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A. Introduction

1. Model Hamiltonian:

H=Y1758-S;+ Y J.5
(i) U/, ’ ’

2. Phase diagram of this model on square lattice:
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Questions:
a. phase order of intermediate region

1.> column dimer

V. Murg, F. Verstraete and J. Cirac, Phys. Rev. B
79, 195119 (2009)

:projected entangled pair states (PEPS),
structure factors

|11
|11

2.> plaguette
M. Zhitomirsky, Phys. Rev. B 54, 9007 (1996)
.ground state energy comparison

M. Mambrini, Phys. Rev. B 74, 144422 (2006)
. exact diagonalization(ED) N=32
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{11

J. Richter and J. Schulenburg, Eur. Phys. J. B
73,117 (2010) :ED and extrapolation: ~0.35

b. transition points and 70.66

J. Reuther and P. Wolfle, Phys. Rev. B 81,
144410 (2010): ~0.40-0.45 and ~0.66-0.68



Some researches:
Eur. Phys. J. B 73, 117124 (2010)
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Fig. 1. The finite square lattice with N = 40 sites.
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2. Exploring frustrated spin systems using projected entangled pair states
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2-d PEPS, bond means entangled D-
dimensional auxiliary spins, circle is
the projector mapping inner auxiliary
spins to physical spin.
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2. Exploring frustrated spin systems using projected entangled pair states
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2-d PEPS, bond means entangled D-
dimensional auxiliary spins, circle is
the projector mapping inner auxiliary D=3
spins to physical spin.
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2. Exploring frustrated spin systems using projected entangled pair states

V. Murg.! F. Verstraete.”? and J. I. Cirac!
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dimer: both finite
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B. Method:
tensor network state (TNS)

Wave function interpretation: satisfying entropy area-law

2-d: Tensor network state (TNS)
J q A’ A ’Af
L '1/471 k= ( rSzn )ijkl A:4 Ags ‘Aé%
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Plaquette renormalization

L. Wang, Y.-J. Kao and A. Sandvik, Phys. Rev. E 83, 056703
(2011)
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Advantages: keep bond dimension (D) constant, small
Disadvantages: entanglement (violates area-law)



ask: Determine the tensors Ts and As.

®,)= ST T ® Aol
{s}

Method: variational, ground state energy

computation cost of each contraction:
D8 D7 D6

L. Wang et al., Phys. Rev. E 83, 056703 (2011)

Graphic processing unit (GPU) is needed for this.



contraction steps

(2)

maximal cost: D’




Norm or observables

D =T (c)H)®T (0.),
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C. Results and discussions

ground state energy VS. J2/]1
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Square of Staggered Mag.

Magnetization square VS. J2/J1
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Magnetization square VS. J2/J1
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Increase system size: L =8

Magnetization square VS. J2/]1
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Square of staggered mag.
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ground state energy VS. J2/J1
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Magnetization square VS. J2/J1
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Other correlation functions

Nearest spin-spin correlation:(s:-s;)
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Other correlation functions

Plaquette order parameter

it P(;}A,@)

D80 898, 854 8,885 8, =8, * 838
F 28,8548, 554 5, %+5 N

H /28,8, 458+ 114).

V. Murg et al., Phys. Rev. B 79,
195119 (2009)
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Square of staggered mag.

Magnetization square VS. J2/J1
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Increase system size: L =16, but D =2

Energy per site
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Magnetization square VS. J2/J1
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correlation functions:
1. nearest spin-spin interaction (Black numbers)
2. plaguette order parameter (Red numbers)
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Energy per site
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system size: L=8
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D. Summary:

1. Phase transition points:
~0.42 (continuous) O.=4P Izaquet::m -> J,/);
~0.61 (first-order) Neel ﬂ ﬂ Collinear

2. Phase: plaquette order

first-order
continuous

3. method:
a) variational
b) plaguette renormalized TNS:
for other models.
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