

Oyzy = Oyyxs Oxxx

Ozyys Oxxx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

, , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
230 ThBy (0.469) Collinear P'blalm™™1 Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozxy = Ozyx Oxyz = Ozzy
231 ErB, (0.468) Collinear P'blalm®™™1 Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyz) Ozzx Ozxyyy Oxax
232 NdyPdsIn (1.335) Collinear P'm'm'at(1/2 0 1/2)*™1 X X Oyyz = Oyay =
_Jzyy/2a Oxxz =
Ogze = _Uzza:/Q
233 UNiGag (1.254) Collinear I'4/'m'm'm™(1/2 1/2 0)>™1 X X X
234 | Celr(Ing.97Cdg.03)5 (1.598) Collinear 114/1m1m1m'1(1/2 1/2 0)>™ X X X
235 UPdGas (1.683) Collinear I'4/'m'm'm™(1/2 1/2 0)>™1 X X X
236 Dy,CoGag (1.80) Collinear I'4/'m'm'm™*(1/2 1/2 0)>™1 X X X
237 NdyRhIng (1.82) Collinear I'4/'m'm'm™(1/2 1/2 0)>™1 x X X
238 ThbyCoGag (1.87) Collinear I'4/'m'm'm(1/2 1/2 0)>™1 X X X
239 UPtGas (1.255) Collinear P4/'m'm'm™t(0 0 1/2)°>™1 X X X
240 NpRhGas (1.261) Collinear P*4/'m'm'm™(0 0 1/2)~™1 X X X
241 CeRhAl,Siy (1.486) Collinear P'4/'m'm'm™(0 0 1/2)>™1 X X X
242 CelrAl,Siy (1.487) Collinear P'4/'m'm'm™(0 0 1/2)*™1 X X X
243 NpCoGas (1.671) Collinear P*4/'m'm'm™(0 0 1/2)~™1 X X X
244 YBaCo,05 (1.703) Collinear P'm'm*at(0 1/2 0)~™1 X X X
245 TaBaFe,O5 (1.704) Collinear P'm'm*at(0 1/2 0)~™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
246 KRuO4 (0.285) Collinear 4,/ a%m Oz = Oprg = Ooww = —Oayys X
“Oyyz = —Oyzy = Ozxy = Ozyzx,
Ozxx = —Ozyy, Ogxxz = Ogzx —
Ogyz = Ogzy = —Oyyz = —Oyzy;
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyzz = Oyzx
247 KOsO, (0.284) Collinear 4, /7™ Ovns = Opop = Ooww = —Oayys X
—Oyyz = —Oyzy = Ozxy = Ozyzx,
Ozxx = —Ozyy, Oxxz = Ogzx —
Oxyz = Ogzy = “Oyyz = —Oyzy;
Oyxz = Oyzx = Oxyz = Ogzy —
Ozay = Ozyx Oyzz = Oyzx
248 DyCrOy4 (0.372) Collinear I'141/'1a°°m1 Oyzz = Osyz = Osyz = Ozzy, X
Ozzys Oxzz = Ozxz = Ozzz; Oyzz,
Ozaz = Ozzx Oyyy, | Oyyys Oyzy = Oyyx»
Ozyy = Oyxy = Oyxxy Oxzzy Oxyy
Oyyxy Oxxy = Ozxy = Oxyxs Oxax
Oxyxr = Oyxx, Oxzx
249 Mn3TagOg (0.734) Collinear T4/ a>m Oyzz = Onyz = Oayz = Ozzy, X
Ozzys Oxzz = Ozxz = Ozzxy Oyzz,
Ozzz = Ozzxy Oyyys | Oyyys Oyzy = Oyyzx;
Oxyy — Oyxy — Oyxxy Oxzzy Ozyy,
Oyyxy Oxxy — Ozxy = Oxyzs Ozxax
Oxyr = Oyzx, Oxzx
250 SroCuTeOg (1.168) Collinear c'2/'m™(0 0 1/2)°>™1 X X X
251 SryCo0sOg (1.72) Collinear c'2/'m™t0 0 1/2)*™1 X X X
252 TlFe; 6Ses (0.208) Collinear 4/ m>m Oyoz = Onys = X

Ozzys Oxzz =
Ozxz = Ozzxy Oyyy>
Ozyy = Oyay =
Oyyzs Oxzy —
Oxyr = Oyxx, Oxxx

Ozyz = Ozzy,
Ozxz = Ozzxy Oyzz,
Tyyy> Oyzy = Tyya;
Oyxxy Oxzzy Oxyys
Oxxy — Oxyzy Oxxx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
253 TlFe; 6Sez (0.209) Collinear 14/ 'm>m1 Orazs Orony Ooww = Oayys X
Oxxz = Ogza = Oxxz = Ogza =
Oyyz = Oyzy = Oyyz = Oyzy,
Ozxx = Ozyy Ogyz = Ogzy =
—Oyxz = —Oyzx
254 Ko sFe; gSes (0.418) Collinear 114/‘1m°°m1 Crrzs Ozzzy Orgz = Oayy, X
Oxxz = Ogzax = Oxxz = Ogzax =
Oyyz = Oyzy = Oyyz = Oyzy;
Ozxx = Ozyy Oxyz = Ogzy =
—Oyxz = —Oyzx
255 Rb,Fea_;Ses (0.54) Collinear 114/‘1m°°m1 Crzzs Oszzs Onpw = Ozyys X
Oxxz = Ogxzax = Oxxz = Ogzax =
Oyyz = Oyzy = Oyyz = Oyzy,
Ozxx = Ozyy Oxyz = Ogzy —
—Oyzz = —Oyzx
256 KyFes_,Ses (0.55) Collinear 114/‘1m°°m1 Oarsns Ozz2y Ospw = Ozyy, X
Oxxz = Oxza = Oxxz = Ogza =
Oyyz = Oyzy = Oyyz = Oyzy,
Ozxx = Ozyy Oxyz = Ogzy =
—Oyxz = —Oyzx
257 | BaNdp9Yo.1MoOg (1.12) Collinear P'4/'m(1/2 1/2 1/2)~™1 X X X
258 SroFe0sOg (1.47) Collinear P'4/'m(1/2 1/2 1/2)~™1 X X X
259 CeCuz (0.290) Collinear I'mimta®m™1 Opyz = Opay = Ormy = Oayms X
Oyxrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyx Oxyz = Oxzy
260 Tm3zCuyGey (1.727) Collinear P'm'm'n'(0 0 1/2)°>™1 X X X
261 | EugsCagsFeaAsy (1.483) Collinear Clcle'm™(1/2 0 1/2)~™1 X X X
262 PrFeAsO (1.585) Collinear Plcle'm™(1/2 0 1/2)°™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
263 DyGe; 75 (0.341) Collinear Clm'm'm®>™ Opzz = Opgy = Ospz = Ozzz, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
264 ThGe, (0.343) Collinear C'm ™ m'm>™1 Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
265 GdNiSiz (0.406) Collinear C'm ™ m'm>™1 Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
266 SraFeq 9Cog.105.5 (0.400) Collinear C'm'm!'m®™™1 Opys = Ogay = Oszy = Ozyzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
267 SryFe, 011 (0.401) Collinear Clm'm'm®>™ Orysr = Opay = Oszy = Ooyas X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
268 BasRuz01 (0.693) Collinear C'm'cte™m] Opoz = Oups = Oras = Osnas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
269 BayRuz01 (0.692) Collinear C'm'cte™m] Opoz = Oups = Orgz = Osnas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
270 EryPtGeg (0.909) Collinear C'm'cte™™1 Opzz = Ongs = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
271 EryPtGeg (0.932) Collinear C'm'cte™™1 Opzs = Opps = Orwz = Oszgs X
Ozzxy Ozyy = Oyzy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
272 DyGe (1.361) Collinear C'2/'m™t0 0 1/2)°™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
273 ErGes (0.330) Collinear C'metm®™™1 Oszzy Oyyz = Ozzzy Oayy,s X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyx, Oxyz = Ozxzy;
Ozxz = Ogzz = Oxzz = Ogzx
O’er
274 DyCoSis (0.453) Collinear C'mtetm™™1 Opzz = Ozgz = Ozzz = Ozzas X
Ozzxy Oxyy = Oyxy = Oyyxys Oxzz,
Oyxy = Oyyzs Oxzx Ozyy) Ozax
275 TbNiGe, (0.566) Collinear C'mtetm™™1 Oprn = Oppr = Orwz = Oszas X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyxy = Oyyzs Oxzx Ozyy) Ozax
276 HoNig g4Ges (0.567) Collinear C'mtetm™™1 Oprs = Oopr = Orwz = Oszas X
Ozzxy Oxyy = Oyxy = Oyyxys Oxzz,
Oyxy = Oyyzs Oxzx Ozyy) Ozax
277 TbNig 4Gey (0.568) Collinear C'mtctm®™™1 Opsz = Ongz = Ozzz = Ozzas X
Ozzxy Oxyy = Oyxy = Oyyxys Oxzz,
Oyxy = Oyyzs Oxzx Ozyy) Ozax
278 TbCug.4Ges (0.569) Collinear C'metm™™1 Opzz = Ozgz = Ozzz = Ozzas X
Ozzxy Oxyy = Oyxy = Oyyxys Oxzz,
Oyxy = Oyyzs Oxzx Ozyy) Ozax
279 TbNiSi, (0.910) Collinear C'm™e'm™™1 Opoz = Osgz = Orze = Ozza X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxy = Oyyzs Oxzx Ozyy) Ozax
280 ErNiGe (1.379) Collinear P2,/ (1/2 0 0)>™1 X X X
281 Y,BaCuOj (1.445) Collinear P2,/ (1/2 0 0)>~™1 X X X
282 PrPdSn (1.744) Collinear P2,/ (1/2 0 0)>™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
283 EuZrOj; (0.147) Collinear P'n'm™a™m™] Ouyz = Opay = Oovy = Oayas X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
284 EuZrOz (0.146) Collinear Pln'ma®m] Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
285 Cug.osMnAs (0.223) Collinear Plnlmta>m1 Opze = Osgs = Oonz = Osnzs X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
286 Fe3BO5 (0.386) Collinear Pln'ma®m] Opzz = Ongs = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
287 GdAlIO3 (0.410) Collinear Pnlmta>m1 Orysr = Opay = Oszy = Ooyas X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
288 | CaCro ggFes.14As3 (0.429) Collinear Pln'mta®™1 Opny = Ongy = Oszz = Ozzz) X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
289 Tl3Fe,S, (0.801) Collinear Plnlmta®m] Opsz = Ongs = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
290 YCro.5Feq.503 (0.946) Collinear Plnimta®my X X X
291 GdsGey (0.14) Collinear Plntmta™m™1 Onzs = Onpy = Oszr = Oszms X
Ozzxy Oxyy = Oyxy = Oyyxs Oxzz,
Oyzy = Oyyx, Oxax Oxyy, Oxxx
292 LICOPO4 (0193> Collinear P_lnlmlaooml Ogzz = Ozpz = Ozzz = Ozzz, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)

Oyxy = Oyyxs Oxzx

Ozyys Oxxax
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
293 SrEr,04 (0.216) Collinear Plntmta™m1 Opns = Opgsr = oz = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
294 LiMnPOy4 (0.24) Collinear Plntmta>m1 Opys = Ogay = Oamy = Oayzs X
Oyxrz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
295 ThyoReCy (0.346) Collinear Pln'm'a®>™1 Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
296 RbFeCl5(D20) (0.362) Collinear Plnlmta™m] Opys = Ogay = Oamy = Oayzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
297 KFeCl;(D20) (0.363) Collinear Pln'm'a®m1 Opys = Ogay = Oamy = Oayzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
298 LiCoPO, (0.383) Collinear Pln'm'a®m1 Opzz = Ongs = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
299 LiMnPO, (0.382) Collinear Plalmta®™1 Opyzr = Ogzy = Ozay = Ozyzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
300 LiCoPOy4 (0.384) Collinear Plnlmta™m1 Oyzz = Onyz = Oayz = Ozzy, X
Ozzyy Oxzz = Ozzz = Ozzzs Oyzzs
Ozxz = Ozzzy Oyyys | Oyyyr Oyzy — Oyyz,
Ozyy = Oyzy = Oyzzs Ozzzy Oxyy,
Oyyzs Oxzy — Ozxy = Ozyxy Ozzx
Ozyr = Oyxxy Oxax
. -1.1 1
301 FeOOH (0.399) Collinear P nm-a™™"1l Opry = Ongy = Orpz = Orzas X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)

