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The interplay between chirality and topology nurtures many exotic electronic proper-
ties. For instance, topological chiral semimetals display multifold chiral fermions that
manifest nontrivial topological charge and spin texture. They are an ideal playground
for exploring chirality-driven exotic physical phenomena. In this work, we reveal a
monopole-like orbital-momentum locking texture on the three-dimensional Fermi
surfaces of topological chiral semimetals with B20 structures (e.g., RhSi and PdGa).
This orbital texture enables a large orbital Hall effect (OHE) and a giant orbital mag-
netoelectric (OME) effect in the presence of current flow. Different enantiomers exhibit
the same OHE which can be converted to the spin Hall effect by spin-orbit coupling in
materials. In contrast, the OME effect is chirality-dependent and much larger than its
spin counterpart. Our work reveals the crucial role of orbital texture for understanding
OHE and OME effects in topological chiral semimetals and paves the path for appli-

cations in orbitronics, spintronics, and enantiomer recognition.

chirality | orbital magnetoelectric | orbital Hall effect | orbital angular momentum |
topological chiral semimetals

Chirality refers to a spatial asymmetric feature enabling objects to appear in two nonsu-
perimposable mirror-image forms (enantiomers). Opposite enantiomers may exhibit
different and even completely opposite physical/chemical properties and behave differently
in response to external stimuli. This has brought significant consequences and applications
in chemistry and biology (1), for example, in enantioselective catalysis and drug design.
In condensed matter physics, due to the rich interplay between chiral symmetry, relativistic
effects, and electronic transport, the chiral solid crystals constitute an ideal playground
for exploring exotic physical phenomena. A variety of chirality-driven unconventional
electronic transport, such as electrical magnetochiral anisotropy (2), chirality-induced
spin selectivity (3-7), and unidirectional magnetoresistance (MR) (8) have been found
in different systems. It is of fundamental interest to broaden the spectrum of chirality-driven
physical properties and related phenomena that can lead to practical applications.

Recently, chirality was found to induce topological electronic property with
orbital-momentum locking in DNA-like molecules (9) and results in chirality-induced
spin selectivity (5) and anomalous circularly polarized light emission (10). Compared to
molecules, chiral solid crystals may exhibit more intriguing orbital texture that brings
exotic physical/chemical phenomena, yet to be explored. The topological chiral semimetals
in the space group (SG) P2,3, such as PdGa, PtAl, and CoSi (11-15), which are charac-
terized by multifold band crossings with large Chern numbers in the bulk state and unique
Fermi arcs at surfaces, are of particular interest. These crystals display promising applica-
tions in chiral catalysis (15-18). Exploring the orbital effect is also helpful to understand
the relation between the band structure topology and enantioselective processes, such as
enantiomer recognition or chiral catalysis.

In this work, we study the orbital texture in the band structure of topological chiral
semimetals. The results indicate that for the opposite enantiomers of topological chiral
semimetals, the sign reverses in orbital polarization. Near the multifold band crossing
points, the orbital angular momentum (OAM) texture exhibits monopole-like character-
istics, similar to the Berry curvature distribution of Weyl points in momentum space. We
demonstrate that such OAM texture leads to a large orbital Hall effect (OHE) and orbital
magnetoelectric (OME) effect, which is insensitive to the spin-orbital coupling (SOC)
strength of the materials. Among all five topological chiral semimetals that we studied,
RhSi and PdGa are the most promising candidates for detecting the large orbital Hall
conductivity (OHC) and current-induced orbital magnetization in the experiment.
Furthermore, we point out that OHE is enantiomer-independent while the sign of the
OME effect manifests the chirality. Our study reveals the exotic electronic orbital texture
induced by chirality and indicates a way to utilize the orbital transport for applications
in orbitronics, spintronics, and enantiomers recognition.
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Significance

In this work, we reveal a
monopole-like orbital angular
momentum (OAM) texture on the
Fermi surfaces of topological
chiral semimetals with B20
structures and predict a large
OAM-induced orbital Hall effect
(OHE) and orbital
magnetoelectric (OME) effect
when an electric current is
applied. By comparing five B20
compounds (CoSi, RhSi, PdGa,
PtAl, and PtGa), we find that the
orbital effects are insensitive to
the spin-orbital coupling. The
OHE and OME are much larger
than their spin counterpart.
Different enantiomers exhibit the
same OHE but the opposite OME.
Our results about the nontrivial
OAM textures provide a
perspective to understand the
exotic orbital effects in
topological chiral semimetals and
pave the way for their
experimental realization.
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Results and Discussion the opposite enantiomers is related by the inversion operation as

