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(i) We considered 2dim (infinite) quantum spin systems and obtain PEPS
representations for any translationally invariant states using using representations of a quadruplet of
Cuntz algebras. Our construction is a generalization of the correspondence of Cuntz algebras and matrix
product states in 1 dim quantum systems.(ii) We obtained a class of formal Hamiltonians for Bosonic
systems on lattices for which frustration free ground states exist.



MPS(=matrix
product state) MPS
Affleck-Kennedy-Lieb-H.Tasaki

(1987)

AKLT

Haldane
AKLT 1990
Fannes Nachtergaele R.Werner AKLT
L.Acardi

Fannes Nachtergaele

R.Werner finitely correlated state
MPS
MPS parent
Hamiltonian
MPS
MPS Frustration Free

Ground States

Frustration Free
Ground States MPS
MPS

MPS
MPS
Affleck- Kennedy-Lieb-H.Tasaki

Fannes Nachtergaele -R.Werner
MPS

MPS

MPS

entanglement

entropy

M.Hastings

finite range interaction

entanglement entropy

M.Hastings

entanglement

entropy split
MPS
MPS
(entanglement
entropy ) entanglement
entropy

entanglement entropy
Split
Split
MPS

Split
MPS



Dilation

canonical endomorphim  Cuntz

Split
entanglement entropy

MPS

MPS

R.Haag
Haag

Haag

split
Haag
split

Haag

Kitaev 22
MPS
Entanglement Entropy
frustration free ground
state Cuntz

Dobrushin-Shlossmann

Rudolf Haag
DESY

MPS

frustration free ground state

MPS
WeyICCR
D.Buchholz  Grundling
D.Buchholz
D.Buchholz

V.Zagrebnov

MPS

split property



matrix product state

split property

split property

M_Hasting
finite range
entanglement entropy

split property
F.Brandao  Horodecski

entanglement entropy
F.Brandao  Horodecski
Brandao-Horodecski  Hasitng

F.Brandao  Horodecski finite
range

K.Fredenhagen

split MPS

canonical endomorphisms
Cuntz 4

Projected entangled paired state

Cuntz 4
frustration free
ground state Cuntz 4
Kitaev
Kitaev
Cuntz 4 anyon

Weyl CCR
Kakutani
frustration free ground state

Buchholz-Grundling
Buchholz-Grundling

CCR

2
Taku Matsui, Boundedness of
Entanglement Entropy and Split
property of Quantum Spin Chains,
Rev.Math.Phys.25.2013
Taku Matsui S.Yamagami Kakutani
dichotomy on free states Lett.
Math_Phys102 ,2012,285

3

Matrix product
state

On Frustration
Free Ground States(QI workshop2015

)

2014 157



o

50199733
@

®



