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Quantum phases and their

Dynamical responses
New type magnetic states on frustrated
lattices
Gapless ferrimagnetic state

Lattice gas model: solid, liquid, superliquid,
supersolid

Dynamical properties of peculiar states

Virtual interaction effects (Fluctuating media)
Many-body (ring) exchange model + phonon



Fluctuation induced phase transition in
magnetization process of XY-Heisenberg

antiferromagnets on the triangular lattice
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Classical XY-Heisenberg model
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2D XXZ Heisenberg model
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Phase diagram in (H,A)

1/3 plateau

Ac =0.76+0.03

Quantum fluctuation chooses

a configuration from degenerate
states.

The choice depends on the spin
anisotropy. The dependence is
very similar to that of thermal
fluctuation at finite temperatures.

This phase diagram is obtained
from long range correlation of the
chirality

A. Honecker, J. Richter, J. Phys.
Condens. Matter 16 (2004) S749



Uniform nonzero magnetization
In the ground state?

Ferri-magnetic state
* Lieb-Mattis type

Localized magnetic moment
* Non-collinear type

Uniform magnetic moment

M. Senda: Master thesis Osaka University 1998
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Attempt to find non-saturated
ferrimagnetic state in Heisenberg
model

» Lieb-Mattice ferri magnetism (LMFR)
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* Non Lieb-Mattice ferri magnetism
(Non-LMFR, Non-collinear ferri)




Non-saturated magnetized state
Je <0 (Ferro)
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Magnetization processes
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LM type:
Gapfull
Saturated magnetization

J << J":Non-LMFR M

Non-collinear type

Gapless

Saturated magnetization
Smooth magnetization process




Magnetization processes
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LLocal magnetic structures

LM phase
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Wave number of the moduration
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Supersolid

Quantum Lattice gas
T. Matsubara and H. Matsuda: PTP 16 (1956) 5609.
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Supersolid
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Conditions for Supersolid

P. Sengupta, et al. PRL 94 (2005) 207202.

Square lattice: condition for supersolid
NOT % filling, zV > U (soft core),
Only NN
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FIG. 1. The ground state phase diagram of the 2D extended
Bose-Hubbard model (1) in the V — p plane for U/t = 20 and
densities p = 1, showing superfluid (SF) phases, checkerboard
solids formed by single bosons (CDW 1) and pairs of bosons
(CDW II), a Mott-insulating phase (MI), phase separation (PS),
and finally a supersolid phase (S5).



Ordering on fluctuating media

o Characteristic response of the peculiar
state

 Virtual process
e Spin-crossover



Energy structure and dynamical property
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Angle dependence of the energy levels
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Thermal relaxation and LZ
transition
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Effects of the energy level structure
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Transition from 1/2 < 3/2

V15 J=2.44K, D=0.06J

o |
00 VTV itaaes E(H)IK]
V15 J=2.44K, D=0.06J
10-' ' ' ' : . .
| E(H)IK]
o- _
HIT] \ :




S=1/2 to S=1 Half jump

Half jJump at level crossing
Up sweep AS=1/2

Down sweep AS=1

dM/dH (arb. units)

S=3/2 to S=1/2 Full jump
Saturate in a certain time
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Resonance on the AC field
Non-trivial Resonance
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Fluctuation induced DM for a dimer
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Effect of bond fluctuation
A minimal model
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Small energy split at H=0
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Types of microscopic spin states

* Triangle lattice and odd rings A

 Even rings
 New types of microscopic spin state
Non-collinear ferrimagnetism




Ferrimagnetism

Ground state with non-saturated magnetization

Lieb-Mattis type: no-frustration

Non-colliear type: frustration Q
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Another type: frustration+dimerization



2 strong bonds
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1 strong bond




_ocal magnetization :
the uniform case
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Spin wave type
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Odd ring N=5
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Even spin case N=6
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Uniformly fluctuating magnetic
state?

Spin wave type \\P>:L(J++—>+\+_+>+‘_++>)
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Non-collinear ferrimagnetic state: ground state

J >>J": LMFR
J << J": Non-LMFR



N=12 Non-collinear Ferrimagnetism

J=J'=1, JFr=2



LM & Non-Collinear
ferrimagnetism
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Quantum phases and their
Dynamical properties

 New type magnetic states on frustrated
lattices

e Characteristic properties of peculiar states
Dynamical properties

Virtual interaction effects (Fluctuating media)
Supersolid

Many-body (ring) exchange model
phonon
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