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A number of compounds in the family of rare-earth half-Heusler alloys have been predicted to be topologically
nontrivial semimetals, classified as Weyl, triple-point, and Dirac semimetals based on the multiplicity of degen-
eracy of the nodal points or crossing of linearly dispersed electronic bands. Here, we present a first-principles
theoretical characterization of the electronic topology of the antiferromagnetic half-Heusler alloy DyPdBi.
In the antiferromagnetic state preserving C3v symmetry of the crystal, DyPdBi is a triple-point semimetal
hosting four triply degenerate nodes along the threefold symmetry axis of the Brillouin zone. In contrast, the
antiferromagnetic state of DyPdBi with local magnetic moments on Dy rotated to a direction perpendicular
to the C3 axis breaks the threefold rotational symmetry, and hosts four Weyl nodes in its Brillouin zone. Our
calculations of the Berry curvature of their electronic states clearly show that the triple-point fermions of DyPdBi
exhibit a signature peak in the anomalous Hall conductivity, while the Weyl fermions do not contribute to
anomalous Hall conductivity. As these two topologically distinct magnetic states are separated by a small energy
difference of ≈15 meV, we expect them to be switchable with a magnetic field or spin torque and distinguishable
experimentally from anomalous Hall conductance.
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I. INTRODUCTION

Almost a decade ago, many rare-earth half-Heusler al-
loys were identified as topologically nontrivial materials with
metallic and semimetallic electronic structures [1–4]. Shortly
thereafter, experimental studies confirmed that the topological
semimetals form a class of interesting materials which provide
a platform for realizing elusive quasiparticles such as Dirac,
Weyl, and Majorana fermions [5–9]. These studies stimulated
research activity to characterize topological half-Heusler al-
loys based on the degeneracy of topologically protected nodes
with the aim of identifying these quasiparticles. Triple-point
semimetallic phases were identified in diamagnetic rare-earth
half-Heusler alloys such as LuPtBi, LaPtBi, and YPtBi [10].
Some studies on paramagnetic [11–13] and ferromagnetic
[14] (under external magnetic field) phases in GdPtBi iden-
tified triple-point and Weyl semimetallic states, respectively.
Another study based on a model Hamiltonian approach re-
ported the possibility of the existence of different topological
phases (Weyl, Dirac, triple point, topological insulating states,
etc.) in the antiferromagnetic (AFM) phase of half-Heusler
alloys [15].

Quasiparticles such as Weyl and triple-point fermions
express themselves through several exotic quantum trans-
port phenomena such as chiral anomaly, Fermi arcs, planar
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Hall effect, and large intrinsic anomalous Hall effect (AHE)
[13,14,16–20]. However, there is no simple, definitive way to
differentiate a triple-point semimetal from a Weyl semimetal,
except through the detection of Fermi arcs by angle-resolved
photoemission spectroscopy (ARPES). This will be facili-
tated if there is a material system that can switch between
these topological states, which can be probed with transport
experiments.

DyPdBi exhibits an AFM ordering with TN = 3.5–4.0 K
[21,22] in polycrystalline form and TN = 2.7 K in its single-
crystalline form [23]. It was recently reported to show
promising characteristics for hosting topologically protected
crossings of bands. An indication of topological nontriv-
ial states in DyPdBi thin films oriented along the [110]
direction is experimentally observed in the form of weak-
antilocalization and Shubnikov–de Haas oscillations [24,25].
Another recent experimental work on paramagnetic DyPdBi
single crystals reported observations of negative magnetore-
sistance and planar Hall effect, which was partially attributed
to the chiral anomaly and is suggestive of the existence of a
Weyl semimetallic phase in the paramagnetic structure [19].

