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e QOut of equilibrium

e 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
- ldentifying fast degrees of freedom

-  Relation with decoherence
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I Tensor Networks
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Spatio-temporal tensor networks
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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
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MC sampling and transverse contraction

- Sampling amplitudes
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* Measure all physical spins

» Separate backwards from forward
contour

* Single sheet path integral, or
Single sheet tensor network
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- Sampling amplitudes
- The boundary states
- Scaling of generalized temporal entropies with time(CFT)
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I Numerical results
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- 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
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- Scaling of generalized temporal entropies with time (CFT)
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.

Loschmidt echos and
I generalized temporal
entropies from CFT

* with S. Carignano arXiv:2405.14706
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Upper bounding the rank of
I the reduced transition
matrices

with S. Carignano C. Ramos arXiv:2307.11649 (PRR 2024)
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I Temporal entropies
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w = /7w log(z)

Czech et al 2015
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I Area Law of temporal entropies
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Generalized temporal entropies grow at most
ogarithmically

_E 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:2505.09/14
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Trading entanglement for mixture

- Unveiling local equilibration
- Identifying fast degrees of freedom
- Relation with decoherence

Conclusions
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Trading entanglement for
mixture

* Surace Piani Tagliacozzo PRB2019
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I TN and local equilibration

with M Frias-Perez and MC Bafuls (MPQ),
arXiv:2308.04291 (PRL 2024)
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- Unveiling local equilibration
- ldentifying fast degrees of freedom
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- Relation with decoherence
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I Numerical results

Luca Tagliacozzo, OED for HEP CERN 25



(C) 10}

100.

o 10*1.

10~

10—3.

Rt iy

(d)

10~

10—2.

10P3.

° Jy=0.0
= Jo=0.1
Jo = 0.2

Jy=0.3




(d) (e)

¥ 1.00 . 1.00f | T s T
] ) AW i
iy & 1 IR " 0.850 1 Q J
0.957 107 0.95 o 10! ;
: - 0.845 +— -
0 20 40 0.02 0.03 0 20
090 " MWW 0.90- S
0.851 0.90 T T 0.90 0.851T° 1V B?ggvm:;va‘;'&*;\;;@-@e ) T N S SN
0.807 SEh 0.80 e
0.85 2':5 : 510: ;7'5 08050 475 50.0 08473 20 40
0.751= = £ b R L : 0.75 1= . : . : :
0 10 20 30 40 50 0 10 20 30 40 50
¢ ¢

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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Frias-Perez Banuls 2022
Lerose et al. 2023
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What is the actual computational cost?
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— The transition matrix T

On temporal entanglement

- T low rank approximation
— The upper bound to the rank of T
* Quasi-particles

Trading entanglement for mixture

- Unvelling local equilibration
- ldentifying fast degrees of freedom
- Relation with decoherence
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I Transition Matrix
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I Generalized entropies
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* On temporal entanglement
- T low rank approximation
— The upper bound to the rank of T
* Quasi-particles
* Trading entanglement for mixture
- Unvelling local equilibration
- ldentifying fast degrees of freedom
- Relation with decoherence
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rank (7°) < min {rank (A;),rank (Az) }
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What is the actual computational cost?
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rank (77) < min {rank (A;),rank (Az)}

rank (At) ~ rank (/_\L) x exp(t)

Prosen Znidaric 2007
Pizorn Prosen 2009

Dubail 2017......
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I rank (77) < min {rank (A;) ,rank (Ar)

rank (A") oc exp (¢) rank (./_XL) x exp(t)
. 1

rank (7) < exp(t)



H — Z (_XiXi—l—l — gZz — hXZ)

1

Integrable quench:

{g=00,h =0} = {g=0.7,h =0}

Non-integrable quench:

{g=00,h =0} = {g=—-1.05,h = 0.5}
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