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Magnetic Force Microscopy Investigations of the Kagome

Spin Ice Host HoAgGe — eoTsuel-Suin Wul, SusHAJIT
ROYCHOWDHURY2, SaMUEL D. SeEppon!, PETER MILDE!, CLAU-
pia FeLser?, and Lukas M. Enc!® — lInstitute of Applied

Physics, Technische Universitit Dresden, Dresden, Germany — 2Max-
Planck-Institute for Chemical Physics of Solids, Dresden, Germany —
3Dresden-Wiirzburg Cluster of Excellence * Complexity and Topology
in Quantum Matter (ct.qmat), TU Dresden, 01062 Dresden, Germany

The recent discovery of the quasi-2D spin ice on a Kagome lattice in
HoAgGe [1] has highlighted this material system as the perfect envi-
ronment in order to explore emerging questions and to clarify ongoing
discussions regarding 2D spin ices within the scientific community. The
presence of several high-order magnetization plateaus implies the pos-
sible existence of quantum magnetic states and/or non-collinear spin
textures that may originate from quantum or thermal fluctuations
[2]. Peaks in the topological Hall effect, which correlate with these
magnetization plateaus, also potentially imply the presence of exotic
spin textures - or at the very least non-collinear spin textures, which
low-temperature (LT) Magnetic Force Microscopy (MFM) is perfectly
placed to uncover. Here we present LT-MFM results when investigat-
ing the magnetic textures and their behaviors in HoAgGe samples un-
der magnetic fields applied along the relevant crystallographic Kagome
lattice directions.

Reference [1] Zhao et al., Science 367, 1218 (2020). [2] Baran et al.,
Journal of Alloys and Compounds 281, 92 (1998).

MA 44.2 Thu 15:15 HSZ 403
Coexistence of antiferromagnetism and ferrimagnetism in ad-
jacent honeycomb layers — eDAvID SzaLLER!, LiLiaAN PrRoDANZ3,
KoRBINIAN GEIRHOS?, VIOREL FELEAZ3% YUurn Skourskr?, De-

nis GorBunNov?, Tosias ForsTer?, Tont Heum?, TosHIHIRO

Nomura*®, Arsuniko Mrivata®, SERGEI ZHERLITSYN?, JOCHEN
WosNiTza%0, ALEXANDER A. TsirLINZ, VLADIMIR Tsurkan?3, and
IstvaN KEezsMArRKI? — 'Tu Wien — 2University of Augsburg —
3Institute of Applied Physics, R. Moldova — “Hochfeld-Magnetlabor

Dresden — ®University of Tokyo, Kashiwa — TU Dresden

Ferro/ferri- and antiferromagnetic orders are typically exclusive in na-
ture, thus, their co-existence in atomic-scale proximity is expected only
in heterostructures. Breaking this paradigm we report the observation
of a new, atomic-scale hybrid spin state. This ordering is stabilized
in three-dimensional crystals of the polar antiferromagnet CoaMo3Og
by magnetic fields applied perpendicular to the Co honeycomb layers
and possesses a spontaneous in-plane ferromagnetic moment. Our mi-
croscopic spin model, capturing the observed field dependence of the
longitudinal and transverse magnetization as well as the magnetoelec-
tric/elastic properties, reveals that this novel spin state is composed of
an alternating stacking of antiferromagnetic and ferrimagnetic honey-
comb layers. We show that the proper balance of magnetic interactions
can extend the stability range of this hybrid phase down to zero mag-
netic field. The layer-by-layer stacking of distinct spin orders via suit-
able combinations of microscopic interactions opens a new dimension
toward the nanoscale engineering of magnetic states.

MA 44.3 Thu 15:30 HSZ 403
Coupled frustrated ferromagnetic and antiferromagnetic
quantum spin chains in the quasi-one-dimensional min-

eral antlerite, CuzSO4(OH)s — A.A. KuuBakovl, D.Y.
KoNoNENKOZ, S. NisuimMoTo?3, Q. StanL', A. MANNATHANATH
CuakkiNcgaLl, M. Feic?, R. Gumeniuk?, Y. Skourskr®, L.