It is desirable to develop an understanding of the electronic
structure and topological phases of this antiferromagnetic
material. In this work, we use density-functional-theory-
based first-principles calculations with a goal to determine its
electronic structure and topological signatures, and a possible
switchability between its distinct topological states, if any.
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More precisely, we use first-principles and group-theoretical
analysis to address the following questions: (i) What is the
electronic structure of DyPdBi at a low-temperature antifer-
romagnetic state? (ii) Are topologically nontrivial electronic
states possible in AFM-DyPdBi? (iii) Can the electronic struc-
ture of DyPdBi calculated from first principles be reproduced
with a model Hamiltonian derived using group theory? (iv)
Are its topological electronic states tunable and, possibly,
switchable? (v) Are there any transport signatures of these
states that can be seen experimentally?

II. FIRST-PRINCIPLES METHODS

Our first-principles calculations are based on density func-
tional theory (DFT) and the use of the plane-wave basis in
the representation of Kohn-Sham wave functions and charge
density. We have used a combination of two implementa-
tions of DFT, i.e., VASP and QUANTUM ESPRESSO, for internal
consistency checks and also to benefit from their different
capabilities. Full structural relaxation of antiferromagnetic
DyPdBi is carried out using the Vienna Ab initio Simulation
Package (VASP) [26–28] until the interatomic forces reduce
below 0.02 eV/Angstrom in magnitude, corresponding to a
local minimum of energy. For this relaxed structure, we use
the QUANTUM ESPRESSO (QE) [29,30] package for a set of self-
consistent field (SCF) and non-self-consistent field (NSCF)
calculations to determine the electronic structures and relevant
properties of DyPdBi. The plane-wave basis for the repre-
sentation of Kohn-Sham wave functions was truncated with
an energy cutoff of 385 eV in our VASP calculations, and
with a cutoff of 120 Ry in our QE calculations. A uniform
9 × 9 × 9 mesh of k points was used in sampling integrations
over the Brillouin zone (BZ). We use noncollinearly ordered
states of spins, including relativistic effects with a spin-orbit
interaction term. Within QUANTUM ESPRESSO, for Dy, norm-
conserving pseudopotentials from the PSlibrary [31] were
used because it was found to be optimal in terms of the con-
vergence and reproduction of electronic states obtained from
the projector augmented-wave (PAW)-based calculations with
VASP. For Bi and Pd, optimized norm-conserving Vanderbilt
(ONCV) pseudopotentials from the Pseudo-dojo library [32]
have been used. A benchmark study of the ONCV pseu-
dopotentials in comparison with all-electron calculations was
reported by Lejaeghere et al. [33].

Since Dy occurs in a +3 nominal oxidation state in
DyPdBi, it possesses 5 μB spin magnetic moments per Dy
atom. We have included this in a self-consistent manner by
including 4 f electrons in the valence. We consider two non-
collinearly ordered spin states: an antiferromagnetic state with
spins along the C3 axis [AFM-||, Fig. 1(a)] and one with
spins perpendicular to the C3 axis [AFM-⊥, Fig. 4(a)]. The
exchange-correlation energy of electrons is treated with a
generalized gradient approximation (GGA) as formulated in
the energy functional of Perdew, Burke, and Ernzerhof (PBE)
[34]. We treat the on-site electron correlations of the f elec-
trons of Dy using the Hubbard U parameter, U = 5 eV, a value
optimized to reproduce the experimental magnetic moment of
Dy [21,35], which is also consistent with +3 oxidation state
of Dy in Ref. [36].

FIG. 1. (a) Primitive unit cell of DyPdBi in crystal structure with
symmetry of space group R3m and antiferromagnetically ordered
spins of Dy along the C3 axis (AFM-||), (b) its electronic structure
calculated with inclusion of the SOC, (c) corresponding Brillouin
zone with high-symmetry k points, and (d) locations of the triple-
point nodes in the BZ.

