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Motivation 
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● Tensor Network (TN) methods: Extension to perturbation theory and Monte Carlo

       Tensor Network            Quantum Computing          Quantum Simulations 

Pros: 
State of the art in 1d
non-perturbative and sign-problem free
non-equilibrium dynamics is accessible   

 

Cons: 
Efficient for low entanglement states
Hard in d>1

  

 



Toolkit: 
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physical Hilbert space
Hilbert space

Quantum many body wavefunction:

Ansätze:

Why does it work?

Many physically relevant states obey
entanglement area laws.

Computational cost, example:
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Optimal local basis truncation of 
lattice quantum many-body systems
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Collaborators: Giovanni Cataldi, Giuseppe Magnifico, Pietro Silvi, Simone Montangero 



Method: 
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● Estimate reduced density 

MF-theory, TN, Semi-definit programming 

● Define projection           

● Effective Hamiltonian           
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sG-model: 
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         -model: 
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1D: 2D:
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 Basis augmentation: 
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● Estimate reduced density

● A priori, we don’t know how good        is

● Construct again the projector 

         extent basis by acting with local operators  



Lattice gauge theory dressed sites

Credits: Marco Rigobello
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Collaborators: Marco Rigobello, Mattia Morgavi



Hamiltonian LGT: 

10

Gauss law :

parallel transporter
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Truncation of gauge-dof: 
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● The change of basis from group element basis           to the 
representation basis                 is given by

● Naturally the parallel transporter can then be decomposed as:
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Encoding for TN*:
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● Discard un-physical states:

● To preserve the tensor product structure, we “double” symmetry content 
:

(in truncated irrep-basis)

split in semi-links

● Fuse site and surrounding semi-links and find singlets

● Impose abelian constraint on semi-links
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❶

❷

❸

split links

combine site + semi-links

select colour singlets (Gauss law)

Algorithm
fermionic matter

local Hilbert space

bosonic gauge link
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Input: 
(1+d)D 
background charge
matter content
gauge group 
truncation scheme

What gauge groups?

Non-simple groups:

It’s modular! You can add your 
favourite gauge group or truncation.

Output: 
Operators

(gauge invariant)
(abelian constraint) 
(local interaction)
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Summary: 
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Estimating reduced density matrix                 
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efficient representation of local degrees of freedom

TN-simulation                Quantum simulation                Quantum computing                

Dressuag package: Efficient representaion of local degrees of freedom of 
                                gauge theories for TN-simulations                
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Thank you!

Collaborators: 

Simone MontangeroPietro Silvi

Marco Rigobello

Mattia Morgavi

Giovanni Cataldi
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