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A general state of the N-
body Hilbert space has 

exponentially many 
coefficients

A TNS has only a 
polynomial number 

of parameters
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TNS in quantum many-body 
systems



States appearing in Nature are peculiar

WHY SHOULD TNS BE USEFUL?

State at random from 
Hilbert space is not 

close to product

H

product
states



States appearing in Nature are peculiar

WHY SHOULD TNS BE USEFUL?

State at random from 
Hilbert space is not 

close to product

H

naturally
appearing
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We look for states with 
little entanglementarea law

TNS = entanglement based ansatz
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area law by construction
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area law by construction
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B Verstraete, Cirac, 2004
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area law

TNS = entanglement based ansatz

PEPS
MPS

other TNS
MERA

TTN

Swingle PRD 2012
Molina JHEP 2013

Nozaki et al JHEP 2012
Bao et al PRD 2015

suggested connection 
to AdS/CFT

Schollwöck Ann.Phys.2011

Verstraete et al.  Adv. Phys. 2008

Shi et al PRA 2006

Vidal PRL 2007



TNS are very useful in the 
quantum many-body context…



works for GS, low energy, thermal equilibrium…
Verstraete, Cirac, PRB 2006 
Hastings J. Stat. Phys 2007

Hastings PRB 2006
Molnar et al. PRB 2015

area laws

but not for high energy eigenstates, quenches… 

volume law

Osborne, PRL 2006
Schuch et al., NJP 2008

Vidmar et al., PRL 2017



entanglement growth in non-equilibrium 
scenarios limits the applicability of MPS

fundamental questions: thermalization, ETH…



product state

easy to write as MPS

thermal states

well approximated as MPO

S(t) / t
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entanglement 
barrier

global quench 
in 1D

tools to get 
dynamical 
properties

some recent progress

TNS challenge: 
getting around this 

limitation

local 
observables

Osborne, PRL 2006
Schuch et al., NJP 2008

Dubail JPhysA 2017
Leviatan et al. 2017
White et al PRB 2018
Surace et al. 2018
Kvornig et al 2021
Rakovzsky et al 2022



alternative: give up 
description of the full state

3  spectral properties of 
the QMB Hamiltonian

Yang et al. PRL124, 100602 (2020),
Lu, MCB, Cirac, PRX Quantum 2, 02032 (2021)

Yang, Cirac, MCB, PRB 106, 024307 (2022)

    light-cone TN for 
non-equilibrium 
evolution of local 

observables
M. Frías-Pérez, MCB, 

PRB 106, 115117 (2022) 

1

    transforming long-range 
entanglement into mixture
M. Frías-Pérez, L. Tagliacozzo, MCB, 

arXiv:2308.04291 

2



evolving operators: Heisenberg picture

operator space entanglement

Hartmann et al, PRL 2009

also for mixed states

Prosen Pizorn, PRL 2008

observables as TN to contract

MCB, Hastings, Verstraete, Cirac, PRL 2009
Müller-Hermes et al., NJP 2012
Hastings, Mahajan 2014
Frías-Pérez, MCB PRB 2022

different entanglement quantities

give up description of the 
full state: (local) operators



|�(t)�tim
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space

time-dependent observable as a TN



|�(t)�

��(t)|

��(t)|O|�(t)�

tim
e

space

time-dependent observable as a TN
TN describe 

observables, not 
states

exact contraction 
not possible

#P complete



different approximate contraction strategies

standard (TEBD, 
tDMRG)

tim
e

space

time-dependent observable as a TN



different approximate contraction strategies

standard (TEBD, 
tDMRG)

tim
e

space
evolved state 

approximated as MPS

time-dependent observable as a TN



different approximate contraction strategies

Heisenberg 
picture

tim
e

space

evolved operator as 
MPO

time-dependent observable as a TN



for infinite systems, transverse folding approach

tim
e

space

time-dependent observable as a TN

MCB, Hastings, Verstraete, Cirac, PRL 2009
Müller-Hermes, Cirac, MCB, NJP 2012

Hastings, Mahajan 2014
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<latexit sha1_base64="19A9SeT50fz3dJEUD4na5kphK+A=">AAAB63icdVDLSgMxFM34rPVVdekmWIS6GWamta27ogguK9gHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT1w4XDOvdx7TxAzqrTjfFgrq2vrG5u5rfz2zu7efuHgsK2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOMLnK/M49kYpG4k5PY+JzNBI0pBjpTLou6bNBoejYF/Wqd+5Bx3acmleuZsSrVbwydI2SoQiWaA4K7/1hhBNOhMYMKdVznVj7KZKaYkZm+X6iSIzwBI1Iz1CBOFF+Or91Bk+NMoRhJE0JDefq94kUcaWmPDCdHOmx+u1l4l9eL9Fh3U+piBNNBF4sChMGdQSzx+GQSoI1mxqCsKTmVojHSCKsTTx5E8LXp/B/0vZst2pXbivFxuUyjhw4BiegBFxQAw1wA5qgBTAYgwfwBJ4tbj1aL9bronXFWs4cgR+w3j4BmbuN+Q==</latexit>

E(t)

transverse folding approach

for infinite systems, transverse folding approach
MCB, Hastings, Verstraete, Cirac, PRL 2009

Müller-Hermes, Cirac, MCB, NJP 2012
Hastings, Mahajan 2014



<latexit sha1_base64="K9vrRDdP6oZPOrmWg/7xSaWOqHQ=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0Wom5DU9JFdUQR3VrAPaEOZTCft2MkkzEyEEvoPblwo4tb/ceffOH0IKnrgwuGce7n3Hj9mVCrL+jAyK6tr6xvZzdzW9s7uXn7/oCWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3wx89v3REga8Vs1iYkXoiGnAcVIaal12b8uqtN+vmCZVtl1qiVomWXLdp0zTVy35lTK0DatOQpgiUY//94bRDgJCVeYISm7thUrL0VCUczINNdLJIkRHqMh6WrKUUikl86vncITrQxgEAldXMG5+n0iRaGUk9DXnSFSI/nbm4l/ed1EBTUvpTxOFOF4sShIGFQRnL0OB1QQrNhEE4QF1bdCPEICYaUDyukQvj6F/5NWybQrpnPjFOrnyziy4AgcgyKwQRXUwRVogCbA4A48gCfwbETGo/FivC5aM8Zy5hD8gPH2CQ06jtE=</latexit>

