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Classical:

Kapitsa pendulum 
Quantum:

Light induced superconductor   

Bukov

Cavallieri
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Tensor Networks
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What is the actual computational cost?
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from Calabrese Cardy 2005



Luca Tagliacozzo,  OED for HEP CERN 25

Overcoming the entanglement 
barrier with sampled tensor 

networks

Stefano Carignano (BSC), Guglielmo Lami (CYU-FR), 
Jacopo De Nardis (CYU-FR)

arXiv:2505.09714



Luca Tagliacozzo,  OED for HEP CERN 25

● Out of equilibrium

● Spatio-temporal tensor networks 

● Entanglement barrier

● MC sampling and transverse contraction

– Sampling amplitudes

– The boundary states

– Scaling of generalized  temporal entropies with time(CFT)
● Trading entanglement for mixture

–  Unveiling local equilibration

–  Identifying fast degrees of freedom

–  Relation with decoherence
● Conclusions



Luca Tagliacozzo,  OED for HEP CERN 25

 



Luca Tagliacozzo,  OED for HEP CERN 25

● Measure all physical spins
● Separate backwards from forward 

contour
● Single sheet path integral, or 

Single sheet tensor network
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Monte Carlo
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 Numerical results
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Loschmidt echos and 
generalized  temporal 
entropies from CFT 

● with S. Carignano arXiv:2405.14706
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H is a critical spin model Hamiltonian, e.g.
Ising, Potts
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TN contraction
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Upper bounding the rank of 
the reduced transition 
matrices

with S. Carignano C. Ramos arXiv:2307.11649 (PRR 2024)
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Temporal entropies
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Czech et al 2015
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Area Law of temporal entropies
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● Generalized temporal entropies grow at most 
logarithmically 

● LE can be simulated for long time with 
polynomial resources,

● Wave function amplitudes behave similarly to 
LE, their GTE increase at most 
logarithmically

● Thus we can efficiently contract them and 
perform MC sampling arxiv:2505.09714
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Trading entanglement for 
mixture 

● Surace Piani Tagliacozzo PRB2019
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TN and  local equilibration 
with M Frias-Perez and MC Bañuls (MPQ),    

arXiv:2308.04291 (PRL 2024)
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Numerical results



Luca Tagliacozzo,  OED for HEP CERN 25



Luca Tagliacozzo,  OED for HEP CERN 25



Luca Tagliacozzo,  OED for HEP CERN 25

● The entanglement barrier in 1D can 
be circumvented 

● Either we need to perform MC 
sampling of wavefunction amplitudes 
and find a strategy to contract those 
efficiently

●  Add Decoherence,   which allows to 
reach long times at finite 
computational resources
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Upper bounding 
temporal entanglement 

with S. Carignano C. Ramos arXiv:2307.11649
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Bañuls et al. 2009
Muller Hermes et al 2012
Hastings et al. 2015
Tirrito et al (LT) 2018
Lerose et al 2021
Giudice et al 2021….
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Frias-Perez Bañuls 2022
Lerose et al. 2023
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temporal MPS, tMPS
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What is the actual computational cost?
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from Frias-Perez Bañuls 2022
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● Out of equilibrium

● Entanglement barrier
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– The transition matrix T
– T low rank approximation
– The upper bound to the rank of T

● Quasi-particles
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Transition Matrix
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Generalized entropies
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What is the actual computational cost?
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Prosen Znidaric 2007
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Prosen Znidaric 2007
Pizorn Prosen 2009
Dubail 2017…...
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Integrable quench:

Non-integrable quench:
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