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Symmetry-protected topological phases, especially those breaking reflection
symmetry spontaneously, attract much attention recently in condensed-matter physics. We have shown,
by means of analytical and numerical methods, that these can be realized with ultra-cold fermions
trapped in a double-well optical lattice. Furthermore, through the cutting-edge numerical methods,
we have established that the non-Abelian chiral spin liquids are realized in SU(N) cold-atom Mott
insulators on a square lattice up to N=10.

Coupled-wire construction is a new appealing way of realizing two and three-dimensional topological
phases by coupling quantum wires. We have clarified how non-trivial wave functions and topological
gauge field theories in the bulk emerge in these coupled arrays of quantum wires.



2016

SPT

SUCN)

construction
vortex duality

SUCN)

SPT N=3

99, 054414 (2019)]
SPT
195121 (2020)]

coupled-wire construction

SU(N)
(i)

coupled-wire construction

1/N
SU(N)
coupled-wire
- boson-
Chern-Simons
SU(N)
lSO
SU(2)
SU(N)
N=2,3,4
SPT SPT
[Phys.Rev.B

SUCN)
[Phys.Rev.B, 101,



VE]I/ER =5, Vl)y/ER =30,7=0.5

ky 0=

SUN)

SU(M)

Coupled-wire construction
Hans Hansson

Chern-Simons

S r2CU2(BO3)2

. SPT (SH)
50 [F=2] ol s
. ¢~ 1o 20 U/t
40 9
=) = SPT (chiral)
30 *: =3 m-SP
= U/t
S—‘ 0 10 ~17 20
20 5 SPT
N=4 m-SP |2
0 IIIIlk S (e
0 2 4 6 8 10 15 20 U/t
SU(N)
SPT
Mott SU(N)
MN=2 10

[Phys.

[Phys.Rev.B, 104, 235104 (2021)]
2019

[Phys.Rev.B 100, 125148 (2019)]

Rev.B 105, 024415 (2022)]



7 7 5 0

Ji-Yao Chen, Jheng-Wei Li, Pierre Nataf, Sylvain Capponi, Matthieu Mambrini, Keisuke Totsuka, 104

Hong-Hao Tu, Andreas Weichselbaum, Jan von Delft, and Didier Poilblanc

Abelian SU(N)_1 chiral spin liquids on the square lattice 2021

Physical Review B 235104-1,33
DOl

10.1103/PhysRevB.104.235104

S. Suetsugu, T. Yokoi, K. Totsuka, T. Ono, I. Tanaka, S. Kasahara, Y. Kasahara, Z. Chengchao, 105

H. Kageyama, and Y. Matsuda

Intrinsic suppression of the topological thermal Hall effect in an exactly solvable quantum 2022

magnet

Physical Review B 024415-1,11
DOl

10.1103/PhysRevB.105.024415

Y. Avishai, K. Totsuka, and N. Nagaosa 88

Non-Abelian Aharonov-Casher Phase Factor in Mesoscopic Systems 2019

J. Phys. Soc. Jpn. 084705-1,17
DOl

10.7566/JPSJ.88.084705

Y. Imamura, K. Totsuka, and T.H. Hansson 100

From coupled-wire construction of quantum Hall states to wave functions and hydrodynamic 2019

Phys. Rev. B 125148-1, 15
DOl

10.1103/PhysRevB.100.125148




S. Capponi, P. Fromholz, P. Lecheminant, and K. Totsuka 101

Symmetry-protected topological phases in a two-leg SU(N) spin ladder with unequal spins 2020

Phys. Rev. B 5100
DOI

10.1103/PhysRevB.101.195121

K. Totsuka 17

New Surprises from ~~Bamboo Baskets®*" 2020

JPSJ News Comments 3
DOI

10.7566/JPSINC.17.03

P. Fromholz, S. Capponi, P. Lecheminant, D. Papoular, and K. Totsuka 99

Haldane phases with ultracold fermionic atoms in double-well optical lattices 2019

Physical Review B 054414-1,6

DOl
10.1103/PhysRevB.99.054414

Keisuke Totsuka

Designing topological gauge theories with quantum wires

Entanglement in strongly correlated systems

2021




K. Totsuka

Symmetry-protected topological phases with ultra-cold SU(N) fermions

The Fourth Kyoto-Beijing-Tokyo Workshop on Ultracold Atomic Gases

2019

K. Totsuka

Exploring 1D Symmetry-protected topological phases with ultra-cold SU(N) fermion gases

3rd Asia-Pacific workshop on Quantum Magnetism

2019

K. Totsuka

Emergent gauge theories from a coupled array of wires

TOPMAT 2018

2018

K. Totsuka

Symmetry-protected topological phases with broken parity in cold fermions in a double-well optical lattice

Quantum Magnetism: Frustration, Low-dimensionality, Topology

2018




K. Totsuka

Hunt for symmetry-protected topological phases in SU(N) ultra-cold fermions in double-well optical lattices

BEC2018X

2018

Toulouse Max-Planck institute Munchen

Stckholm

Ben Grion

Cergy-Pontoise university Toulouse university




