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Trapped-ion quantum computer Superconducting qubits

Qubits, unitary gates, mid-circuit measurement available

E.g. Duke/IonQ 
         Quantinuum

E.g. Google 
   IBM

Noisy Intermediate-Scale Quantum Systems



Can we artificially engineer non-trivial many-body states?

Trapped-ion quantum computer Superconducting qubits

Qubits, unitary gates, mid-circuit measurement available

E.g. Duke/IonQ 
         Quantinuum

E.g. Google 
   IBM

(which may be challenging to find in nature)

Noisy Intermediate-Scale Quantum Systems



(Long-range entangled) 
 Non-trivial states

No local order parameters  
Fractionalized quasiparticles (anyons)

Example 1 
Topological order

Fig. from Quanta Magazine



(Long-range entangled) 
 Non-trivial states

No local order parameters  
Fractionalized quasiparticles (anyons)

Example 2 
Quantum critical states 

Phase transitions between quantum orders 
Quantum correlations at all scales 

Example 1 
Topological order

Fig. from Quanta Magazine Fig. from Swingle



(Long-range entangled) 
 Non-trivial states

Example 2 
Quantum critical states 

Example 1 
Topological order

Space

Time

<latexit sha1_base64="Q3Uo3ryx4bMP0edZZlxaVwGVt0A=">AAAB+nicbZBLSwMxFIXv1Fetr6ku3QSL4KrMSFGXBUFcVrAP6AxDJs20oZnMkGSUMi34R9y4UMStv8Sd/8b0sdDWA4GPc27IzQlTzpR2nG+rsLa+sblV3C7t7O7tH9jlw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+H1NG8/UKlYIu71KKV+jPuCRYxgbazALo+RlyoWOMiTWPQ5RYFdcarOTGgV3AVUYKFGYH95vYRkMRWacKxU13VS7edYakY4nZS8TNEUkyHu065BgWOq/Hy2+gSdGqeHokSaIzSaub9v5DhWahSHZjLGeqCWs6n5X9bNdHTl50ykmaaCzB+KMo50gqY9oB6TlGg+MoCJZGZXRAZYYqJNWyVTgrv85VVonVfdi2rtrlap3zzN6yjCMZzAGbhwCXW4hQY0gcAjPMMrvFlj68V6tz7mowVrUeER/JH1+QNF1pPK</latexit>

| 0i

Local unitary circuits

Preparation Time ≳ O(L), Lieb-Robinson bound



(Long-range entangled) 
 Non-trivial states

Example 2 
Quantum critical states 

Example 1 
Topological order

Space

Time

<latexit sha1_base64="Q3Uo3ryx4bMP0edZZlxaVwGVt0A=">AAAB+nicbZBLSwMxFIXv1Fetr6ku3QSL4KrMSFGXBUFcVrAP6AxDJs20oZnMkGSUMi34R9y4UMStv8Sd/8b0sdDWA4GPc27IzQlTzpR2nG+rsLa+sblV3C7t7O7tH9jlw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+H1NG8/UKlYIu71KKV+jPuCRYxgbazALo+RlyoWOMiTWPQ5RYFdcarOTGgV3AVUYKFGYH95vYRkMRWacKxU13VS7edYakY4nZS8TNEUkyHu065BgWOq/Hy2+gSdGqeHokSaIzSaub9v5DhWahSHZjLGeqCWs6n5X9bNdHTl50ykmaaCzB+KMo50gqY9oB6TlGg+MoCJZGZXRAZYYqJNWyVTgrv85VVonVfdi2rtrlap3zzN6yjCMZzAGbhwCXW4hQY0gcAjPMMrvFlj68V6tz7mowVrUeER/JH1+QNF1pPK</latexit>

| 0i

undesirable in near-term quantum computers

Local unitary circuits

Preparation Time ≳ O(L), Lieb-Robinson bound

Workaround?



(Long-range entangled) 
 Non-trivial states

Example 2 
Quantum critical states 

Example 1 
Topological order

Space

Time

<latexit sha1_base64="Q3Uo3ryx4bMP0edZZlxaVwGVt0A=">AAAB+nicbZBLSwMxFIXv1Fetr6ku3QSL4KrMSFGXBUFcVrAP6AxDJs20oZnMkGSUMi34R9y4UMStv8Sd/8b0sdDWA4GPc27IzQlTzpR2nG+rsLa+sblV3C7t7O7tH9jlw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+H1NG8/UKlYIu71KKV+jPuCRYxgbazALo+RlyoWOMiTWPQ5RYFdcarOTGgV3AVUYKFGYH95vYRkMRWacKxU13VS7edYakY4nZS8TNEUkyHu065BgWOq/Hy2+gSdGqeHokSaIzSaub9v5DhWahSHZjLGeqCWs6n5X9bNdHTl50ykmaaCzB+KMo50gqY9oB6TlGg+MoCJZGZXRAZYYqJNWyVTgrv85VVonVfdi2rtrlap3zzN6yjCMZzAGbhwCXW4hQY0gcAjPMMrvFlj68V6tz7mowVrUeER/JH1+QNF1pPK</latexit>

| 0i

undesirable in near-term quantum computers

With local measurement (non-unitary), 
many LRE states are possible in O(1) time !

Local unitary circuits

Preparation Time ≳ O(L), Lieb-Robinson bound

Workaround?



Circuit 
 time

Target state

Adaptive protocols

Time

0000…

Local  
measurement

Local unitary

Physical spins
Ancilla spins

    Local quantum operation       +   Non-local classical communication  
(unitary gates & measurement) 

The applied unitary gates are adaptive  
(depend on global measurement outcomes)



(2001) Briegel, Raussendorf  
(2005) Raussendorf, Bravyi, Harrington 
(2021) Piroli, Styliaris, Cirac 
(2021) Tantivasadakarn, Thorngren, Vishwanath, Verresen  
(2022) Bravyi, Kim, Kliesch, Koenig  
(2022) Lu, Lessa, Kim, Hsieh arXiv: 2206.13527 (PRX Quantum)

Theory

Adaptive protocols - (partial) literature

GHZ state 
Toric code

Non-abelian (solvable group) T.O.

<latexit sha1_base64="AR7JmnR6zZqAQajJ8o/aXRmpfiM=">AAACCnicdVDLSgMxFM34rOOr6tJNtAiuykzR2u6KblxWsA/olJJJ77ShmcyQZIQy1K0bf8WNC0Xc+gXu/BszbQUVPZBwOOfem9zjx5wp7Tgf1sLi0vLKam7NXt/Y3NrO7+w2VZRICg0a8Ui2faKAMwENzTSHdiyBhD6Hlj+6yPzWDUjFInGtxzF0QzIQLGCUaCP18geeDwMmUmpmqIl9iz3PXLYHoj/XevmCU3QMymWcEbfiuIZUq5VSqYrdqeU4BTRHvZd/9/oRTUIQmnKiVMd1Yt1NidSMcpjYXqIgJnREBtAxVJAQVDedrjLBR0bp4yCS5giNp+r3jpSESo1D31SGRA/Vby8T//I6iQ4q3ZSJONEg6OyhIOFYRzjLBfeZBKr52BBCJTN/xXRIJKHapGebEL42xf+TZqnolounVyeF2vk8jhzaR4foGLnoDNXQJaqjBqLoDj2gJ/Rs3VuP1ov1OitdsOY9e+gHrLdPtj+aUA==</latexit>(



(2001) Briegel, Raussendorf  
(2005) Raussendorf, Bravyi, Harrington 
(2021) Piroli, Styliaris, Cirac 
(2021) Tantivasadakarn, Thorngren, Vishwanath, Verresen  
(2022) Bravyi, Kim, Kliesch, Koenig  
(2022) Lu, Lessa, Kim, Hsieh arXiv: 2206.13527 (PRX Quantum)

Theory

Adaptive protocols - (partial) literature

GHZ state 
Toric code

Non-abelian (solvable group) T.O.