EO(t)

<latexit sha1_base64="UgQIXAI2zM/VCVsAzM3vevy11do=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZAZpzrdFd24cFHBPqAdSibNtLGZB0lGKGP/wY0LRdz6P+78G9OHoKIHLhzOuZd77/ETzqRC6MPILS2vrK7l1wsbm1vbO8XdvaaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+aOLqd+6o0KyOLpR44R6IR5ELGAEKy01y1dldXzfK5aQWa0ix3EhMivItp2KJujEdl0LWiaaoQQWqPeK791+TNKQRopwLGXHQonyMiwUI5xOCt1U0gSTER7QjqYRDqn0stm1E3iklT4MYqErUnCmfp/IcCjlOPR1Z4jVUP72puJfXidVgetlLEpSRSMyXxSkHKoYTl+HfSYoUXysCSaC6VshGWKBidIBFXQIX5/C/0nTNq1T07l2SrXzRRx5cAAOQRlY4AzUwCWogwYg4BY8gCfwbMTGo/FivM5bc8ZiZh/8gPH2CfFLjr4=</latexit>

(L(t)|
<latexit sha1_base64="jtY9Pxm0bpzgkTXTEMSsibrBfm4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK0myEzTnW6K7pxWcW2QjuUTJppYzMPkoxQxv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWl5ZXcuvFzY2t7Z3irt7LRmngtAmiXksbnwsKWcRbSqmOL1JBMWhz2nbH51P/fYdFZLF0bUaJ9QL8SBiASNYaal1f1VWlUqvWEJmrYYcx4XIrCLbdqqaoGPbdS1omWiGElig0Su+d/sxSUMaKcKxlB0LJcrLsFCMcDopdFNJE0xGeEA7mkY4pNLLZtdO4JFW+jCIha5IwZn6fSLDoZTj0NedIVZD+dubin95nVQFrpexKEkVjch8UZByqGI4fR32maBE8bEmmAimb4VkiAUmSgdU0CF8fQr/Jy3btE5M59Ip1c8WceTBATgEZWCBU1AHF6ABmoCAW/AAnsCzERuPxovxOm/NGYuZffADxtsn/aOOxQ==</latexit>

|R(t))

transverse folding approach

for infinite systems, transverse folding approach
MCB, Hastings, Verstraete, Cirac, PRL 2009

Müller-Hermes, Cirac, MCB, NJP 2012
Hastings, Mahajan 2014



<latexit sha1_base64="K9vrRDdP6oZPOrmWg/7xSaWOqHQ=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0Wom5DU9JFdUQR3VrAPaEOZTCft2MkkzEyEEvoPblwo4tb/ceffOH0IKnrgwuGce7n3Hj9mVCrL+jAyK6tr6xvZzdzW9s7uXn7/oCWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3wx89v3REga8Vs1iYkXoiGnAcVIaal12b8uqtN+vmCZVtl1qiVomWXLdp0zTVy35lTK0DatOQpgiUY//94bRDgJCVeYISm7thUrL0VCUczINNdLJIkRHqMh6WrKUUikl86vncITrQxgEAldXMG5+n0iRaGUk9DXnSFSI/nbm4l/ed1EBTUvpTxOFOF4sShIGFQRnL0OB1QQrNhEE4QF1bdCPEICYaUDyukQvj6F/5NWybQrpnPjFOrnyziy4AgcgyKwQRXUwRVogCbA4A48gCfwbETGo/FivC5aM8Zy5hD8gPH2CQ06jtE=</latexit>

EO(t)

<latexit sha1_base64="UgQIXAI2zM/VCVsAzM3vevy11do=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZAZpzrdFd24cFHBPqAdSibNtLGZB0lGKGP/wY0LRdz6P+78G9OHoKIHLhzOuZd77/ETzqRC6MPILS2vrK7l1wsbm1vbO8XdvaaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+aOLqd+6o0KyOLpR44R6IR5ELGAEKy01y1dldXzfK5aQWa0ix3EhMivItp2KJujEdl0LWiaaoQQWqPeK791+TNKQRopwLGXHQonyMiwUI5xOCt1U0gSTER7QjqYRDqn0stm1E3iklT4MYqErUnCmfp/IcCjlOPR1Z4jVUP72puJfXidVgetlLEpSRSMyXxSkHKoYTl+HfSYoUXysCSaC6VshGWKBidIBFXQIX5/C/0nTNq1T07l2SrXzRRx5cAAOQRlY4AzUwCWogwYg4BY8gCfwbMTGo/FivM5bc8ZiZh/8gPH2CfFLjr4=</latexit>

(L(t)|
<latexit sha1_base64="jtY9Pxm0bpzgkTXTEMSsibrBfm4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK0myEzTnW6K7pxWcW2QjuUTJppYzMPkoxQxv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWl5ZXcuvFzY2t7Z3irt7LRmngtAmiXksbnwsKWcRbSqmOL1JBMWhz2nbH51P/fYdFZLF0bUaJ9QL8SBiASNYaal1f1VWlUqvWEJmrYYcx4XIrCLbdqqaoGPbdS1omWiGElig0Su+d/sxSUMaKcKxlB0LJcrLsFCMcDopdFNJE0xGeEA7mkY4pNLLZtdO4JFW+jCIha5IwZn6fSLDoZTj0NedIVZD+dubin95nVQFrpexKEkVjch8UZByqGI4fR32maBE8bEmmAimb4VkiAUmSgdU0CF8fQr/Jy3btE5M59Ip1c8WceTBATgEZWCBU1AHF6ABmoCAW/AAnsCzERuPxovxOm/NGYuZffADxtsn/aOOxQ==</latexit>

|R(t))

transverse folding approach

for infinite systems, transverse folding approach
MCB, Hastings, Verstraete, Cirac, PRL 2009

