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Continuous phase transitions in Landau theory
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Continuous phase transitions in Landau theory
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Continuous phase transitions outside Landau theory
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Continuous phase transitions outside Landau theory

At T =0 Ex) Spin-1 Heisenberg chain
with a single-ion anisotropy
H=3,8i8Sit1+ DY (5F)
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Matrix product state (MPS) for the AKLT state
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MPS’s for gapped ground states
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Auxiliary space

Bipartite entanglement entropy for MPS’s

Entropic area law for 1D gapped system
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Symmetry transformation of MPS
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Factor systems In projective representation

Unitary symmetry group: G = {91, g2,93, - }
g192 = g3 mmpy Uy Uy, = 0@92 Uga

Factor systems
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Factor systems In projective representation

Unitary symmetry group: G = {g1,gz, g3, -}
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Practical estimation of factor systems
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Parity symmetry

g=p: Bond center inversion
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Parity symmetry

g=p: Bond center inversion

This phase transition is protected

by the parity symmetry.
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Time-reversal symmetry

g=0: n-rotation around y axis + complex conjugation
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Time-reversal symmetry

g=0: n-rotation around y axis + complex conjugation

This phase transition is protected

by the time-reversal symmetry.

AKLT state: U, = oy, B, = —1
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SPT phase transition in S=1 Chain

At T =
0 Haldane | Large-D
1 Phase | Phase
S Wea -1 1
-
S | Haldan Qv
= p _
g Phase L L
B ala oo
Be 1 1

Nontrivial trivial



Outline

Continuous phase transitions in Landau theory

Continuous phase transitions outside Landau theory
- Symmetry protected topological (SPT) phase transition

How to classify SPT phases by use of matrix product states

Our recent works v SPT phase transition in a zigzag chain

v Z5 SPT phase in SU(3) AKLT model




Spin-1/2 frustrated zigzag chain
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Z- SPT phase in SU(3) AKLT model
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Summary

« Symmetry-protected topological (SPT) phases and
transitions in 1D systems

« Representation matrices on auxiliary space of MPS

« SPT phase transitions associated with the time-reversal
symmetry in S=1/2 frustrated zigzag chain

« Z5 SPT phases in SU(3) bilinear-biquadratic model