We used maximally localized Wannier functions (MLWFs)
[37,38] to derive a tight-binding model in the determination
of the (100) surface electronic structure of DyPdBi, modeled
as a semi-infinite slab. With the postprocessing WANNIER90
and WANNIER BERRI packages, we computed the Berry curva-
ture � and the intrinsic anomalous Hall conductivity (AHC)
within the Kubo-Greenwood formula,

σαβ = −e2

h̄

1

nkVc

∑

k

�αβ (k). (1)

Here, α and β are two mutually perpendicular directions, nk is
the total number of K points, Vc is the volume of the unit cell,
and �αβ (k) is the Berry curvature.

III. RESULTS AND DISCUSSIONS

A. Crystal structure of DyPdBi

DyPdBi is an antiferromagnetic half-Heusler alloy with a
face-centered-cubic (F43m) lattice structure with cubic lat-
tice parameter 6.6343 Å observed experimentally [35], and
its antiferromagnetic structure involves spin ordering with a
[1/2,1/2,1/2] wave vector [23] having a cell-doubled peri-
odicity. As our first-principles calculations employ periodic
boundary conditions, we use a periodic cell with two DyPdBi
formula units, i.e., a six-atom unit cell with space group
R3m [see Fig. 1(a), along with the corresponding Brillouin
zone and relevant high-symmetry points in Fig. 1(b)]. Our
calculated estimate of the cubic lattice parameter is 6.740 Å,
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FIG. 2. (a) Total and orbital projected band structure along Z − � − Z ′ showing contributions of s, p, and d orbitals and (b) spin-orbit
split bands constituted of p orbitals of Bi (top panels) and of d orbitals of Dy (bottom panels). These results have been obtained with the
kresolved_dos module of the QE package.

which lies within the typical range of GGA overestimates with
respect to its experimental value.

B. Electronic structure of AFM-|| state of DyPdBi
with magnetic moments along [111]

1. Electronic band dispersion and topological nodal points

The electronic structure, calculated at the optimized lat-
tice of AFM-|| DyPdBi and with inclusion of the spin-orbit
coupling (SOC) [see Fig. 1(b)] reveals two points along the
Z − � direction, at which its linearly dispersed valence and
conduction bands cross at energies close to the Fermi level.
In the rest of the BZ, they stay apart and are separated by a
gap. To understand the nature of these crossings and probe
any possibility of a band inversion, we examine the electronic
structure along Z ′ − � − Z in detail, which is shown in Fig. 2.

We first examine the electronic structure and orbital-
projected bands showing k-resolved projected densities of s,
p, and d orbitals of DyPdBi along the Z ′ − � − Z lines [see
Fig. 2(a)]. The contribution of f orbitals of Dy is weak and
hence is not shown. In the vicinity of Fermi energy, a negative-
curvature doubly degenerate band at �, �4 + �5, emerges at
≈0.1 eV above the Fermi energy and extends down below
the Fermi energy, splitting into two nondegenerate bands,
away from �. These bands have mixed p − d character (see
panels p-Density and d-Density, respectively), with dominant
contributions from the Bi − p and Dy − d orbitals. Another
relevant band in the vicinity of the Fermi energy is the doubly

degenerate �6(1) band. In contrast to the �4 + �5 band, it starts
just below Fermi energy and extends into the conduction band
as k varies away from the �. This leads to four symmetry-
protected triple-point crossings [shown in white circles in
Total-Density of Fig. 2(a)] along the C3 axis close to the
Fermi energy. These triply degenerate nodes are protected by
the C3v point group symmetry of the magnetic structure. The
energy dispersion around these triple nodal points constitutes
an upright conical structure, and hence resembles the type-I
triple points. The precise locations of these crossing points
in the BZ are identified by non-self-consistent field (NSCF)
calculations on a dense mesh around these points and are
shown as red dots in Fig. 1(d), and their k coordinates are
given in Table I.