BHASKARAN®, S.A. ZvvacIin®, J.P. EmBs®, I. PUENTE-ORENCH'8,
A. WiLpes8, J. Geck!?, O. Janson?, D.S. INnosov!?, and eD.C.
PeETs! — 1IFMP, TU Dresden — 2Leibniz IFW-Dresden — 3ITP, TU
Dresden — 4IEP, TU Bergakademie Freiberg — SHLD-EMFL, HZRD
Dresden — 9PSI, Villigen, Schweiz — "INMA, CSIC-U. Zaragoza,
Spain — 8ILL, Grenoble, France — ct.qmat

Magnetic frustration, the competition among exchange interactions,
often leads to novel magnetic ground states with unique physical prop-
erties which can hinge on details of interactions that are otherwise diffi-
cult to observe. Such states are particularly interesting when it is possi-
ble to tune the balance among the interactions to access multiple types
of magnetic order. We present antlerite, CuzSO4(OH)4, as a potential

Location: HSZ 403

platform for tuning frustration. Contrary to previous reports, the low-
temperature magnetic state of its three-leg zigzag ladders is a quasi-
one-dimensional analogue of the magnetic state recently proposed to
exhibit spinon-magnon mixing in botallackite. Density-functional-
theory calculations indicate that antlerite’s magnetic ground state is
exquisitely sensitive to fine details of the atomic positions, with each
chain independently on the cusp of a phase transition, indicating an
excellent potential for tunability.

MA 44.4 Thu 15:45 HSZ 403
High-Frequency Electron Spin Resonance Studies on
the Quasi One-Dimensional Spin-1/2 Quantum Magnet
PbCuSeO4(OH)2 — eRAHEL OHLENDORF, DANIEL KNAUER,
CuancuYuN Koo, and RUDIGER KLINGELER — Kirchhoff Institute
for Physics, Heidelberg, Germany

We report high-frequency ESR studies on a polycrystalline
sample of the frustrated quasi-1D spin-1/2 quantum material
PbCuSeO4(OH)2, isostructural to the well-studied natural mineral
linarite (PbCuSO4(OH)2). Magnetisation data show the evolution
of a magnetically ordered phase below Ty = 4.8 K and a spin-flop
transition at Bgp = 2.8 T. A complex magnetic phase diagram is con-
structed from the data. ESR measurements on a loose powder evidence
a gapless linear excitation mode within the ground state, which can be
traced across the spin-flop transition, as well as two linear excitation
modes within the in-field phase with a zero field gap of —31 +9 GHz
and 32.9+1.4 GHz, respectively. Measurements on fixed powder reveal
a gapped magnon mode in the ground state with a zero field splitting of
70 +20 GHz. This mode might be accounted for by assuming an exci-
tation of a spiral spin order in the ground state. Tracing the resonance
positions with temperature suggests an easy-axis-type anisotropy with
the paramagnetic g-factors 2.3 and 2.07. Changes in resonance po-
sition evidence the onset of short range fluctuations at around 70 K
corresponding to 14 x Ty.

15 min. break

MA 44.5 Thu 16:15 HSZ 403
an unconventional Jahn-Teller system? —
1 TussarkanNTI DEY!, DaNIEL BRrUNING!,
DMiTry Gorkovl2 KgeviN JeENNI!, AsTiN Krause!, PETRA
Becker?, Lapisav  Bouary?, DanienL Kaowmskir!, THoMAS
Lorenz!, and Markus BrRaDEN! — 'II. Physikalisches Institut, Uni-
versitit zu Koln — 2Heinz Maier-Leibnitz Zentrum (MLZ), Technische
Universitit Miinchen — 3 Abteilung Kristallographie, Institut fir Ge-

ologie und Mineralogie, Universitdt zu Kdln

KoReClg:
e ALEXANDRE BERTIN

Antifluorite compounds of chemical formula KoM Xg (where M is a
transition metal and X=Cl,Br) can exhibit various crystallographic
phase transitions, often understood by the softening of rotary phonon
modes of the ligand octahedra surrounding the central transition metal.
Among this family, KoReClg exhibits on cooling four distinct struc-
tural phases and may constitute a playground to investigate the inter-
play between spin-orbit coupling (SOC) and Jahn-Teller (JT) effect.
The question whether one of the crystallographic phase transitions is
JT driven will be tackled by presenting a detailed temperature depen-
dent structural study of KoReClg and of its non magnetic counterpart
K2SnClg by means of powder and single crystal XRD. With neutron
diffraction experiments and by taking the low temperature monoclinic
symmetry into account, the magnetic structure was solved. Frustration
is only partially lifted by the structural distortions and the magnetic
order causes further symmetry reduction. Finally, the strong magneto-
elastic effect seen in thermal expansion measurements will be discussed
in terms of domain re-orientation and weak ferromagnetism.

