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Classification of quantum critical phenomena based on entanglement
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Stimulated by the recent substantial progress in the classification of gapped

topological phases, we proposed and formulated several novel concepts for classification of gapless
uantum critical ﬁhases, which is a major open problem. For example, we found that the valence-bond

istribution in the ground state of a quantum antiferromagnet follows a universal scaling which reflects
the nature of the ground state. Moreover, we obtained the entanglement spectrum between two coupled
Tomonaga-Luttinger liquids. In particular, when the gap is partially opened by the interchain
interaction, the entanglement spectrum exhibits a peculiar dispersion relation in which the entanglement
energy is proportional to the square root of the momentum along the chain. In both cases, analytical
prediction was confirmed by numerical calculations.



1)

1/2

P. W. Anderson
Resonating-Valence-Bond (RVB)

RvVB

)

(DMRG)

®3)

infinite time-evolving block decimation
(iTEBD)
1
(Matrix-Product State, MPS)

(4)

[Symmetry-Protected Topological (SPT) ]



SU(2) Wess-Zumino-Witten (WZW)

1)

.
P e

P(n) d

d=1

a=1

m’[.'. s, 1
w'f B 1
o g 1
w'f . = 1
w'f . 1
£ 'y \‘4-\ 1
E wf ™, |
e w'f “\‘ 1
w'f 1
1wy |
o 1
w''f . 1
" [1':1 i} o0
S =1/2 a
2
DMRG
3
) 30 T T .
-.\\. /
25 !.‘?“:‘:—h ) \.\\\ FIII,-’ dpm‘ﬂ;_. )
20 Pa o Y
.'m &O \\\ ll.-" Oé ﬁr" .
= B o 4 / N A
“1? s _“-EUF‘ '-\\&'..-Eﬁ ‘,'\\ ;.' .&E'.':Q; & '@'ﬂb
E \m ‘QEI'\ o ‘-\.\ II."‘I o] g"? EE-"-
A o,
10 "‘L-,Ef‘\ . .Ij'\ ."t‘ &Eloé
— =01 2 Emg&
o3 9gA Aae  BLY
s - =03 Hah Sl o L=12
—— =0.5 E‘%\‘\ f’.%a a L=
— =10 AN L3
" . W )
-0.5 -0.25 0 0.25 0.5



(3)
S=1
large-D
V4
Tt
MPS
iTEBD
4
250 T T T T T
(@)h,=0.1,d,=0 =50 —e—
= 200 1=100 ——|+
g %=150
2150-'{::' % =200 —v—| |
g &
2100 - 5
g =
o] =]
50 -

(51

f;n : 1F T T T T
e 120‘% L[Z=100—=— ]
2 = Le=200—=
3 wrs’f ]
'3 i Q_] 1 -
“ara 0 p, | 2
o _
-1 0 D,
4: §=1
(4)
SU(2)

Wess-Zumino-Witten(WZW)

Gepner-Witten

WZW

SU(2) WzW

sU(2)

1=50 —8—
1=100 —e—
¥ =150

1= 200 —v—

SU(2) Wzw

Lieb-Schultz-Mattis

5

“Entanglement spectra between
coupled Tomonaga-Luttinger liquids:
Applications to ladder systems and
topological phases”,

Rex Lundgren, Yohei Fuji, Shunsuke
Furukawa, and Masaki Oshikawa,
Phys. Rev. B 88, 245137 (2013).

“Quantum criticality in an asymmetric
three-leg spin tube: A  strong
rung-coupling perspective",

Yohei Fuji, Satoshi Nishimoto, Hitoshi
Nakada, and Masaki Oshikawa, Phys.
Rev. B 89, 054425 (2014).

“Valence bond  distribution and
correlation in bipartite Heisenberg
antiferromagnets”,

David Schwandt, Fabien Alet, and
Masaki Oshikawa, Phys. Rev. B 89,
104416 (2014).

“Distinct Trivial Phases Protected by a
Point-Group Symmetry in Quantum
Spin Chains”,

Yohei Fuji, Frank Pollmann, and
Masaki Oshikawa, Phys. Rev. Lett. 114,
177204 (2015).