Oyxy = Oyyxs Oxxx

Ozyys Oxxx

Continued on next page

91




Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
302 EuMnShby (0.421) Collinear Plntmta™m1 Opyz = Ogay = Oamy = Oayzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
303 EuMnShby (0.423) Collinear Plntmta>m1 Opys = Ogay = Oamy = Oayzs X
Oyxrz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
304 MnPd, (0.798) Collinear Pln'm'a®>™1 Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
305 SrGd,04 (0.821) Collinear Plnlmta®™1 Opry = Ongy = Ospz = Oszz, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
306 NaFePO, (0.87) Collinear Pln'm'a®m1 Ogzz = Ozgz = Ozzz = Ozzzs X
Ozzxy Ozyy — Oyzy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
307 KMny(POy)s (0.86) Collinear P ntmta®™] Opoz = Oups = Oras = Osnas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
308 LiFePOy4 (0.95) Collinear Pln'm'a®m1 Ogzz = Ongz = Ozzz = Ozzzs X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
309 CaFez04 (0.969) Collinear Plalm'a®m1 Opry = Ongy = Ospz = Oszz, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
310 NdMnOj3 (0.609) Collinear P'ntm'a™m] X X X
311 RbFeO, (0.455) Collinear P'blcta™m Opys = Opay = Oozy = Ozya, X

Oyrz = Oyzx =
Ozxy = Ozyx

Oyxz = Oyzx,

Oxyz = Oxzy
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

No.

Materials (ID)

Configuration

Spin space group

312

CsFeOs (0.457)

Collinear

Plblc-laooml

313

KFeO, (0.459)

Collinear

Plblc—laooml

314

KFeO, (0.460)

Collinear

Phleta™my

315

Li1,5Fe(SO4)2 (0245)

Collinear

Plblc—laooml

316

Collinear

Plblc—laooml

317

Collinear

Plblc—laocml

318

Collinear

Plblc—laocml

319

LizNi(SO4)s (0.71)

Collinear

P'hleta™my

320

CoNbyOg (1.656)

Collinear

P2,/ (1/2 0 0)>~™1

with SOC
IMD QMD BCD
Oxyz = Ogzy = Ozxy = Ozyzx, X
Oyxz = Oyzx = Oyxz = Oyza,
Ozzy = Ozyx Ozyz = Oxzy
Oxzz = Ozxz = Ozxz = Ozzx, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy, Ozzx
Oxzz = Ozzxz = Ozxz = Ozzx, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy; Ozzzx
Oyzz = Ozyz = Ozyz = Ozzy, X
Ozzyy Oxzz = Ozxz = Ozzz; Oyzz,
Ozzz = Ozzzs Oyyyy | Oyyyy Oyzy = Oyyz,
Ogyy = Oyzy = Oyxxy Oxzzy Oxyy
Oyyxy Oxaxy = Ozxy = Oxyxs Oxax
Ozyr = Oyxxy Oxax
Ogyz = Ogzy = Ozaxy = Ozyx, X
Oyrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyx Oxyz = Oxzy
Ogyz = Ogzy = Ozaxy = Ozyx, X
Oyrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyx Oxyz = Oxzy
Oyzz = Ozyz = Ozyz = Ozzy, X
Ozzyy Oxzz = Ozxz = Ozzxy Oyzz,
Ozxz = Ozzas Oyyy, | Oyyyy Oyazy = Oyyx,
Ozyy = Oyay = Oyzas Oxzzy Txyy,
Oyyxy Oxxy — Ozzy = Ozyzx) Ozzx
Ozyz = Oyzxa, Ozxx
Oxyz = Ogzy = Ozxy = Ozyzx, X
Oyxz = Oyzx = Oyxz = Oyza,
Ozay = Ozyx Ogyz = Ogxzy
X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
321 Fea WOq (0.814) Collinear P'bteln™m Opzs = Opps = Orwz = Oszg, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
322 CoSe;05 (0.161) Collinear P bt inomy Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
323 MnTayOg (0.816) Collinear P bt inomy Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
324 MnNb,Og (0.815) Collinear P'bletn®m Opzz = Ongs = Osps = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
325 DyRuAsO (0.451) Collinear Plm'mn>m1 Opzz = Onpz = Osps = Oszns X
Ozzxy Ozyy — Oyzy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
326 [C(ND5)3]Mn(DCOO); Collinear Plnnla™~my X X X
(0.256)
. 16 /-1
327 CaMnGe;yOg (0155) Collinear C 2/ c™™M Ozz2zy Oyzz = Ozz2zy Ozyz = Ozz2y, X
Ozyz = Ozzy, Ozxz = Ozzx; Ozyy,
Oxzz = Ozxz — Ozxy = Ozyxy Ozax,
Ozzzy Oyyz = Oyzzs Oyyz = Oyzy,

Oyzy = Ozyy;
Oxyz = Ogzy =
Oyrz = Oyzx =

Ozxy = Ozyzx,
Ogzz = Ogzz —

Ozaxy Oyyy>
Oxyy = Oyazy =
Oyyz> Ozay =
Oxyxr = Oyxx, Oxxx

Oyxz = Oyza, Oyyy,
Oyay = Tyyx,
Oyxxy Oxzz)
Oxyz = Oxzy,
Oxxz = Oxzx,
Ozyy»

Ozxy = Ozyxy Ozzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
328 CaMnGe;Og (0.156) Collinear C'2/ ™1 Oyoz = Onys = Oy = Oanys X
Ozzys Oxzz = Ozxz = Ozzz; Oyzz,
Ozaxz = Ozzzs Oyyy, | Oyyys Oyzy = Oyya,
Ozyy = Oyzy = Oyzas Oxzzs Oxzyy,
Oyyxy Oxaxy = Ozxy = Oxyxs Oxax
Oxyxr = Oyxx, Oxxx
329 MnGeO3 (0.312) Collinear 012/'1coom1 Oyzz = Osys = Oayz = Oszy, X
Ozzys Oxzz = Ozxz = Ozzay Oyzz,
Ozez = Ozzas Oyyys | Oyyy> Oyzy = Oyyas
Oxyy = Oyxy — Oyxxy Oxzzy Oxyy,
Oyyxy Oxxy — Oxxy = Oxyzy Oxxx
Ogyx = Oyzxy Oxzx
330 NaCrSizOg (0.504) Collinear C'2/ ™M Osozy Oyaz Oazzy Osyz = Oazy, x
Ozyz = Ozzy, Ozxz = Ozzx, Ozyy,
Ogzz = Ozzz = Ozay = Ozyxy Ozax,
Ozzxy Oyyz = Oyzzs Oyyz = Oyzy,
Oyzy = Ozyy; Oyzz = Oyza; Oyyy;
Oxyz = Ogzy = Oyzy = Oyya,
Oyxz = Oyzx = Oyzzy Ozzzs
Ozzy = Ozyzx, Ozyz = Ozzy;
Ozxz = Oxza = Oxxz = Oxzxs
Ozzas Oyyys Tayy;
Ozyy = Oyzy — Ozxy = Ozyx, Ozax
Oyyxs Ozay =
Oxyr = Oyxx, Oxzx
331 KFeSe, (0.637) Collinear c2/ e Ornzy Oyyz = Oazzy Osyys X

Oyzy = Ozyy,
Oxyz = Ogzy =
Oyxz = Oyzx =

Ozxy = Ozyx,
Ozxz = Oxza =

O—ZEI

Ozxy = Ozyxy Ozax,
Oyyz = Oyzy,
Oyzz = Oyzx,
Ozyz = Ozxzy;

Ogzz = Ogxzz
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
332 RbFeSe, (0.638) Collinear C'2/ ™1 Orozy Oyyz = Orozy Toyys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozxx,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyzx, Oxyz = Ozxzy;
Ozxz = Oxza = Ozxz = Oxzx
Ozzxx
333 KFeS, (0.633) Collinear 012/'1c°°m1 Oyzz = Onyz = Oayz = Ozzy, X
Ozzys Oxzz = Ozxz = Ozzxy Oyzz,
Ozzz = Ozzxy Oyyys | Oyyys Oyzy = Oyyax;
Ozyy — Oyxy — Oyxzy Ozzzy Ozyy,
Oyyzs Oxzy = Ozxy = Ozxyzx, Ozzx
Ozyr = Oyzx, Oxzx
334 RbFeS, (0.636) Collinear 012/'1c°°m1 Oyzz = Ouyy = Oryz = Ozzy, X
Ozzyy Oxzz = Ozaz = Ozzxs Oyzz,s
Ozaz = Ozzas Oyyys | Oyyys Oyay = Oyyz,
Oxyy = Oyxy = Oyxxy Oxzzy Oxyys
Oyyzs Oxzy — Ozxy = Ozyzxy, Ozax
Oxyr = Oyxx, Oxxx
335 CsyFeCls DO (0.252) Collinear Cc 12/ ™ Oyoz = Onys = Oryz = Ornys X
Ozzys Oxzz = Ozxz = Ozzxy Oyzz,
Ozzz = Ozzxy Oyyys | Oyyys Oyzy = Oyyax;
Ozyy — Oyxy — Oyzzy Ozzzy Ozyy,
Oyyzs Oxzy = Ozxy = Ozxyzxy Ozzx
Ozyr = Oyxxy Oxzx
336 FeyNbyOg (0.442) Collinear C12/ ™1 Ornzy Oyyz = Orozy Tayys X

Oyzy = Ozyy,
Oxyz = Ogzy =
Oyxrz = Oyzx =

Ozzy = Ozyx,
Oxxz = Ogzax —

O-Z(EI

Ozxy = Ozyxy Ozzx)
Oyyz = Oyzy,
Oyxz = Oyza,
Oxyz = Oxzy,

Oxxz = Oxza
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
337 | Csy[FeCls(H,0)] (0.476) Collinear C 12/ ™1 Oyer = Ouys = Oy = Oanys X
Ozzyy Oxzz = Ozxz = Ozzz; Oyzz,
Ozaxz = Ozzzs Oyyy, | Oyyys Oyzy = Oyya,
Ozyy = Oyzy = Oyzas Oxzzs Oxzyy,
Oyyxy Oxaxy = Ozxy = Oxyxs Oxax
Oxyxr = Oyxx, Oxxx
338 CuO (1.62) Collinear P2,/ (1/2 0 0)>~™1 x X X
339 LiCrGe;Og¢ (0.217) Collinear P121/'1C°°m1 Oyzz = Osyz = Osyz = Ozzy, X
Ozzys Oxzz = Ozxz = Ozzzs Oyzz,
Ozaz = Ozzz Oyyy, | Oyyys Oyzy = Oyyax»
Oxyy = Oyay = Oyzxs Oxzzs Ozyy,
Oyyxy Oxxy = Oxxy = Oxyxs Oxax
Oxyxr = Oyxx, Oxxx
340 PbyVO(PO,)2 (0.505) Collinear P12,/ ™ Orozy Oyyz = Ornzs Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx, Oxyz = Ozzy,
Ozxz = Oxza = Ozxz = Oxzx
Ozax
341 LiCrGe,Og (0.961) Collinear P121/'1c°°ml Oyzz = Osys = Oayz = Oszy, X
Ozzys Oxzz = Ozxz = Ozzxs Oyzz,
Ozzz = Ozzas Oyyys | Tyyys Oyay = Oyyz,
Ogzyy = Oyzy = Oyxxy Oxzzy Oxyys
Oyyzs Oxzy — Ozzy = Ozyzx) Ozzx
Ozyr = Oyzxy Ozxzx
342 LiCrGe,0g (0.962) Collinear P12,/ leom X

