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Abstract

In this thesis, the results of two studies related to frustrated magnetism and spin liquids on
a kagome and a hyperkagome lattice are presented.

In Part I, we develop a microscopic theory of magnetism in the hyperkagome iridate NayIr3Os.

Naylr3Og is regarded as a promising candidate of a quantum spin liquid. In iridates with
IrOg octahedra, a low-energy physics is dominated by a pseudo-spin jeg = 1/2 state due to
combination of an electron-electron interaction and a strong spin-orbit coupling, and this small
moment induces a strong quantum fluctuation, which suppresses a magnetic orders and opens
up a way to quantum spin liquids. Among such iridates, in NayIrsOg, Ir*t ions are on a
hyperkagome lattice (i.e., three-dimensional version of a kagome lattice). As is the case with
a kagome lattice, a hyperkagome lattice has a strong geometrical frustration, which is another
factor to realize quantum spin liquids.

Nevertheless, the true ground state of this material is still unclear. In an experimental side,
thermodynamic quantities such as a magnetic susceptibility and a specific heat do not show any
singularity thus the ground state of this material is possibly a quantum spin liquid. In contrast,
recent uSR and NMR studies show that spin freezing occurs at the very low-temperature region,
which contradicts a picture of a liquid state.

In this work, we analyze an local-moment model on a ideal hyperkagome lattice, as a starting
point to reveal the low-energy physics in NaylrgOg. We first derive an effective ¢ spin model
from an electric multiorbital Hubbard model. As a result, a four-parameter model, i.e., J-K-D-
I" model, is obtained. We then invesitgate a ground state phase diagram of the obtained model
at classical level, and find three characteristic magnetically-ordered states with ordered vector
q=0.

In Part II, we investigate effects of interaction between fractional charges on Ji-Js-J3 Ising
model on a kagome lattice.

Fractionalization, where original degrees of freedom of models are separated into smaller
components, is a universal property of topological states of matter, and understanding the
properties of fractionalized objects leads to the deeper understanding of the topological states
themselves. In particular, interactions between fractional objects are particularly intriguing,
since it may induce novel topological states.

Fractionalization can be seen even in classical spin liquids. Classical spin liquids, which are
“parents” of quantum spin liquids, provide a nice playground to investigate the many-body effect
of fractional objects, since they are expected to have common properties with their quantum
analogs.
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To this aim, we investigate equilibrium properties of Ji-Js-J3 Ising model on a kagome lattice.
On a kagome lattice, we can define magnetic charges on triangles. In this model, the second
and the third neighbor interactions can be transformed into a short-range interaction between
magnetic charges.

We first show the physical pictures of ground states from a viewpoint of charge degrees
of freedom, and present a rigorous argument on a phase boundary. We find that the short-
range interaction between the magnetic charges induces the recombination of them; as a result,
classical spin liquids, with and without a long-range order of charges, are found. Then, by using
the classical Monte Carlo simulation and Bethe approximation on a Husimi tree, we elucidate
the finite-temperature phase diagram, thermodynamic quantities, and static structure factors.
We find that the classical spin liquid without a long-range order of charges is a new classical
spin liquid, characterized by residual entropy and “half-moon” pattern in the static structure

factor.
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