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Weyl monopoles dance with the spin waves
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In a Weyl semimetal (WSM), the conduction and valence
bands cross each other near the Fermi energy, and the
crossing points, called Weyl points, exhibit a monopole-like
distribution of the Berry curvature. The Berry curvature is a
fictitious magnetic field in the momentum-space and induces
the anomalous velocity to the real-space electron motion.
Therefore, Weyl monopoles play essential roles in the charge
transport, for example, the anomalous Hall effect (AHE).
The anomalous Hall conductivity (AHC) is nearly propor-
tional to the distance between the Weyl point pairs with
opposite chirality. The magnetic order and spin structure
sensitively modify Weyl point positions and energies.
Recently, Co3Sn2S2 has been extensively studied as a

prototype of magnetic WSM [1] with increasing attention.
This compound hosts Weyl points at only 60 meV above the
Fermi energy and by a low charge carrier density. The wide
separation of Weyl points induces a giant AHE with the AHC
~1130 Ω−1 cm−1 and the Hall angle up to 20% [1]. The ex-
istence of Weyl points in the bulk and Fermi arc states on the
surface were verified by surface spectroscopic probes [1].
The WSM also exhibits other topology-induced phenomena
such as surface Fermi arcs [1], the anomalous Nernst effect
(ANE) [2] and possible chiral edge states [3]. Because Co
atoms form a magnetic Kagome lattice, this compound also
provokes interests in flat-bands and the frustrated physics
[4]. It is even studied to catalyze the water splitting [5].
Theoretically, the Weyl points also influence the spin dy-

namics in a magnetic WSM. The spin orientation sensitively

tunes the band structure and subsequently manipulates the
positions and energies of Weyl points (as illustrated in Figure 1),
leading to modified AHE. At the finite temperature, the
collective motion of magnetic moments forms spin waves.
One can imagine that spin waves can modify the static sce-
nario of Weyl points and the AHE. Because of the strong
coupling between the spin and motion in Weyl materials, the
modified AHE shakes the spin waves, too. Such effect es-
tablishes an intimate relationship between the AHC and spin
dynamics, where both the spin stiffness and the spin wave
gap are modified away from the behaviors of the conven-
tional ferromagnetic spin wave [6].
Very recently, Liu et al. [7] presented a comprehensive

neutron scattering study on high-quality single-crystals of
Co3Sn2S2. By mapping the dispersions of spin waves up to
18 meV both in plane and out of plane, Liu et al. surprisingly
revealed three-dimensional spin waves in this quasi-two-
dimensional material, although the exchange couplings are
not very strong due to its itinerant nature. They also found a
full spin wave gap below 2.3 meV at T=4 K, much larger
than the magnetic anisotropy energy (about 0.6 meV). By
tracing the temperature evolution of the spin wave gap below
the Curie temperature, the impact of the AHE on the spin
dynamics was clearly evidenced. Similar experiments were
performed in a WSM candidate, yet to be confirmed, SrRuO3

[8]. In this work, Liu et al. unambiguously demonstrated the
interplay between the low-energy spin dynamics and Weyl
monopoles. Also, they observed substantial spin stiffness
that is relevant to Weyl points.
The spin dynamics of magnetic WSM studied in this work
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may provide insights into many new directions. For example,
from the ferromagnetic state to the paramagnetic state, the
spin dynamics vary dramatically. The ANE, which is the
transverse thermoelectric coupling induced by the Berry
curvature near the magnetic transition, should diminish when
the spin waves become gapless. However, the ANE exhibits
an unexplained large peak before entering the paramagnetic
phase, as observed in Co3Sn2S2 by previous experiments [2].
This is different from the AHE behavior. The intriguing spin
dynamics may account for the ANE behavior, which calls for
more studies. As the topological band structure can be tuned
by chemical doping or external pressure, the AHE may be
improved further, leading to a promising potential for
quantum technology applications [9]. The information from
spin dynamics will be a helpful guide for such explorations.
In addition, the Weyl-spin interaction may deserve further
investigations with emerging magnetic imaging techniques,
for example, the NV center magnetometry [10], which can
provide the real-space information of spin dynamics.
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Figure 1 (Color online) Schematics of the interplay between spin waves and Weyl points.
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