Oyzz = Ozyz =
Ozzyy Oxzz =
Ozxz = Ozzxy Oyyy,
Ozyy = Oyzy =
Oyyxy Oxxy =
Ozyr = Oyxxy Oxax

Ozyz = Ozzy,
Ozxz = Ozzzy Oyzz,
Oyyy> Oyzy = Oyyax,
Oyzxas Oxzzs Oxyy,
Ozxy = Ozyxy Ozax
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
343 LiCrGe;Og (0.963) Collinear P2,/ ™™ Oyer = Ouys = Oy = Oanys x
Ozzys Oxzz = Ozxz = Ozzz; Oyzz,
Ozaxz = Ozzzs Oyyy, | Oyyys Oyzy = Oyya,
Ozyy = Oyzy = Oyzas Oxzzs Oxzyy,
Oyyxy Oxaxy = Ozxy = Oxyxs Oxax
Oxyxr = Oyxx, Oxxx
344 LiCrGe,Og (0.964) Collinear P121/'1c°°m1 Oyzz = Osys = Oayz = Oszy, X
Ozzys Oxzz = Ozxz = Ozzay Oyzz,
Ozez = Ozzas Oyyys | Oyyy> Oyzy = Oyyas
Oxyy = Oyxy — Oyxxy Oxzzy Oxyy,
Oyyxy Oxxy — Oxxy = Oxyzy Oxxx
Ogyx = Oyzxy Oxzx
345 Fe3(POy4)2 (0.264) Collinear P12, /leom Orzzy Oyyz = Orzzy Tayys X
Oyzy = Ozyy, Ozxy = Ozyxs Ozzx,
Ogyz = Ogzy = Oyyz = Oyzy;
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyx, Ozyz = Ozzy,
Oxxz = Ogxzax — Oxxz = Oxza
Ozzxx
346 Na;MnPO,F (0.827) Collinear P2,/ ™ Orzzy Oyyz = Ornzy Oayys X
Oyzy = Ozyy, Ozxy = Ozyxs Ozxx,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyrz = Oyzx = Oyzz = Oyzzx;
Ozxy = Ozyx, Ozyz = Ozzy,
Ogxz = Ogzx = Ogxz = Ogzx
Ozxx
347 Na;MnPO,F (0.828) Collinear P2,/ ™ Orzzy Oyyz = Ornzs Oayys X

Oyzy = Ozyy,
Oxyz = Ogzy =
Oyrz = Oyzx =

Ozzy = Ozyzx,
Ogzxz = Ogzz =

O’Z(EI

Ozxy = Ozyxy Ozax)
Oyyz = Oyzy;
Oyxz = Oyza,
Ozyz = Ozzy;

Ogzz = Ozzzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
348 Na;MnPO,F (0.830) Collinear P2,/ e Ornzy Oyyz = Orozy Toyys X
Oyzy = Ozyy, Ozay = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyx, Oxyz = Ozxzy;
Ozxz = Oxza = Ozxz = Oxzx
O—me
349 Na;MnPO,F (0.829) Collinear P2, /™™ Orozy Oyyz = Ornzs Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozay = Ozyx, Oxyz = Ozzy,
Ogxz = Ogzz = Ogzz = Ogzzzx
Ozax
350 NagRuOy4 (0.933) Collinear P'121/1c°°m1 Oazzy Oyyz = Ozzzy Oayy, X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax)
Oxyz = Ogzy = Oyyz = Oyzy;
Oyxrz = Oyzx = Oyxz = Oyzzx,
Ozzy = Ozyx, Ozyz = Ozzy;
Oxxz = Ogzax — Oxxz = Oxza
O-Zflf"l?
351 ScoNiMnOg (1.199) Collinear P2,/ (1/2 0 0)>~™1 X X X
352 | NagsLigsFeGesOg (1.276) Collinear P2,/ (1/2 0 0)>°™1 X X X
353 CuFey(P207)2 (1.297) Collinear P2,/ (1/2 0 0)>~™1 X X X
354 Lig. 51 Nag goFeGesOg Collinear P2,/ (1/2 0 0)>™1 X X X
(1.331)
355 LayCoPtOg (1.462) Collinear P2,/ (1/2 0 0)>™1 X X X
356 Mn3TeOg (1.485) Collinear P2,/ (1/2 0 0)>™1 X X X
357 LiCoF, (1.526) Collinear P2,/ (1/2 0 0)>~™1 X X X
358 MnPb,SbsS14 (1.63) Collinear P2,/ (1/2 0 0)>™1 x X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
359 LipMnSiOy (1.78) Collinear P2,/ (1/2 0 0)~™1 X X X
360 NiWO, (1.194) Collinear P2/%N1/2 0 0)™™1 X X X
361 | Mng.gCug10WO, (1.315) Collinear P2/% N (1/2 0 0)™™1 X X X
362 FeWO, (1.653) Collinear P2/ (1/2 0 0)~°™1 X X X
363 MnPS3 (0.163) Collinear C'2/ m>m1 Oyrz = Ouys = Oryz = Oszy, X
Ozzyy Oxzz = Ozxz = Ozzxy Oyzz,
Ozzz = Ozzxs Oyyys | Oyyys Oyzy = Oyyx;
Ozyy = Oyzy = Oyzxs Oxzzy Oxyy,
Oyyxy Oxxy — Ozzy = Ozyzx, Ozax
Ozyr = Oyzxy Ozxzx
364 YbCl; (0.444) Collinear C'2/ 7 m>™1 Oyoz = Onyz = Oryz = Osnys X
Ozzyy Oxzz = Ozxz = Ozzz; Oyzz,
Ozzz = Ozzzs Oyyyy | Oyyyy Oyzy = Oyyz,
Uﬂcyy = Uymy = Uymxy Ogzzy nyyy
Oyyxs Oxzy — Ozxy = Ozyxy Ozzx
Oxyxr = Oyzxx, Oxxx
365 ErsSisO7 (0.527) Collinear 012/'1m°°m1 Oyzz = Osyz = Oayz = Oszy, X
Ozzyy Oxzz = Ozxz = Ozzxy Oyzz,
Ozxz = Ozzxy Oyyys | Oyyys Oyzy — Oyyx
Oxzyy = Oyay = Oyxxy Oxzzy Oxyy,
Oyyzs Oxzy — Ozzy = Ozyz) Ozzx
Ozyz = Oyzxa, Ozxx
366 YbCls (0.585) Collinear C'2/'m>m1 Oyzz = Osyz = Oryz = Oy, X

Ozzyy) Oxzzz =
Ozxz = Ozzxs Oyyy,
Ozyy = Oyzy =
Oyyx, Oxzy =
Oxyxr = Oyxx, Oxxx

Ozxz = Ozzz; Oyzz,
Oyyys Oyzy = Oyyx»
Oyxxy Oxzzy Oxyy
Ozxy = Ozyxy Ozax
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
367 Er,SisO7 (0.650) Collinear C'2/ m>™1 Oyoz = Onys = Oryz = Ornys X
Ozzyy Oxzz = Ozxz = Ozzz; Oyzz,
Ozxz = Ozzzy Oyyys | Oyyyr Oyzy — Oyyz,
Ozyy = Oyzy = Oyzzs Ozzzy Oxyy,
Oyyzs Oxxy = Ozxy = Ozyzxy Ozzx
Ozyr = Oyxxy Oxax
368 YbCls (0.723) Collinear 012/'1m°°m1 Oyzz = Osys = Oayz = Oszy, X
Ozzyy Oxzz = Ozaz = Ozzxs Oyzzs
Ozzz = Ozzxs Oyyys | Oyyys Oyzy = Oyyz;
Ozyy = Oyzy = Oyzxs Oxzzy Oxyy,
Oyyzs Oxzy — Ozzy = Ozyz) Ozzx
Ozyz = Oyzxa, Ozxx
369 Feg 45 TiSe, (1.268) Collinear c'2/'m™(0 0 1/2)>™1 X X X
370 Feg.4sTiSes (1.269) Collinear c'2/'m™0 0 1/2)>™1 X X X
371 AgoNiOy (1.49) Collinear c'2/'m™(0 0 1/2)>™1 X X X
372 CoV2O4_atpha (1.17) Collinear c'2/'m™(0 0 1/2)>™1 X X X
373 Feg 05 TiSes (1.270) Collinear C'2/'m™t0 0 1/2)~™1 X X X
374 UCr,Siy (1.470) Collinear c'2/'m™(0 0 1/2)>™1 X X X
375 CoV,04 (1.70) Collinear C'2/'m™t0 0 1/2)*™1 X X X
376 GeCoy04 (1.564) Coplanar Rm1°°—31m|(1, 1,2001;2001,1)™1 X X Oyyz = Oyay =
—02yy/2,
Ozxy = Ozyx,
Oxxz = Ogzax —
_Jz:v:c/2a
Oyzz = Oyzx,
Ozyz = Oxzy
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
377 GeNiQO4 (1562) Coplanar Rm1°°—31m|(1, 1, 2001; 2001, l)ml X X Oyyz = Oyzy =
_Jzyy/2a
Ozzy = Ozyzx,
Ogxz = Ogzx =
_Uzww/2a
Oyxz = Oyzx,
Oxyz = Ozxzy
378 DyBei3 (1.517) Coplanar 114/m1°°m2°°102°°1m\(1, 1,1;2001)™1 X X Orzy = Ozyzs
Oyxz = Oyzx,
Oxyz = Oxzy
379 ThBe;3 (1.518) Coplanar 114/m1°°m2°°102°°1m\(1, 1,1;2001)™1 X X Orzy = Ozyzs
Oyxz = Oyzx,
Oxyz = Oxzy
380 CaMn3V,4015 (1.758) Coplanar ]-]3?’(1)01—3|(17 1, 2001; 2001, 1)™1 X X X
381 LaMn3zV,012 (1.119) Coplanar I'm®01-3|(1, 1, 15 2001) ™1 X X X
382 UsRuyAlys (0.12) Coplanar Cmotopy, Mi00c Ly, my Opns = Ongsr = oz = Oszns X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy, Ozzx
383 EulnyAs, (1.0.31) Coplanar P2°“163/m1°“m1m2"°10m1 Ozzzy Oyyz = Oz22s Oayys Ozams Oszy = Oayzs
Oyzy = Ozyy, Oyyz = Oyzy, Oyxz = Oyzx,
Oxxz = Ogzax — Oxxz = Oxza Oxyz = Ozxzy
O-ZI‘T
384 RbFeCl; (1.0.40) Coplanar Pmorogy /m™morom e (38,0 38,,,1)™ X Ouyz = Opoy = X
—Oyxz = —Oyzx
385 BazCoSb2Og (1.0.44) Coplanar Pm1°“63/2“°1mm°1°m2“°1c|(3%01,3%01, 1™ Opry = Onpy = Ospr = Oszas Oyys = Oyay =
Ozzxy Ozyy = Oyzy = Oyyxy Oxzz, _Jzyy/2a Ogxz =
Oyzy = Oyyzs Ozxzx Oxyyy Oxax Oxzx = _Uzzz/Q
386 CsMul; (1.0.36) Coplanar Proi0g, /2001y 2001 ¢ M100 11 Opry = Onpy = oz = Oszms Oyys = Oyay =
Ozzxy Oxyy = Oyzy = Oyyxy Oxzz, _Jzyy/2a Ogxz =

