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In geometrically frustrated lattices, flat bands can arise from destructive quantum interference, providing an ideal
platform for exploring strong electron correlations. However, direct real-space evidence of their predicted atomic-scale
electron localization remains elusive. By employing scanning tunneling microscopy/spectroscopy, with a focus on quasi-
particle interference imaging, we demonstrate unambiguous atomic-scale localization of flat band electrons in the kagome
metal Fe3Sn2. Crucially, quasiparticle interference imaging reveals a complete suppression of scattering wavevectors and
standing waves exclusively at the flat band energy, indicating the absence of long-range coherent propagation. This disap-
pearance of the quasiparticle interference signal, attributable to the non-propagating wavefunctions inherent to the kagome
flat band, directly confirms real-space electron localization. These findings resolve the microscopic link between quantum
interference and localization of flat band electrons, paving the way for engineering correlated quantum states.

Keywords: scanning tunneling microscopy, kagome, flat band, electron localization, quasiparticle interference
PACS: 68.37.–d, 68.37.Ef, 71.20.–b, 73.20.At

DOI: 10.1088/1674-1056/ae2f53 CSTR: 32038.14.CPB.ae2f53

Flat band represents a unique electronic band structure
characterized by constant energy across the crystal momentum
space.[1–7] A defining feature of flat band is that charge carri-
ers within them exhibit vanishing group velocity and divergent
effective mass, resulting in quenched kinetic energy and an ex-
traordinarily high density of states. These distinctive proper-
ties establish flat bands as a unique and powerful platform for
investigating strongly correlated quantum phenomena. These
effects include ferromagnetism,[8] superconductivity,[9–12]

Wigner crystallization,[13] high-temperature fractional quan-
tum Hall states,[14–17] and Bose–Einstein condensation.[18]

Their emergence stems from the quenched kinetic energy of
the carriers in flat bands, which allows Coulomb interactions
to dominate. Notable examples of systems that host such
flat bands include the dice lattice,[19] Lieb lattice,[20] kagome
lattice,[21–23] and Tasaki lattice.[3] Particularly in the kagome
lattice, which consists of interlaced triangles with each lattice
site connecting two neighboring hexagons, the alternating sign
of electron wave functions at the six vertices of each hexagon
leads to destructive interference outside the hexagon. This
constitutes the fundamental mechanism enabling flat bands, as
it forces electrons to localize and circulate around each hexag-
onal ring (Fig. 1(a)).

To date, experimental observations have revealed

flat bands via angle-resolved photoemission spectroscopy
(ARPES) in a range of kagome crystals, such as CoSn,[24,25]

Co3Sn2S2,[26] FeSn,[27,28] and Fe3Sn2.[29–32] Critically, the in-
trinsic properties of flat bands suppress electron kinetic energy
relative to Coulomb repulsion, promoting localization wherein
electrons are confined to specific lattice sites rather than being
delocalized freely. However, the direct and unambiguous char-
acterization of this electron localization phenomenon induced
by the intrinsic nature of flat bands in real space has remained
elusive. In this work, we leverage quasiparticle interference
(QPI) by scanning tunneling microscopy (STM) to system-
atically probe the electronic localization behavior within the
kagome-derived flat band of Fe3Sn2.

QPI is a fundamental quantum phenomenon arising from
the elastic scattering of quasiparticles by atomic-scale defects
or impurities in condensed matter systems.[33–35] Its physical
mechanism involves the coherent superposition of incident and
scattered electron waves, generating spatially periodic oscilla-
tions in the local density of states (LDOS). These spatial os-
cillations, known as Friedel oscillations, reflect interference
patterns between incident and scattered electron waves. In 2D
systems, QPI serves as a powerful probe for electronic prop-
erties such as band structure,[36] Fermi surface topology,[37]

chirality,[38] and spin–valley coupling.[39] Fourier transform
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(FT) in STM/STS is the key technique for visualizing QPI.
By performing a 2D FT on real-space LDOS maps, scattering
wave vectors in reciprocal space are resolved. These vectors
connect points on constant energy contours of the band struc-
ture, revealing allowed scattering channels. Therefore, QPI
serves as a definitive fingerprint of electron delocalization.

Basic structural and electronic characterizations of
Fe3Sn2 are shown in Fig. 1. The Fe3Sn2 compound possesses
a rhombohedral crystal structure with two adjacent Fe–Sn lay-
ers separated by a Sn honeycomb layer (Fig. 1(a)). Intermit-
tent interfacial configurations of Fe–Sn and Sn terminations
intersecting at half-unit-cell step edges (Fig. 1(b)) exhibit a
measured step height of 0.2 nm in the STM topographic pro-
file, which is consistent with the crystallographic dimensions.
Atomic-resolution STM images acquired at −0.2 eV across
distinct layers (Fig. 1(b)) enable clear differentiation between
the Sn layer and the Fe–Sn kagome layer. These structural fea-
tures are consistent with those reported in a previous study.[29]

(a) (b)

Fe

Sn

1 nm 1 nm

10 nm

Fig. 1. (a) Side and top views of the optimized structure of bulk Fe3Sn2.
Schematic diagram of the wave function self-localization due to the de-
structive interference on the hexagons in the kagome lattice. (b) (Top)
Topographic image of a cleaved Fe3Sn2 surface revealing two distinct
surface layers (Vs = 0.5 eV, It = 500 pA). (Bottom) Atomic resolution
STM images of the two different surface layers acquired at −0.2 eV,
showing the Sn layer (left) and the Fe–Sn kagome layer (right).