MA 44.6 Thu 16:30 HSZ 403

Non-collinear magnetism and Fe-R interaction in
R3Fe3Sb; — eFELIX SEEwALD', FaLk PaBst?®, SABRINA
Pavrazzesel35  Vapiv  Grinenkov!:®, HuBerrus LUETKENS?,
TaoMmas HERRMANNSDORFER®, SHINGO YamamoTo3®, DENIS
GorBuNov?® | SumaNTA CHATTOPADHYAY®® CLEMENS RITTER?,
Karr Finzer?, Tromas DoERT?5, MicHAEL Ruck??®, JoCHEN
Wosnitzal:3:5 and Hans-HenNiNng Krauss! — IFMP, TU Dres-

den, Germany — 2Fakultét fiir Chemie und Lebensmittelchemie, TU
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Dresden, Germany — 3HLD-EMFL, Helmholtz-Zentrum Dresden- FLoriaN Rascr!, MaxiM AvDEEVZ3, SeEBASTIAN Gass?,
Rossendorf, Germany — “Institute Laue-Langevin Grenoble, France Laura BonorqQuez?, Anja Worter?®, ManueL Fric®, Ro-

— 5Wiirzburg-Dresden Cluster of Excellence ct.qmat — %Tsung-Dao
Lee Institute, Shanghai, China — “PSI, Villingen, Switzerland

In R3Fe3Sby (R = Pr, Nd) Fe and R atoms form columns of stacked
triangles separated by Sb. Fe exhibits non-collinear ferromagnetic or-
der below T, ~ 380K. On cooling at the onset of R order a spin
reorientation (Tsrr,pr = 40K, Tsrr,na ~ 50K) and magnetization
reversal is observed [1].

Mossbauer spectra show two distinct magnetic Fe sites between T
and Tsgrr, both collapsing into one new site below TsrT, reaching a
static magnetic hyperfine-field of By, = 20.59(21) T at 4.2K. The
data is the same for Nd and Pr except for the value of Tsgr. The local
field obtained from pSR investigations is consistent with Mdssbauer
hyperfine-field at high temperatures. We will discuss the implications
of our findings on the magnetic structure of the system.

[1] Falk Pabst, Sabrina Palazzese et. al., Advanced materials, accepted

MA 44.7 Thu 16:45 HSZ 403

Reentrant topological magnetic order and a spin-cholesteric
phase in the Sr3Fe;O; perovskite — eNIKITA ANDRIUSHIN',
Nikoral Pavrovskir!, YuLiia TymosHENKO!, DARREN C. PEeTs!,
ALEXANDRE IvaNov?, JacQues OLLIVIER?, BERNHARD KEIMERS,
OxksAaNA ZaHARKO?, and DmyTRo Inosov! — 1TU Dresden, Ger-
many — 2ILL, Grenoble, France — 3MPI for Solid State Research,

Stuttgart, Germany — 4PSI, Villigen, Switzerland

Topologically nontrivial magnetic structures, e.g., skyrmion lattices
and magnetic vortex crystals, are well known in noncentrosymmet-
ric materials, so that antisymmetric exchange interactions are al-
lowed. Only recently, topological multi-q magnetic textures that spon-
taneously break the chiral symmetry, for example three-dimensional
hedgehog lattices, were discovered in centrosymmetric compounds,
where they are instead driven by frustrated interactions. Here we show
that the bilayer perovskite SrgFezOr7, previously believed to adopt a
simple single-q spin-spiral order, hosts two distinct types of multi-
q topological spin textures. Its ground state represents an unusual
multi-q spin texture with unequally intense helical spin modulations
at the two ordering vectors. It is followed in temperature by a new
"spin cholesteric" phase, in which the chiral symmetry is spontaneously
broken along one of the crystal directions, but the weaker modulation
along the orthogonal direction melts, giving rise to intense short-range
dynamical fluctuations. Shortly before the transition to the param-
agnetic state, a more conventional skyrmion-lattice order spanned by
two equivalent q vectors emerges.

