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TT 23: Kagome Systems

Time: Tuesday 9:30–13:00 Location: HSZ 304

TT 23.1 Tue 9:30 HSZ 304
Broadband optical investigations of the CDW state in
Kagome metals 𝐴V3Sb5 (𝐴 = K, Rb, Cs) — ∙E. Uykur1,2,
M. Wenzel1, B.R. Ortiz3,4, S.D. Wilson4, S. Winnerl2, M.
Dressel1, and A. A. Tsirlin5 — 11. Physikalisches Institut, Uni-
versität Stuttgart, 70569, Stuttgart, Germany — 2Helmholtz-Zentrum
Dresden-Rossendorf, Inst. Ion Beam Phys. & Mat. Res., 01328 Dres-
den, Germany — 3Materials Department and California Nanosystems
Institute,University of California Santa Barbara, Santa Barbara, CA,
93106, United States — 4Materials Department, University of Cali-
fornia Santa Barbara, Santa Barbara, CA, 93106, United States —
5Felix Bloch Institute for Solid-State Physics, Leipzig University, 04103
Leipzig, Germany
We present a broadband optical study of non-magnetic Kagome met-
als 𝐴V3Sb5 (𝐴 = K, Rb, Cs) down to 10 K. Different contributions to
the optical spectra have been discussed and compared with the DFT
calculations in normal and charge density wave (CDW) states. Spec-
tra reflect the response of the 2D Dirac fermions and are frequency-
independent in a broad energy range. Low energies are governed by
the itinerant and localized charge carriers that show a spectral weight
redistribution below the CDW transition. Our results show that the
CDW gaps evolve systematically between the siblings (K<Cs<Rb) in
line with their transition temperatures. We further use the experi-
mental spectral weight to gauge the effect of electronic correlations
and find it increasing with reducing the size of 𝐴.

TT 23.2 Tue 9:45 HSZ 304
Complex charge order in the 𝐴V3Sb5 kagome metals —
∙Morten Christensen1, Turan Birol2, Brian Andersen1, and
Rafael Fernandes3 — 1Niels Bohr Institute, University of Copen-
hagen — 2Department of Chemical Engineering and Materials Science,
University of Minnesota — 3School of Physics and Astronomy, Uni-
versity of Minnesota
The kagome lattice, consisting of an array of corner-sharing triangles,
offers a rich platform to study the behavior of correlated electrons. In
kagome metals, the electronic band structure exhibits Dirac points, flat
bands, and van Hove singularities - features which promote the role of
electronic correlations. A family of recently discovered kagome metals,
𝐴V3Sb5 (𝐴=K, Rb, Cs), provides a realization of these features. These
materials exhibit an enigmatic superconducting order, which emerges
from a three-dimensional charge-density wave (CDW) phase. While
the precise nature of the CDW phase is still unknown, there are indi-
cations of both time-reversal symmetry breaking and nematicity inside
the charge-ordered phase. Starting from from the low-energy electronic
states near the van Hove singularities, we construct a phenomenolog-
ical model to describe the CDW phase. The order parameters of this
model are either real, corresponding to bond distortions, or imaginary,
corresponding to loop-currents. These CDW orders can coexist or com-
pete which results in a rich landscape of subsidiary orders, including
various types of multipolar magnetic orders. These have unique ex-
perimental signatures which can aid in pinpointing the precise nature
of the CDW phase observed in experiments.

TT 23.3 Tue 10:00 HSZ 304
Investigation of the charge density wave in single crystal
CsV3Sb5 under hydrostatic pressure — ∙Fabian Stier1, To-
bias Ritschel1, Marein Rahn1, Chandra Shekhar2, Claudia
Felser2, and Jochen Geck1 — 1IFMP, TU Dresden, Germany —
2MPI CPfS, Dresden, Germany
The topological 𝑍2 kagome materials AV3Sb5 (A = K, Rb, Cs) show
a nontrivial electronic topology, exhibit superconductivity (SC) and a
charge-density-wave (CDW) order. CsV3Sb5 shows a CDW below 90K
with a 2x2x4 superstructure, which changes around 60K to a 2x2x2 su-
perstructure. To investigate the interplay of CDW-order and SC we
performed single crystal x-ray diffraction under hydrostatic pressure,
with Argon as a pressure medium, up to 2 GPa and 20K. In this pres-
sure range the SC shows two distinct domes, where Tc is enhanced
and shows two maxima. The 2x2x2 CDW at low temperatues persists
under pressure up to the first extremum of T𝑐 ∼ 0.7 GPa, where for
a short pressure range both, the CDW and a new emerging incom-
mensurate CDW coexists. While the first CDW quickly vanishes, the
incommensurate CDW persists up to pressures where the SC shows

