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Tensor network: 
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physical Hilbert space Hilbert space

Quantum many body wavefunction:

Computational cost:

single - site tensor update two - site tensor update



Optimal local basis truncation of 
lattice quantum many-body systems
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Method: 
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● Estimate reduced density 

MF-theory, TN, Semi-definit programming 

● Define projection           

● Effective Hamiltonian           



sG-model: 
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         -model: 
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1D: 2D:



Lattice gauge theory dressed sites
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Credits: Marco Rigobello



Hamiltonian LGT: 
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Gauss law :



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 sem-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)



Ultra-cold Atom Simulator for 
Quantum Link Model's in (2+1)D
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Simulator:Target model:

What has been done?



Spin S=1 U(1) Hamiltonian (2+1)D:
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● Gauss operator:



Mapping:
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Ultracold-atoms setup:
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Where is the gauge invariance?
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● We rewrite the BHM- Hamiltonian: 

● Gauge operator in BHM:

linear gauge protection

● In general: 



Effective Hamiltonian:
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● Processes in the Bose–Hubbard model which do not correspond to any process in the QLM:

 



Quench dynamics:

19

ENGAGE  meeting 19.06.2025 Peter Majcen



ENGAGE meeting 19.06.2025 Peter Majcen
20

Thank you!
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Backup
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Half-link decomposition: 
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● The change of basis from group to representation basis is given by

● Naturally the parallel transporter can then be decomposed as:


