
Magnetic materials are well described by an assem-
bly of interacting quantum spins. In such a system,
a nontrivial wavefunction is often induced by a strong
quantum effect. Since the systems are typical many-body
problems, however, it is difficult to capture the behav-
ior of such systems. Under circumstances, for a deeper
understanding of the systems, computational methods
become more and more useful. Each method has both
merits and demerits at the same time; therefore, it is
quite difficult to treat frustrated systems in dimensions
that are larger than one by such a method. When one
studies frustrated systems by the quantum Monte Carlo
simulations, a so-called negative sign problem happens.
The density matrix renormalization group method can
be applied to one-dimensional systems but the effective
applications to systems in dimensions larger than one are
now being developed. Only the numerical diagonaliza-
tion method is an available and feasible way to apply to
two-dimensional frustrated systems even now. Available
system sizes, unfortunately, are limited to being quite
small. To overcome this disadvantage in this method
and to succeed in calculating frustrated systems in two
dimensions, we have developed an MPI-parallelized code
of nuemrical diagonalization based on the Lanczos algo-
rithm. We use this code to carry out calculations of the
Lanczos diagonalization.

In the fiscal year of 2015, we study the magnetiza-
tion process of the S = 1/2 Heisenberg antiferromagnet
on the square-kagome lattice with a distortion1). The
magnetization jump was observed in the case without
the distortion2) originally. However, within this study
examining the finite-size systems up to 36 sites, the skip
of the jump δM in a finite-size system is detected up
to δM = 2. Only the skip δM = 2 cannot deny the
possibility that this jump appears owing to the forma-
tion of the spin-nematic state. The reason is that this
state is a two-magnon bound state. We attack, then,
calculations for a system with larger size of 42 sites.
We successfully obtain the magnetization processes of
this model with and without a distortion. In our result
for the undistorted system of 42 sites, the same skip of
δM = 2 is detected. When a small distortion is switched
on in the square-kagome lattice (see Fig.1), on the other
hand, we successfully find the skip of δM = 3 in the
42-site system. This result means the exclusion of the
possibility that this jump occurs owing to the forma-
tion of a two-magnon bound state. At the same time,
this result suggests that the magnetization jump is a
macroscopic phenomenon which survives in the thermo-
dynamic limit. Previously, the same behaviors of the

jump were reported for the Heisenberg antiferromagnets
on the Cairo-pentagon-lattice3, 4), the

√
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kagome lattice5, 6), and the Shuriken-bonded honeycomb
lattice5). However, only the finite-size jump of δM = 2
are detected in these systems. To clarify the behavior
of the magnetization jump in the thermodynamic limit,
further studies by calculations of larger sizes on these
lattices will be required. Such studies will contribute to
our understandings of this magnetization jump.

We have also studied the general-S Heisenberg an-
tiferromagnet on the kagome lattice by MPI-parallelized
calculations of Lanczos diagonalization 7). Our results
contribute much to our deeper understandings of the
nontrivial effect of frustration in magnetic materials.
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Fig. 1: Square-kagome lattice. Spin sites at vertices are
divided into two groups α and β. We consider the distor-
tion when interaction between α-α sites and interaction
α-β sites become different.

The self-organization of structures is a universal char-
acteristic of nonequilibrium and nonlinear systems such
as plasma syatems and soft matter systems. We inves-
tigate self-organization in amphiphilic systems in order
to explore the universal self-organizing properties of na-
ture. Amphiphilic molecules such as lipids and surfac-
tants consist of both hydrophilic and hydrophobic parts.
In aqueous solvents, these molecules often self-assemble
into various structures such as hexagonal structures and
bicontinuous structures1). The purpose of this study is
to clarify the effect of hydrophilicity on phase behavior
in a solution of bolaamphiphilic molecules, each of which
consists of a hydrophobic stalk and two hydrophilic ends.
To investigate the phase behavior in a bolaamphiphilic
solution at the molecular level, we perform the molec-
ular dynamics (MD) simulations of coarse-grained bo-
laamphiphilic molecules with explicit solvent molecules
and analyze the self-assembly processes.

The computational model is the same as the one used
in our previous work2). A bolaamphiphilic molecule is
modeled as a semiflexible chain that is composed of a
hydrophobic stalk with three particles (denoted by B)
and two hydrophilic ends (denoted by A and C), each
of which consists of one particle. A solvent molecule
is modeled as a hydrophilic particle (denoted by S).
The interaction between a hydrophilic particle and a hy-
drophobic particle is modeled by a repulsive soft core
potential and all other interactions are modeled by the
Lennard-Jones (LJ) potential. Numerical integrations of
the equations of motion for all particles are carried out
using the velocity Verlet algorithm at constant temper-
ature with a time step of 0.0005. We apply the periodic
boundary conditions and the number density is set at
0.75. The total number of particles is 5832. Initially,
we provide homogeneous bolaamphiphilic solutions with
various amphiphilic concentrations (cs = 0.1, 0.2, ..., 0.9)
at high temperature (T ∗ = 10) for various values of
the hydrophilic interaction parameter ε∗CS between a hy-
drophilic end particle C and a solvent particle S (0.5 ≤

ε∗CS ≤ 5.0). The system is then quenched at T ∗ = 1.3
and MD simulations of t∗ = 2.5 × 104 (5.0 × 107 time
steps) are carried out for each simulation run.

In Fig. 1, we pictorially show our simulated phase
diagram. This diagram indicates that six types of self-
assembled structures are obtained. Among them, four
types of self-assembled structures are depicted in Fig. 2.
These figures show that, at intermediate amphiphilic

concentrations, the lamellar structure changes to a bi-
continuous structure, and then to worm-like micelles or
a hexagonal structure as the hydrophilic interaction pa-
rameter ε∗CS increases.
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Fig. 1. Hydrophilic interaction parameter, ε∗CS, vs. am-
phiphilic concentration, cs, phase diagram of bolaam-
phiphilic molecules.
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Fig. 2. Snapshots of self-assembled structures formed by
bolaamphiphilic molecules: (a) the worm-like micelles,
(b) the bicontinuous structure, (c) the hexagonal struc-
ture, and (d) the lamellar structure. Isosurfaces of the
density of the hydrophobic particles, which are calcu-
lated by Gaussian splatting techniques, are shown.
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