another extremum in T𝑐. Above this pressure, ∼ 1.5GPa, no CDW
could be detected. An accurate knowledge of these structural modi-
fications will be essential to explain the relationship of topology and
superconductivity in this class of materials.

TT 23.4 Tue 10:15 HSZ 304
Indication of a strong coupling charge density wave
in CsV3Sb5 — ∙Leander Peis1,2,3, Ge He1,4, and Rudolf
Hackl1,2,3 — 1Walther Meissner Institut, Bayerische Akademie der
Wissenschaften, Garching 85748, Germany — 2Technische Univer-
sität München, Garching 85748, Germany — 3IFW Dresden, Dresden
01062, Germany — 4University College Cork, Cork, Ireland
A prominent example for studying the interplay of electronic cor-
relations and non-trivial topology is the material class of AV3Sb5

(A=K,Rb,Cs), displaying unconventional charge order in the range
of 100K and superconductivity at temperatures below 2.5K. Here,
we present a polarization-dependent Raman scattering study of the
Kagome metal CsV3Sb5, focusing on the charge density wave (CDW).
We resolve several signatures of strong-coupling between the lattice
and the electronic system. First, the energy of the A1𝑔 Γ-point
phonon exhibits a discontinuity at the phase transition temperature
𝑇𝐶𝐷𝑊 = 95K. Second, the magnitude and symmetry dependence of
the observed CDW energy gap 2Δ suggest strong coupling and a sub-
stantial anisotropy. Third, the observed A1𝑔 amplitude mode depends
weaker on temperature than expected and displays an asymmetric
Fano-type line shape, particularly around 70K. We interpret this de-
viation in terms of strong coupling between the phonon-like amplitude
mode and the electronic continuum. To the best of our knowledge such
an asymmetry of an amplitude mode has not been observed before.

TT 23.5 Tue 10:30 HSZ 304
X-ray diffraction on the charge-density wave in the Kagome
superconductor RbV3Sb5 — ∙Sabreen Hammouda1, Yu-Hui
Liang2, Po-Chun Chang2, Carsten Paulmann3, Yishui Zhou1,
Adrian Merrit1, Pikesh Pal1, Rahaf Yaseen1, Hongxiong Liu4,
Youguo Shi4, Chao-Hung Du2, and Yixi Su1 — 1JCNS-MLZ,
Forschungszentrum Jülich, 85748 Garching, Germany — 2Dept. of
Phys., Tamkang University, Tamsui 251, Taiwan — 3DESY, 22607
Hamburg, Germany — 4IOP, CAS, Beijing 100190, China
The newly discovered Kagome superconductors AV3Sb5 (A=K, Rb or
Cs), in which non-trivial band topology, charge-density wave (CDW),
and superconductivity are intertwined, have attracted tremendous in-
terests. Despite extensive recent investigations via X-ray diffraction
(XRD) and other complementary local probe techniques, it remains
a major challenge to gain a consistent picture of the CDW modula-
tion across different AV3Sb5 samples. In this talk, we will present our
recent single-crystal XRD investigations (in-house and synchrotron)
of the CDW modulations over a wide temperature range in the less-
studied RbV3Sb5. A unique CDW modulation of the 2x2x2 type can
be confirmed for RbV3Sb5 below T𝐶𝐷𝑊 = 102 K, and no evidence for
CDW fluctuations above T𝐶𝐷𝑊 could be found. Our detailed temper-
ature dependence measurements of the CDW superstructure reflections
indicate a second-order phase transition with a 2D Ising character. A
comparison to other AV3Sb5 compounds and possible implications on
the understanding of the nature of the CDW in these Kagome super-
conductors will be given.