<latexit sha1_base64="AR7JmnR6zZqAQajJ8o/aXRmpfiM=">AAACCnicdVDLSgMxFM34rOOr6tJNtAiuykzR2u6KblxWsA/olJJJ77ShmcyQZIQy1K0bf8WNC0Xc+gXu/BszbQUVPZBwOOfem9zjx5wp7Tgf1sLi0vLKam7NXt/Y3NrO7+w2VZRICg0a8Ui2faKAMwENzTSHdiyBhD6Hlj+6yPzWDUjFInGtxzF0QzIQLGCUaCP18geeDwMmUmpmqIl9iz3PXLYHoj/XevmCU3QMymWcEbfiuIZUq5VSqYrdqeU4BTRHvZd/9/oRTUIQmnKiVMd1Yt1NidSMcpjYXqIgJnREBtAxVJAQVDedrjLBR0bp4yCS5giNp+r3jpSESo1D31SGRA/Vby8T//I6iQ4q3ZSJONEg6OyhIOFYRzjLBfeZBKr52BBCJTN/xXRIJKHapGebEL42xf+TZqnolounVyeF2vk8jhzaR4foGLnoDNXQJaqjBqLoDj2gJ/Rs3VuP1ov1OitdsOY9e+gHrLdPtj+aUA==</latexit>(

Tensor-network, parton construction, entanglement renormalization 
Certain (chiral) non-abelian T.O. in O(1) depth  
Levin-Wen string nets, CFT gapless (critical) state in O(Log L) depth



(2001) Briegel, Raussendorf  
(2005) Raussendorf, Bravyi, Harrington 
(2021) Piroli, Styliaris, Cirac 
(2021) Tantivasadakarn, Thorngren, Vishwanath, Verresen  
(2022) Bravyi, Kim, Kliesch, Koenig  
(2022) Lu, Lessa, Kim, Hsieh arXiv: 2206.13527 (PRX Quantum)

Theory

Adaptive protocols - (partial) literature

Experiment

GHZ state 
Toric code

Non-abelian (solvable group) T.O.

<latexit sha1_base64="AR7JmnR6zZqAQajJ8o/aXRmpfiM=">AAACCnicdVDLSgMxFM34rOOr6tJNtAiuykzR2u6KblxWsA/olJJJ77ShmcyQZIQy1K0bf8WNC0Xc+gXu/BszbQUVPZBwOOfem9zjx5wp7Tgf1sLi0vLKam7NXt/Y3NrO7+w2VZRICg0a8Ui2faKAMwENzTSHdiyBhD6Hlj+6yPzWDUjFInGtxzF0QzIQLGCUaCP18geeDwMmUmpmqIl9iz3PXLYHoj/XevmCU3QMymWcEbfiuIZUq5VSqYrdqeU4BTRHvZd/9/oRTUIQmnKiVMd1Yt1NidSMcpjYXqIgJnREBtAxVJAQVDedrjLBR0bp4yCS5giNp+r3jpSESo1D31SGRA/Vby8T//I6iQ4q3ZSJONEg6OyhIOFYRzjLBfeZBKr52BBCJTN/xXRIJKHapGebEL42xf+TZqnolounVyeF2vk8jhzaR4foGLnoDNXQJaqjBqLoDj2gJ/Rs3VuP1ov1OitdsOY9e+gHrLdPtj+aUA==</latexit>(

Tensor-network, parton construction, entanglement renormalization 
Certain (chiral) non-abelian T.O. in O(1) depth  
Levin-Wen string nets, CFT gapless (critical) state in O(Log L) depth

Toric code
(2023) Quantinuum, Perimeter, UC Davis 
(2023 )Quantinuum, Harvard, Caltech

