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            Abstract
The kagome lattice is a two-dimensional network of corner-sharing triangles1 that is known to host exotic quantum magnetic states2,3,4. Theoretical work has predicted that kagome lattices may also host Dirac electronic states5 that could lead to topological6 and Chern7 insulating phases, but these states have so far not been detected in experiments. Here we study the d-electron kagome metal Fe3Sn2, which is designed to support bulk massive Dirac fermions in the presence of ferromagnetic order. We observe a temperature-independent intrinsic anomalous Hall conductivity that persists above room temperature, which is suggestive of prominent Berry curvature from the time-reversal-symmetry-breaking electronic bands of the kagome plane. Using angle-resolved photoemission spectroscopy, we observe a pair of quasi-two-dimensional Dirac cones near the Fermi level with a mass gap of 30 millielectronvolts, which correspond to massive Dirac fermions that generate Berry-curvature-induced Hall conductivity. We show that this behaviour is a consequence of the underlying symmetry properties of the bilayer kagome lattice in the ferromagnetic state and the atomic spinâ€“orbit coupling. This work provides evidence for a ferromagnetic kagome metal and an example of emergent topological electronic properties in a correlated electron system. Our results provide insight into the recent discoveries of exotic electronic behaviour in kagome-lattice antiferromagnets8,9,10 and may enable lattice-model realizations of fractional topological quantum states11,12.
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                    Figure 1: The kagome structure and Fe3Sn2.[image: ]


Figure 2: Anomalous Hall response of Fe3Sn2.[image: ]


Figure 3: Massive Dirac fermion at the zone corner of Fe3Sn2.[image: ]


Figure 4: Tight binding and hall conductivity of a kagome bilayer.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Metallic transport in Fe3Sn2.
a, Resistivity Ï� as a function of temperature T in the kagome plane for Fe3Sn2 sample C1. The inset shows a photograph of Fe3Sn2 single crystals. b, c, Magnetoresistance (defined as MRâ€‰=â€‰[Ï�xx(B) âˆ’ Ï�xx(0)]/Ï�xx(0)) at selected T with B applied perpendicular (b) or parallel (c) to the kagome plane and B âŠ¥ I (schematics of the configurations are shown as insets).


Extended Data Figure 2 Extracting anomalous Hall conductivity and high-field transport.
a, In-plane Hall conductivity Ïƒxy as a function of magnetic induction B at selected temperatures. Dashed lines represent the linear fit to [image: ]. The data at 2â€‰K and 50â€‰K have been scaled by the factors shown for clarity. b, Magnetoresistance (main panel) and Hall effect (inset) of Fe3Sn2 with applied magnetic field Î¼0H â€–â€‰c up to 31â€‰T.


Extended Data Figure 3 Momentum and energy-dependent band structure along high-symmetry directions.
a, e, Fermi surface of Fe3Sn2 obtained from different experimental geometries. bâ€“d, f, g, Band dispersion of Fe3Sn2 along high-symmetry directions. The panels correspond to the momentum directions along the red (b), orange (c), green (d), magenta (f) and purple (g) dotted lines in a and e. The inset in d shows the raw data of Fig. 3c (with the same energy and momentum range), highlighting the spectral weight distribution near the Dirac points. h, Energy distribution curves at different K points indicated in c, d, f and g. The curves are shifted along the vertical direction for clarity. The inset shows an example of Gaussian fits; the extracted gap size is Î”â€‰=â€‰30â€‰Â±â€‰5â€‰meV.


Extended Data Figure 4 Photon-energy dependence of ARPES spectra.
ARPES intensity plot for Fe3Sn2 taken along the Î“â€“K direction as a function of binding energy k and photon energy.


Extended Data Figure 5 Berry curvature and Hall conductivity for a massive Dirac fermion.
aâ€“c, Schematics of 2D Dirac fermions and the corresponding Bloch-sphere representation of the wavefunction of filled states for the gapless case (a) and the gapped case with EF in (b) and out of (c) the gap. d, Fermi energy EF dependence of Ïƒxy for the case of a single massive Dirac fermion with gap Î” and Fermi velocity vF.
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        Editorial Summary
Dirac fermions found in a kagome lattice
The kagome lattice consists of vertices and edges of trihexagonal tiling, whereby each hexagon is surrounded by triangles, creating a two-dimensional network of corner-sharing triangles. Materials that exhibit the kagome lattice have long been studied in the context of quantum spin liquids, but they are also predicted to host Dirac points in a manner similar to the hexagonal graphene lattice. Unlike graphene, however, strong electronic correlations could have a role and, with ferromagnetic ordering also possible, a range of exotic correlated topological phases could emerge. Joseph Checkelsky and colleagues now provide evidence that the bilayer kagome and ferromagnetic metal compound Fe3Sn2 hosts quasi-two-dimensional massive Dirac electrons, which acquire a correlated topological character. This material provides an interesting platform in the search for emergent states of matter at the confluence of correlations and topology.
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