Oyzy = Oyyzs Ozxzx

Ozyy; Ozzx

Ogze = _Uzzz/Q
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
: 2 2
387 RbNiCls (1.0.34) Coplanar Pmot0gg /€001y 20011004y, ] Oprz = Ongr = oz = Oszns Oyys = Oyay =
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz, _Jzyy/2a Ogxz =
Oyzy = Oyyzs Ozxzx Ozyy; Ozzzx Ogzz = _Uzza:/2
2 2
388 CsMul; (1.0.37) Coplanar Pmot0gg /<001y, 2001100y, ] Oprz = Ongr = oz = Oszms Oyys = Oyay =
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz, _Jzyy/2a Ogxz =
Oyzy = Oyyzs Ozxzx Ozyy, Ozzx Ogzz = _Uzza:/2
2 2
389 CsCoBr3 (1.0.3) Coplanar Pmot0gg /<001y €001 M100yy, ] Oprz = Ongr = oz = Oszns Oyys = Oyay =
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz, _Jzyy/2a Ogxz =
Oyzy — Oyyx, Oxax Ozxyyy Oxax Oxzx = _Uzza:/2
1 2
390 ThMn, (1.0.24) Coplanar Pmotogg /im Moo 200te|(32, 320, 1)1 Oarsns Oz2zy Osza = Ozyy, X
Oxxz = Ogxzax — Oxxz = Ogzx —
Oyyz = Oyzy = Oyyz = Oyzy
Ozxx = Ozyy
1 1
391 CsFeCls (1.0.14) Coplanar P™ogs /Tm™00mle| (3801, 3501, 1)™1 Oarsns Ozz2y Oszx = Oayy, X
Oxxz = Ogzax — Oxxz = Ogxzx —
Oyyz = Oyzy = Oyyz = Oyzy
Ozxx = Ozyy
: 2 2
392 CsNiCls (1.0.4) Coplanar PMot0gy /2001y 2001100y, ] Ozzzy Oyyz = Oz22s Ozyys Ozams Oszy = Oayzs
Oyzy = Ozyy, Oyyz = Oyzy, Oyxz = Oyzx,
Oxxz = Ogzax = Oxxz = Ozxza Oxyz = Oxzy
Ozax
2 2
393 CsMnBrs (1.0.35) Coplanar Pmmoﬁg/ 001y 0101y OOIC|(3%OI,3301, 1>m1 Orpy = Oxyz = Oxay = Opyz = X
Oyze = ~Oyyy Oyze = ~Oyyy
2 2
394 BagCoSb2Og (1.0.45) Coplanar Pr00g /2001y Motoyy, 2001 (3332 1)1 Oppw = —Ozyy = Opgz = —Ozyy = X
“Oyzy = “Oyyz “Oyzy = “Oyya
65 mi. 165
395 EulnyAs, (1.0.32) Coplanar P%0163/ " 57m m%o1c|(1, 1, 33,,)™1 Oasns Oz22y Ospx = Ozyy, Opyz = Ogay =
Oxxz = Ogzax — Oxxz = Ogzx — —Oyxz = —Oyzx

Oyyz = Oyzy =
Ozxx = Ozyy

Oyyz = Oyzy
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
396 RbNiClz (1.0.41) Coplanar P0G, J 2000y motoy, 200132 320 1)™] Oonzy Oyyz = Orzy Oayys Orzas Oray = Ozyas
Oyzy = Ozyy, Oyyz = Oyzy, Oyxz = Oyzx,
Oxxz = Ogzax — Oxxz = Oxza Oxyz = Ozxzy
02$$
397 CsNiCl; (1.0.42) Coplanar oo /200ty Motoy 2001 (32 331 1)1 Orzzs Oyyz = Orzzy Oayys Oozas Ouny = Oayes
Oyzy = Ozyy, Oyyz = Oyzy, Oyxz = Oyzzx,
Ozxz = Oxza = Ogzxz = Oxzx Ozyz = Oxzy
O.Z(EI
398 TmAgGe (3.1) Coplanar P3oor_g™E7o™ 8™ X Opyz = Opzy = X
—Oyzz = —Oyzx
399 CsCrg.g4Feg o6F4 (1.711) Coplanar P3or_g™Em2 %”m|(1, 1,2001)™1 X X X
400 ErAuln (1.747) Coplanar P01 6™ 4728 m|(1, 1, 2001) ™1 X X X
401 ThbAuln (1.748) Coplanar P30 gm 472 m (1,1,2001)™1 X X X
402 TmPdIn (1.163) Coplanar P3f2’01—6|(1, 1,2001)™1 X X X
403 Ui4Aus; (0.283) Coplanar P6(1)016/1mm1 Crzzs Oszzs Onpw = Ozyys X
Oxxz = Ogzax = Oxyz = Ogzy =
Oyyz = Oyzy = —Oyxz = —Oyzx,
Ozxx = Ozyy Oxxz = Ogzx —
Oyyz = Oyzy
404 | Cup.soMny.iAs (0.278) Coplanar P3ogm1 o, Oroes Orony = Oayys x
Oxxz = Ogxzax — Oxyz = Ogzy —
Oyyz = Oyzy — —Oyzz = —Oyzx,
Ozxx = Ozyy Ogxxz = Ogzax =
Oyyz = Oyzy
405 BayCogO14 (1.343) Coplanar R*-3'm%1(1/3 2/3 1/6)™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
406 Co4NbyOg (0.196) Coplanar poor3lctim™ Ornay Oyys = Orozy Toyys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyx, Oxyz = Ozxzy;
Ozxz = Oxza = Ozxz = Oxzx
Ozzxx
407 Co4Tas0g (0.511) Coplanar pZoor_gmorolymy Oyzz = Onyz = Oayz = Ozzy, X
Ozzyy Oxzz = Ozxz = Ozzxy Oyzz,
Ozzz = Ozzxs Oyyys | Oyyys Oyzy = Oyyz,
Ozyy = Oyzy — Oyxzy Ozzzy Ozyy,
Oyyxy Oxzy = Ozzy = Oxyxy, Oxzxa
Ozyr = Oyzxy Oxzx
408 Co4NbyOg (0.197) Coplanar p2oor_gmoioplymy Ozzzy Oyyz = Ozz2y Ozyys X
Oyzy = Ozyy; Ozay = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyzx, Oxyz = Oxzy,
Oxxz = Oxzax — Oxxz = Oxza
Ozzxx
409 FeyNbyOg (0.441) Coplanar p2oor_gmoioplymy Ozzzy Oyyz = Oz22y Ozyys X

Oyzy = Ozyy,
Oxyz = Ogzy =
Oyrz = Oyzx =

Ozxy = Ozyx,
Oxxz = Oxzax —

O—ZEI

Ozxy = Ozyxy Ozax,
Oyyz = Oyzy,
Oyxz = Oyza,
Oxyz = Ozxzy;

Oxxz = Oxza
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
410 Co4NbyOg (0.529) Coplanar p2oor_gmoioplymy Ozzzy Oyyz = Oz22y Ozyys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyzx, Oxyz = Ozxzy;
Ozxz = Oxza = Ozxz = Oxzx
O—Zl‘x
411 BazMnNbyOg (1.0.8) Coplanar prooro_gmotoyy b3l L3l 1)1 Crzzs Os22s Ongw = Ozyys Ongz = Ogog =
Oxxz = Ogzax = Oxxz = Ogzx — Oyyz = Oyzy =
Oyyz = Oyzy = Oyyz = Oyzy, —O22a/2 =
Ozxx = Ozyy, Ogxxr = —Oxyy = _Uzyy/2
Ozzz = —Oayy = “Oyzy = ~Oyyx
“Oyzy = “Oyya
412 BagNbyNiOg (1.13) Coplanar P’““010—3““010m11|(3%017 3201, 2001)"1 X X Oppsr = Ogog =
Oyyz = Oyzy =
_Uzma:/z =
—Oayy/2
413 BasgNiTazOg (1.725) Coplanar prmovo_gmotoy 1)(32 821, 2001) ™1 X X Opzs = Opoy =
Oyyz = Oyzy =
_Uz;cac/2 =
—Oayy/2
414 VCl, (1.237) Coplanar prooro_gmotoyy 11132 320 9001)"1 X X Opws = Oprg =
Oyyz = Oyzy =
70—21%/2 =
—Oayy/2
415 VBr, (1.238) Coplanar Pm010—3m010m11|(3301, 3%01, 2001)m1 X X Oxzy = Ogzp =
Oyyz = Oyzy =
_0211/2 =
—Oyy/2
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
416 BazCoNbyOg (1.665) Coplanar prooto_gmotoy 11132 820 2001)"'1 X X Ovwe = Opog =
Oyyz = Oyzy =
_0211/2 =
—0zyy/2
417 NasMnTeOg (1.0.51) Coplanar R-3001.3™ 37 cmq Opaz = —Ozyy = Opys = Opzy = X
—Oyzy = —Oyyx —Oyzz = —Oyzx,
Ogxx = —Ogyy =
“Oyzy = ~Oyya
418 CsFe(MoOy)2 (1.499) Coplanar P™o10_31(321, 3201, 2001) ™1 X X Opwzr = Opzg =
Oyyz = Oyzy =
_Uzwa:/Q =
70’2313//2’
Oxyz = Ogzy =
—Oyxz = —Oyzx
419 KFe(PC)gF)Q (1.669) Coplanar Pm%”—3|(3601, 3(1)01, 4(1)01)m1 X X Oppzr = Opogp =
Oyyz = Oyzy =
_Uz:bz/2 =
_Uzyy/2’
Oxyz = Ogzy =
—Oyxz = —Oyzx
420 FeSn, (2.66) Coplanar 114/m°1°mm°1°cm°1“m\(1, 1,1;myg0) ™1 Opny = Opgr = Orpr = Oszms X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyzy = Oyyx, Oxax Ozyy, Oxxax
421 FeGey (2.68) Coplanar 114/m°1°mm°1°cm°1“m\(1, 1,1;my00) ™1 Opny = Opgr = Orpz = Oszms X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxzy = Oyyx, Oxax Ozyy, Oxzxax
422 BasMn3zShe 04 (2.53) Coplanar Frotomotoyy motomy | (1.1, 1; mygg, M10o, 1)1 Opzy = Oppy = Orpsr = Orzms X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz,
Oyzy = Oyyx, Oxax Ozyy, Oxxx
423 SroMnsSho O (2.27) Coplanar FriotogMotoyy motom | (1.1, 1; mygg, M100, 1)1 Opry = Oppyr = sz = Orzms X
Ozzxy Oxyy = Oyxy = Oyyxs Oxzz,

Oyxy = Oyyxs Oxxx

Oxyys Oxzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
424 La0_73Tb0,27Mn28i2 (258) Coplanar Im1°°4/2°°1m1mm1°°m|(1, 1, 1; mom)ml Ogzy = Ozpz — Oypz = Ozzp, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy; Ozzzx
425 GdMnsSis (2.96) Coplanar Im1°°4/2°°1m1mm1°°m|(1, 1,1;mp10)™1 Opny = Opgsr = oz = Oszms X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy, Ozzx
426 Sr20u020u282 (1456) Coplanar Im11°4/m’11°rnm““m1m|(2001, 2001, 2001; 4(1)01)1711 X X Ozay = Ozyx,
Oxyz = Oxzy =
Oyxz = Oyzx
427 | Lag.25Pro.75Co2Py (1.317) Coplanar P'4/'m'm'm?°1(0 0 1/2)™1 X X X
428 TbCs (1.533) Coplanar lelmml"om|(17 1,2001)™1 X X Orazy = Ozyzs
Oyxz = Oyzx,
Oxyz = Oxzy
429 LuFe Ges (0.140) Coplanar pmotopmiooy 1y, my Opyzr = Ogay = Oszy = Ozyms X
Oyrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyx Oxyz = Oxzy
430 FePbBiO, (0.214) Coplanar P2°°142/m°1°mm10°bm°1‘)cml Orzzs Oyyz = Oz22s Ozyys Ozams Oyyz = Oyzy =
Oyzy = Ozyy; Oyyz = Oyzy, _Uzyy/2a Oxaz =
Ogrz = Ogze — Ogzz = Ogxzx Ogzp = *Uzmm/Q
O—Zl'x
431 CeMnAsO (0.188) Coplanar Plmtm?oin™] Oyzz = Onyz = Oayz = Ozzy, X