CTA B, _ B, _ —_ _718B _
The widely studied topological multifold semimetals, such as fOHOWS'If (_k )~ L7 (=k), L°( . k) - L7(k), where the lat
CoSi, RhSi, PdGa, PeAl, and PtGa, crystallize in the B20 (FeSi- ter equality is enforced by TRS. This relation shows that the OAM

changes sign on opposite enantiomers. As a consequence of TRS,
the OAM changes sign on reversing the momentum. Furthermore,
at any time-reversal invariant momenta, the OAM must vanish
since the OAM changes sign while the momentum is left invariant.
Away from the high-symmetry points, the symmetry relations
for various OAM components along the high-symmetry lines
or planes can be further discussed. For instance, the I'-X
high-symmetry line is left invariant by the 2,, axis. Therefore, we

have L, (k,,0,0) #0, Ly(kx, 0,0) =0, and L,(k,,0,0) =0. This

type) crystal structure with structural chirality (11-14). They
belong to the Sohncke nonsymmorphic SG P2,3 (No. 198) gen-
erated by twofold screw rotations 2,, = {C,, | 0.5, 0.5, 0}, 2, =
{G,,]0,0.5, 0.5} and diagonal threefold rotations Cj ;,; = {C; 1,
| 0.0, 0.0, 0}. The combination of these symmetry operations gives
rise to three two-fold screw rotation axes along the axes of the
Cartesian coordinate system and four three-fold rotation axes
along the cube's main diagonals. The material is nonmagnetic;

therefore, the time-reversal symmetry (TRS) and its combination

with other crystal symmetries also belong to the symmetry group. relation can be translatec? to the Oth?r X-poin't-di.rected paths
Fig. 14 depicts the crystal structures of two PdGa enantiomers '[(0’ ky, 0? and (0, 0, kL)]. using permutation Of'the lnlees..Anther
(enantiomers A and B) with winding of the helices related by an instance is of the I'-R h{gh-symmetry line which remains invariant
inversion operation, where structural chirality determines elec- under the C; operation: L,(k k,k) = Ly(k’ k k) =L,(k k k).
tronic properties. Fig. 1 Band C show symmetry-protected mul- ~ More detailed OAM symmetry properties for the materials in SG
tifold band crossings appearing at the I" and R points in the bulk, ~ P2,3 can be deduced directly from S/ Appendix, Table S1.
which carry the Chern numbers of -4 and 4, respectively. The sign We then performed the density-functional theory (DFT) cal-
is reversed in the opposite enantiomer. culations (22, 23) (see Methods section for calculation details) for
Herein, we present the detailed symmetry analyses of the OAM ~ realistic bulk compounds. Since the symmetry of Wannier func-

in topological chiral semimetals. Despite the atomic orbital being ~ tions is essential for the real material OAM calculations, we pro-
quenched in solids, the OAM can be estimated based on Bloch ~ jected the ab initio DFT Bloch wavefunction into highly symmetric

wave functions. The general L (&) component of the OAM for atomic-orbital-like Wannier functions and generated the corre-
band n at point & is given by (f 9-21): sponding tight-binding (TB) model Hamiltonian that fully

<n(K) [V | mk)> < m(k) |6[, ’n(k)>
En(k) - Em(k) + ii’]

L7 (k) = 26,4, Aim Im Z

m#n

, (1]

where o, B,y = x,y, 2, €4, is the Levi-Civita symbol. E, (k) is the ~ respects the symmetry of corresponding materials. Using the
eigenvalue for the n, eigenstate of [n(k) > at the momentum k. obtained TB Hamiltonian, the OAM can be numerically com-
Va(p) is the a(B) component of the band velocity operator with  puted based on Eq. 1. Fig. 24 shows the OAM-resolved band

o _ 10HG) 3. L ~ structure along the R-I'-R high symmetry line for the two PdGa
VB = 7 ok H s the Hamiltonian operator, and 77 = 0.1 meV enantiomers. The OAM-resolved band structures for other topo-
represents a very small broadening for numerical reasons. logical chiral semimetals including CoSi, RhSi, AlPt, and PtGa,