To get further insight into the nature of band inversion,
we calculated band structures projected onto spin-orbit (SO)
split orbitals, p1/2 and p3/2 of bismuth and d3/2 and d5/2 of
dysprosium, which are shown in Fig. 2(b). The d orbitals
of palladium have negligible contributions and hence are not
shown. In the upper two panels, we note a large spin-orbit
splitting of bands of Bi-p orbitals, which leads the two states
p3/2 (four bands of �4 + �5 and �6(1) symmetry) and p1/2

(�6(3) band) to be separated from each other. The splitting
energy �0 is ≈0.722 eV and is comparable with the split-
ting energies in other Heusler alloys [39]. As shown in the
top-right panel of Fig. 2(a), the other band �6(2), between the
�6(3) and �6(1) bands, has a dominant s character near the �

point. The SO splitting of Bi − p orbitals allows the �4 + �5
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TABLE I. Locations (k, ε) of nodes of the crossing of linearly
dispersed bands, the triple and Weyl points, in DyPdBi. �E repre-
sents their energies in eV with respect to the Fermi energy.

Location in the BZ (reduced coordinates) �E (eV)

AFM-|| Triple points
(0.227, 0.227, 0.227) 0.006
(0.202, 0.202, 0.202) −0.013
(−0.202, −0.202, −0.202) −0.013
(−0.227, −0.227, −0.227) 0.006

AFM-⊥ Weyl points
(0.008, 0.076, 0.060) 0.004
(0.008, 0.059, 0.075) 0.004
(−0.008, −0.060, −0.076) 0.004
(−0.008, −0.075, −0.059) 0.004

band to be higher in energy than the s-type �6(2) band, leading
to a s − p band inversion. Similar band inversions are also
observed in other half-Heusler alloys such as YPtBi [40]. The
band-inversion energy, �E� = [�4+5 − �6(2)], in DyPdBi is
estimated to be ≈0.383 eV. We note from the lower two panels
of Fig. 2(a) that although the band inversion is driven by the
strong SO splitting of Bi-p orbitals, the dominant contribution
to the �4 + �5 band is from the Dy-d orbitals. This large
contribution from d electrons compelled us to investigate the
role of d-orbital splitting in the band inversion. For this, we
computed the densities of projections onto the d3/2 and d5/2 or-
bitals of dysprosium [see the bottom two panels of Fig. 2(b)].
It is evident that none of the densities of these orbitals vanish
at the � point. This reveals that the band inversion at � is not
affected by the splitting of d orbitals.

The nature of dispersion of the frontier bands is further
elucidated with group-theoretical calculations, presented in
detail in the Supplemental Material [41]. The four frontier
bands of p3/2 nature are responsible for the triply degen-
erate crossings and hence we study these four bands using
k · p perturbation theory following Ref. [15]. Under the C3v

point-group symmetry of the AFM-|| state, the fourfold de-
generacy of the p3/2 orbitals is further split into a twofold
�6(1) and nondegenerate �4 and �5 bands with an energy gap
of 0.127 eV. Second, the �6(1) bands have low bandwidth
and exhibit a recurve-bow-like feature around �, signifying
its nonparabolic nature. We find that this nonparabolicity of
the bands can be incorporated in the k · p perturbation model
by introducing correction terms for interband coupling using
Löwdin partitioning. However, we find that the �6(1) bands
exhibit high-order polynomial dispersion, which makes an ac-
curate representation of these bands away from � within K · P
theory difficult. The details of the partitioning technique and
parameters of the fourth-order polynomial approximation are
given in the Supplemental Material [41]. More importantly,
the curvature of the frontier bands of DyPdBi has opposite
sign to that suggested in Ref. [15], resulting from the opposite
sign of the fitting parameters Ck and ε (Ref. [15]).