Ozzys Ozzz =
Ozxz = Ozzxy Oyyy,
Ozyy = Oyay =
Oyyxy, Oxxy =
Ozyr = Oyzxy Oxzx

Ozxz = Ozzxy Oyzz,
Oyyy> Oyzy = Tyyz,
Oyxzy Ozzzy Ozyy,
Ozzy = Oxyx, Oxxa
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
432 CeNiAsO (1.272) Coplanar P02, /ln((1,1, 2001) ™1 x x Cyys = Oy =
_Jzyy/2a
Ozzy = Ozyzx,
Ozxz = Oxza =
_Uzww/2a
Oyxz = Oyzx,
Oxyz = Ozxzy
433 DySbTe (2.105) Coplanar P2°°121/1m|(1, 1,mp10)™1 Orzzs Oyyz = Ozzzs Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy;
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx, Oxyz = Ozzy,
Ozxz = Oxzax = Ozxz = Oxzx
Ozax
434 SroFeO3Cl (1.380) Coplanar Pm11°4/m1°°nm“°m1m|(2001, 2001,1)™1 X X Ozzy = Ozyzs

Oxyz = Ogzy =
Oyxrz = Oyzx

435 SroFeO3Br (1.381) Coplanar Pm11°4/ml°°nm“°m1m|(2001, 2001,1)™1 X X Oszy = Ozyzs
Oxyz = Ogzy =
Oyxz = Oyzx

436 CayFeO3Br (1.383) Coplanar Pm11°4/m1°°nm“°m1m|(2001, 2001,1)™1 X X Oszy = Ozyzs
Oxyz = Ogzy =
Oyxrz = Oyzx

437 CayFeO3Cl (1.382) Coplanar Pm11°4/m1°°nm“°m1m|(2001, 2001,1)™1 X X Oszy = Osyzs
Oxyz = Ogzy =
Oyxz = Oyzx

438 SroFeO3F (1.385) Coplanar Pm11°4/m1°°nm“°m1m|(2001, 2001,1)™1 X X Oy = Oryas
Oxyz = Ogzy =
Oyxz = Oyzx

439 SroFeO3F (1.387) Coplanar Pm“04/m1°°nm“°m1m|(2001, 2001,1)™1 X X Oy = Oryas
Oxyz = Ogzy =
Oyxz = Oyzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
440 SI‘QFGOgF (1386) Coplanar Pml104/mmonml10I111111|(20017 2001, 2001)m1 X X Ozay = Ozyx,
Oxyz = Oxzy —
Oyxz = Oyzzx
441 NdB, (0.491) Coplanar P4(1)014/1mm“°bm°1°mm1 Oarsns Oz22y Ozpw = Ozyy, X
Ogzxz = Ogzz — Ozxz = Ogzz —
Oyyz = Oyzy = Oyyz = Oyzy,
Ozxx = Ozyy Ogyz = Ogzy =
—Oyxz = —Oyzx
1
442 GdBy4 (0.9) Coplanar P40014/1mm“°bm01°mm1 X Opyz = Opzy = X
—Oyzz = —Oyzx
1
443 UsPdoIn (0.320) Coplanar P40014/1mm“°bm°1°mm1 Opysr = Onzy = Osmy = Osyms X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozay = Ozyx Oyzz = Oyzx
1
444 UsPd2Sn (0.321) Coplanar P40014/1mm“°bm°1°mm1 Opyzr = Onzy = Osmy = Osyms X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozay = Ozyx Oyzz = Oyzx
1
445 UsPdoIn (0.625) Coplanar P40014/1mm“°bm°1°mm1 Opyzr = Onzy = Osmy = Oy X
Oyxz = Oyzx = Oxyz = Ogzy =
Ozay = Ozyx Oyzz = Oyza
1
446 UsPdoIn (0.80) Coplanar P40014/1mm“°bm°1°mm1 Opysr = Onzy = Osmy = Oayzs X
Oyrz = Oyzx = Oxyz = Ogzy —
Ozxy = Ozyx Oyxz = Oyzx
1
447 UsPdoSn (0.81) Coplanar P40014/1mm“°bm°1°mm1 Opys = Onzy = Osmy = Oayzs X
Oyrz = Oyzx = Oxyz = Ogzy =
Ozxy = Ozyx Oyxz = Oyzx
448 NdB,4 (0.492) Coplanar pmotopymioo, Ly my Oyzz = Osyz = Osyz = Ozzy, X

Ozzyy Oxzzz =
Ozxz = Ozzxs Oyyy,
Ozyy = Oyzy =
Oyyxy, Oxzy =
Oxyxr = Oyxx, Oxxx

Ozxz = Ozzzy Oyzz,
Oyyys Oyzy = Oyyx»
Oyxxy Oxzzy Oxyy,
Ozxy = Ozyxy Ozxx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
449 | PhyBaCuFeOsBr (2.45) Coplanar P'4/'n'm'm?(1/2 1/2 0)™1 X X Oyyz = Oyay =
_Jzyy/2a
Ozzy = Ozyzx,
Ozxz = Oxza =
_Uzww/2a
Oyxz = Oyzx,
Oxyz = Ozxzy
450 PbyBaCuFeO5Cl (2.46) Coplanar P'4/'n'm'm*(1/2 1/2 0)™1 X X Oyyz = Oyzy =
70’2113//2’
Ozxy = Ozyx,
Ogxz = Ogzz —
_Uzwz/27
Oyxz = Oyzx,
Oxyz = Oxzy
451 Ho,BaNiOj5 (1.14) Coplanar C'2/ 'm0 (0 0 1/2)™1 x X X
452 EryBaNiOs (1.15) Coplanar C*2/'m%0r (0 0 1/2)™1 X X X
453 Nd,BaNiO5 (1.216) Coplanar C*2/ 'm0 (0 0 1/2)™1 X X X
454 ThyBaNiO5 (1.217) Coplanar C'2/ 'm0 (0 0 1/2)™1 X X X
455 NdyBaCoOs (1.350) Coplanar C'2/'m%01(0 0 1/2)™1 X X X
456 Dy,BaNiO5 (1.36) Coplanar C'2/'m*01 (0 0 1/2)™1 X X X
457 Er,BaNiO5 (1.53) Coplanar C*2/'m%0r (0 0 1/2)™1 X X X
458 PrFeAsO (1.584) Coplanar C™oomtm™o10e|(1, 1, 15 2001 ) ™1 X X X
459 Dy>PdGeg (0.906) Coplanar Cmotoy Motog 20016 Opzz = Ongy = Oraz = Oszg, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyzy = Oyyzx; Oxzx Ozyys Oxzax
460 ThoPdGeg (0.905) Coplanar CmoroyMo10¢ 2001671 Opzz = Ongy = Oraz = Osza, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyzy = Oyyzx; Oxzx Ozyy; Oxzax
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
2
461 HooPdGeg (0.907) Coplanar oo Mot 2001 Ogzz = Osgy = Ozpz = Oszas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy; Ozzzx
2
462 ThoPtGeg (0.908) Coplanar (C'moto Mo10 200t e M Opry = Ongy = sz = Oszas X
Ozzxy Oxyy — Oyxy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy, Ozzx
2
463 ThoPdGeg (0.929) Coplanar (C'moto Moo L00t e MM Opry = Ongy = oz = Oszns X
Ozzxy Oxyy — Oyxy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy; Ozzzx
2
464 Dy,PdGeg (0.928) Coplanar (C'hoto Mo10 200t e MM Opry = Ongy = Ospr = Oszas X
Ozzxy Oxyy — Oyxy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy, Ozzx
2
465 ThoPtGeg (0.931) Coplanar oo Mot 2001 Ogzz = Osgy = Ozpz = Oszas X
Ozzxy Ozyy — Oyzy = Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy; Ozzzx
2
466 HooPdGeg (0.930) Coplanar oo Mot 2001 Ogzz = Osgy = Ozpz = Oszas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy, Ozzx
1
467 08200014 (151) Coplanar P 21/m100C|(2001, 1, l)ml X X Oyyz = Oyzy =
_Jzyy/Qa
Ozzy = Ozyx,
Ogxz = Ogzx =
_Uzacw/za
Oyxz = Oyzx,
Oxyz = Oxzy
. 1
468 LiFePOy4 (0.152) Coplanar Proon S oo My Orzzs Oyyz = Oz22y Ozyys X

Oyzy = Ozyy;
Oxyz = Ogzy =
Oyxz = Oyzx =

Ozay = Ozyx,
Ozxz = Oxzax =

Ozxx

Ozxy = Ozyxy Ozax,
Oyyz = Oyzy;
Oyxz = Oyza,
Ozyz = Ozzy,

Ogzz = Ogzzzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
2 2 1
469 LaCagFe30g (1.0.30) Coplanar peorop=100m tq™1 Ozzzy Oyyz = Oz22s Ozyys Ozams Oyys = Oyay =
Oyzy = Ozyy, Oyyz = Oyzy; —Oyy/2; Ovzz =
Oggz = Ogzz = Ogxrz = Ogxzx Ogze = _Uzza:/2
Ozax
470 EuMnShbs (0.422) Coplanar P2ooiptmla™ Ozzzy Oyyz = Oz22y Ozyys X
Oyzy = Ozyy, Ozxy = Ozyxs Ozzx,
Ogyz = Ogzy = Oyyz = Oyzy;
Oyrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyzx, Oxyz = Oxzy,
Oxxz = Oxzax — Oxxz = Oxza
Ozzxx
471 FePO, (0.17) Coplanar p2oorplymioogmy Ouyz = Opay = Oray = Oayes Oay = Oayas
Oyxrz = Oyzx = Oyxz = Oyzzx, Oyxz = Oyzx,
Ozxy = Ozyx Oxyz = Oxzy Oxyz = Ozxzy
472 BaNd, 0, (1.96) Coplanar Ppmi00g, /mi00e|(20,,1,1)™1 x x x
473 BaNd,O4 (1.95) Coplanar priioog, /mi00¢| (2001, 1,1)™1 X X X
474 Dy, TiO5 (1.698) Coplanar P00, /M10061(2001,1,1)™1 X X X
2 1
475 SrHoy04 (2.8) Coplanar P12, /*¢|(mo10,1,1)™1 Orzzy Oyyz = Oz22s Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozay = Ozyx, Ozyz = Ozzy,
Ogxz = Ogzz = Ogzz = Ozzz
Ozax
1.2
476 NbMnP (0.803) Coplanar priotoy iy 20015 Opry = Oppy = Ospr = Oszms Oyyz = Oyzy =
Ozzas Oxyy = Oyzy = Oyyxs Oxzz, _Uzyy/za Oxxz =
Oyzy = Oyyxs Oxax Ozyys Oxax Ozzax = _szac/Q
1
477 CsO2 (0.1004) Coplanar Priooy typmotog M Opyz = Ogoy = Oswy = Oayus X

Oyrz = Oyzx =
Ozxy = Ozyx

Oyxz = Oyzx,
Oxyz = Oxzy
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. , , with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
478 DyCoO3 (0.159) Coplanar pmioop lyymotogmy Opyz = Ogay = Oamy = Oayzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
479 ThCoO3 (0.160) Coplanar praooptymoogm] Opzs = Opps = Orwz = Oszgs X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozzx Ozyys Ozzx
480 DyScO3 (0.171) Coplanar pmioop lyymotogmy Oxyz = Ogay = Ozzy = Ozyx, X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
481 TbAlO3 (0.350) Coplanar prmooy lyymotogmy Ogyz = Ogzy = Ozzy = Ozyax, X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozzy = Ozyx Ozyz = Oxzy
482 LiCoPOy4 (0.385) Coplanar pmioop lyymotog my Orzzy Oyyz = 022y Oayys X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax,
Oxyz = Ogzy = Oyyz = Oyzy,
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyx, Ozyz = Ozxzy,
Ozxz = Oxza = Ozxz = Oxzx
Ozzxx
1
483 EuMnSb, (0.424) Coplanar priooy typmotog My Opyz = Opay = Oomy = Oayms X
Oyxrz = Oyzx = Oyxz = Oyza,
Ozxy = Ozyx Ozyz = Oxzy
1
484 TbhCoOg (0520) Coplanar proop mMoteg™] Oxzz = Ozzz = Ozxz = Ozza, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxy = Oyyzs Oxzx Ozyy) Ozax
1
485 DyCoO3 (0.521) Coplanar prioop oo M Opyz = Opay = Oomy = Oayms X
Oyxz = Oyzx = Oyzz = Oyzx,
Ozxy = Ozyx Ozyz = Oxzy
1
486 NdInOg (0783) Coplanar proop tmMoteg™] Oxzz = Ozzz = Ozzxz = Ozza, X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)