OAM is a pseudovector that transforms like spin under sym- along different momentum directions [001], [111], and [110], are

metry operations. The key OAM relationships for the materials  shown in S Appendix, Fig. S1. As expected, ab initio calculations
in SG P2,3 are listed in S/ Appendix, Table S1, which define the  are in good agreement with the expected OAM symmetry prop-
constraints on the OAM in the k-space. Particularly, the OAM of  erties: the orbital polarization reverses sign at opposite momentum
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Fig. 1. Chiral crystal structure in real space and chiral multifold fermions in reciprocal space in PdGa enantiomers. (A) Chiral crystal structures for the PdGa
enantiomers (namely enantiomer A and enantiomer B). Blue and yellow atoms represent Pd and Ga atoms, respectively. Because of the C, screw rotation
symmetry, the opposite chiralities can be distinguished by the helix formed by Pd atoms. (B) Cubic BZ features multifold fermions in PdGa enantiomers, which
are located at the I'/R points with Chern numbers —4/+4, respectively. Different enantiomers represent opposite topological charges. (C) Band structure of PdGa
calculated with SOC wherein eight bands: a;, ay, 1, B, v1, 72, 61, and 8, intersect the Fermi energy and are marked by the colors. The subscript 1(2) represents
the down (up)-shifted spin-split bands.
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Fig.2. OAM texture in PdGa enantiomers. (A) Band dispersion with the OAM
of L4, for the electrons transmitted through [111] direction in enantiomers
A (Left) and B (Right). Within one enantiomer, OAM exhibits opposite signs
at +k and —k. Furthermore, OAM is enantiomer-dependent; it reverses the
sign for the opposite enantiomer. The absolute value of the OAM |L(k)] is
indicated in the color bar. (B) OAM texture around chiral fermions in two PdGa
enantiomers. The Fermi pockets are formed by the band y, centered at the "
and R points, respectively. OAM texture exhibits monopole-like feature. The
chemical potential was chosen as 30 meV above the nodes.

and the OAM texture changes sign for the opposite enantiomers.
Furthermore, owing to the noncentrosymmetric crystal structure
of the material, SOC splits the energy bands. The spin-split bands
carry the opposite spin texture and approximately the same OAM,
which can be observed from the plot of the OAM vector fields for
spin-split Fermi surface (FS) pairs as shown in S Appendix, Fig. S2.

The topological chiral semimetal PdGa displays a nontrivial
momentum dependence of the Berry curvature at multifold fer-
mions I' and R (Fig. 1B). Since the OAM has an intimate con-
nection to the Berry curvature (24), it is of fundamental interest
to study the OAM texture distributions near I" and R. Fig. 2B
shows the Fermi pockets that are around 30 meV above the chiral
fermions I' and R, respectively, which are formed by the band vy,
in Fig. 1C. Moreover, ST Appendix, Fig. S3 shows the FS pockets
near the chiral fermions. The OAM texture was found to be similar
to the Berry curvature monopole. In enantiomer A, the OAM
texture exhibits a monopole-like feature at I' (source) and R
(drain). As expected, this OAM texture reverses in enantiomer B.

The nontrivial OAM texture in topological chiral semimetals
further induces orbital transport phenomena. Here we focus on
OHE and ME effect. OHE (25) is a phenomenon of the gener-
ation of transverse OAM current in response to an applied electric
field, which is an orbital analog to the transverse spin angular
momentum current in the spin Hall effect (SHE) (26, 27). In
OHE, the applied electric field along B-direction (£) and the
induced orbital current along a-direction with orbital polarization
along y-direction ( J2) are related by the OHC tensor (0'£ ﬁ) as

Jo =0 +Ep With the material-specific TB Hamiltonian, the 67 5
can be calculated by the Kubo formula (25):

Y

Gaﬂ = j(z )3 Zf’;k naﬁ(k)

<n(k) VE ’

7 |n(k)>

£
Q0= —2Im D

m#n
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Ai 1 S ~ . . .
Here, T == {Va, L, } is the conventional orbital current oper-

~

ator, Q ” (k) is referred to as the orbital Berry curvature, L, is

v
the orbltalﬂ operator, and f,, is the Fermi-Dirac distribution func-
tion. For the integral in Eq. 2, the k-space integration was per-
formed on a uniform 240 x 240 x 240 k-grid.