Müller-Hermes, Cirac, MCB, NJP 2012
Hastings, Mahajan 2014



<latexit sha1_base64="K9vrRDdP6oZPOrmWg/7xSaWOqHQ=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0Wom5DU9JFdUQR3VrAPaEOZTCft2MkkzEyEEvoPblwo4tb/ceffOH0IKnrgwuGce7n3Hj9mVCrL+jAyK6tr6xvZzdzW9s7uXn7/oCWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3wx89v3REga8Vs1iYkXoiGnAcVIaal12b8uqtN+vmCZVtl1qiVomWXLdp0zTVy35lTK0DatOQpgiUY//94bRDgJCVeYISm7thUrL0VCUczINNdLJIkRHqMh6WrKUUikl86vncITrQxgEAldXMG5+n0iRaGUk9DXnSFSI/nbm4l/ed1EBTUvpTxOFOF4sShIGFQRnL0OB1QQrNhEE4QF1bdCPEICYaUDyukQvj6F/5NWybQrpnPjFOrnyziy4AgcgyKwQRXUwRVogCbA4A48gCfwbETGo/FivC5aM8Zy5hD8gPH2CQ06jtE=</latexit>

EO(t)

<latexit sha1_base64="UgQIXAI2zM/VCVsAzM3vevy11do=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZAZpzrdFd24cFHBPqAdSibNtLGZB0lGKGP/wY0LRdz6P+78G9OHoKIHLhzOuZd77/ETzqRC6MPILS2vrK7l1wsbm1vbO8XdvaaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+aOLqd+6o0KyOLpR44R6IR5ELGAEKy01y1dldXzfK5aQWa0ix3EhMivItp2KJujEdl0LWiaaoQQWqPeK791+TNKQRopwLGXHQonyMiwUI5xOCt1U0gSTER7QjqYRDqn0stm1E3iklT4MYqErUnCmfp/IcCjlOPR1Z4jVUP72puJfXidVgetlLEpSRSMyXxSkHKoYTl+HfSYoUXysCSaC6VshGWKBidIBFXQIX5/C/0nTNq1T07l2SrXzRRx5cAAOQRlY4AzUwCWogwYg4BY8gCfwbMTGo/FivM5bc8ZiZh/8gPH2CfFLjr4=</latexit>

(L(t)|
<latexit sha1_base64="jtY9Pxm0bpzgkTXTEMSsibrBfm4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK0myEzTnW6K7pxWcW2QjuUTJppYzMPkoxQxv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWl5ZXcuvFzY2t7Z3irt7LRmngtAmiXksbnwsKWcRbSqmOL1JBMWhz2nbH51P/fYdFZLF0bUaJ9QL8SBiASNYaal1f1VWlUqvWEJmrYYcx4XIrCLbdqqaoGPbdS1omWiGElig0Su+d/sxSUMaKcKxlB0LJcrLsFCMcDopdFNJE0xGeEA7mkY4pNLLZtdO4JFW+jCIha5IwZn6fSLDoZTj0NedIVZD+dubin95nVQFrpexKEkVjch8UZByqGI4fR32maBE8bEmmAimb4VkiAUmSgdU0CF8fQr/Jy3btE5M59Ip1c8WceTBATgEZWCBU1AHF6ABmoCAW/AAnsCzERuPxovxOm/NGYuZffADxtsn/aOOxQ==</latexit>

|R(t))

transverse folding approach

for infinite systems, transverse folding approach
MCB, Hastings, Verstraete, Cirac, PRL 2009

Müller-Hermes, Cirac, MCB, NJP 2012
Hastings, Mahajan 2014



intuition: model free propagating excitations

transverse folding approach

fo
ld

MCB, Hastings, Verstraete, Cirac, PRL 2009
Müller-Hermes, Cirac, MCB, NJP 2012

Hastings, Mahajan 2014



free propagating excitations

transverse folding approach

<latexit sha1_base64="K9vrRDdP6oZPOrmWg/7xSaWOqHQ=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0Wom5DU9JFdUQR3VrAPaEOZTCft2MkkzEyEEvoPblwo4tb/ceffOH0IKnrgwuGce7n3Hj9mVCrL+jAyK6tr6xvZzdzW9s7uXn7/oCWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3wx89v3REga8Vs1iYkXoiGnAcVIaal12b8uqtN+vmCZVtl1qiVomWXLdp0zTVy35lTK0DatOQpgiUY//94bRDgJCVeYISm7thUrL0VCUczINNdLJIkRHqMh6WrKUUikl86vncITrQxgEAldXMG5+n0iRaGUk9DXnSFSI/nbm4l/ed1EBTUvpTxOFOF4sShIGFQRnL0OB1QQrNhEE4QF1bdCPEICYaUDyukQvj6F/5NWybQrpnPjFOrnyziy4AgcgyKwQRXUwRVogCbA4A48gCfwbETGo/FivC5aM8Zy5hD8gPH2CQ06jtE=</latexit>

EO(t)

closest real case: global quench 
in free fermionic models
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Müller-Hermes, Cirac, MCB, NJP 2012
see also Giudice et al., PRL128, 220401 (2022)

TEMPORAL 
ENTANGLEMENT

recently: influence functional
Sonner et al, Ann. Phys 2021

Lerose et al. PRX 2021
Ye, Chan, J. Chem. Phys. 2021

see also Carignano 2307.11649



<latexit sha1_base64="UgQIXAI2zM/VCVsAzM3vevy11do=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZAZpzrdFd24cFHBPqAdSibNtLGZB0lGKGP/wY0LRdz6P+78G9OHoKIHLhzOuZd77/ETzqRC6MPILS2vrK7l1wsbm1vbO8XdvaaMU0Fog8Q8Fm0fS8pZRBuKKU7biaA49Dlt+aOLqd+6o0KyOLpR44R6IR5ELGAEKy01y1dldXzfK5aQWa0ix3EhMivItp2KJujEdl0LWiaaoQQWqPeK791+TNKQRopwLGXHQonyMiwUI5xOCt1U0gSTER7QjqYRDqn0stm1E3iklT4MYqErUnCmfp/IcCjlOPR1Z4jVUP72puJfXidVgetlLEpSRSMyXxSkHKoYTl+HfSYoUXysCSaC6VshGWKBidIBFXQIX5/C/0nTNq1T07l2SrXzRRx5cAAOQRlY4AzUwCWogwYg4BY8gCfwbMTGo/FivM5bc8ZiZh/8gPH2CfFLjr4=</latexit>