ARPES measurements of Fe3Sn2 reveal a distinct nearly
dispersionless flat band localized near −0.2 eV (Fig. 2(a)). On
the other hand, dI/dV spectra were obtained away from de-
fects for both the Fe–Sn layer and the Sn layer (Fig. 2(b)).
Crucially, the Fe–Sn layer (blue curve) exhibits a pronounced
peak at −0.2 eV resulting from the flat band formed by the
Fe kagome lattice, while the Sn layer (red curve) shows no
such feature due to its non-kagome structure. The dI/dV
map of the Fe–Sn layer at −0.2 eV (Fig. 2(c)) exhibits a well-
defined electronic kagome lattice signature. For comparison,
the dI/dV maps acquired at −0.1 eV and −0.35 eV are pre-
sented in Fig. 2(d), in which no electronic kagome lattice sig-
nature is observed. These experimental observations indicate
that the kagome geometry of the Fe–Sn layers is the primary
origin of the flat band.

Subsequently, QPI investigations were performed on the
Fe–Sn layer. By analyzing small-scale dI/dV maps ac-
quired at varying energies, pronounced energy-dependent vari-
ations in interference patterns were observed near the defects.

Specifically, at −0.05 eV, −0.1 eV, and −0.35 eV (Figs. 3(a),
3(b), and 3(d), respectively), distinct standing wave modula-
tions emerge around defects, indicating coherent quasiparti-
cle scattering. In sharp contrast, such interference patterns
are strongly suppressed at −0.2 eV (Fig. 3(c)), i.e., at the flat
band energy. The observed energy-dependent electron scat-
tering can be explained as follows. Away from the flat band,
the free propagation of electrons enables interference near de-
fects and leads to the formation of standing wave patterns. At
the flat band energy of −0.2 eV, on the contrary, electrons be-
come spatially localized due to their non-propagating wave-
functions, which prevents long-range coherent scattering and
therefore suppresses standing waves. Consequently, the ab-
sence of interference at −0.2 eV provides direct evidence for
flat-band electron localization.
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Fig. 2. Band dispersion of Fe3Sn2 along the Γ –K lines by ARPES. (b) dI/dV
spectra obtained on Sn layer and Fe–Sn layer, respectively. The black arrow
indicates the flat band at −0.2 eV. (c) dI/dV map taken at −0.2 eV on Fe–Sn
layer, showing electronic states localized to the kagome lattice (It = 300 pA).
The blue lines denote the kagome lattice. (d) dI/dV maps taken at −0.1 eV
(left) and −0.35 eV (right), respectively, showing a striking contrast with the
−0.2 eV map. The blue lines denote the kagome lattice.
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Fig. 3. (a)–(d) dI/dV map near the defects taken at −0.05 eV, −0.1 eV,
−0.2 eV and −0.35 eV, respectively (It = 400 pA), showing a striking
contrast with the −0.2 eV map.

For comprehensive momentum-space characterization of
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the scattering wavevectors, we acquired large-scale dI/dV
maps of the Fe–Sn layer at multiple bias voltages (Figs. 4(a)–
4(c), top panels) and obtained their FT power spectra
(Figs. 4(a)–4(c), bottom panels). The direction and intensity
of the prominent wavevectors in close proximity to the cen-
tral region of the FT power spectrum were measured. The
wavevector 𝑞Bragg corresponds to the atomic Bragg peaks re-
lated to the ab-plane lattice vectors and is circled in red. At the
energy of −0.05 eV and −0.35 eV, we identified a symmet-
ric signal marked by yellow circles, which corresponds to the
wavevector 𝑞 of the dominating electron scattering at the cor-
responding energy (Figs. 4(a) and 4(c)). Based on the direction
and magnitude of the Bragg peaks, it can be inferred that the

scattering wavevector matches the direction of the 𝑞Bragg, with
a wavevector magnitude of 0.8 Å−1 and 0.6 Å−1, respectively.
This is consistent with the value of the Fermi wavevector ob-
served in the constant-energy contour of our ARPES experi-
ment at the corresponding energy. In sharp contrast, upon the
energy shift to −0.2 eV, 𝑞 completely vanishes, leaving only
the presence of diffuse scattering wavevectors predominantly
concentrated near the central region of the FT power spectrum.
(Figs. 4(b)). Figure 4(d) shows the line cuts of different ener-
gies generated from the FT power spectrum along the direction
of 𝑞. Complete suppression of the wavevector 𝑞 is observed at
a flat band energy of −0.2 eV. However, the wavevector 𝑞 can
be observed at other energies.

-1.5 -1.0 -0.5 0 0.5 1.0 1.5

In
te

n
si

ty

q (A-1)

  -0.05 eV

  -0.20 eV

  -0.35 eV

(a) (b) (c) (d)

Fig. 4. (a)–(c) (Top) dI/dV maps captured on the Fe–Sn layer at −0.05 eV, −0.2 eV and −0.35 eV, respectively (It = 300 pA). (Bottom) FT
power spectra at corresponding energies. The wavevectors of the lattice 𝑞Bragg are encircled in red and the scattering wavevector 𝑞 is encircled
in yellow. (d) Normalized radial average line-cuts derived from the FT power spectra along the wavevector 𝑞 marked by the green line in
(a)–(c) at corresponding energies with the black arrows mark the approximate positions of the QPI signals.

In summary, our QPI imaging experiments provide direct
evidence of a complete suppression of the scattering electron
wavevectors at the flat band energy, confirming the spatial lo-
calization of flat band electrons. This absence of QPI signa-
tures originates from the non-propagating nature of localized
electrons. These findings lay a foundation for exploring corre-
lated phenomena in localized flat-band systems. On the other
hand, the QPI methodology adopted in this work provides a
universal framework to identify atomic-scale flat band local-
ization.
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