2. Surface electronic structure and topological Fermi arcs

The Fermi arc formed on the surface electronic states con-
stitutes a signature of topologically nontrivial semimetallic

FIG. 3. Electronic structure of the Dy-terminated (100) surface
of AFM-|| DyPdBi calculated using a Wannier-functions-based tight-
binding model with the WANNIER90 and WANNIERTOOLS packages,
displayed as contour plots of k-resolved density of states (a) in which
the nodal points and conical band structural features at 0.006 and
−0.013 eV are marked by dash-dotted lines. Curves in reciprocal
space marking k points (black dots) at which bands in the surface
electronic structure occur at energies (b) 0.006 eV and (c) −0.013 eV,
obtained from the density of states projected onto surface atoms of
the semi-infinite slab. Kx and Ky are two mutually perpendicular axes
on the 2D BZ.

fermions. The endpoints of such an arc are the projection of
the Weyl or topological nodal points in the bulk electronic
structure onto the surface Brillouin zone. Only at these k
points can the surface states spill into the bulk. For triple-point
fermions in particular, the projection of each triple point acts
as the origin of two Fermi arcs [10]. Therefore, next we
calculate and analyze the electronic structure of DyPdBi semi-
infinite slabs to identify the Fermi-arc-like surface states.
For this, we simulated a (100)-terminated semi-infinite slab
consisting of 50 layers of AFM-|| DyPdBi unit cells, using
a tight-binding model derived from Wannier functions as the
localized basis.

The k-resolved density of states, showing the contribution
of electrons from the bulk of the semi-infinite slab, is shown
in Fig. 3(a). We find four Dirac-cone-like structures along
the M ′(0.0,−0.5) − � − M(0.0, 0.5) lines, similar to Fig. 2,
two of which are at the energy ≈0.006 eV and the other two
at ≈ −0.013 eV, with respect to the Fermi energy (marked
by two black dash-dotted lines). To locate the Fermi arcs,
we calculated the electronic states on the Dy-terminated slab
surface and projected the isoenergy electron density on the
two-dimensional (2D) BZ at these two energies; see Figs. 3(b)
and 3(c), respectively. We find two Fermi-arc surface states,
connecting the triple points (marked by black dots). This
confirms the existence of topologically nontrivial triple-point

075144-4



FIRST-PRINCIPLES THEORETICAL ANALYSIS OF … PHYSICAL REVIEW B 107, 075144 (2023)

FIG. 4. (a) Structural unit of the AFM-⊥ state of DyPdBi with
magnetic moments (spins of Dy) oriented perpendicular to the [111]
axis. (b) Its electronic structure calculated along high-symmetry lines
shows an apparent gapped bulk state, (c) while that along lines of low
symmetry reveals Weyl points. (d) The locations of these four Weyl
points are indicated as dots in the BZ. Red and black colored dots
denote Weyl points of +1 and −1 chirality.

fermions in antiferromagnetic DyPdBi with magnetic mo-
ments of Dy along the [111] direction. Details of the Fermi-arc
connectivity on the other surfaces are presented in the Supple-
mental Material [41].

C. Electronic structure of AFM-⊥ state of DyPdBi
with magnetic moments perpendicular to [111]

In the previous section, we discussed the electronic struc-
ture of the AFM-|| state of DyPdBi with magnetic moments
oriented along the [111] direction. Now, we investigate the
electronic structure of the AFM-⊥ state of DyPdBi, which is
the case when magnetic moments are oriented perpendicular
to [111] (and along the [112] direction of the cubic unit cell).
The corresponding unit cell is shown in Fig. 4(a). We note
that the magnetic structure remains a G-type AFM with a
[1/2, 1/2, 1/2] magnetic wave vector. This AFM-⊥ structure
is found to be energetically less stable, with the calculated
total energy ≈15 meV (per formula unit) more than that of
the AFM-|| state. Since the two AFM phases are energetically
very close to each other, we expect them to be switchable. We
assume that the magnetic potential energy associated with the
dipole moment on each Dy atom has to be at least 15 meV to
be able to rotate the moment to a perpendicular orientation;
thus the required magnetic field can be estimated to be ap-
proximately 13 Tesla. Such magnetic switching with magnetic
fields was recently reported in a similar material, DyPtBi [42],

where antiferromagnetic moments switch alignment between
two spin configurations while retaining the antiferromagnetic
wave vector, under a magnetic field <4 T. This is also in
agreement with our finding that the magnetic anisotropy in
these materials is small enough to enable easy switching. Sim-
ilar switching using spin torques is reported in the literature
[43–45] as well.