TT 23.6 Tue 10:45 HSZ 304
Z2 topological insulator and Hubbard interactions on the
Kagome lattice — Irakli Titvinidze1, ∙Julian Legendre2,3,
Maarten Grothus1, Bernhard Irsigler1, Karyn Le Hur2, and
Walter Hofstetter1 — 1Institut für Theoretische Physik, Goethe-
Universität, 60438 Frankfurt am Main, Germany — 2CPHT, CNRS,
Institut Polytechnique de Paris, Route de Saclay, 91128 Palaiseau,
France — 3Department of Physics and Materials Science, University
of Luxembourg, 1511 Luxembourg, Luxembourg
The study of topological phase transitions has been a very active field
of research since the 80’s; in recent decades topological insulators have
been one of the major foci in this field. Understanding the role of
the interactions in such systems is also currently is major challenge
for the scientific community. In this talk, I will present a study of a
time-reversal invariant topological model, with Hubbard interactions,
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on the Kagome lattice. The topological model contains intrinsic and
Rashba spin-orbit coupling terms and position-dependent onsite ener-
gies. Relying on several analytical methods, I will show how the Z2

topological phase, resulting from the flux term, is tuned by varying
the amplitude(s) of on-site energy terms and/or of the Rashba spin-
orbit coupling term, at filling 𝑛 = 2/3. Then, we will study the effect of
Hubbard interactions on the topological properties for a specific on-site
energy configuration and at vanishing Rashba spin-orbit coupling. We
will use perturbation theory in the large Hubbard amplitude 𝑈 limit
and a mean-field method for smaller 𝑈 . I will compare these analytical
results with numerical results obtained by our collaborators.

TT 23.7 Tue 11:00 HSZ 304
Temperature-dependent pump-probe spectroscopy of the
magetic Kagome metal Fe3Sn2 — ∙M. G. Faria1, Q. Wang2,
H. C. Lei2, A. Pashkin1, S. Winnerl1, M. Helm1,3, and E.
Uykur1 — 1Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden,
Germany — 2Department of Physics and Beijing Key Laboratory of
Opto-electronic Functional Materials & Micro-nano Devices, Renmin
University of China, 100872 Beijing, China — 3Institute for Applied
Physics, Technische Universität Dresden, 01069 Dresden, Germany
In this study, we present optical pump-probe measurements on a mag-
netic Kagome metal, Fe3Sn2, under different temperatures down to 10
K. The obtained spectra can be fitted with a double exponential decay,
indicating that the system has two distinct relaxation processes. Addi-
tionally, some unexpected and pronounced oscillations are dominating
the spectra, giving evidence of a strong electron-phonon coupling in
Fe3Sn2, at least in this ultra-fast regime. The frequency of this cou-
pled phonon is determined to be around 2.5 THz. Finally, we will
discuss the temperature and pump fluence dependence of the observed
phonon coupling and the distinct relaxation dynamics in this material.

15 min. break

TT 23.8 Tue 11:30 HSZ 304
Complex magnetic orders and the emergent topological Hall
effect in the kagome metal ErMn6Sn6 — ∙Yishui Zhou1,
Changjiang Yi2, Dmitry Khalyavin3, Fabio Orlandi3, Pas-
cal Manuel3, Sabreen Hammouda1, Adrian Merritt1, Clau-
dia Felser2, Thomas Brückel4, and Yixi Su1 — 1JCNS-MLZ,
Forschungszentrum Jülich GmbH, Garching, Germany — 2Max Planck
Institute for Chemical Physics of Solids, Dresden, Germany — 3ISIS
Neutron & Muon Facility, STFC, Rutherford Appleton Laboratory,
Didcot, UK — 4JCNS-2 & PGI-4, Forschungszentrum Jülich GmbH,
Jülich, Germany
Following the discovery of a quantum-limit magnetic Chern phase in
TbMn6Sn6, the magnetic topological metal series RMn6Sn6 (R=Gd-
Yb, and Y, Lu, etc.), that possesses an ideal Kagome lattice of Mn, has
emerged as a new platform to explore exotic states and novel function-
alities. We have recently carried out the growth of high-quality single
crystals of the magnetic Kagome metal ErMn6Sn6, and the physical
properties characterizations via the magnetic susceptibility, heat ca-
pacity, and Hall conductivity measurements. We have also undertaken
comprehensive neutron diffraction experiments on both single-crystal
and powder samples at the WISH diffractometer at ISIS. Our study has
clearly hinted a fascinating interplay between topologically non-trivial
electronic band structures, magnetism and electronic correlations in
ErMn6Sn6.