(L(t)|
<latexit sha1_base64="jtY9Pxm0bpzgkTXTEMSsibrBfm4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK0myEzTnW6K7pxWcW2QjuUTJppYzMPkoxQxv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWl5ZXcuvFzY2t7Z3irt7LRmngtAmiXksbnwsKWcRbSqmOL1JBMWhz2nbH51P/fYdFZLF0bUaJ9QL8SBiASNYaal1f1VWlUqvWEJmrYYcx4XIrCLbdqqaoGPbdS1omWiGElig0Su+d/sxSUMaKcKxlB0LJcrLsFCMcDopdFNJE0xGeEA7mkY4pNLLZtdO4JFW+jCIha5IwZn6fSLDoZTj0NedIVZD+dubin95nVQFrpexKEkVjch8UZByqGI4fR32maBE8bEmmAimb4VkiAUmSgdU0CF8fQr/Jy3btE5M59Ip1c8WceTBATgEZWCBU1AHF6ABmoCAW/AAnsCzERuPxovxOm/NGYuZffADxtsn/aOOxQ==</latexit>

|R(t))

transverse folding + light cone =TLCC

cancelling local unitaries

=

gain in efficiency
systematic increment of t

improved convergence with 
Hastings’ truncation

Hastings, Mahajan 2014

Frías-Pérez, MCB, PRB 106, 115117 (2022)see also Lerose et al., PRB 107, L060305 (2023)
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<latexit sha1_base64="+R/PtiFLs5Z+ngwC+27IiM01jG4="></latexit>

<latexit sha1_base64="8wRgYMb/kTqNzYz+Er1doi8U0ik=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBahQilJqVUPQtGLeKpga6ENZbPdtEs3m7i7EUron/DiQRGv/h1v/hu3bQQVfTDweG+GmXlexJnStv1hZRYWl5ZXsqu5tfWNza389k5LhbEktElCHsq2hxXlTNCmZprTdiQpDjxOb73RxdS/vadSsVDc6HFE3QAPBPMZwdpI7eJVaVAaHp718gW7bM+A5sSpGHJkO6e1GnJSqwApGr38e7cfkjigQhOOleo4dqTdBEvNCKeTXDdWNMJkhAe0Y6jAAVVuMrt3gg6M0kd+KE0JjWbq94kEB0qNA890BlgP1W9vKv7ldWLtn7gJE1GsqSDzRX7MkQ7R9HnUZ5ISzceGYCKZuRWRIZaYaBNRzoTw9Sn6n7QqZadWrl5XC/XzNI4s7ME+FMGBY6jDJTSgCQQ4PMATPFt31qP1Yr3OWzNWOrMLP2C9fQJtkI7w</latexit>

(J, g, h) =

transverse folding + light cone =TLCC

quench from 
<latexit sha1_base64="+4hN7kEU5jt/mLdn4A/VdRC9gWs=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBAEIeyGGPUW9OIxgnlgEsLspDcZMju7zMwKYc1fePGgiFf/xpt/4+QhqGhBQ1HVTXeXHwuujet+OAuLS8srq5m17PrG5tZ2bme3rqNEMayxSESq6VONgkusGW4ENmOFNPQFNvzh5cRv3KHSPJI3ZhRjJ6R9yQPOqLHS7X3zuK2o7Avs5vJuwZ2CzIhXtOTE9c7LZeLNrTzMUe3m3tu9iCUhSsME1brlubHppFQZzgSOs+1EY0zZkPaxZamkIepOOr14TA6t0iNBpGxJQ6bq94mUhlqPQt92htQM9G9vIv7ltRITnHVSLuPEoGSzRUEiiInI5H3S4wqZESNLKFPc3krYgCrKjA0pa0P4+pT8T+rFglculK5L+crFPI4M7MMBHIEHp1CBK6hCDRhIeIAneHa08+i8OK+z1gVnPrMHP+C8fQKIYZDZ</latexit>

|X+i

iTEBD TLCC

Heisenberg

required 
resources

<latexit sha1_base64="WC70E3DNs6BlHzcBqdJjG1tW3qg=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJUqENS2qq7ohuXFewD2qFk0kwbmnmYZApl6He4caGIWz/GnX9j2o6gogcuHM65l3vvcSPBlUbow8qsrK6tb2Q3c1vbO7t7+f2DlgpjSVmThiKUHZcoJnjAmpprwTqRZMR3BWu74+u5354wqXgY3OlpxByfDAPucUq0kZwiLp1hG1VLyK6e9vMFZKMF4JLgsiFVhC9rNYhTqwBSNPr5994gpLHPAk0FUaqLUaSdhEjNqWCzXC9WLCJ0TIasa2hAfKacZHH0DJ4YZQC9UJoKNFyo3ycS4is19V3T6RM9Ur+9ufiX1421d+EkPIhizQK6XOTFAuoQzhOAAy4Z1WJqCKGSm1shHRFJqDY55UwIX5/C/0mrbOOaXbmtFOpXaRxZcASOQRFgcA7q4AY0QBNQcA8ewBN4tibWo/VivS5bM1Y6cwh+wHr7BL2sj4E=</latexit>

(1,�1.05, 0.5)

Frías-Pérez, MCB, PRB 106, 115117 (2022)



computing response functions

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=

<latexit sha1_base64="VekqW/ERiBq1b0jVzkKJrgzFlgE=">AAAB/XicdVDLSsNAFJ34rPVVHzs3g0VQkJLE0NZd0Y07K7RaaEOYTCc6dPJg5kaoofgrblwo4tb/cOffOGkrqOiBC4dz7uXee/xEcAWm+WHMzM7NLywWlorLK6tr66WNzUsVp5KyNo1FLDs+UUzwiLWBg2CdRDIS+oJd+YPT3L+6ZVLxOGrBMGFuSK4jHnBKQEteabvlZT2fATk89yxd9mgfDrxS2awc16u2U8VmxTRrlm3lxK45Rw62tJKjjKZoeqX3Xj+macgioIIo1bXMBNyMSOBUsFGxlyqWEDog16yraURCptxsfP0I72mlj4NY6ooAj9XvExkJlRqGvu4MCdyo314u/uV1UwjqbsajJAUW0cmiIBUYYpxHgftcMgpiqAmhkutbMb0hklDQgRV1CF+f4v/JpV2xqhXnwik3TqZxFNAO2kX7yEI11EBnqInaiKI79ICe0LNxbzwaL8brpHXGmM5soR8w3j4B5XWUPQ==</latexit>

T�,O1,O2(t)

<latexit sha1_base64="lDHw6KM796eK6P0Jr44gKvOWzyg="></latexit>

C1,2(t, `,�) = tr(⇢�O
[`]
2 (t)O[0]