Oyxy = Oyyzs Oxzx

Ozyy, Ozzx
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
487 NdSCOS (0782) Coplanar Pmloonlmmomaml Ozzz = Ozzz = Ozzz = Ozzx,s X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyzs Ozxzx Ozyy; Ozzzx
488 DyAlO;3 (0.842) Coplanar pmioop lyymotogmy Opys = Ogay = Oamy = Oayzs X
Oyxrz = Oyzx = Oyzz = Oyzzx,
Ozxy = Ozyx Oxyz = Ozzy
489 RbRuO,4 (0.924) Coplanar pmioop lyymotogmy Opys = Ogay = Oamy = Oayms X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozxy = Ozyx Oxyz = Oxzy
490 KCrF4 (0.182) Coplanar pmotoy 2001y motog Opns = Opgsr = oz = Oszms X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyz) Ozzx Ozxyyy Oxax
491 NdCrO; (0.589) Coplanar ooy motap, 2001, m x x x
492 ErCrO;3 (0.590) Coplanar priooymoioyy 20015 X X X
493 HoBaCuOs; (2.85) Coplanar prmi0og, /moioc] Oyoz = Onys = Osyz = Oanys X
Ozzyy) Ozzz = Ozxz = Ozzz; Oyzz,
Ozxz = Ozzzy Oyyys | Oyyys Oyzy = Oyyx
Oxyy = Oyxy = Oyxxy Oxzzy Oxyys
Oyyzs Oxzy — Ozxy = Ozyx, Ozax
Oxyxr = Oyxx, Oxxx
494 SrNdyOy4 (1.577) Coplanar prmioog, /mMiooc| (2001, 1,1)™1 X X X
495 DyBaCuOs (1.650) Coplanar priioog, /mi00¢| (2001, 1,1)™1 X X X
496 HoBaCuOs; (1.651) Coplanar P00, /m10061(2001,1,1)™1 X X X
497 DyBaCuOj (0.805) Coplanar prmioop lyymotogmy Opry = Oppyr = Orpsr = Oszms X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)
Oyxy = Oyyxs Oxzx Ozyy, Ozzx
498 LiNiPOy4 (0.88) Coplanar pmiooy Ly motog my Onzs = Onpy = Ospsr = Oszms X
Ozzxy Oxyy = Oyxy = Oyyxy Oxzz)

Oyxy = Oyyxs Oxzx

Ozyy, Ozax
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
1
499 AgoRuOy4 (0.918) Coplanar Proon fyp Moo My Ogzz = Osgy = Ozpz = Oszas X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyys Ozzx
2
500 MnGeO3 (0.313) Coplanar Proto}y 01062001 4] Opzy = Opgy = Ospz = Ozzz, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyyy Ozzx
2
501 CoSe205 (0.119) Coplanar priotopy 2001 cmotoy My Opzz = Opgy = Ospz = Ozzz, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyyy Ozzx
2
502 | Mn(Nbg 5Tag5)206 (0.817) Coplanar priotop=oot ooy My Ogzz = Osgy = Ozez = Ozzay X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyyy Ozzax
2
503 MnNb;Og (0.819) Coplanar priotopy 2001 motoy My Opzz = Opgy = Ospz = Ozzz, X
Ozzxy Ozyy — Oyzy = Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyyy Ozax
2
504 MnTazOg (0.818) Coplanar priotop 2001 motoy My Opzz = Opgy = Ospz = Ozzz, X
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz,
Oyzy = Oyyxs Oxax Ozyyy Ozzx
505 Fea WOg (0.812) Coplanar P00y 10106 100y ] Opns = Ongsr = oz = Oszzs Oyys = Oyay =
Ozzxy Ozyy — Oyzy — Oyyxy Oxzz, _Jzyy/2a Ogxz =
Oyzy = Oyyzs Ozzx Ozyys Ozzx Ozzax = _Uzzz/Q
506 MnV50g (1.196) Coplanar Pmioog, /mioog|(200,1,1)™1 x x X
1
507 SrFe;S,0 (0.762) Coplanar Prioom fjm™oton ™ Opyz = Ogoy = Oswy = Oayas X
Oyzrz = Oyzx = Oyxz = Oyzx,
Ozxy = Ozyx Oxyz = Oxzy
1
508 SrFesSeO (0.761) Coplanar Prioom fm™oton ] Opys = Ogoy = Oswy = Oayus X

Oyrz = Oyzx =
Ozxy = Ozyx

Oyxz = Oyzx,
Oxyz = Oxzy
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. . . with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
509 BaFesSo0 (0.987) Coplanar Ppmioopy Ly Mooy my Opyz = Ogay = Oamy = Oayzs X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozxy = Ozyx Oxyz = Ozzy
510 BaFesSe;O (0.988) Coplanar Ppmioopy Ly motoy my Opys = Ogay = Oamy = Oayzs X
Oyxrz = Oyzx = Oyzz = Oyzzx,
Ozxy = Ozyx Oxyz = Ozzy
511 YFe,Gey (0.27) Coplanar pmotoymioop 1yymy Opys = Ogay = Oamy = Oayms X
Oyxz = Oyzx = Oyzz = Oyzzx,
Ozxy = Ozyx Oxyz = Oxzy
512 BasMnSby0Og (1.0.46) Coplanar 00 /2001¢) (30001, 1;32,,)™1 Ozzzy Oyyz = Ozzzy Oayys Oyyz = Oyzy =
Oyzy = Ozyy, Ozxy = Ozyxy Ozxx, _Uzyy/2,
Ogyz = Oxzy = Oyyz = Oyzy, Ozzy = Ozyx,
Oyxz = Oyzax = Oyzz = Oyzax, Ozxz = Oxza =
Ozzy = Ozyx, Ozyz = Ozxzy; _Uzacw/2a
Oxxz = Ogzax = Ogzz = Ogzz Oyxz = Oyzx,
Ozxx Oxyz = Ozxzy
513 BaFeO, 5 (1.83) Coplanar P12,/ c*0(1/2 0 0)™1 X X X
514 LiFeGe2Og (1.39) Coplanar Pprioo, /mi00¢| (2461,1,1)™1 X X x
515 BasCoOy (1.302) Coplanar Pmi00g, /mi00e|(20,,1,1)™1 X X X
516 LiFeSi5Og (0.28) Coplanar pmioog, /moioemy Oazzy Oyyz = T2z Oayy, X
Oyzy = Ozyy, Ozxy = Ozyxy Ozax)
Oxyz = Ogzy = Oyyz = Oyzy;
Oyxz = Oyzx = Oyxz = Oyzzx,
Ozzy = Ozyzx, Ozyz = Ozzy;
Ozxz = Oxzax = Ozxz = Oxzx
Ozax
517 NaMnF, (1.345) Coplanar Pproo, /mi00¢| (2401,1,1)™1 X X x
518 GdPO, (1.118) Coplanar Pmi00g, /mi00e|(20,,1,1)™1 X X X
519 BiNiO(PO,) (1.127) Coplanar Pmioog, /miooe|(240,,1,1)™1 x x x
520 BiCoO(POy4) (1.128) Coplanar pmeeg, /mi0c| (2001, 1,1)™1 X X X
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

) ) ) with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD

521 BiMnTeOg (1.301) Coplanar pmoog, /mi0¢| (2001, 1,1)™1 X X X
522 C10H¢MnN,4O4 (0.1010) Coplanar pmieog, /moioemmy Oyzz = Onyz = Oayz = Ozzy, X

Ozzyy Oxzz = Ozxz = Ozzxy Oyzz,

Ozxz = Ozzxy Oyyys | Oyyys Oyzy — Oyyx
Ogyy = Oyzy = Oyxxy Oxzzy Ozyy,
Oyyzs Oxzy — Ozzy = Ozyz) Ozzx
Ozyz = Oyzxa, Ozxx

523 BayCoOy4 (1.476) Coplanar pmoeg, /mi0c| (2001, 1,1)™1 X X X
524 BayCoOy (1.477) Coplanar prmioog, /Miooc| (2001, 1,1)™1 X X X
525 FePb4SbGS14 (1660) Coplanar Pm10021/m1000| (20017 1 1)m1 X X X
526 SroMnMoOg (1.716) Coplanar prmoog, /mi0c| (2001, 1,1)™1 X X X
527 SroMnWOg (1.717) Coplanar prmioog, /mMi00e| (2001, 1,1)™1 X X X
528 CuSb20g (1.133) Coplanar Ppreo, /mi00c| (2401,1,1)™1 X X X
529 LisFe(SOy4)2 (1.147) Coplanar P00, /mi00c)(2501,1,1)™1 X X X
530 CrReOy4 (1.202) Coplanar Cmireog /motom (1,1, 1; 2901) "1 X X X
531 ThOOH (2.21) Coplanar P20012) /1m|(1,1, moy)™1 Orzzy Oyyz = Orzzy Tayys X

Oyzy = Ozyy, Ozazy = Ozyx) Ozzax,

Ogyz = Ogzy = Oyyz = Oyzy;

Oyrz = Oyzx = Oyxz = Oyzx,

Ozxy = Ozyx, Oxyz = Ozxzy;

Oxxz = Oxza = Oxaz = Oxzx

O—ZII
532 CoO (3.19) Noncoplanar P4(130142/2°°1nm1°°n2“0m|(—1,—1,—1) X X X
533 CesNIn (1.152) Noncoplanar P43014/1mm°1°mm*“°m|(1, 1,-1) X X Ozzy = Osyzs
Oxyz = Ogzy =
Oyxz = Oyzx

534 SrCuTezOg (0.440) Noncoplanar P4}00413i1132“°2 X X X
535 SrCuTe;Og (0.530) Noncoplanar P4i00413%1132“°2 X X X

Continued on next page
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Table S4 : (continued) Antiferromagnets in MAGNDATA without second-order transport tensors triggered by magnetic geometry.

. with SOC
No. Materials (ID) Configuration Spin space group
IMD QMD BCD
536 Yb2O3 (1.720) Noncoplanar 121°°a3*21*11—3|(1, 1,1;-1) X X X
537 CaCu3TiyOq2 (1.775) Noncoplanar Ilm3501-3|(1, 1,1;-1) X X X
538 DysRusAlyo (1.115) Noncoplanar ¢moorg /Mmoot |(1,1,1;-1) X X X
539 | Cug(SiO3)6(H20)g (1.498) | Noncoplanar R301.3|(1,1,-1;-1,1) x x x
540 CraReOg (1.201) Noncoplanar prioorg, /moote|(-1.1,1) X X X
541 FeSb2 04 (0.97) Noncoplanar P2°0142/2°1°m21°0b201°c Orzzy Oyyz = Oz22s Ozyys Ozams Oyys = Oysy =
Oyzy = Ozyy, Oyyz = Oyzy, _Jzyy/27 Ogxz =
Oxxz = Ogzz = Oxzz = Ozzz Oxzez = _Uzzx/z
O-Zflfflj
542 Co3(POu4)2 (1.342) Noncoplanar prooi, /moote| (.11, 1) X X X
543 CaVo0y4 (1.73) Noncoplanar proorg, /moote)(-1,1,1) X X X
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5. Collinear and coplanar antiferromagnets
5.1. Collinear antiferromagnet VNb3S¢

The AFM VNbsSs is crystallized by 1H-NbS; layers in hexagonal lattice with V
atoms sandwiched between layers (Fig. S5a). The antiferromagnet order has been
verified as A-type: the magnetic moments in the same (adjacent) V layer are parallel
(anti-parallel) with the Néel vector orientated along a axis [14]. The SSG of VNb3Se
is identified as P~16571212°™1. From the notation of SSG, one can directly know
that V atoms with opposite magnetic moments are transformed by the spin group
symmetry ~16; = {T||R,(n/3)|(1/2)T.} with T, = (0,0,1) instead of PT or Tt.
Therefore, VNb3Se is also categorized as a g-wave altermagnet [15,16], where the
SOC-free spin splitting is expected off certain high-symmetric lines and planes. To
confirm, the band structure without SOC along momenta I'' —K'—M' =T’ is
calculated and shown as Fig. 3 in the main text, where the momenta are defined as I'' =

[+ 0.1b;, M’ = M + 0.1b5, and K’ = K+ 0.1b; (Fig. S5b).

