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Change of scale? 

Leo 
Kadanof + some rule: majority vote, etc 

block spin 

Kenneth 
Wilson 
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όōǳǘ ǿŜ ƘŀǾŜ ƴƻǘ ȅŜǘ ǎƻƭǾŜŘ v/5Σ ǎƻǊǊȅΧύ 

We would like (wish list) 

Å Non-perturbative RG approach 

Å Universal coarse-graining rules valid for a generic system 

Å{ƻƭǾŜ v/5 Χ Η 

ὌᴼὌᴂO ὌᴂᴂOỄ 

Å Key ingredient: removal of short-rage entanglement  

How far did we get ? (over the last 10 years) 

Å Reformulated the RG using quantum information tools/concepts  
                           (quantum circuits, entanglement) 

Å Efficient representation of ground state wave-functions                (MERA)  ɰ  

universal, non-perturbative, real-space RG approach! 
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Vidal, 2006 
Example of tensor network 

Multi-scale entanglement renormalization ansatz 

(MERA) 

Å Variational ansatz for 1d systems, which extends in space and scale 

Å Variational parameters for different scales 

Å It is secretly a quantum circuit and an RG transformation 



Vidal, 2006 
Example of tensor network 
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RG Transformation 
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Kadanoff (1966)       +       White (1992) 

    blocking               variational optimization 
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Entanglement renormalization (2005) 



RG Transformation 
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Kadanoff (1966)       +       White (1992) 

    blocking               variational optimization 

Entanglement renormalization (2005) 

failure to remove  
some short-range 
entanglement !  

removal of all 
   short-range 
entanglement   



MERA -> RG flow in the space of ground state wave-functions 
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MERA -> RG flow in the space of Hamiltonians 

ὌᴼὌ ᴼὌ ᴼỄᴼὌ  

ɰ ᴼ ɰ ᴼ ɰ ᴼỄᴼȿɰ ἃ 

Å topological order  (2+1) 

Å quantum criticality  (1+1)  

fixed-point 
wave-function 

 
local operators 
are mapped into 
local operators ! 

MERA -> RG flow in the space of ground state wave-functions 



MERA 

Å Variational parameters for different length scales 

Å It is secretly a quantum circuit    
άŜƴǘŀƴƎƭŜƳŜƴǘ ŀǘ  
ŘƛŦŦŜǊŜƴǘ ƭŜƴƎǘƘ ǎŎŀƭŜǎέ 

Summary so far 

Å Optimize variational parameters by energy minimization 

Does it work? 
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and an RG transformation 
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    error 

0 0       ---- 

0.125 0.124997 0.003% 

1 0.99993 0.007% 

0.125  0.1250002 0.0002% 

0.5 0.5 <10ҍу % 

0.5 0.5 <10ҍу % 

Operator product expansion (OPE) coefficients  
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Scaling dimensions of primary fields 

Example:   Critical quantum Ising model  Pfeifer, Evenbly, Vidal (2008) 

scale-invariant MERA  
       O  conformal data of a CFT: 

central charge      ὧ  
scaling dimensions     ɝḳὬ Ὤ   
conformal spin        ÓḳὬ Ὤ  
OPE     ὅ  



MERA and HOLOGRAPHY 

Å entanglement entropy 
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parallel to area of minimal surface in Ryu-Takayanagi 

Å two-point correlations 
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So, MERA seems to work! 

Great! However Å variational optimization is expensive; local minima. 
 

Å do we get the correct ground state? 
 

Å Euclidean path integrals / classical partition functions? 

Tensor Network  
Renormalization 

Evenbly, Vidal 2014-2015 



Euclidean path integral 
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Tensor Renormalization Group (TRG)  Levin, Nave 2006 
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isometry! 



Fixed-point of TRG  

some short-range entanglement 
has not been removed 

Levin, Nave 2006 

CDL  Tensor 
(zero correlation length) 

ὃ ὃᴂ 

isometry! 

  


