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Magnets with complicated interactions between spins like random magnet and
pyrochlore magnet are interesting materials from a point of view in statistical
mechanics. So, many theoretical and experimental researches have been
performed. In this study, the characteristics which are difficult to obtain a
conclusion by analytic theories are investigated by computer simulations in
various Monte Carlo methods with setting suitable models.

Rare-earth pyrochlore compounds (e.g., HozTi207 and Dy:Ti=O7) are well
known as materials which have a tetrahedral lattice and exhibit the
spin ice state, a kind of the geometrical frustration. The transition
metal compound Coz2CI(OH)s has the same tetrahedral structure, but is
distorted in one direction. It is concluded experimentally that the
magnetic structure of Co2ClI(OH)s at low temperatures is coexistence of the
ferromagnetism and the random spin. However, the mechanism of magnetic
interactions by which this peculiar magnetic structure is realized
remained unclear. Then simulations are performed in the heat bath
and multicanonical Monte Carlo simulation by assuming an
anisotropic Ising model suggested by experimental findings and setting
a suitable interaction. Thereby, the condition of the interactions by

which the observed magnetic structure is realized is examined.

Random magnets generally exhibit gradual phase transitions. The cause of this
phenomenon is considered due to the fact that large magnetic clusters yield
magnetic moments even at temperatures higher than the critical temperature.
Such magnetic moments should be averaged out if the observation time is
sufficiently long. It is considered that the gradual phase transitions are
non-equilibrium phenomena in which the relaxation times of large magnetic
clusters become longer than the finite observation time at the transition region.
Then, the behavior of the phase transition should depend on the observation
time. So, the change of the order parameter in the observation time is calculated
by Dynamic Monte Carlo simulation. The employed random system is a simple
dilution of magnetic atoms with Ising spins in a square lattice. The calculated
results are compared with MnxCdix (HCOO)22(NH2)2CO in NMR spin-echo
experiments.

Chapter 1 describes the summary of theories and techniques to be used to
perform computer simulation and explanation of deeply related phenomena to
this study.

Chapter 2 describes the investigation of Co2CI(OH)3 by simulation. In a nearest
neighbor model, the ground states are highly degenerate. Almost all of the states
are in spin glass states, but a few of the states are ferromagnetic. The latter
states should be stabilized if weak ferromagnetic interactions exist between
second nearest neighbor spins. Thereby, the simulation reproduces the states
reported by experiments.

Chapter 3 describes the investigation of phase transition in random magnet by
simulation. First the relaxation process is analyzed. It is shown that the
relaxation process obeys the stretched exponential decay expl (-#7)%] unlike
normal exponential relaxation. Furthermore, it is shown that the relaxation
becomes to the normal relaxation at the high temperature in every density.
Secondly the change of order parameter in the observation time is investigated.
In order to examine the effect of the finiteness of the observation time, the
average of each spin (say .S) during time ¢ <S> for various temperatures is
calculated. The “quasi-order parameter” for observation time ¢ is reasonably
defined by the square root of the second-power average of <S>: as
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MnxCdi<«(HCOO)2:2(NH2)2CO in NMR spin-echo experiments. Calculation




results are in good agreements with experimental results.
Chapter 4 describes the summary and the conclusions of this study.
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