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FIG. S1. (a)The crystal structure of FeGe. The light blue, dark blue,
and orange spheres represent Ge™”, Ge®“!, and Fe atoms, respective-
ly. The Fe atoms located at three different sites are labeled as Fe 4,
Fep, and Fec. (b) The local structure of the FeGeg octahedron. The
octahedron includes two Ge'™ atoms and four Ge®*! atoms. (c) Our
local coordinate for each Fe atom. The local x-axis always points to
the nearest-neighbor Ge® atom, and the z-axis of each local coordi-
nate is perpendicular to the paper surface.

A. Crystal Structure

Hexagonal FeGe is an intermetallic compound of the CoSn
structure and crystallize into the P6/mmm (No. 191) space
group[1]. As shown in Fig. S1(a), there are two distinct types
of Ge atoms in a unit cell, labeled Ge™ (site 1a) and Ge®**
(site 2d) respectively, depending on whether they are on the
same layer as Fe atoms. In the Fe-Ge'” plane, three Fe atoms
at different sites (noted as Fe 4, Fep, and Fec in Fig. S1(a))
form Kagome lattices, and Ge'™ atoms are located in the cen-
ter of the hexagons. Ge°“! atoms compose honeycomb struc-
tures above and below the Fe-Ge™™ plane.

The local structure of the FeGeg octahedron is shown in
Fig. S1(b). It can be seen that each Fe atom is surrounded
by six Ge atomic octahedrons, including two Ge’” atoms and
four Ge°“* atoms. In the Oy, crystal field, ortho-octahedral
structure leads to to, — ¢4 energy splitting. Here the octahe-
dron is distorted and induces further splitting of the five Fe-3d
orbitals.
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FIG. S2. Band structure (left panel) and DOS (right panel) of A-
type AFM FeGe. The Fermi level is aligned to OeV. The DOS of
Fe-3d orbitals and Ge-4p orbitals are indicated by the solid orange
and dashed blue lines, respectively.

B. Band structure and density of states

We perform LSDA calculation for FeGe based on the ex-
perimental A-type AFM ground state [2], and show the band
structure and the DOS in Fig. S2. As shown in Fig. S2, it is
clear that the Fe-3d orbitals dominate the DOS around E'r (-2
to 2 eV relative to Er), while the Ge-4p orbitals are mainly
located between -6.0 and -2.0 eV. In the AFM phase, there is
an upshift of the spin minority bands due to the exchange s-
plitting induced by the ordered moment. Two peaks located
near 0.4 and -1.3 eV correspond to the flat bands of the spin
minority and spin majority states, respectively. The contribu-
tion of the Fe-3d and Ge-4p orbitals is relatively close in the
range from -6 to -4 eV, suggesting hybridization between the
Fe-3d and Ge-4p orbitals.

C. Nesting functions after Fermi surface shift

Compared to the energy band structure obtained from the
DFT calculations, the measured dispersion has to be renor-
malised by multiplication with a factor [3]. In order to con-
sider the effect of the renormalization of the energy band dis-
persion on the Fermi surface nesting, we give the results of the
nesting function £(¢y, gy, 0) in Fig. S3, where the Fermi en-
ergy is shifted from Er-0.1 eV to Ep+0.1 eV. It can be seen
that when the Fermi level is shifted, the maximum values of
the nesting function are still located at the K point, although
the distribution and values of the nesting functions are partial-
ly changed. This means that the nesting function calculated
from the eigenvalues is robust to the band renormalization.
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FIG. S3. The nesting function £(¢z, gy, 0) of FeGe, where the Fermi
energy is set to (a)Er-0.1 eV, (b)Er-0.05 eV, (¢)Er+0.05 eV, and
(d)EFr+0.1 eV, respectively. We neglected the peak at ¢g=0 to better
present the nesting function.

D. The computational parameters in EPC calculations

The phonon dispersion and electron-phonon coupling
(EPC) calculations are performed within density-functional
perturbation theory [4] as implemented in the Quantum-
ESPRESSO package (QE) [5, 6]. The cutoffs of plane-wave
basis set are set to 130 Ry and 520 Ry for the wave function-
s and the charge density, respectively. The lattice constants
are fully relaxed until the force on each atom less than 10~5
Ry/fi, and the convergence criterion for self-consistent calcu-
lation is 10~ Ry. The Methfessel-Paxton smearing [7] is set
to 0.01 Ry, while the 16 x 16 x 8 k-point mesh is used for
EPC calculations.
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