Fig. S5. Crystal structure and Brillouin zone of VNb3Se.

Now we consider the NLT tensors allowed by the SSG of VNb3Ss. Due to the Tegr =
U,(m)T emerged in all collinear AFMs, the IMD and QMD contributions are naturally
forbidden, leaving the BCD contributions Eq. (S20) to be symmetrically allowed. By
referring to the Tab. S1, row 36, we can directly find that the SSG-allowed BCD

contributions are
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Xyz _ _Xzy _ _ _YXZ _ _ _YyZX
O0gcp = 98¢cp = ~9BcD = ~I9BCD’ (543)

where the rest of the components must vanish. Once can check this information from
Tab. S1 by using the generators of the nontrivial SSG P~16;71212 to constrain the

BCD contributed tensors, where this group is generated by g, =

{T||R[100](7T)|(1/2)Tc}a g2 = {E||R[120] (7T)|0}, and g3 = {T||R,(m/3)|(1/2)7}.
Rewriting g; = {u;||r;|T;}, we obtain the representation matrices of u; and r;, i.e.,

U; and R; in Cartesian coordinate as

1 0 0
ul = _l3><3, Rl =(0 -1 0 ) (843)
0 0 -1
-1 0 O
UZ = I3X3' RZ = 0 1 0 ) (844)
0 0 -1
1 43
- X
2 2
Uz = —Izx3, Rs=| 3 1 ) (545)
A
2 2
0 0 1

where I3.3; isa 3 X 3 identity matrix. Following the transformation Eq. (S36), each

generator constrains the nonzero BCD-contributed tensor components to be

1 1
L YYX T XYY ZZX _ __ _ - XZZ xXyz yzx zxy
91:0gcp = ZUBCD' Ogcp = ZUBCD' OBcp’ OBcp’ Ogcp,  (546)
L XXy _ _1 VXX zzy _1 yzz xXyz yzZXx zxXy (847)
92:0gcp = ZUBCD’ Ogcp = ZGBCD' Ogcp’ OBcp’ Ogcp’
LgXxz — nyz — _EO-ZXX — _lo_zyy O_xyz = _O_yxz (848)
93:0Bcp = Ogcp — 2 YBCD = 7 5 9BCDr BCD — BCD’

where nonzero components related by switching the last two indices are not written

explicitly. For example, in Eq. (S46), o3¢y = Opop = — % Opey 1s also symmetrically

allowed by generator g,. Therefore, the nonzero BCD-contributed tensor components,

allowed by both g4, g», g; as well as the SSG, are

Xyz _ _Xzy _ _ _YXZ _ __ _YyZX
Ogcp = 98¢cp = ~9BcD = ~I9BCD’ (549)

which is consistent with the results in Tab. S1.
The calculated band structures and the transport tensor of VNb3Ss without the

consideration of SOC are shown in Fig. 3 in the main text. Here we investigate the rule
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of SOC. The inclusion of SOC lowers the symmetries of the system, splitting the energy
degeneracy at high-symmetric momenta. As shown in Fig. S6a, without SOC, bands
along I'—A are spin degenerate due to the spin group symmetry g; =
{T||R,(t/3)|(1/2)T,}, whereas g5 is broken and the degeneracy is lifted under the
inclusion of SOC that fully lock the spin and spatial rotations. Considering SOC lowers
the symmetry group of VNb3Se from SSG to magnetic space group €2'2'2; (#20.33),
which allows additional tensors or components to emerging. By referring Tab. S1 again,
we find that nonzero IMD and QMD contributions are now triggered by SOC, with the

allowed components to be

ZZZ yyz _ _yzy __ _ZYY XXZ _ ~XZX _ ZXX
O1mD» Oimp = %MD = 91MD’ OiMD = OIMD = OIMD» (S50)

ZZZ zyy zxXx yyz __ _YyzZy XXZ _ ~XZX
OQMD> OQMD’ O0QMD: OiMp = OIMD’ OIMD = OIMD- (S51)

Moreover, the symmetry-allowed BCD contribution now becomes

xyz __ _xzy yxz __ _yzx zZxy __ _zZyx
O0gcp = OBepr O0gcp = OBepe O0gcp = OBepe (852)

indicating that ogcy and ogpp — 0pep are pure SOC effect.

Besides the new components, the value of the ogyy, will change after considering
SOC, where the difference in magnitude represents how much of the role SOC plays in

nonlinear transports. In Fig. S6b, we compare the computed g3.p With and without

SOC as a function of chemical potential. We observe that the value of o3¢y are not
significantly affected by SOC in a large energy window (|E — Er| < 0.3 eV), where
without SOC a peak of agczg = 75S%/A at E — Ez~0.25 eV is only increased by 6%

to 80 S?/A with the inclusion of SOC. This results not only indicate the opposite
contributions from magnetic geometry and SOC in this system, but, more importantly,
showcase that magnetic geometry is the dominate driven force of nonlinear transports

in VNbsSe even with SOC counted.
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Fig. S6. First-principles calculations of collinear AFM VNb;3Ss. a, Band structures with
SOC (red line) and without SOC (blue dashed line). The degenerate bands are split after
considering SOC, as marked by orange arrow. b, Nonlinear conductivity tensor
contributed by BCD with SOC (yellow line) and without SOC (cyan line) by setting
relaxation time 7, = 107°s = 1 ns. ¢, Contributions from spin-orbit coupling of
distinct tensor components in VNb3Se. d, Qualitatively extracting the geometric
nonlinear conductivity from numerical results with SOC. The number of sampled &

points is 1100*1100*1100.

From our database, we found that for VNbsSs the component og¢y is pure SOC

effects, while both o205 and opcp contain magnetic geometry and SOC

contributions. Therefore, we can compare the magnitude of SOC contributions in
different components. Defining 603&/ = aggg (w/ soc) — aggg (w/osoc) as the

SOC contribution, the SOC contributions for different components are presented in Fig.

Sé6¢. We found that considering SOC does not introduce significant corrections to the
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conductivity tensor in a large energy window (|E — Er| < 0.3 eV). This is because the
band structure is only slightly changes within the energy window (Fig. S6a). On the
contrary, SOC produce considerable contributions only if the degenerate bands near
E — Er = —0.4 eV are split and crossed after introducing SOC (see orange arrow in
Fig. S6a). Moreover, as shown in Fig. S6¢, both SOC induced parts are of the same

magnitude over a quite wide range of energy (|E — Ex| < 0.2 eV). If we try to use the

pure SOC signal (0gcy) as reference, we may roughly evaluate the magnitude of the

SOC contribution in the entangled signal (aggg). In other words, one may use the

experimentally measurable data a32p(W/ soc) — gzcp to qualitatively estimate the

geometric nonlinear conductivity ogpp(W/05s0c). As presented in Fig. S6d, the rough

estimation basically recovers the results from SOC-free calculations. The possible
rough estimation suggests that one can verify the magnetic geometry contribution by

measuring distinct NLT signals in different surface terminations, where ogpp can be

measured in the (0001) surface with ogyy measured in (1010) surface. This is

similar to the verification of spin-splitter torque [17] by comparing the combined
contributions [magnetic order + SOC, e.g. RuO; (100) surface] and SOC-only

contributions [e.g., RuO» (110) surface], as adopted by independent experiments [18].

5.2. Coplanar antiferromagnet Ca;Cr20s

The AFM Ca,Cr,0s shares the same structure of brownmillerite Caz(Al, Fe),Os but
changing all the transition metal atoms to Cr atoms (Fig. S7a), whose ligands, O atoms,
provide two types of polyhedral crystal fields: one is tetrahedron and the other is
octahedron [19]. As for the magnetic configuration, the magnetic moments of Cr atoms
inside the adjacent tetrahedron are antiparallel with Néel vector orientated along n, =
[0.00,0.073,0.241], while the magnetic moments inside the adjacent octahedron also

antiparallel but with Néel vector n, = [0.00,0.073,—0.241]. Therefore, all the
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magnetic moments of Cr atoms lie on a plane normal to n; X n,, resulting in a
coplanar  antiferromagnetic order. The SSG of it is identified as
Plmal22001(1/2,1/2,1/2)™1, showing k-type nontrivial SSG and the spin-only
part. As mentioned, all coplanar AFMs endure T.¢ and only BCD contribution on
second-order transport is allowed. By referring to Tab. S2, row 54, we predict that the

nonzero BCD-contributions are

yyz yzy __ 1 zyy XXZ XZX __ 1 ZXX (853)

2 OBcp’ 0gcd — OBCD —

> OBCD-

O0gcp = Ogep =

Fig. S7. Crystal structure and Brillouin zone of CaxCr20:s.

To verify the prediction, we preform the first-principles calculations on it, where the
band structures and BCD-contributed transport tensors are shown in Fig. S8. It is shown
that without SOC, the Hall-type oj¢p is finite and it behaves a local peak around
Fermi energy with maximum ~12 S2/A, which is consistent with the information in

our database. The inclusion of SOC further breaks the spin symmetry, especially the
spin rotation-translation symmetry {Uy mI||E|(1/2,1/2,1/2 )} and hence band

degeneracies along high-symmetric momenta are lifted, as shown in Fig. S8a. More
interestingly, introducing SOC does not trigger IMD and QMD contributions in the
magnetic space group P2, (#4.12) of Ca;Cr20s but trigger extra ggcp components
as

xyz _ _xzy vZx __ _yxz zZxy __ _zZyx
O0gcp = OBepr O0gcp = OBepe O0gcp = OBepe (554)
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which is tabulated in Tab. S2. Meanwhile, SOC also modifies the original component
05th, where the computed results are shown in Fig. S8b. It is shown that offf, near
Fermi energy is nearly quenched by SOC due to the splitting of band degeneracy.
However, the magnetic geometry contribution still dominates the SOC effect near E —

Er = £0.2 eV where flat bands from d-orbital located.

201
—20+ — o5& (w/o soc)
035 (w/ soc)

Ogcp (S?/A)
<)

-04 -02 00 02 04
E—Er (eV)

Fig. S8. First-principles calculations of coplanar AFM Ca,Cr20s. a, Band structures
with SOC (red line) and without SOC (blue dashed line). b, Nonlinear conductivity
tensor contributed by BCD with SOC (yellow line) and without SOC (cyan line) by
setting relaxation time 7, = 107°s = 1ns. The number of sampled k points is

1100*1100*1100.
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6. Noncoplanar antiferromagnets

6.1. CrSe

CrSe is a room temperature (Néel temperature 290 K) noncoplanar AFM [20,21],
shown in Fig. S9a. Separated by Se layers, Cr atoms form layers of trigonal sublattice

in ab plane, where the in-plane magnetic components inside each Cr layer are related

21

by spin rotation U, (?) with alternating out-of-plane (along ¢) magnetic components

between neighboring layers. As described in the main text, the SSG of CrSe is
P20106, /" im™Moom~1c|(330,,3301, 1), where {Upo10)(m)T||P|0} inside serves as

PT.s that forbids the BCD contribution. From Tab. S3, row 16, we obtain that only

QMD contribution is allowed by the SSG, of which the finite component would be

xyz __ _XzZy __ yxXz __ yzx
Oqgmp = 9%qMp =~ ~9qmp = ~9%Mmb- (§55)

We note that even IMD and QMD terms follow the same transformation under SSG
elements, i.e., Eq. (S37), they behave differently due to the distinct intrinsic symmetry.
More explicitly, the IMD contribution is prohibited by its full symmetric property under

any permutation between indices.

