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Novel Quantum Phase and Criticality
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Quantum Spin Liquid



Compounds with Geometrical frustration

Suppression of magnetic order,
Large residual entropy

Spin liquid
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Gapless spin liquid

triangular lattice

S=1/2
K—(ET),Cu,(CN); T

*He monolayer 4 C

S=1
NiGa,S, v, C, neutron



Phase Diagram of Frustrated 10
Hubbard Model at ¥z Filling
el | Frustrated
3 ]
=T+ square lattice

P | Kashima et al. |
—se—ie—le =l JPSJ 70/(2001) 3052 7| ~pefore charge melting

75;3“|~|?—|~."_,7‘:IE75’|‘§? Quantum melting

_ AR
Anisotropic by charge fluctuations

triangular d /
lattice Y| AFT /N

-+

R “0 .00
* * *
* * *
. Q B #
MOl |ta et a.l ~
* *
* * 5
o o ¢ - 4 -

| :J‘ JPSJ 71(2002) 2109 2/»'/ ' e

JEEAH=AEF %0 02 04 06 08 10

'/t
Nonmagnetic Mott insulator phase

oo
T T

AFI

=)
—

U/t

=

b=

Spin melting

2

F
R
B
0
»
| 2




Spin-gapless phase T ¥YZLA4
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gapless spin excitations
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A possible interpretation of spin liquid

ong-ranged singlet bonds RVB

Gapless spin excitation
Finite, nonzero susceptibility

Unbound spinon scattered
by sea of dynamical RVB singlets

Incoherent (localized) spinons?
No spinon Fermi surface?
No fractionalization?

triangular lattice +tiny randomness = spin glass
order by disorder M1(1986)
coupling to lattice



Novel Quantum Criticality
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Valence Criticality




Valence instabilities of Ce systems
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Quantum Mott Criticality
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Filling Control Transition 1990° s
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SHe; unusual degeneracy temperature
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Phase Diagram of Mott Transition in the 2D Hubbard model
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Advantage of Bandwidth Control MIT

Small energy scale;
T suppress Multi-furcation
Mott Absence of other orders; AF...
insulator metal
Absence of long-range

Coulomb effect

— — o
— —

“Pure” Mott transition
arising from short-ranged repulsion
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Bandwidth Control MI'T
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Breakdown of Ginzburg-Landau-Wilson scheme
Ginzburg-Landau-Wilson scheme IZ# 4% U\ RERFS
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a < 0; first order g~ To=0

a — 0 Marginally quantum critical point (MQCP)
unusual QCP



Unusual Critical Exponents at MQCP

B=d12, y=2-d/2, §=4Id, v=1/2,
Z=4

Ginzburg criterion

d+z >2p+y)lv=d+4

All the dimensions are at the upper critical dimension

“mean field” is basically correct,
while hyperscaling is satisfied

Z;XJTC 1821’7:1,5:21 V:1/2,
=4
=) Kagawa, Miyagawa, Kanoda



Consequence of Diverging Density Fluctuations

filling control; electron density fluctuation
bandwidth control; excitonic fluctuation

v = (dZF /dX 2)—1 . (ax 2/d-1 +bX 4/d—1)—1

Marginal quantum critical point; a—0
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ldw) = DR+ (- Q)P
large energy scale; Mott gap example; 2D

contrast with spin/orbital fluctuations; J& Mott gap



Outlook for Super Clean Project
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Summary

Band-width control & filling-control
unified description of quantum Mott criticality

Beyond GLW scheme; unusual universality class
d dependent critical exponents
bandwidth control transition COREE

marginal quantum criticality (MQCP)
diverging density (charge) fluctuations
large energy scale ~ Mott gap, small g
Incoherent response up to high energy
competing orders
(1) electron differentiation = ARPES structure
(2) tendency for inhomogeneity
(3) density fluctuations drive non-Fermi liquid properties
superconducting mechanism
d-wave, high-T,



Outlook
accurate € (k,w)

Mott
charge order

valence
Lifshitz

filling control
bandwidth control
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