1 (0))

fo
ld

<latexit sha1_base64="zmXpp3cMmMcZpD29hNN2vYW+9m4=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZAp09ruim5cVrAP6ItMJtOGZjJDklHK0P9w40IRt/6LO//G9CGo6IELh3Pu5d57vJgzpRH6sDJr6xubW9nt3M7u3v5B/vCopaJEEtokEY9kx8OKciZoUzPNaSeWFIcep21vcjX323dUKhaJWz2NaT/EI8ECRrA20qBZ1OeDtOfj0YjK2TBfQDYqVctuCSK7VEY1p2ZIGTm1igsdGy1QACs0hvn3nh+RJKRCE46V6joo1v0US80Ip7NcL1E0xmSCR7RrqMAhVf10cfUMnhnFh0EkTQkNF+r3iRSHSk1Dz3SGWI/Vb28u/uV1Ex1U+ykTcaKpIMtFQcKhjuA8AugzSYnmU0MwkczcCskYS0y0CSpnQvj6FP5PWiXbqdjujVuoX67iyIITcAqKwAEXoA6uQQM0AQESPIAn8GzdW4/Wi/W6bM1Yq5lj8APW2yeAj5KN</latexit>

U(t)†

<latexit sha1_base64="wABYKi2YEwYHiUgzCUIS8iBph6s=">AAAB63icdVBNSwMxEM3Wr1q/qh69BItQL0u21rbeil48VrC10C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7atoKIPBh7vzTAzL4g50wahDye3srq2vpHfLGxt7+zuFfcPOjpKFKFtEvFIdQOsKWeStg0znHZjRbEIOL0LJleZf3dPlWaRvDXTmPoCjyQLGcEmk9plczoolpCLalWv4kHkniOvUUELclE/g56L5iiBJVqD4nt/GJFEUGkIx1r3PBQbP8XKMMLprNBPNI0xmeAR7VkqsaDaT+e3zuCJVYYwjJQtaeBc/T6RYqH1VAS2U2Az1r+9TPzL6yUmbPgpk3FiqCSLRWHCoYlg9jgcMkWJ4VNLMFHM3grJGCtMjI2nYEP4+hT+TzoV16u51ZtqqXm5jCMPjsAxKAMP1EETXIMWaAMCxuABPIFnRziPzovzumjNOcuZQ/ADztsnnnqN/A==</latexit>

U(t)

<latexit sha1_base64="I2soglLQOCWdP6A4Rh8+PUyJYX4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce32yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAC3I7F</latexit>

` = 0
<latexit sha1_base64="HbAzrQmgsoUFNL8Oxrh4v3W0VRA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCF0siRT0WvfRYwX5AE8tmO2mXbrJhdyOWUPCvePGgiFd/hzf/jds2B219MPB4b4aZeUHCmdKO820tLa+srq0XNoqbW9s7u/beflOJVFJoUMGFbAdEAWcxNDTTHNqJBBIFHFrB8Gbitx5AKibiOz1KwI9IP2Yho0QbqWsfwn12hr0ANMG1MfZIkkjx2LVLTtmZAi8SNycllKPetb+8nqBpBLGmnCjVcZ1E+xmRmlEO46KXKkgIHZI+dAyNSQTKz6bnj/GJUXo4FNJUrPFU/T2RkUipURSYzojogZr3JuJ/XifV4ZWfsThJNcR0tihMOdYCT7LAPSaBaj4yhFDJzK2YDogkVJvEiiYEd/7lRdI8L7sX5cptpVS9zuMooCN0jE6Riy5RFdVQHTUQRRl6Rq/ozXqyXqx362PWumTlMwfoD6zPHzHYlQQ=</latexit>

e��H ⇡

Frías-Pérez, MCB, PRB 106, 115117 (2022)



computing response functions
<latexit sha1_base64="lDHw6KM796eK6P0Jr44gKvOWzyg="></latexit>

C1,2(t, `,�) = tr(⇢�O
[`]
2 (t)O[0]

1 (0))

<latexit sha1_base64="R631H3Q154JMSvLkGV9awwoNhhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortXsBGnrj9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL3Lau2hVqnf5nEU4QRO4Rw8uII63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w+6Do8u</latexit>

� = 0

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=

<latexit sha1_base64="sxl9oJQz7TT893A+cHwRwJDYqqA=">AAAB/3icdVBNS8NAEN34bf2KCl68LBZBQUISQ6sHQfTiTYXWCm0Im+3WLt18sDsRSuzBv+LFgyJe/Rve/Ddu2goq+mDg8d4MM/PCVHAFtv1hTExOTc/Mzs2XFhaXllfM1bUrlWSSsjpNRCKvQ6KY4DGrAwfBrlPJSBQK1gh7p4XfuGVS8SSuQT9lfkRuYt7hlICWAnOjFuStkAE5svfOA0eXO9iB3cAs29bhQcX1Kti2bLvquE5B3Kq372FHKwXKaIyLwHxvtROaRSwGKohSTcdOwc+JBE4FG5RamWIpoT1yw5qaxiRiys+H9w/wtlbauJNIXTHgofp9IieRUv0o1J0Rga767RXiX14zg86Bn/M4zYDFdLSokwkMCS7CwG0uGQXR14RQyfWtmHaJJBR0ZCUdwten+H9y5VpOxfIuvfLxyTiOObSJttAOclAVHaMzdIHqiKI79ICe0LNxbzwaL8brqHXCGM+sox8w3j4B4LGUvg==</latexit>

T�=0,O1,O2(t)

infinite temperature

<latexit sha1_base64="I2soglLQOCWdP6A4Rh8+PUyJYX4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce32yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAC3I7F</latexit>

` = 0

Frías-Pérez, MCB, PRB 106, 115117 (2022)

<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2



<latexit sha1_base64="WroLVvJJESH+tykm2arptK2E9oE="></latexit>

O
[i]
E :=J�

z
i �

z
i+1 +

g

2
(�x

i + �
x
i+1)