<latexit sha1_base64="AR7JmnR6zZqAQajJ8o/aXRmpfiM=">AAACCnicdVDLSgMxFM34rOOr6tJNtAiuykzR2u6KblxWsA/olJJJ77ShmcyQZIQy1K0bf8WNC0Xc+gXu/BszbQUVPZBwOOfem9zjx5wp7Tgf1sLi0vLKam7NXt/Y3NrO7+w2VZRICg0a8Ui2faKAMwENzTSHdiyBhD6Hlj+6yPzWDUjFInGtxzF0QzIQLGCUaCP18geeDwMmUmpmqIl9iz3PXLYHoj/XevmCU3QMymWcEbfiuIZUq5VSqYrdqeU4BTRHvZd/9/oRTUIQmnKiVMd1Yt1NidSMcpjYXqIgJnREBtAxVJAQVDedrjLBR0bp4yCS5giNp+r3jpSESo1D31SGRA/Vby8T//I6iQ4q3ZSJONEg6OyhIOFYRzjLBfeZBKr52BBCJTN/xXRIJKHapGebEL42xf+TZqnolounVyeF2vk8jhzaR4foGLnoDNXQJaqjBqLoDj2gJ/Rs3VuP1ov1OitdsOY9e+gHrLdPtj+aUA==</latexit>(

Non-abelian T.O.



Stability of adaptive protocols?

<latexit sha1_base64="N/px9wAcvDCDRyPaZlGnCUpmcGQ=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjgYe5KIAYfArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIEmTUg==</latexit>

| 0i
Measurement

<latexit sha1_base64="Z8rN8QOA8l4OvlEb592F1N/hvJ8=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8Jmu2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC0c3M7zxSqVgiHvQ4pX6MB4JFjGBtpMCuTpCXKha4CHkSiwGngV1z6s4caJW4BalBgWZgf3n9hGQxFZpwrFTPdVLt51hqRjidVrxM0RSTER7QnqECx1T5+fz0KTo1Sh9FiTQlNJqrvydyHCs1jkPTGWM9VMveTPzP62U6uvZzJtJMU0EWi6KMI52gWQ6ozyQlmo8NwUQycysiQywx0SatignBXX55lbTP6+5l/eL+ota4K+IowzGcwBm4cAUNuIUmtIDAEzzDK7xZE+vFerc+Fq0lq5g5gj+wPn8AIdaTUw==</latexit>

| 1i
<latexit sha1_base64="3lKBNt5b70z+/MnWF2iLRYSnBco=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KUoh4LXjxJBfsBbQib7aRdutmE3Y1S0v4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3CxubW9k5xt7S3f3B4ZJeP2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQycY38z9ziNIxWLxoCcJeBEZChYySrSRfLs8xf1EMb+GcV8SMeTg2xWn6iyA14mbkwrK0fTtr/4gpmkEQlNOlOq5TqK9jEjNKIdZqZ8qSAgdkyH0DBUkAuVli9Nn+NwoAxzG0pTQeKH+nshIpNQkCkxnRPRIrXpz8T+vl+rw2suYSFINgi4XhSnHOsbzHPCASaCaTwwhVDJzK6YjIgnVJq2SCcFdfXmdtGtV97Jav69XGnd5HEV0is7QBXLRFWqgW9RELUTRE3pGr+jNmlov1rv1sWwtWPnMCfoD6/MHI2OTVA==</latexit>

| 2i
<latexit sha1_base64="Otetq3qxXWC5C09XsjX0JYTzOCI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JoUY8FL56kgv2AJoTNdtIu3WzC7kYpbX+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZhbX1jc6u4XdrZ3ds/sMuHLZVkkkKTJjyRnZAo4ExAUzPNoZNKIHHIoR0Ob2Z++xGkYol40KMU/Jj0BYsYJdpIgV2eYC9VLLjA2JNE9DkEdsWpOnPgVeLmpIJyNAL7y+slNItBaMqJUl3XSbU/JlIzymFa8jIFKaFD0oeuoYLEoPzx/PQpPjVKD0eJNCU0nqu/J8YkVmoUh6YzJnqglr2Z+J/XzXR07Y+ZSDMNgi4WRRnHOsGzHHCPSaCajwwhVDJzK6YDIgnVJq2SCcFdfnmVtM6r7mW1dl+r1O/yOIroGJ2gM+SiK1RHt6iBmoiiJ/SMXtGbNbFerHfrY9FasPKZI/QH1ucPJPCTVQ==</latexit>