1. Band dispersion and topologically protected crossings

In the AFM-⊥ state, deviation in the orientation of the
magnetic moments from the C3 symmetry axis reduces the
symmetry (C3v point group) of AFM-||. In this state, only
a mirror symmetry with mirror plane passing through [111]
remains, with the symmetry group Cs(C1h). Electronic band
dispersion of the AFM-⊥ state of DyPdBi, shown in Fig. 4(b),
reveals a gap along the high-symmetry points. Upon detailed
inspection of the lines of low symmetry in the BZ [along
K1 (0.015, 0.137, 0.121)– K2 (−0.015,−0.120,−0.134)– K3

(−0.015,−0.129,−0.114)– K4 (0.015, 0.123, 0.137) lines],
however, we find that there are four Weyl crossings [shown as
red and black dots in the Fig. 4(d)] and they fall on either side
of the vertical mirror plane going through k2 = k3 [the green
plane in Fig. 4(d)]. The red and black colors represent +1 and
−1 chirality of the Weyl nodes, respectively. The emergence
of these nodes is attributed to broken threefold rotational
symmetry. The locations of these nodes are given in Table I.
Upon further inspection, we find that the electronic dispersion
around these Weyl points forms inclined conical structures,
with characteristics of a type-I topological semimetal.

To determine the nature of the band inversion, we study
the orbital-projected band structures of the s, p, and d orbitals
shown in Fig. 5. Similar to the case of AFM-|| DyPdBi, the
d-orbital density is high throughout the energy range (bottom-
right panel). However, the distribution of the s-orbital density
in the top-right panel and p-orbital density in the bottom-left
panel reveals that the p3/2 state lies at higher energy than the
s state, indicating the s − p band inversion like the AFM-||
state.

Our analysis of the electronic structure of the AFM-⊥
state using group theory is available in the Supplemental
Material [41]. We obtained the frontier p3/2 bands solving
the k · p perturbation-theory-based Hamiltonian numerically.
Comparing these bands with the AFM-|| phase, it is clear
that the doubly degenerate bands have higher energy than the
nondegenerate bands. This ordering is opposite to the bands
of AFM-|| state and yields the opposite sign of the fitting pa-
rameters Ck , e3/4/5, and γ3 along the kx = ky = kz line. Under
this C1h point group of the magnetic Hamiltonian, the doubly
degenerate p3/2 bands split by a tiny energy into two nonde-
generate bands at k away from �. This splitting is very weak
along the Z ′ − � − Z line as shown in Fig. 5 and Fig. 1(b) of
the Supplemental Material [41]. We find that the locations of
the Weyl nodes are on both sides of the vertical mirror plane
which match the symmetry properties of the Weyl points pre-
dicted in Ref. [15]. However, the nature of dispersion modeled
with even quartic polynomials cannot accurately reproduce
the dispersion of the frontier bands calculated within DFT. In
a nutshell, although the symmetry properties of the frontier
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FIG. 5. Total and orbital projected band structure of AFM-⊥
showing combined contributions of the s, p, and d orbitals of Dy,
Pd, and Bi atoms to bands near the gap or Weyl points.

bands agree with the group-theoretical analysis, the nonlinear
dispersion of bands is not captured well by the k · p model.