“Flux quench in a system of interacting
spinless fermions in one dimension”,
Yuya O. Nakagawa, Grégoire Misguich,
and Masaki Oshikawa, Phys. Rev. B 93,
174310 (2016).

24

“Single-ion anisotropy in Haldane
chains and form factor of the O(3)
nonlinear sigma model”,

Masaki Oshikawa, invited talk at IEU
Workshop on Integrability & CFT,
Institute for Early Universe, Ewha
Womans University, Seoul ( ), 18
July - 20 July 2013.( )




2013
2013/09/25-28

J1-J3-J4

, 2013
2013/09/25-28
69
2014/03/27-30
Haldane
69

2014/03/27-30
S=1/2
David Schwandt Fabien Alet
69
2014/03/27-30
“Symmetry-protected trivial phases in
one dimension”,

Masaki Oshikawa, invited talk at
Topology and Entanglement in

Correlated Quantum Systems,
MPIPKS, Dresden ( ), 21-25 July
2014

“Symmetry-protected trivial phases in
one dimension”,

Masaki Oshikawa, invited talk at
Numerical and analytical methods for
strongly correlated systems, CCBPP
Benasque ( ), 24 August — 13
September 2014

Tomonaga-Luttinger

Rex Lundgren
2014

2014/09/07-10

1 SPT
2014

2014/09/07-10

Frank Pollmann
70
2015/03/21-24

“Symmetry protection of critical phases
and global anomaly in 1+1 dimensions”
Masaki Oshikawa, invited talk at
Dynamics of Strongly Correlated
Systems,

2015/03/30 -31

“Entanglement/Valence Bond/Shannon
Entropies and Boundary Field Theory”,
Masaki Oshikawa, invited talk at
Entanglement in Strongly Correlated
Quantum Matter, Kavli Institute for
Theoretical Physics, UC Santa
Barbara, Santa Barbara( ), 18 May
2015

“Symmetry protection of critical phases
and global anomaly in 1+1 dimensions”
Masaki Oshikawa, invited talk at
Holographic duality for condensed
matter physics, Kavli Institute for
Theoretical Physics China, ( ),
06-31 July 2015

“Symmetry protection of critical

phases”,
Masaki Oshikawa, invited talk at
Beyond Quasiparticles: New

Paradigms for Quantum Fluids, Aspen
Center for Physics, Aspen ( ), 17
August — 13 September 2015

2
Renyi-Shannon Entropy
Gregoire Misguich  Vincent Pasquier
2015

2015/09/16-19

Gregoire Misguich
2015
2015/09/16-19

“Symmetry protection of critical phases
and global anomaly in 1+1 dimensions”
Masaki Oshikawa, invited talk at
Strongly Interacting Topological
Phases, Banff International Research
Station, Banff ( ), 20-25
September 2015

“Symmetry protection of critical phases
and global anomaly in 1+1 dimensions”



Masaki Oshikawa, invited talk at KEK
Theory Workshop 2015 Dec.,
)

1-4 December 2015

“Entanglement and Shannon-Renyi
Entropies in Quantum Many-Body
Systems”,

Masaki Oshikawa, invited talk at
Entanglement at Fudan, Fudan
University, ( ), 17-23
December 2015

“Symmetry-Protected trivial Phases in
One Dimension”,

Masaki Oshikawa, invited talk at
Entanglement at Fudan, Fudan
University, ( ), 17-23
December 2015

“Entanglement and Shannon-Renyi
Entropies in Quantum Many-Body
Systems”,
Masaki Oshikawa, invited talk at YITP
Workshop in Quantum Information
Physics 2016, Yukawa Institute for
Theoretical Physics,

( ) 5-8 January

2016

“Flux Quench in Interacting Spinless
Fermions in One Dimension”,

Masaki Oshikawa, invited talk at
Mathematical Aspects of Quantum
Integrable Models in and out of
Equilibrium, Isaac Newton Institute
for Mathematical Sciences, University
of Cambridge, Cambridge ( ), 4
February 2016

“Symmetry protection of critical

phases and global anomaly in 1+1

dimensions”,

Masaki Oshikawa, invited talk at

Topological Science Kick-off

Symposium 2016, (
), 14-15 March 2016

@
OSHIKAWA, Masaki
50262043
@
A