TT 23.9 Tue 11:45 HSZ 304
Thermodynamics of the spin-half square Kagome lattice an-
tiferromagnet — ∙Jürgen Schnack1, Oleg Derzhko2, and Jo-
hannes Richter3 — 1Fakultät für Physik, Universität Bielefeld, D-
33501 Bielefeld, Germany — 2Institute for Condensed Matter Physics,
National Academy of Sciences of Ukraine, 79011 Lviv, Ukraine —
3Institut für Physik, Universität Magdeburg, D-39016 Magdeburg &
Max-Planck-Institut für Physik Komplexer Systeme, D-01187 Dresden,
Germany
Over the last decade, the interest in the spin-1/2 Heisenberg antifer-
romagnet (HAF) on the square Kagome lattice has been growing as a
model system of quantum magnetism with a quantum paramagnetic
ground state, flat-band physics near the saturation field, and quantum
scars. Here, we present large-scale numerical investigations of the spe-
cific heat, the entropy, as well as the susceptibility by means of the
finite-temperature Lanczos method for system sizes of N = 18, ..., 54.
We find that the specific heat exhibits a low-temperature shoulder be-

low the major maximum which can be attributed to low-lying singlet
excitations filling the singlet-triplet gap, which is significantly larger
than the singlet-singlet gap. For the susceptibility the singlet-triplet
gap leads to an exponentially activated low-temperature behavior. The
maximum of the susceptibility is found at a pretty low temperature
T/J = 0.146 (for N = 42). We find a striking similarity of our data
with the corresponding ones for the Kagome HAF down to very low
temperatures.

TT 23.10 Tue 12:00 HSZ 304
Asymmetric melting of the 1/3-plateau for the Kagome lat-
tice antiferromagnet — ∙Henrik Schlüter1, Jürgen Schnack1,
and Johannes Richter2 — 1Bielefeld University, Bielefeld, Germany
— 2University of Magdeburg and MPIPKS Dresden, Germany
The Kagome lattice Heisenberg antiferromagnet (KHAF) is a rich
source of unconventional physics not only regarding its spin-liquid
ground state but also with respect to its behavior at non-zero field
and temperature.

Here we investigate the phenomenon of the asymmetric melting of
the magnetization plateau at 1/3 of the saturation magnetization, see
Refs.[1, 2]. We explain the effect by discussing the energy diagram and
the density of states constructed from finite-temperature Lanczos data
for KHAF with up to 48 sites [3].
[1] J. Schnack, J. Schulenburg, J. Richter, Phys. Rev. B 98, 094423
(2018)
[2] Takahiro Misawa, Yuichi Motoyama, and Youhei Yamaji, Phys.
Rev. B 102, 094419 (2020)
[3] H. Schlüter, F. Gayk, H.-J. Schmidt, A. Honecker, J. Schnack, Z.
Naturforsch. A 76, 823 (2021)