+
h

2
(�z

i + �
z
i+1)

computing response functions
tilted Ising

energy density
infinite temperature

<latexit sha1_base64="DGQ/h/dDcztL5nMOaApOjDtgUsU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahQg2JtOqx6MVjBfsBbSib7aZdutnE3U2hlP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzz485U9pxvq3M2vrG5lZ2O7ezu7d/kD88aqgokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH97N/OaISsUi8ajHMfVC3BcsYARrI3lFt3Th2k6l5NiV826+4NjOHGiVuCkpQIpaN//V6UUkCanQhGOl2q4Ta2+CpWaE02mukygaYzLEfdo2VOCQKm8yP3qKzozSQ0EkTQmN5urviQkOlRqHvukMsR6oZW8m/ue1Ex3ceBMm4kRTQRaLgoQjHaFZAqjHJCWajw3BRDJzKyIDLDHRJqecCcFdfnmVNC5t98ouP5QL1ds0jiycwCkUwYVrqMI91KAOBJ7gGV7hzRpZL9a79bFozVjpzDH8gfX5A5NKj2M=</latexit>

(1,�1.05, 0.5)
non-integrable

diffusion 
constant

Frías-Pérez, MCB, PRB 106, 115117 (2022)



alternative: give up 
description of the full state

3  spectral properties of 
the QMB Hamiltonian

Yang et al. PRL124, 100602 (2020),
Lu, MCB, Cirac, PRX Quantum 2, 02032 (2021)

Yang, Cirac, MCB, PRB 106, 024307 (2022)

    light-cone TN for 
non-equilibrium 
evolution of local 

observables
M. Frías-Pérez, MCB, 

PRB 106, 115117 (2022) 

1

    transforming long-range 
entanglement into mixture
M. Frías-Pérez, L. Tagliacozzo, MCB, 

arXiv:2308.04291 

2



back to quasiparticle intuition



SL R

back to quasiparticle intuition

t



<latexit sha1_base64="QsxJR5lgnkNePlHSiOXS3lmfgEU="></latexit>

| LSRi = |�L1S1i ⌦ |�S2R1i ⌦ |�L2R2i
SL R

back to quasiparticle intuition

S1L1 R1S2 R2L2

=

SL R

t

<latexit sha1_base64="WJ2FEXxBOUzOkAdbDDI531wP5M8=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgqiSlVt0V3bhwUR99QBPCZDpph04mYWYilphfceNCEbf+iDv/xmkbQUUPXDiccy/33uPHjEplWR9GYWFxaXmluFpaW9/Y3DK3yx0ZJQKTNo5YJHo+koRRTtqKKkZ6sSAo9Bnp+uOzqd+9JULSiN+oSUzcEA05DShGSkueWb53WpJ66cX1VeYIxIeMeGbFqlozwDmxa5ocWvZJowHt3KqAHC3PfHcGEU5CwhVmSMq+bcXKTZFQFDOSlZxEkhjhMRqSvqYchUS66ez2DO5rZQCDSOjiCs7U7xMpCqWchL7uDJEayd/eVPzL6ycqOHZTyuNEEY7ni4KEQRXBaRBwQAXBik00QVhQfSvEIyQQVjqukg7h61P4P+nUqnajWr+sV5qneRxFsAv2wAGwwRFognPQAm2AwR14AE/g2ciMR+PFeJ23Fox8Zgf8gPH2CVUVlKc=</latexit>

| LSRi



back to quasiparticle intuition

SL R

S1L1 R1S2 R2L2

t

local observables on 
any S block

<latexit sha1_base64="WJ2FEXxBOUzOkAdbDDI531wP5M8=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgqiSlVt0V3bhwUR99QBPCZDpph04mYWYilphfceNCEbf+iDv/xmkbQUUPXDiccy/33uPHjEplWR9GYWFxaXmluFpaW9/Y3DK3yx0ZJQKTNo5YJHo+koRRTtqKKkZ6sSAo9Bnp+uOzqd+9JULSiN+oSUzcEA05DShGSkueWb53WpJ66cX1VeYIxIeMeGbFqlozwDmxa5ocWvZJowHt3KqAHC3PfHcGEU5CwhVmSMq+bcXKTZFQFDOSlZxEkhjhMRqSvqYchUS66ez2DO5rZQCDSOjiCs7U7xMpCqWchL7uDJEayd/eVPzL6ycqOHZTyuNEEY7ni4KEQRXBaRBwQAXBik00QVhQfSvEIyQQVjqukg7h61P4P+nUqnajWr+sV5qneRxFsAv2wAGwwRFognPQAm2AwR14AE/g2ciMR+PFeJ23Fox8Zgf8gPH2CVUVlKc=</latexit>

| LSRi
<latexit sha1_base64="8eHmegKWCk/348HQFPDg2EomBF4=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiSlVt0V3bhwUR99QBPCZDpph04mYWYihFh/xY0LRdz6Ie78G6dtBBU9cOFwzr3ce48fMyqVZX0YhYXFpeWV4mppbX1jc8vc3unIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I1x+fTf3uLRGSRvxGpTFxQzTkNKAYKS15ZtlhiA8ZgU5LUi+7uL6a3HlmxapaM8A5sWuaHFr2SaMB7dyqgBwtz3x3BhFOQsIVZkjKvm3Fys2QUBQzMik5iSQxwmM0JH1NOQqJdLPZ8RO4r5UBDCKhiys4U79PZCiUMg193RkiNZK/van4l9dPVHDsZpTHiSIczxcFCYMqgtMk4IAKghVLNUFYUH0rxCMkEFY6r5IO4etT+D/p1Kp2o1q/rFeap3kcRbAL9sABsMERaIJz0AJtgEEKHsATeDbujUfjxXidtxaMfKYMfsB4+wSlfJTL</latexit>

h LSR|



back to quasiparticle intuition

SL R

S1 S2

t

local observables on 
any S block

long-range 
entanglement 
contributes as 

statistical mixture



SL R

back to quasiparticle intuition

<latexit sha1_base64="JQIWFdp2TuSF4g5MYs/Zb52ioXQ="></latexit>

| LSRi = |�L1SR1i ⌦ |�L2R2i
SL R

=

t

SL1 R1 R2L2



S

L R

S

L1 R1

R2L2⇔

TN picture

S

<latexit sha1_base64="NKp+00WrKxyc/TDE/lBVgH2GihY=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlLTR3ZFNy4r2Ae0oUymk3bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD6XXud++JVDQWd3qWkICjsaARxUjn0oAwNiyVHdup+l69Ah276ri+d2mI7ze8WhW6trNAGazQGpbeB6MYp5wIjRlSqu86iQ4yJDXFjMyLg1SRBOEpGpO+oQJxooJscescnhtlBKNYmhIaLtTvExniSs14aDo50hP128vFv7x+qqNGkFGRpJoIvFwUpQzqGOaPwxGVBGs2MwRhSc2tEE+QRFibeIomhK9P4f+kU7Hdmu3deuXm1SqOAjgFZ+ACuKAOmuAGtEAbYDABD+AJPFvcerRerNdl65q1mjkBP2C9fQKSHY6e</latexit>