| 3i
<latexit sha1_base64="pf0gaJWBAqe6VhbvmNhElu3D2nA=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIp6rHgxZNUsB/QhLDZTtqlm03Y3Sgl7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPzwpQzpR3n21pb39jc2i7tlHf39g8O7cpRWyWZpNCiCU9kNyQKOBPQ0kxz6KYSSBxy6ISjm5nfeQSpWCIe9DgFPyYDwSJGiTZSYFcm2EsVC+oYe5KIAYfArjo1Zw68StyCVFGBZmB/ef2EZjEITTlRquc6qfZzIjWjHKZlL1OQEjoiA+gZKkgMys/np0/xmVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWmUTgrv88ippX9Tcy1r9vl5t3BVxlNAJOkXnyEVXqIFuURO1EEVP6Bm9ojdrYr1Y79bHonXNKmaO0R9Ynz8mfZNW</latexit>

| 4i

Unitary feedback

<latexit sha1_base64="5ePcRWG76aTAmbF6YnBVah85KmM=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAInsKuBPUY8OJJIuQFSQizk04yZHZ2mekVwxov/ooXD4p49S+8+TdOHgdNLGgoqrrp7gpiKQx63reztLyyurae2chubm3v7Lp7+1UTJZpDhUcy0vWAGZBCQQUFSqjHGlgYSKgFg6uxX7sDbUSkyjiMoRWynhJdwRlaqe0ePtAmwj2mZaZ7gCNKm5qpnoS2m/Py3gR0kfgzkiMzlNruV7MT8SQEhVwyYxq+F2MrZRoFlzDKNhMDMeMD1oOGpYqFYFrp5IMRPbFKh3YjbUshnai/J1IWGjMMA9sZMuybeW8s/uc1EuxetlKh4gRB8emibiIpRnQcB+0IDRzl0BLGtbC3Ut5nmnG0oWVtCP78y4ukepb3z/OF20KueDOLI0OOyDE5JT65IEVyTUqkQjh5JM/klbw5T86L8+58TFuXnNnMAfkD5/MHW7CW4Q==</latexit>

|Targeti

e.g. 1d cluster state

e.g. GHZ state



Stability of adaptive protocols?

Fine-tuning required

Long-range entangled?
<latexit sha1_base64="N/px9wAcvDCDRyPaZlGnCUpmcGQ=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjgYe5KIAYfArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIEmTUg==</latexit>

| 0i
Measurement

<latexit sha1_base64="Z8rN8QOA8l4OvlEb592F1N/hvJ8=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8Jmu2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC0c3M7zxSqVgiHvQ4pX6MB4JFjGBtpMCuTpCXKha4CHkSiwGngV1z6s4caJW4BalBgWZgf3n9hGQxFZpwrFTPdVLt51hqRjidVrxM0RSTER7QnqECx1T5+fz0KTo1Sh9FiTQlNJqrvydyHCs1jkPTGWM9VMveTPzP62U6uvZzJtJMU0EWi6KMI52gWQ6ozyQlmo8NwUQycysiQywx0SatignBXX55lbTP6+5l/eL+ota4K+IowzGcwBm4cAUNuIUmtIDAEzzDK7xZE+vFerc+Fq0lq5g5gj+wPn8AIdaTUw==</latexit>