To illustrate the general properties of the OHE for all chiral struc-
tures, we present the OHC tensor for 11 chiral point groups using
the TENSOR program from the Bilbao Crystallographic Server (28),
as shown in ST Appendix, Table S2. Specially, topological chiral sem-

imetals belong to the T point group. The existing symmetries force

wpt© be zero and relate them to each other

as O';fy = 0';‘ = O‘y and O'Z = 0' Gjycz, leaving only two groups of

many tensor elements OfO'y

nonzero elements. Fig. 3 shows the calculated OHC as well as SHC
(spin Hall conductivity) for five selected topological chiral semimet-
als, in which the Fermi energy lies at the charge neutral point. We
found that the magnitude of OHC in these compounds is in
general gigantic and insensitive to SOC, reaching approximately
~3,000(7/¢)(Q cm) L. In contrast, the SHC shows a clear correla-
tion with the SOC strength for different compounds, whose value
is of one order of magnitude smaller than OHC. This reflects that
the OHE is more robust and can be converted into SHE when the
SOC s present. Furthermore, we point out that different enantiom-
ers exhibit the same OHE/SHE since the inversion operation does
not change the sign of the OHC/SHC tensor.

To elucidate the origin of the OHC change in different com-
pounds, we show the energy-dependent OHC oy, in Fig. 4A and

k-resolved orbital Berry curvature ny of the 7,, band in Fig. 4B,

where red (blue) denotes a positive (negative) contribution. As
shown clearly, for CoSi and RhSi, at the charge neutral point, the
hole pockets near I" and electron pockets near R make a dominant
contribution. RhSi exhibits larger Qﬁy near I" than CoSi and there-

fore shows stronger ajy . For PtAl, PtGa, and PdGa, the hole bands

at M shift above the Fermi energy compared to RhSi/CoSi, attrib-
uting to different natures between Pt/Pd-d and Rh/Co-d orbitals
and consequently their electron bands at I shift down to balance
the charge neutrality. Because electron bands at I contribute neg-
ative ij , PtAl, PtGa, and PdGa exhibit smaller oy than RhSi.
Our results reveal a large orbital Hall response in topological
chiral semimetals, which is insensitive to the SOC strength, mak-
ing these materials excellent candidates for detecting the OHE. It
was theoretically demonstrated that the orbital current in OHE
can be converted to the spin current via the SOC from the contact
(29). Furthermore, the OHE can also generate large nonreciprocal

4000 600
—o -0HC ¢

— D ~e-SHC o —
L . 400 T_
£ 3000 A ST T e E
c / o ° &
- 7 k200 =
= e =
= / o __ S

20004 o/ e ad =
@) [ - @)
o= t\_H\.// — 0 X
o 5]

1000 ~— T T T —--200

CoSi RhSi PdGa PtAl PtGa

Fig. 3. Nonzero tensor element o2 of the OHC and SHC for five topological
chiral semimetals. The Fermi energy is set to the charge neutral point, which
is close to the real chemical potential in materials.
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Fig. 4.

Energy-dependent OHC response and the corresponding orbital Berry curvature-resolved band structure for topological chiral semimetals. (A) OHC o5,

as a function of energy. (B) The corresponding local Qiy(k) -resolved band structures along high symmetry k path.

magnetoresistance (MR) when employing magnetic contact. These
strategies pave the way to probe the OHE in experiments.
Noteworthy, the recent experiment confirmed this prediction by
measuring a large effective spin Hall angle in Cu and Al through
OHE to SHE conversion by the interfacial SOC (30). This will
inspire experimental detection of OHE in chiral semimetals pro-
posed in this work.

In addition to the OHE, the intrinsic OAM texture in topolog-
ical chiral semimertal is also crucial for the OME effect. Generally,
the ME effect requires an applied electric field in the j-direction
(E) to induce magnetization in the i-direction (A4)), which are

related via response coefficients #; by the response equations

M, = 21 Jdl] e is the ME susceptlblhty, which can be derived

from the standard linear response theory as follows (31, 32).

e[ db w© - df (Ex)
a;= -T2 J(z 3 ZMnk,iynk,ank’
Bz
Mnk,i = Snk,i + Mok,i> [3]

where 1,j,k=x,y,z and 7 is the relaxation time. Particularly,
M ,}, ; is the magnetic moment of Bloch electrons for the band n
at point k consisting of the spin magnetic moment

Snlesi = <n(k)' 38HEO;

n(k)> and orbital magnetic moment

Mg = i (k). Here, up = ‘;73 is the Bohr magneton, g

denotes the Lande g-factor set to the value 2, and L ' (k) is the
OAM defined in Eq. 1. Owing to the symmetry properties of the
OAM,, the total magnetic moment in topological chiral semimetals
is zero in the equilibrium state because of cancellations between
the contributions from % and -/%. However, an electrical current
can induce an imbalance between the populations at £ and -,
thus generating nonzero magnetic moment and a nonzero ME
susceptibility ;.