`

Frías-Pérez arXiv:2308.04291



-
2

min

TN picture

S

<latexit sha1_base64="NKp+00WrKxyc/TDE/lBVgH2GihY=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlLTR3ZFNy4r2Ae0oUymk3bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57woRRpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD6XXud++JVDQWd3qWkICjsaARxUjn0oAwNiyVHdup+l69Ah276ri+d2mI7ze8WhW6trNAGazQGpbeB6MYp5wIjRlSqu86iQ4yJDXFjMyLg1SRBOEpGpO+oQJxooJscescnhtlBKNYmhIaLtTvExniSs14aDo50hP128vFv7x+qqNGkFGRpJoIvFwUpQzqGOaPwxGVBGs2MwRhSc2tEE+QRFibeIomhK9P4f+kU7Hdmu3deuXm1SqOAjgFZ+ACuKAOmuAGtEAbYDABD+AJPFvcerRerNdl65q1mjkBP2C9fQKSHY6e</latexit>

`

Frías-Pérez arXiv:2308.04291



<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡

long-range entanglement in TN

<latexit sha1_base64="4Bzdm2NMx6yrMRK83AsgYmryJgQ="></latexit>

Sfast�slow

<latexit sha1_base64="8qD5qn3LR7w4mmqE9M8EHDT2fxE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD/c90ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w84wo3F</latexit>

Rs

<latexit sha1_base64="5xwDKcNkVH2h01hQL16rRoURZVU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4b4X9soVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vndeaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8lDo24</latexit>

Rf

<latexit sha1_base64="SQJlKVpWRq9/054hbsXEZ42q33Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX071yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1Xvonp+f16pXedxFOEIjuEUPLiEGtxCHRrAYADP8ApvjnBenHfnY95acPKZQ/gD5/MHL56Nvw==</latexit>

Ls

<latexit sha1_base64="0qlujqxBbi2ihDpYx2XyOsDIpxY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopYe7XtgrV9yqOwNZJl5OKpCj3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHUkUjbvxsduqEnFilT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKZ/k77QnKEcW0KZFvZWwoZUU4Y2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPG+qNsg==</latexit>

Lf

<latexit sha1_base64="sHlBn3nzuTgUhUT0HUHU6PWCiko=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALETjOA=</latexit>

S

<latexit sha1_base64="1TNt7KC2+hthqU6e0i59TKMzDUk="></latexit>

EN (⇢fast)

<latexit sha1_base64="0vWBJrhgIKw/5d+kBsZJUobLvZM="></latexit>⇢fast =
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long-range entanglement in TN

<latexit sha1_base64="8qD5qn3LR7w4mmqE9M8EHDT2fxE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD/c90ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w84wo3F</latexit>

Rs

<latexit sha1_base64="5xwDKcNkVH2h01hQL16rRoURZVU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4b4X9soVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vndeaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx8lDo24</latexit>

Rf

<latexit sha1_base64="SQJlKVpWRq9/054hbsXEZ42q33Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX071yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1Xvonp+f16pXedxFOEIjuEUPLiEGtxCHRrAYADP8ApvjnBenHfnY95acPKZQ/gD5/MHL56Nvw==</latexit>

Ls

<latexit sha1_base64="0qlujqxBbi2ihDpYx2XyOsDIpxY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XEtRGxesRxwv2IDpQIBaNopYe7XtgrV9yqOwNZJl5OKpCj3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHUkUjbvxsduqEnFilT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKZ/k77QnKEcW0KZFvZWwoZUU4Y2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPG+qNsg==</latexit>

Lf

<latexit sha1_base64="sHlBn3nzuTgUhUT0HUHU6PWCiko=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALETjOA=</latexit>

S
<latexit sha1_base64="0vWBJrhgIKw/5d+kBsZJUobLvZM="></latexit>⇢fast =
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a TN algorithm



<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡

effective TN description

<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡

contribute as mixture to local 
observables in neighbouring blocks
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<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡

contribute as mixture to local 
observables in neighbouring blocks

effective TN description

<latexit sha1_base64="BDBqwxOI+HV4e9Qv5lf3shGAONc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDababt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgeZ8zaqzUDh+yLgox6ZUrbtWdgSwTLycVyFHvlb+6YczSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2b3TsiJVULSj5UtachM/T2R0UjrcRTYzoiaoV70puJ/Xic1/Ss/4zJJDUo2X9RPBTExmT5PQq6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8ASw2QJg==</latexit>

d`
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D
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<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡

contribute as mixture to local 
observables in neighbouring blocks

effective TN description

<latexit sha1_base64="BDBqwxOI+HV4e9Qv5lf3shGAONc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDababt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgeZ8zaqzUDh+yLgox6ZUrbtWdgSwTLycVyFHvlb+6YczSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2b3TsiJVULSj5UtachM/T2R0UjrcRTYzoiaoV70puJ/Xic1/Ss/4zJJDUo2X9RPBTExmT5PQq6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8ASw2QJg==</latexit>

d`
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

<latexit sha1_base64="x6S8xZj2JurWANxM3eCXGXPYcJg=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrmoiRV0WdeGygn1AG8JkMmmHzkzCzEQoQzb+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1hSolUrvttLS2vrK6tVzaqm1vbO7v23n5HJplAuI0SmoheCCWmhOO2IoriXiowZCHF3XB8U/jdRywkSfiDmqTYZ3DISUwQVEYK7EN9m5/pKNADBtVIMB1DqfI8D+yaW3encBaJV5IaKNEK7K9BlKCMYa4QhVL2PTdVvoZCEURxXh1kEqcQjeEQ9w3lkGHp6+kDuXNilMiJE2GKK2eq/p7QkEk5YaHpLM6U814h/uf1MxVf+ZrwNFOYo9miOKOOSpwiDSciAiNFJ4ZAJIi51UEjKCBSJrOqCcGbf3mRdM7r3kW9cd+oNa/LOCrgCByDU+CBS9AEd6AF2gCBHDyDV/BmPVkv1rv1MWtdssqZA/AH1ucP5DqXQw==</latexit>