| 1i
<latexit sha1_base64="3lKBNt5b70z+/MnWF2iLRYSnBco=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KUoh4LXjxJBfsBbQib7aRdutmE3Y1S0v4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3CxubW9k5xt7S3f3B4ZJeP2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQycY38z9ziNIxWLxoCcJeBEZChYySrSRfLs8xf1EMb+GcV8SMeTg2xWn6iyA14mbkwrK0fTtr/4gpmkEQlNOlOq5TqK9jEjNKIdZqZ8qSAgdkyH0DBUkAuVli9Nn+NwoAxzG0pTQeKH+nshIpNQkCkxnRPRIrXpz8T+vl+rw2suYSFINgi4XhSnHOsbzHPCASaCaTwwhVDJzK6YjIgnVJq2SCcFdfXmdtGtV97Jav69XGnd5HEV0is7QBXLRFWqgW9RELUTRE3pGr+jNmlov1rv1sWwtWPnMCfoD6/MHI2OTVA==</latexit>

| 2i
<latexit sha1_base64="Otetq3qxXWC5C09XsjX0JYTzOCI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JoUY8FL56kgv2AJoTNdtIu3WzC7kYpbX+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZhbX1jc6u4XdrZ3ds/sMuHLZVkkkKTJjyRnZAo4ExAUzPNoZNKIHHIoR0Ob2Z++xGkYol40KMU/Jj0BYsYJdpIgV2eYC9VLLjA2JNE9DkEdsWpOnPgVeLmpIJyNAL7y+slNItBaMqJUl3XSbU/JlIzymFa8jIFKaFD0oeuoYLEoPzx/PQpPjVKD0eJNCU0nqu/J8YkVmoUh6YzJnqglr2Z+J/XzXR07Y+ZSDMNgi4WRRnHOsGzHHCPSaCajwwhVDJzK6YDIgnVJq2SCcFdfnmVtM6r7mW1dl+r1O/yOIroGJ2gM+SiK1RHt6iBmoiiJ/SMXtGbNbFerHfrY9FasPKZI/QH1ucPJPCTVQ==</latexit>

| 3i
<latexit sha1_base64="pf0gaJWBAqe6VhbvmNhElu3D2nA=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIp6rHgxZNUsB/QhLDZTtqlm03Y3Sgl7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPzwpQzpR3n21pb39jc2i7tlHf39g8O7cpRWyWZpNCiCU9kNyQKOBPQ0kxz6KYSSBxy6ISjm5nfeQSpWCIe9DgFPyYDwSJGiTZSYFcm2EsVC+oYe5KIAYfArjo1Zw68StyCVFGBZmB/ef2EZjEITTlRquc6qfZzIjWjHKZlL1OQEjoiA+gZKkgMys/np0/xmVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWmUTgrv88ippX9Tcy1r9vl5t3BVxlNAJOkXnyEVXqIFuURO1EEVP6Bm9ojdrYr1Y79bHonXNKmaO0R9Ynz8mfZNW</latexit>

| 4i

Unitary feedback

<latexit sha1_base64="5ePcRWG76aTAmbF6YnBVah85KmM=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAInsKuBPUY8OJJIuQFSQizk04yZHZ2mekVwxov/ooXD4p49S+8+TdOHgdNLGgoqrrp7gpiKQx63reztLyyurae2chubm3v7Lp7+1UTJZpDhUcy0vWAGZBCQQUFSqjHGlgYSKgFg6uxX7sDbUSkyjiMoRWynhJdwRlaqe0ePtAmwj2mZaZ7gCNKm5qpnoS2m/Py3gR0kfgzkiMzlNruV7MT8SQEhVwyYxq+F2MrZRoFlzDKNhMDMeMD1oOGpYqFYFrp5IMRPbFKh3YjbUshnai/J1IWGjMMA9sZMuybeW8s/uc1EuxetlKh4gRB8emibiIpRnQcB+0IDRzl0BLGtbC3Ut5nmnG0oWVtCP78y4ukepb3z/OF20KueDOLI0OOyDE5JT65IEVyTUqkQjh5JM/klbw5T86L8+58TFuXnNnMAfkD5/MHW7CW4Q==</latexit>