TT 23.11 Tue 12:15 HSZ 304
Classical and quantum frustrated models of planar 𝑋-𝑌 spins
on the Kagome lattice: anisotropic magnetic patterns —
∙Oliver Neyenhuys, Mikhail Fistul, and Ilya Eremin — Ruhr
Universität Bochum
We present a theoretical study of various highly anisotropic magnetic
patterns occurring in the geometrically frustrated model of planar 𝑋-
𝑌 spins on the Kagome two-dimensional lattice. Frustration is in-
troduced by a specific spatial arrangement of both ferromagnetic and
anti-ferromagnetic bonds between adjacent magnetic moments on the
lattice vertices. At the critical value of frustration f = 3/4 such a
system displays the phase transition from an ordered ferromagnetic
state to frustrated regime featuring a highly degenerate ground state
in which topological (anti)vortices penetrate each cell. Taking into ac-
count a generous amount of topological constraints, the thermal fluc-
tuations and the quantum tunneling induced transitions between these
vortices/anti-vortices, we derive an effective Ising spin Hamiltonian on
the corresponding hexagonal lattice, in which a strong long-range inter-
action between a well separated (anti)vortices occurs. By making use
of the mean field analysis and direct numerical diagonalization of the
Hamiltonian we characterize various classical and quantum phases and
phase transitions between them for large and small Kagome lattices.
Experimental observation of such magnetic patterns with coherent net-
works of superconducting qubits will be discussed.

TT 23.12 Tue 12:30 HSZ 304
Magnon-phonon coupling in the Kagome-lattice antiferro-
magnet Mn3Ge — ∙Aleksandr Sukhanov, Nikita Andriushin,
Anton Kulbakov, and Dmytro Inosov — Institut für Festkörper-
und Materialphysik, Technische Universität Dresden, D-01069 Dresden
Magnons and phonons, which are quanta of spin excitations and
crystal-lattice vibrations in ordered materials, respectively, can be
strongly coupled together when their dispersion relations intersect in
reciprocal space. This results in hybridised collective spin-lattice exci-
tations, also known as magnetoelastic (ME) modes.

The metallic hexagonal compound Mn3Ge is characterized by a non-
collinear spin order due to the geometric frustration of the Kagome
lattice formed by Mn ions. Our earlier studies showed that Mn3Ge be-
longs to a rare class of materials that possess very strong ME coupling.
The ME effect is manifested in the large negative thermal expansion of
the material and high-pressure tuning of its remarkable anomalous Hall
effect. Most intriguing is a previous observation that the noncollinear
spin structure of Mn3Ge can be driven into a collinear ferromagnetic
state under a hydrostatic pressure of ∼5 GPa. This, in turn, provides
hints on how the magnetic structure is linked to the unconventional
electron transport phenomena in this material.

In this talk, we will discuss the results of our recent single-crystal
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inelastic neutron and x-ray scattering spectroscopy measurements of
Mn3Ge. We were able to clearly resolve momenta and energy of the
ME hybridization. The experimental results are supported with the
first-principle lattice dynamics calculations.

TT 23.13 Tue 12:45 HSZ 304
Raman scattering study of magnetism in the Kagome materi-
als Fe3Sn2 and Co3Sn2S2 — ∙Rudi Hackl1,2,3, Ge He4, and Le-
ander Peis1,2,3 — 1Walther-Meissner-Institut, 85748 Garching, Ger-
many — 2Technische Universität München, 85748 Garching, Germany
— 3IFW Dresden, Dresden 01062, Germany — 4University College
Cork, Cork, Ireland
Fe3Sn2 and Co3Sn2S2 have triangularly coordinated layers of 3𝑑 tran-
sition metal ions sitting on a Kagome network. Both compounds have
Dirac and Weyl nodes in the band structure. Fe3Sn2 is ferromagnetic

below 670 K, and the spins start to reorient from perpendicular to
parallel to the Kagome layer below 150 K. This reorientation was first
observed by Mössbauer spectroscopy but has in general little influence
on other observables such as thermal expansion or magnetization. In
our Raman study we find an anomaly of the line width and the energy
of the lowest A1𝑔 phonon where the Sn atoms vibrate perpendicular
to the Fe plane. We interpret the anomaly in terms of an enhanced
spin-phonon coupling below approximately 150 K. Co3Sn2S2 starts or-
dering antiferromagnetically below 175 K and turns into a ferromagnet
in the low-temperature limit. Here, the spins are first in plane and the
order is nearly frustrated. Below 100 K the spins point along the 𝑐-axis
and are parallel. The A1𝑔 phonon couples strongly to a continuum as
highlighted by the asymmetric Fano-type line shape. The asymme-
try is maximal close to the magnetic transition. We argue that small
changes of the lattice have an effect on the magnetism.
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