Constrained by the crystal symmetry in topological chiral semi-
metals, only three ME susceptibility tensor exists and they are equal

as 4, =a,=a,=a (33). Particularly, 4, is reversed by the

40of 7 https://doi.org/10.1073/pnas.2305541120

inversion operation, giving al - — aég for the opposite enantiom-

ers. We calculated the ME coefficient, 4, based on the first-principles
band structure. It is noted that the relaxation time assumption in
Eq. 3 limits the prediction of 4. Experimentally, the observed
relaxation time for topological chiral semimetals is approximately
0.1 ~ 4 ps (13, 34-38), which depends on the crystal quality,
temperature, and carrier concentration. To study the effect of
intrinsic band structure on the ME response of materials, the relax-
ation time is assumed to be 1 ps. As shown in Fig. 5 A and B, these
topological chiral semimetals exhibit a large ME response. Here
we assume E, = 10> V™!, and the resulting total magnetization
My = ayE, can reach the values 0f 0.063, 0.102, 0.077, 0.029, and
-0.043 py/nm % for CoSi, RhSi, PdGa, PtAl and PtGa, respectively.
'The current-induced magnetization here is generally ten times larger
than the reported spin magnetization in the strong Rashba systems
of Au (111) and Bi/Ag (111), the surface of topological insulator
a-Sn (001) surface (39—41), and comparable to the orbltal magnet-
ization in strained twisted bilayer graphene (0.20 pp/nm?) obtained
with a large relaxation time of 10 ps, (42) as listed in ST Appendix,
Table S3. Notably, M the varies considerably when the chemical
potential is shifted. As shown in Fig. 54, the A of CoSi, RhSi,
PdGa, and PtAl increases monotonically as the chemical potential
is lowered, reachmg its maximum value 0f 0.097, 0.170, 0.353, and
0.354 py/nm’ at -0.198, -0.309, -0.723, and -0.663 €V, respec-
tively. Thus, the hole doping in these compounds is an effective way
to achieve an enhanced ME response. For PtGa, it exhibits a negative
M, close to the Fermi energy. The magnitude of the A, first increases
as the chemical potential is lowered to about -0.06 €V. Further
lowermg of chemical potential results in a decrease of M to 0 py/
nm’ at -0.186 eV, where the M, reverses sign. Then, theM becomes
positive and increases monotomcally which eventually reaches the
maximum value of 0.281 py/nm” at -0.624 eV. The Fermi energy—
dependent plot in Fig. 54 provides a general route to optimizing the
ME response in these materials.

Different ME magnitudes in five materials can be understood
by M,-resolved band structures as shown in S7 Appendix, Fig. S5.
For all these compounds, large contributions to M, were found
along the I'-X, I'-M, and I"'-R high symmetry lines. At the charge

pnas.org
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Fig.5. The ME response in topological chiral semimetals. (A) Energy-dependent electric current-induced magnetization (M,) in enantiomer A for all five topological

multifold semimetals. (B) Electrical current-induced magnetization in enantiomers A (M4) and B (M5), where M2 = MA MA =
orbital (MA°) and spin (M%) contributions in enantiomer A are indicated. The total MA (M4 = MAO

Miand M4 = af - E,. The corresponding
MAS) is malnly domlnated by the orbital part (M4©). The

electric fleld is E, =10° Vm‘1 The Fermi energy is set to the charge neutral point. (C and D) are the schematlcs of the experimental setups to measure the

chirality- dependent ME response in opposite enantiomers.

neutral point, the hole pockets near I" and electron pockets near
R of RhSi contribute a larger M/ than CoSi and therefore RhSi
shows a stronger ME response. For PtAl, PtGa, and PdGa, because
the electron bands at I' and hole bands along the '-M carry
negative M, PtAl, PtGa, and PdGa exhibit smaller A/ than RhSi,
and especially, PtGa displays a negative value.