|Targeti

e.g. 1d cluster state

e.g. GHZ state

When perturbing initial state,  
pure-state trajectories  
may not converge

Realizing a mixed state
<latexit sha1_base64="fRfzsHACtu5g0/4p4Cfgv9bGS3Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cWTFtoQ9lsN+3SzW7Y3QglFPwHXjwo4tUf5M1/4ybtQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NYyVYT6RHKpuiHWlDNBfcMMp91EURyHnHbCyV3udx6p0kyKBzNNaBDjkWARI9hYye+rsawMqjW37hZAq8RbkBos0BxUv/pDSdKYCkM41rrnuYkJMqwMI5zOKv1U0wSTCR7RnqUCx1QHWXHsDJ1ZZYgiqWwJgwr190SGY62ncWg7Y2zGetnLxf+8Xmqi2yBjIkkNFWS+KEo5MhLln6MhU5QYPrUEE8XsrYiMscLE2HzyELzll1dJ+6LuXdevWpe1RutpHkcZTuAUzsGDG2jAPTTBBwIMnuEV3hzhvDjvzse8teQsIjyGP3A+fwCDJo70</latexit>⇢
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Simple pure states Non-trivial (LRE) mixed states
e.g. short-range entangled Quantum order/criticality   

coexisting with classical fluctuations

arXiv: 2303.15507 (PRX Quantum), Lu, Zhang, Vijay, Hsieh
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O(1)-depth  
channel

Simple pure states Non-trivial (LRE) mixed states
e.g. short-range entangled Quantum order/criticality   

coexisting with classical fluctuations

In contrast
<latexit sha1_base64="ghPZIzd2s8PNBQukCjH+nAEW6M0=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sivpZFN11WsA9oYplMb9qhk0mYmQglduGvuHGhiFt/w51/47TNQlsPXDiccy/33hMknCntON/WwuLS8spqYa24vrG5tW3v7DZUnEoKdRrzWLYCooAzAXXNNIdWIoFEAYdmMLgZ+80HkIrF4k4PE/Aj0hMsZJRoI3XsfU/2Y+wpFmG4z068ADTB1VHHLjllZwI8T9yclFCOWsf+8roxTSMQmnKiVNt1Eu1nRGpGOYyKXqogIXRAetA2VJAIlJ9N7h/hI6N0cRhLU0Ljifp7IiORUsMoMJ0R0X01643F/7x2qsMrP2MiSTUIOl0UphzrGI/DwF0mgWo+NIRQycytmPaJJFSbyIomBHf25XnSOC27F+Xz27NS5TqPo4AO0CE6Ri66RBVURTVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7A+vwB4wiVYw==</latexit>

⇢ ⇠ e��H

Typically short-range entangled  
e.g. 2d toric code, Hastings (2011)

arXiv: 2303.15507 (PRX Quantum), Lu, Zhang, Vijay, Hsieh

This talk



O(1)-depth  
channel

Simple pure states Non-trivial (LRE) mixed states
e.g. short-range entangled Quantum order/criticality   

coexisting with classical fluctuations

Route to non-trivial mixed-state  
phases of matter 
Recent interest:  

(pure) many-body states (e.g. SPT, topological order) 
under decoherence

de Groot, Turzillo, Schuch (2022); Lee, You,  Xu (2022);  
Zhang, Qi, Bi (2022); Ma, Wang (2022); Fan, Bao, Altman, Vishwanath (2023) … 

In contrast
<latexit sha1_base64="ghPZIzd2s8PNBQukCjH+nAEW6M0=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0sivpZFN11WsA9oYplMb9qhk0mYmQglduGvuHGhiFt/w51/47TNQlsPXDiccy/33hMknCntON/WwuLS8spqYa24vrG5tW3v7DZUnEoKdRrzWLYCooAzAXXNNIdWIoFEAYdmMLgZ+80HkIrF4k4PE/Aj0hMsZJRoI3XsfU/2Y+wpFmG4z068ADTB1VHHLjllZwI8T9yclFCOWsf+8roxTSMQmnKiVNt1Eu1nRGpGOYyKXqogIXRAetA2VJAIlJ9N7h/hI6N0cRhLU0Ljifp7IiORUsMoMJ0R0X01643F/7x2qsMrP2MiSTUIOl0UphzrGI/DwF0mgWo+NIRQycytmPaJJFSbyIomBHf25XnSOC27F+Xz27NS5TqPo4AO0CE6Ri66RBVURTVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7A+vwB4wiVYw==</latexit>

