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We report a comprehensive neutron scattering study on the spin excitations in the magnetic Weyl semigBet&, @ath a
guasi-two-dimensional structure. Both in-plane and out-of-plane dispersions of the spin waves were revealed in the ferromagnetic
state. Similarly, dispersive but damped spin excitations were found in the paramagnetic state edtive @xchange interac-

tions were estimated using a semi-classical Heisenberg model to consistently reproduce the exp@iinaemtapin stiness.

However, a full spin wave gap belo#; = 2:3 meV was observed &t = 4 K. This value was considerably larger than the
estimated magnetic anisotropy energ@9 (6 meV), and its temperature dependence indicated a signi cant contribution from the
Weyl fermions. These results suggest that &S, is a three-dimensional correlated system with a large spimeasis, and the
low-energy spin dynamics can interplay with the topological electron states.
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1 Introduction axion state, and chiral Majorana fermions, ét@[. In recent
years, an increasing number of intrinsic magnetic materials
Magnetic topological materials, which combine non-trivial has been theoretically predicted as magnetic Dirac semimet-
band topology and magnetic order, have signi cant potentialals (DSMs), Weyl semimetals (WSMs), and topological in-
for fundamental physics and technology applications. Thissulators (TIs) 7-14]. Although a few of these materials have
promise stems from a number of exotic quantum phenompeen experimentally con rmedLp-24], their spin dynamics
ena including the quantum anomalous Haleet, topological  and the interplay with topological electron states remain un-

- clear p5,2€6].
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leads to the intrinsic anomalous Hallect (AHE) in the bulk  lated to Weyl fermions are deeply involved into its spin dy-
transport propertie®[/-29]. Moreover, these Weyl nodes can namics.

also a ect the spin wave dispersions, since the spin operators

and the current operators around these nodes are in one-to-

one correspondence, leading to a direct connection betweep Experimental method

spin dynamics and AHE3D, 31]. For example, in a magnetic

WSM candidate SrRu§) the impact of Weyl points induces We prepared h|gh-qua||ty GBS, sing|e Crysta|5 using a

a non-monotonic temperature dependence of the anomaloysreviously reported ux method (SeBupplemental Materi-
Hall conductivity (AHC) (T), which is manifested inboth  a|5). The zero- eld-cooling magnetization and resistivity re-
the spin wave gafg and its sti nessD [31,32]. Suchresults  veal a clear ferromagnetic transition® = 174 K, and an-
are distinct from those obtained for the conventional ferro-other anomaly ala = 136 K (Figure1(d) and (e)), which
magnetic metals. The spin waves of ferromagnetic metals arghay be related to the formation of an in-plane antiferromag-
Usua”y either gapleSS in the weak correlation ||m|t, or show anetic order 89! 40] The extreme|y |arge anisotropy of mag-
monotonic spin gap following the magnetic order parameternetization betwee k c andB k ab geometry con rms the

in the Strong correlation limit with Spin-orbit COUpling (SOC) c-axis p0|arized magnetisr@@.‘?,?]_ Neutron Scattering ex-
[30]. Investigations on the energy dependence of spin exciperiments were performed using a thermal triple-axis spec-
tations below and above the Curie temperatlig) €an pro-  trometer (Taipan) and a cold triple-axis spectrometer (Sika)
vide important information about the spin-spin interactions gt Australian Centre for Neutron Scattering, ANSTO, Aus-

and correlations regarding their crucial role in the AHE. tralia [41, 42]. For Taipan experiments, the nal neutron
CosSnS; is a new experimentally veri ed ferromagnetic

WSM with very promising topological propertied7-21]. @ @
This material is a Shandite compound characterized by a ¢
rhombohedral structure (space grol8m) with quasi-two- 5; mJ
dimensional (quasi-2D) G&n layers sandwiched between @®sog
S atoms 83, 34]. The magnetic Co atoms arrange on a
kagome lattice in theb-plane with 0.3 g/Co ordered mo- R

ments aligned along the-axis belowTc = 177 K (Figure

1(a)) [35-37]. There are three pairs of Weyl nodes in the rst g * (g)///_.,\ Cme ST @
Brillouin zone close to the Fermi level (Figuigb)), as evi- §° / § j 2500 *4.* L B!
denced by the surface Fermi-arcs and linear bulk band disper- § f Bz j &:W 2250 **.,r
sions observed from spectroscopic experimehis J7-20). g [ e N ] Eowo LTIV
With the considerably enhanced Berry curvature from its  1ole) 7 g (@20
band structure (Figuré(c)), a record of large AHC is de- gos j:’oz - L e @ jw E
tected up to 1130 cm ! accompany by a strong tempera- 5“ £ 01 "ﬂrc 0 &
ture dependence approachifig[17,38]. - | T PRI S
In this paper, we report a comprehensive neutron scattering 550 100 150 200 20 300 o 50 10 1o 200 20 300
study on the CgbnyS; single crystals, where the spin excita- Temperature (K) Temperature (K)
tions up to 18 meV both in the ferromagnetic and paramag- ;Z:Z * e " + (h)
netic states are measured. Both in-plane and out-of-plane dis- i‘;m _s’ ﬁ"i\ ¢t +++ + ot
persions are found, suggesting that the magnetic interactions g L o ‘E_ o **m mﬂﬂi\tu
are actually three-dimensional (3D) in despite of its quasi- = | * - EL P
2D lattice structure. The paramagnetic excitations aligve ! 2 3 ¢ S[o, o LG] (r.I.u.)7 e e oo

(T = 200 K) exhibit similar dispersions but damped intensi-
ties. Theoretical calculations on theextive exchange cou- Figure 1 (Color online) (a) Crystal and magnetic structure oEmS,.

plings correspond closely to the experimerialand large (b) The location of Weyl points in the Brillouin zone along thaxis. (c)
Dispersion of the Weyl Hamiltonian on thg = 0 plane. (d), (e) Temper-

spin sti nes§. Howeverv the magnetic anlsotropy energ¥ature dependence of the magnetization and resistivity. (f), (g) Temperature
( 0.6 meV) is considerably smaller than the spin wave gapdependence of the peak intensityQt= (1;0;1), and the deduced ordered

Ey =2.3 meV observed at = 4 K. Further analysis on the momentm compared with the anomalous Hall conductivity. (h) Spin ex-

P itations at 6 meV alon@® = [0; 0; L] direction. The red lines represent two
temperature dependence of the gap suggests a signi cant corf-o- " ! ) )
P P 9ap sugg 9 rg;aussmn- ttings based obh = 3 data, which are normalized by the mag-

tribution from AHC. Therefore, C45nS; is @ moderately  petic form factor forl. = 6 and 9. The horizontal bars indicate the calculated
correlated ferromagnet, where the conducting electrons reinstrument resolution.
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