Being directly linked to the chirality-dependent OAM texture
in topological chiral semimetals, the magnetization reverses its
- M; B, as further confirmed

by the numerical calculations shown in Flg 5B. M was further

sign for opposite enantiomers: M; 4=

analyzed and its orbital (MA ) and spin (M 5 contrlbutlons
were calculated using Eq. 3. As shown in Fig. 5B, the orbital
magnetization dominates the A/, 4 whereas the spin magnetization
is almost negligible attributing to the antiparallel spin of spin-split
bands which produces a small spin magnetization owing to the
cancellations between the contributions from spin-split ESs
(SI Appendix, Figs. S6 and S7). The observed phenomenon is sim-
ilar to the Rashba—Edelstein effect found in the noncentrosym-
metric antiferromagnets (43).

To date, studies on the bulk ME effect in chiral materials are
rather limited (8, 44, 45). The electric current-induced bulk mag-
netization was recently observed in chiral crystals of tellurium (46)
and CrNb;S, (45) by NMR and superconducting quantum inter-
ference device (SQUID), respectively. The physical origin of the
observed phenomenon remains elusive, which was usually explained
on the basis of the current-induced spin magnetization arising from
the spin imbalance in the spin-split bands. Theoretically, we note
that the ME response of some Kramers Weyl semimetals (47, 48)
and chiral crystals of TaSi, (49) was investigated and the mecha-
nism based on spin/orbital texture was proposed. Our results reveal
a dominating role of the exotic OAM texture of Bloch electrons
for the ME effect, which is independent of the SOC strength.
Furthermore, the evolution of the ME effect in different materials
and the related mechanism was discussed. We found that among
all five topological chiral semimetals, RhSi and PdGa are the most
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promising candidates for detecting the large ME response. We
expect it can be experimentally measured using NMR (46), SQUID
(45, 50), and Kerr spectroscopy (51). Particularly, we found that
this ME response is enantiomer-dependent, manifesting as the
opposite sign for opposite enantiomers, which paves a way for
enantiomer recognition. Based on symmetry and numerical anal-
yses, we propose a schematic to measure the current-induced mag-
netization in topological chiral semimetals, as illustrated in Fig. 5
Cand D. By injecting the same electric current along the x-direction
in PdGa enantiomers A and B, positive and negative magnetization
in the x-direction can be observed for respective enantiomers.

In addition to the OAM-induced OHE and ME effect, the
OAM can be further detected by the MR measurement, similar
to the case in the chiral-induced spin selectivity (CISS) in chiral
molecules. When contacting the chiral materials with the ferro-
magnetic (FM) electrodes, OAM can generate the MR effect. In
principle, it requires SOC to couple the spin in the FM electrode
with the OAM in chiral crystals (9). Therefore, we predict that
the induced MR is proportional to the SOC of the materials. MR
can also be measured by applying an external magnetic field par-
allel to the current, which corresponds to the electric magnetochi-
ral anisotropy (52). In this case, OAM directly interacts with the
magnetic field (53). Thus, we predict that MR is insensitive to
SOC here. If both MR measurements can be conducted, they will
be helpful to resolve the roles of OAM and SOC in chirality-driven
magneto-transport. Furthermore, angle-resolved photoemission
spectroscopy (ARPES) with circularly polarized photons is also a
promising route to detect the OAM. Recent studies have shown
that circular dichroism (CD) can probe the chiral OAM structure
in the surface states of topological insulator Bi,Se; (54). We expect
that CD-ARPES can be used to probe the OAM structure in
topological chiral semimetals. Moreover, the OAM texture plays
an essential role in the CISS effect in molecular devices (9, 55)
and anomalous circularly polarized light emission (10).

In summary, we perform both theoretical and first-principle anal-
yses to study the OAM texture in several typical topological chiral
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semimetals. We find that the OAM texture displays significant chi-
rality dependence that manifests in a sign reversal in the momentum
space for opposite enantiomers. Near multifold chiral fermions, the
OAM texture exhibits unique orbital-momentum locking with char-
acteristics similar to that of the Berry curvature monopole. We
demonstrate that such OAM texture in topological chiral semimetals
leads to giant chirality-independent OHE and chirality-dependent
OME effects, which are insensitive to the SOC strength. For five
topological chiral semimetals CoSi, RhSi, PdGa, PtAl, and PtGa,
RhSi shows the largest amplitudes of OHC as well as the current-
induced orbital magnetization, which facilitates experimental meas-
urements of the OHE and OME effect in this material. We expect
that the induced magnetization can also induce higher-order
responses such as the nonlinear anomalous Hall effect (56, 57),
chirality-induced nonreciprocal MR (58, 59), orbital current-spin
current conversion (30), and exotic light-matter interaction (10).
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