2. Surface electronic structure and topological Fermi arcs

A semi-infinite slab of the AFM-⊥ state of DyPdBi, con-
sisting of 50 unit cells and terminated along (100), was
simulated to extract the Fermi-arc surface states on the Dy-
terminated surface. The isoenergy electronic density at energy
0.004 eV, showing the contributions of the surface atoms of
the slab, is shown in Fig. 6(a). The locations of the Weyl nodes
after their projection on the 2D BZ are represented by red and
black dots for +1 and −1 chirality, respectively. In contrast
to the triple-point phase, here we observe only one Fermi arc
originating at each node [10]. This clearly indicates the Weyl
semimetallic phase, with a distinct topological character of the
same material. Connectivity between the Weyl nodes on other
surfaces is presented in the Supplemental Material [41].

To determine the nature of the electronic dispersion of the
slab, we calculated the k-resolved density of states along the
lines that pass through the Weyl nodes. Figure 6(b) shows
the k-resolved density of states along Ka-Kb line, where Ka =
(−0.017, 0.5) and Kb = (−0.017,−0.5). As expected, the
E − k dispersion is linear. The electronic dispersion through
the other pair of Weyl points is similar and hence not
shown.

FIG. 6. (a) Electronic structure of the Dy-terminated (100)
surface of AFM-⊥ DyPdBi calculated using the Wannier-functions-
based tight-binding model with the WANNIER90 and WANNIERTOOLS

packages, displayed as contour plots of k-resolved density of states
in which the nodal points and conical band structural features are
evident. (b) Fermi arcs, the curves in reciprocal space marking k
points at which bands in the surface electronic structure occur at
energies 0.004 eV obtained from the density of states projected onto
surface atoms of the semi-infinite slab.

D. Characteristic difference between Weyl and triple-point
fermions identified through AHC

Since DyPdBi hosts two topological semimetallic states,
it is intriguing to examine the difference in their transport
properties. Recently, a few works reported anomalous Hall
effects of topological semimetallic structures in Heusler al-
loys [14,20,42,46–48]. Here, we compare the anomalous Hall
signatures of triple-point and Weyl semimetallic states of
DyPdBi, using symmetry analyses (in the Supplemental Ma-
terial [41]) and first-principles calculations.

Since we studied a pure and compensated antiferromagnet
without any external magnetic field, we report the intrin-
sic AHC only from first principles. The intrinsic AHC is
calculated using the Kubo-Greenwood formula, given by
Eq. (1), where the Berry curvature has been determined using
WANNIER90 and WANNIER BERRI software [49]. To test the
convergence of the AHC computation, we performed a series
of calculations with increasing resolution of the k mesh, and
the data on AHC reported here are based on calculations with
a fine k mesh of 700 × 700 × 700 points.

Figure 7(a) shows the Berry curvature and intrinsic AHC
for the triple-point semimetallic phase of DyPdBi. The center
panel shows the electronic band structure along the Z ′ − � −
Z line, where the red to blue colors in the band represent
the spin polarization of the states. For easy reference, peaks
originating from different features of the accompanying band
structure are marked as 1, 2, and 3 in orange circles. Here,
each triple point gives rise to two peaks of opposite signs (the
logarithmic plot shows only the magnitude) in Berry curvature
around it. Two peaks of the Berry curvature from each of the
adjacent triple-point pairs merge into one in the middle, lead-
ing to a total of six distinguishable peaks in the bottom panel
of Fig. 7(a). Also, in agreement with the symmetry analysis of
AHC (presented in the Supplemental Material [41]), only the
σxy component of AHC is nonzero. Since triple points act both
as the source and sink of the curvature without a fixed Chern
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FIG. 7. Origin of intrinsic AHC in the (a) triple-point semimetallic AFM-|| and (b) Weyl semimetallic AFM-⊥ phases of DyPdBi. The
top-left panels show electronic bands through the topologically protected nodes along with their spin character. The top-right panels show
anomalous Hall conductivity as a function of energy. The bottom panels show Berry curvature �αβ (k) along Z ′ − � − Z , summed over the
occupied bands. σAHC and � have been obtained with the WANNIER90 and WANNIER BERRI packages.

