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o AKLT S=2 state as a warm up
e AKLT PEPS representation
e |PEPS algorithm
e Phase diagram
e Nematic and supernematic phases

e Heisenberg S=1 phase diagram
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AKLT 2D

PEPS representation



Zeeman coupling : a simple example
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What do we expect for a 2D system?



Exotic phases at h > h,.

® Superfluid

® |ncompressible phase which breaks
translation symmetry: triplet crystal

Thierry Giamarchi, et al, Nature Physics 4, 198 - 204 (2008)
Works of P. Corboz, F. Mila

New incompressible phase without

translation symmetry breaking ? !




IPEPS algorithm
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Simple Update

Faster than the Full Update
But less accurate
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Good approximation for " \& y}’ 3
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Otherwise, can exhibit
instabilities



AKLT «plateau» phase

e (Critical magnetic field -> minimum energy to
break one singlet

e Spingap Ag/S ~ 0.245

e Magnetic field adds triplets to the system

e Bose-Einstein condensate of triplons
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A. Garcia-Saez, Valentin Murg, T-C Wei, Phys. Rev. B 88, 245118 (2013)



What happens at h > h,

Superfluid
=> spin-U(1) broken

Nematic
=> C3 symmetry broken

Supernematic = Superfluid + Nematic
A => 2 kinds
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Superfluid phase
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Magnetization plateau:
Nematic phase

m, =5°/S5 ~=5/6

max

m1 =0 Incompressible phase
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5/6 plateau: Nematic phase




5/6 plateau: Nematic phase

0.87 Hardcore singlets!
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Supernematic phase

Nematic + |

Superfluid
A lél g &

Compressible

spin U(l) symmetry broken
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Heisenberg S=1 KAFM
H = %Si.sj — hZZ:Sf

h=0 Simplex Solid
Co symmetry is

broken
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1/3 magnetization plateau :
Nematic phase
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Supernematic phase

Nematic + Compressible
Superfluid  sPin U(l) symmetry broken

Cs symmetry broken
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Bose-Einstein condensate
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Summary & Outlook

IPEPS simple update efficient

S=1 Heisenberg GS gapped Simplex
Solid

Nematic and supernematic phases with
frustration + magnetic field

Larger unit cell?

Full update?

THANK YOU
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Reduced magnetization m

Reduced magnetization m
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Magnetic field h

G—6 Sites A, B
x—x Site C

AKLT S=2



iIsenberg S=1
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