MA 44.8 Thu 17:00 HSZ 403

Incommensurate and multiple-¢ magnetic misfit order in

Cu3S0O4(OH)s — eANTON KuLBakov!, ELAHEH SADROLLAHI!,

MAN GuMENIUKS, Hacen Popbbpic?, MARkUs STOTZER®, JOCHEN

LittersT?, INEs PUENTE-ORENCH!OM ANDREW WILDES!!, EUGEN
WEescHKE!2, JocHEN GEeck!®, DmyTro INosov!:® and DARREN
PeeTs! — 'IFMP, TU Dresden, Germany — 2ANSTO, Australia —
3USYD, Australia — 4IFW Dresden, Germany — °ct.qmat, TU Dres-
den, Germany — STUBA Freiberg, Germany — 7 ACII, TU Dresden,
Germany — 8ACI, TU Dresden, Germany — 2IPKM, TU Braun-
schweig, Germany — 10INMA, Spain — M ILL, Grenoble, France —
12H7B, Berlin, Germany
1

In antlerite, CuzSO4(OH)4, Cu?* (S = 3) quantum spins populate
three-leg zigzag ladders in a highly frustrated quasi-one-dimensional
structural motif. We demonstrate that at zero applied field, in addition
to its recently reported low-temperature phase of coupled ferromag-
netic and antiferromagnetic spin chains, this mineral hosts an incom-
mensurate helical+cycloidal state, an idle-spin state, and a multiple-q
phase which is the magnetic analog of misfit crystal structures. The
antiferromagnetic order on the central leg is reentrant. The high tun-
ability of the magnetism in antlerite makes it a particularly promising
platform for pursuing exotic magnetic order.

MA 44.9 Thu 17:15 HSZ 403
Spin-liquid and Spin-glass states in Frustrated Tetrago-
nal Pyrochlore Zng gCug2FeMnO, — eSucHIT KuMAR JENAL,
MaNFRED REenUIs?, and SuBnasH THoTa! — !Department of
Physics, Indian Institute of Technology Guwahati, Assam-781039, In-
dia — 2Helmholtz-Zentrum Berlin fiir Materialien und Energie, Hahn-

Meitner-Platz 1, D-14109 Berlin, Germany

Spinel (AB204) Pyrochlore lattices are capable of generating high de-
gree of magnetic frustration owing to tunable competing exchange in-
teractions achieved via suitable magnetic elements on B site together
with non-magnetic A site, which leads to quantum spin-liquid /Ice state
[1]. One such compound is cubic ZnFesO4, which manifests high mag-
netic frustration index (f~12) with antiferromagnetic Néel tempera-
ture, Ty~10K [2]. Our results based on the neutron powder diffrac-
tion analysis shows that polycrystalline tetragonal Zng.gsCug.oFeMnOy4
(ZCFMO) lacks presence of long-range magnetic ordering. The dy-
namic ac magnetic susceptibility (x’ and x’) measurements show mul-
tiple anomalies across 9K, 47K and 79K. Frequency dispersion in the
loss spectrum (x”'(f,T)) analyzed by employing empirical scaling-laws
such as Vogel-Fulcher law and Power Law: 7=79[(T — Tsa)/Tsc] ™ *Y,
yields cluster spin-glass state in ZCFMO with the spin freezing tem-
perature (Tsg) at 41.8K and critical exponent zv=8.9, below the fer-
rimagnetic Néel temperature Tr;p~79K. These results are further
supported by the heat capacity (Cp(T)) studies. Below 9K, C), ~ T2,
indicates co-existence of spin-glass and spin-liquid states in ZCFMO.
[1] Phys. Rev. B 28, 1 (1983). [2| Phys. Rev. B 66, 064401 (2002).