number to quantify the Berry flux around it, peaks in the Berry
curvature do not cancel each other and lead to peaks in the
intrinsic AHC at triple-point crossings. These are represented
as peaks 1 and 2 and are found to be of approximately the
same magnitudes of about 14 S/cm. The other peak, peak 3,
is due to the spin flipping in the band structure, which arises
from the change in orbital character and subsequent twists in
the wave functions in the momentum space. Here we note
that nonvanishing AHC has been reported in compensated
antiferromagnets experimentally [50,51], e.g., in half-Heusler
GdPtBi and inverse Heusler Ti2MnAl.

In Fig. 7(b), we present intrinsic AHC along with mag-
nitudes of Berry curvature and electronic band structure
along the K1-K2 and K3-K4 paths for the Weyl semimetal-
lic phase of DyPdBi. The σxy and σyz components are
nonzero, in agreement with the symmetry analysis presented
in the Supplemental Material [41]. In the reciprocal space
lattice, K1, K2, K3, and K4 are at (0.015, 0.137, 0.121),
(−0.015,−0.120,−0.134), (−0.015,−0.129,−0.114), and
(0.015, 0.123, 0.137) reduced coordinates, respectively. Each
of the crossings show two peaks of approximately the same
magnitude in the Berry curvature, with one on each side. Since
Weyl nodes are either pure source or sink of the Berry curva-
ture, the Berry curvatures on two sides of the crossings have
opposite phase. This leads to cancellation of the net Berry
curvature, giving rise to a negligible AHC at the Fermi energy,
shown in the rightmost panel of the figure. Nonvanishing AHC
arises from avoided crossings, and spin flipping [see peaks 1
and 2 in Fig. 7(b), respectively] is seen at energies above and
below the Fermi energy. Since DyPdBi does not have other
bands at the Fermi energy, the vanishing AHC response at the
Fermi energy implies that the Weyl nodes do not contribute
to AHC. This is significantly different from that of the triple-
point semimetallic state.

Our results of vanishing AHC in the Weyl semimetallic
state are consistent with the reported intrinsic AHC in TbPtBi
[47] in its magnetic-field-induced ferromagnetic Weyl phase.
Although a large AHC is reported, it is attributed to the
anticrossing of the spin-split bands near the Fermi energy,

and not to the Weyl nodes which show a negligible contri-
bution. Recent experimental studies have suggested that in
DyPtBi, AHC is governed by magnetically driven topological
transitions [42,48], which is directly observed in the current
study. Moreover, since the energy difference between the two
observed magnetic configurations of DyPdBi is very small,
the application of even a small magnetic field can introduce
some degree of spin canting and associated nonvanishing
Berry curvature, and that can lead to an enhanced AHC [52].

IV. CONCLUSIONS

We presented an analysis of the electronic structure and
topological properties of antiferromagnetic DyPdBi using
density-functional-theory-based first-principles calculations
and group theory. We find that the AFM-|| state with magnetic
moments oriented along [111] is more stable, with energy of
≈15 meV lower than the AFM-⊥ state with magnetic mo-
ments perpendicular to [111]. Both the AFM states of DyPdBi
exhibit an electronic structure with topologically nontrivial
linearly dispersed band crossings: triple-point semimetallic
phase of AFM-|| and Weyl semimetallic phase of AFM-⊥.
They exhibit a remarkable contrast in their anomalous Hall
conductivity responses: triple-point fermions in AFM-|| ex-
hibit peaks in AHC, while Weyl nodes of AFM-⊥, being
just above the Fermi energy, give a vanishing AHC response.
As AFM-|| and AFM-⊥ states of DyPdBi are separated by
a small energy, we think switching between the two with a
magnetic field or spin torque could open up switchable distinct
topological states for novel quantum technological devices.
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