D/dfast

preserves 
reduced density 

matrices

<latexit sha1_base64="GontZAWD9eQ58vOO16m1oP2R2Ug="></latexit>= <latexit sha1_base64="GontZAWD9eQ58vOO16m1oP2R2Ug="></latexit>=
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<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡

contribute as mixture to local 
observables in neighbouring blocks

effective TN description

<latexit sha1_base64="BDBqwxOI+HV4e9Qv5lf3shGAONc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDababt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgeZ8zaqzUDh+yLgox6ZUrbtWdgSwTLycVyFHvlb+6YczSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2b3TsiJVULSj5UtachM/T2R0UjrcRTYzoiaoV70puJ/Xic1/Ss/4zJJDUo2X9RPBTExmT5PQq6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8ASw2QJg==</latexit>

d`
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

<latexit sha1_base64="x6S8xZj2JurWANxM3eCXGXPYcJg=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrmoiRV0WdeGygn1AG8JkMmmHzkzCzEQoQzb+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1hSolUrvttLS2vrK6tVzaqm1vbO7v23n5HJplAuI0SmoheCCWmhOO2IoriXiowZCHF3XB8U/jdRywkSfiDmqTYZ3DISUwQVEYK7EN9m5/pKNADBtVIMB1DqfI8D+yaW3encBaJV5IaKNEK7K9BlKCMYa4QhVL2PTdVvoZCEURxXh1kEqcQjeEQ9w3lkGHp6+kDuXNilMiJE2GKK2eq/p7QkEk5YaHpLM6U814h/uf1MxVf+ZrwNFOYo9miOKOOSpwiDSciAiNFJ4ZAJIi51UEjKCBSJrOqCcGbf3mRdM7r3kW9cd+oNa/LOCrgCByDU+CBS9AEd6AF2gCBHDyDV/BmPVkv1rv1MWtdssqZA/AH1ucP5DqXQw==</latexit>

D/dfast

preserves 
reduced density 

matrices

<latexit sha1_base64="GontZAWD9eQ58vOO16m1oP2R2Ug="></latexit>= <latexit sha1_base64="GontZAWD9eQ58vOO16m1oP2R2Ug="></latexit>=

also for two blocks
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TN algorithm

<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡1.

2.

Frías-Pérez arXiv:2308.04291



TN algorithm

<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡1.

2.

3.
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TN algorithm
<latexit sha1_base64="EUv7kgG8i2j/J5Wq8uB0HTNHDz8="></latexit>
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improved heuristic TN algorithm
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improved heuristic TN algorithm

<latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡ <latexit sha1_base64="qecC2z6YSOidhH15bCpnBZB18oY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JN0zY0m8QkK5alf8KLB0W8+ne8+W/MtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRiaa0AaRXOp2hA3lTNCGZZbTttIUxxGnrWh8k/mtR6oNk+LeThQNYzwUbMAItk5qd7FSWj6VeuWKX/VnQMskyEkFctR75a9uX5IkpsISjo3pBL6yYYq1ZYTTaambGKowGeMh7TgqcExNmM7unaITp/TRQGpXwqKZ+nsixbExkzhynTG2I7PoZeJ/Xiexg6swZUIllgoyXzRIOLISZc+jPtOUWD5xBBPN3K2IjLDGxLqIshCCxZeXSfOsGlxUz+/OK7XrPI4iHMExnEIAl1CDW6hDAwhweIZXePMevBfv3fuYtxa8fOYQ/sD7/AHNXo/T</latexit>⇡

such that condition on rdms holds

<latexit sha1_base64="gZr/7emjaCYFzecTKvtGJaqj4tM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsNu3SzWbZ3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5geRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8CaciZoxzDDaV8qiuOA014wvZv7vSeqNEvEo5lJ6sd4LFjECDZW6oWjLJN5PqrW3Lq7AFonXkFqUKA9qn4Nw4SkMRWGcKz1wHOl8TOsDCOc5pVhqqnEZIrHdGCpwDHVfrY4N0cXVglRlChbwqCF+nsiw7HWsziwnTE2E73qzcX/vEFqohs/Y0KmhgqyXBSlHJkEzX9HIVOUGD6zBBPF7K2ITLDCxNiEKjYEb/XlddK9qnvNeuOhUWvdFnGU4QzO4RI8uIYW3EMbOkBgCs/wCm+OdF6cd+dj2VpyiplT+APn8wfbAY/s</latexit>

dp

<latexit sha1_base64="+YAC7kaPhfiYyj3Z/3/zXvVk5LU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKUI9BPXiMYh6QhDA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95hPXRkTqEccx74Z0oEQgGEUrPdye9oolt+zOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR26YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg6tuKlScIFdsvihIJMGITN8mfaE5Qzm2hDIt7K2EDammDG04BRuCt/jyMmmcl72LcuW+UqpeZ3Hk4QiO4Qw8uIQq3EEN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/6m40C</latexit>

D0
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

Frías-Pérez arXiv:2308.04291



0 10 20 30 40 50
t

0.75

0.80

0.85

0.90

0.95

1.00

hæ
x
i

0 10 20 30 40 50
t

0.75

0.80

0.85

0.90

0.95

1.00

hæ
x
i

0 20 40

101

102
D

2.5 5.0 7.5
0.85

0.90

45.0 47.5 50.0
0.85

0.90

0 10 20 30 40 50
t

0.75

0.80

0.85

0.90

0.95

1.00

hæ
x
i

0 20 40

101

102
D

2.5 5.0 7.5
0.85

0.90

45.0 47.5 50.0
0.85

0.90

TN algorithm
<latexit sha1_base64="EUv7kgG8i2j/J5Wq8uB0HTNHDz8="></latexit>
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energy filters & TNS can provide other 
(classical and quantum) tools to get dynamical 

properties

To conclude

spectral properties of a 
QMB Hamiltonian

Yang, Iblisdir, Cirac, MCB, PRL124, 100602 (2020)
Lu, PRX Quantum 2, 020321 (2021)

Yang, Cirac, MCB, PRB 106, 024307 (2022)

changing entanglement 
perspective:    

transforming long-range 
entanglement into 

mixture
Frías-Pérez, Tagliacozzo, MCB, 

arXiv:2308.04291

light-cone TN contraction 
for local observables

Frías-Pérez, MCB, PRB 106, 115117 (2022)