Fig. S9. Crystal structure and Brillouin zone of CrSe.

The results from first-principles calculations are shown in Fig. S10. Without SOC,

the complex band structures (Fig. S10a) contribute to both significant quantum metric
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tensor and QMD-contributed tensor (Fig. 4 in the main text). The nonzero value of the

component o3, also in line with the prediction in Tab. S3. Considering SOC

explicitly split the bands across the Fermi energy. This in turn conduct to the way
weaker QMD contribution, which is near two order smaller than the pure magnetic
geometry effect. However, the total g4y, with maximum ~0.2 S?/A, including the

magnetic geometry and SOC effects, is already larger than the reported QMD-
contributed tensor ~0.01 S?/A in MnBi>Tes thin film [22].

a w/ soc Ww/0 SoC ------ b
0.4 —— ogup(w/o soc)
%‘ 0.21 10 * ognp(w/ s0c)
& 0.0 AP N/”
5 =02V | w
~0.41)

—0.4 -02 00 02 0.4
E-Ef (eV)

Fig. S10. Results of noncoplanar AFM CrSe. a, Band structures with SOC (red line)
and without SOC (blue dashed line). b, Nonlinear conductivity tensor contributed by
QMD with SOC (yellow line) and without SOC (cyan line). The number of sampled &
points is 1700*1700*1700.

6.2. CuB;0q4

The copper metaborate CuB2Os crystallizes in a tetragonal lattice with a = b =
11.458 A and ¢ =5.620A with noncoplanar antiferromagnetic order [23] (Fig.
S11a). The SSG of CuB20s4 is identified as € ~c, indicating that the opposite magnetic

moments on Cu atoms are connected by {T| |m[110] |‘rb}. From Tab. S3, row 37, we find

that both IMD, QMD, and BCD contributions are allowed. If setting [110] direction

as the principal axis, the nonzero components are found to be
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xxx _— YYY
OiMD = OimD>

XXZ _ ~XZX _ ~ZXX __ yyz __ yzy __ _ _ZYVY
OiMD = OiMD = OiMD = ~Oimp = ~O9iMmp — —9IMD’
xxy _ Xyx _ yxXx _ xyy _ yxy _ yyx
OmMp = %Mp = %MD = 9mp = %MD ~ O1mD’

XzZZ _ ZXZ __ ZZX _ ,YZZ __ _ZyzZ ____ZZY
OiMD = OiMD = OiMD = Oimp = Oimp — 91MD’
yXy _  _yyx _ XXy _ xyx_l yxx__l xyy
O0gcp = 9Becb = ~9BcD — ~9BCD T > Ogcp = ZUBCD'

1
zyz __ 2zZY __ _ _ZXZ _ __ ~ZZIX _ _ ~XZZ _ __ _ - YVZZ
O0gcp = Ogcp = —90BCD = —OBCD — > 0BCD = ZUBCD'
Z Z 1 Z 1
OXXZ = gXZX — _gYVZ — _ YV — _ GEVY — _ _ 5Zxx
BCD BCD BCD BCD ~ 5 9BCD > 9BCD
Xyz _ _Xzy __ _YXZ _ _YZX _ __ _ZXy _ __ _ZYX
O0gcp = 98BcD = 9Bcp = %9Bcp = ~9%8cD T ~OBCD’
xxx _ YYVY
0QMD = OqMD’
xXyy __ VXX xzz _ YZZ zxx _ __2ZYY
OqMp = 9Qmp’ 0QMD = 9omp’ 0QMD = ~I9qmp-
xxy __ Xyx __ yxy __ yyx
OqMmp = 9%qmp = 9%qmp = 9qmp’
zxz _ . ZyZ __ _zzx __ ,ZZY
0qMD = 9qmp = 9QMD = %MD’
O.xxz — O.xzx — _5Yyz _ _ YVZy
QMD = OQMD QMD QMD’
Xyz __ _Xzy _ __ _yXz __ __ _YZX
Oqmp = 9qmp = ~ %MD = ~I9qmp:

(S56)

(557)

(558)

To verify it, we calculated the band structures and the transport tensor of CuB2O4

without the consideration of SOC are shown in Fig. S11. All the numerical results show

consistence with the symmetry analysis.

Fig. S11. Crystal structure and Brillouin zone of CuB20s.
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Fig. S12. Results of noncoplanar AFM CuB:0s. a, Band structures without SOC. b-d,
Nonlinear conductivity tensor contributed by IMD (b), BCD (¢), and QMD (d) without
SOC by setting relaxation time 7,, = 10™° s = 1 ns. The number of sampled k points
are 990%990*990 for calculating IMD and BCD contributions, and 1700*1700%1700

for calculating QMD contribution.

6.3. Mn3;CoGe

The Mn-based transition compounds Mn3CoGe, Mn3lrGe, and Mn;3lrSi are both
crystallized in a cubic lattice [24] (Fig. S13a). They also have similar noncoplanar
antiferromagnetic order that the angles between any two magnetic moments of Mn are

120 degrees. Here we take Mn3CoGe as an example as the other two compounds share

the same symmetries with Mn;CoGe. The SSG of Mn;CoGe is P21002, 31113, implying

2 2
two generators {U[loo](ﬂ.')l|R[100](T[)|‘Ca} and {U[111] (?n) | |R[111] (?n)| 0} .
Interestingly, the axes and angles of spin and spatial rotations in both generators are
same, leading to an important fact that the SSG and magnetic space group of Mn3;CoGe

(Mn3IrGe and MnsIrSi) are exact the same. This can be directly seen from Tab. S3, row
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15, that the nonzero components of second-order transport are same under the SSG and
magnetic space group of Mn3;CoGe. More explicitly, only one individual component of

both IMD and QMD contributions is allowed, as

xyz _xzy _ yzx _ yxz . zxy __zyx
Ommp/QMp = %mmp/QMmbp — %1Mp/QMp = 91mp/QMp — %iMp/QMbp — 91MD/QMD* (559)

We note that the absence of PT.i seems to allow BCD contribution. However, the

three-fold rotational symmetry along [111] direction connects agé'[z) = 0pep = aé’c%,

combining with the intrinsic constraint Eq. (S40) (agé']:z) + agczg + agég = 0) enforces

them to be zero. Therefore, it also hints us that any perturbation destroying the three-

fold rotational symmetry significantly will turn on the BCD contributed tensor.

urens

Fig. S13. Crystal structure and Brillouin zone of Mn3;CoGe.

Now we conduct calculations on the realistic Mn3CoGe crystal, where the results are

shown in Fig. S14. The band structures validate the metallic ground state of Mn3CoGe,

where finite al’la’s JQup Ccomponent presents in wide energy range. Meanwhile, all the

tensor components from the BCD contribution vanish, verifying the correctness of our
framework. As mentioned above, any perturbation breaking three-fold rotation
typically unloose the constraint on ogcp, where uniaxial strain is a simple choice.
Hence, a uniaxial strain along ¢ axis is introduced (Fig. 13a) and its effect is simulated
by 3% extension of the lattice constant of c¢. As a result, the band degeneracies at R

are basically lifted after strain-engineering, as shown by energy bands in gray of Fig.
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S14. More importantly, the SSG is now becomes P?21002, 20102, 20012, leading to the

emerge of two independent components of ogcp:

xyz __ _xzy VZX __ _yxz
98cp = 9BCDY 98cp = 9BCDY (560)
ZXy __ _ZyX __ _ _XyZ _ _yzX . . ..
where ogcp) = 0gep = —0Ogep — Opcp 1S not independent. Such an analysis is

confirmed by our numerical results in Fig. S14d, where an observable value of ogcp =

10~30 S?/A by few percentages of structure deformation under strain-engineering.

a

- yz
2 anD
-04 -02 00 02 04
E—Er (eV)
c d
0.04 501 strain on
g ;\E 251
2 0.00 2 o
Q Q
g 2
S ®_25
yz z I 72 ¢
-0.04 —— Oomp -50] BCD 8cD
—04 -02 00 02 0.4 -04 -02 00 02 04
E—EF (eV) E—EF (eV)

Fig. S14. Results of noncoplanar AFM Mn3CoGe. a, Band structures without SOC. b-
¢, Nonlinear conductivity tensor contributed by IMD (b) and QMD (c¢) without SOC by
setting relaxation time 7,, = 10™° s = 1 ns. d, QMD contribution induced by uniaxial
strain along ¢ axis. The number of sampled & points are 550*550*550 for calculating

IMD and BCD contributions, and 1500*1500*1500 for calculating QMD contribution.
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7. Angle-resolved transport measurement

Here we propose an experimentally realizable method to potentially disentangle the
partial contributions of SOC via experimental data. Firstly, our database predicts
components of nonlinear conductivities that are nonzero only in the presence of SOC,
which is the most straightforward and realizable way to measure the SOC contributions.
However, for other components that are nonzero with and without SOC, fully
disentangling the SOC effects seems impossible only from experimental data without
numerical calculations. To the best of our knowledge, we think the most feasible way
is to extract the partial contributions from SOC by angle-resolved transport
measurement.

Taking altermagnet VNb3Ss as an example, spin group symmetry analysis predicts
the SOC-free components from BCD is 0y, = 0x;y = —0yx; = —0y;x, While both
IMD and QMD contributions vanish. Once SOC is precent, IMD and QMD are emerged
as purely SOC effect, and now the BCD contributions, predicted by magnetic group
symmetry, are oY =g?*, ¢V =", and oY = g¥?*. Due to the less

xyz

symmetry constraints, components o and oY*% are now disconnected. As shown
Yy s

in Fig. S15, one can measure the crossed nonlinear transports by applying both out-of-
plane electric field E,(w;) and in-plane electric field E(w,) = (Ex, Ey)(a)z) where

the electric field are dynamical with small frequencies w; and w,, respectively. The
current density of frequency w; + w, is then the measurable second-order signal

Jo = aggg EgE, with a,f = x,y, where we concentrate on the BCD contributions that

can be extracted by scaling low of relaxation time. In the local (crystalline) coordinate

system and with SOC, the nonzero components of the conductivity are ogpp and opep.

and ogpp # Opep in general. Remine that spin-group-symmetry analysis predict that

the SOC-free contribution is Uggé,o = —O'gg[Z)JO = 0,. Hence, the total conductivity can
be expressed as oplp = 0y + 80, and opcp = —0p + 80, where 8o, and 8o,

account for the SOC corrections. Now one can measure different current density via
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changing the azimuth angle 6, i.e., choosing distinct leads, and for each angle 6 one
measures both the longitudinal and transversal current density. This is equivalent to

measure the conductivity tensor contributed by BCD in the laboratory coordinate
I !
system, ie., Jo = oph “E,Egr with a',B' =x',y". After simple algebra, the
conductivity tensor in the rotated laboratory coordinate system reads
vz _ L (55 4 65,)sin20 = —22 (S61)
dcp” =580y + 80y ) sin20 = —opcp
x'y'z

1 1 1
oacn =0+ E((Sax —8o,) + E(c?ax +80,) cos 260 = —agp”. (S62)

Therefore, by fitting the m-period longitudinal signal aé‘é’]glz one extracts the

average correction from SOC as %(6(& + SGy), and obtains the rest part o, +

1.,
%(60,( — 50'y) through the transversal signal og.y,”. Even though the geometric
contribution ¢, has not been directly extracted, combining the rest part o, +
0 y g p

1 . ~ XYZ ___ZXYy
5(509: —50'y) and results from different surfaces oy =~ opip — 0gcp » One can

quantificationally estimate the geometric NLT effects from experiments [0505 can be

measured in the (0001) surface with ogp, measured in (1010) surface, see

Section 5.1].

E(wy)

Fig. S15. Sketch of the angle-resolved measurement of nonlinear transports of VNb3Se

to partially extract the SOC contributions.
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