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Entanglement branching operator
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Iteration method to solve an optimization problem for entanglement branching operator
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Iteration method to solve an optimization problem for entanglement branching operator

Algorithm

(1) Initialize B, w, and v randomly. Set the values of bond dimension of links a and b one.

(2) Iteratively update B, w, and v to minimize the squared distance. 

(3) Increase bond dimensions of links a and b, and extend bond dimensions of w and v. 

(4) Go back to (2), until bond dimensions of links a and b reach a limit of them.
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Improvement of  HOTRG by entanglement branching

Necessary condition of a proper real-space RG
erase entanglements under a renormalized scale

HOTRG algorithm

Xie et al., Phys. Rev. B 86, 045139 (2012)

Gu and Wen, Phys. Rev. B 80, 155131 (2009)
Evenly and Vidal, Phys. Rev. Lett. 115, 180405 (2015)
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Example: HOTRG of 2D Ising model
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Many-body decomposition and derivation of PEPS

Tensor decomposition
Matrix-based decomposition yields only a two-body tensor network

Many-body decomposition by entanglement branching

Derivation of PEPS based on many-body decomposition

T SVD Branching Contracting SVD

Branching Many-body
decomposing

Repeating

If the area law of entanglement entropy holds,  
bond dimensions of a derived PEPS are finite

The metric in PEPS is related 
to entanglement strength



Summary

Entanglement branching operator
split of a composite entanglement flow in a link

optimization problem by squeezing operators for EB operator

• iteration method can be applied

Applications of entanglement branching operators
improvement of HOTRG

• proper RG

• new tensor network state

many-body decomposition

• derivation of PEPS
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Reference: Kenji Harada, “Entanglement branching operator”, Phys. Rev. B 97, 045124 (2018)
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New tensor network state as like MERA

Repeating a new HOTRG procedure to a tensor network 
representation of a density operator
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