⇢ ⇠ e��H

Typically short-range entangled  
e.g. 2d toric code, Hastings (2011)

This talk
arXiv: 2303.15507 (PRX Quantum), Lu, Zhang, Vijay, Hsieh
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e.g. short-range entangled Quantum order/criticality   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Z2 long-range  
(topological) order 

Z2 x Z2 SPT order 
(symmetry-protected topological)  

Inspired by Briegel, Raussendorf (2001);  
Tantivasadakarn, Thorngren, Vishwanath, Verresen (2021)

Gapped (pure) state Quantum critical mixed states
(Chern insulators)

O(1)-depth  
channel

Simple pure states Non-trivial (LRE) mixed states
e.g. short-range entangled Quantum order/criticality   

coexisting with classical fluctuations

Emergence of order/criticality is a universal property of the input phase 
            hence demonstrating robustness  

This talk
arXiv: 2303.15507 (PRX Quantum), Lu, Zhang, Vijay, Hsieh
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Product statesG - SPT 
(Symmetry Protected Topological)

constant-depth 
 

 unitary circuit

Only when the gates breaks G symmetry



Application with SPT

Product statesG - SPT 
(Symmetry Protected Topological)

constant-depth 
 

 unitary circuit

Only when the gates breaks G symmetry

G = Z2 x Z2
<latexit sha1_base64="/5LXDameBJpcfaSU3evPoKMR4rs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD7Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5XEU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfvIY2e</latexit>a1

<latexit sha1_base64="rr/0EWqi7upjdGbLcoogMCr33Ms=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL56koq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvp75j0+oNI/lg5kk6Ed0KHnIGTVWug/6tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGbR5HEU7gFM7Bg0towA00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8A8iuNoA==</latexit>

b2
<latexit sha1_base64="XtEBdBA5kuHG3/Tmb9385o4+tKE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL56koq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvp75j0+oNI/lg5kk6Ed0KHnIGTVWuqf9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2repdVOt39UrjNo+jCCdwCufgwSU04Aaa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/wpY2f</latexit>a2

<latexit sha1_base64="jiQLs9p2R2CpcnOkDWAJZCJYySE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF09S0X5AG8pku2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TRVmTxiJWnQA1E1yypuFGsE6iGEaBYO1gfD3z249MaR7LBzNJmB/hUPKQUzRWusf+eb9ccavuHOQv8XJSgRyNfvmzN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5scqAhLGyJQ2Zqz8nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLf0nrrOpdVGt3tUr9No+jCEdwDKfgwSXU4QYa0AQKQ3iCF3h1hPPsvDnvi9aCk88cwi84H9/yKY2g</latexit>a3
<latexit sha1_base64="8Enu+mwXB+B+i25e+1XGWpRDhC8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD7Rf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/y+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/zrY2h</latexit>a4

<latexit sha1_base64="rOPSjB3NyNZpQ0EUqmpySejRiHk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD0Hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/y+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/wp42f</latexit>

b1
<latexit sha1_base64="Vw6+0g6BPIM5vNi7KhhlWNX+tI0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+6B/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdW7qNbuapX6bR5HEY7gGE7Bg0uoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4B86+NoQ==</latexit>

b3
<latexit sha1_base64="3rHIVzJpew/Roc3fHZ0q7vZ101s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD0G/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfUuq7X7WqV+l8dRhBM4hXPw4ArqcAsNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/1M42i</latexit>

b4
<latexit sha1_base64="59URIYnkbFXWS0931JUW21Z3P0o=">AAACM3icbVBNS8MwGE7n15xfVY9egkMQdKOVoR4HXsSDTHAfuJWSZtkWlrQlSYVR+p+8+Ec8COJBEa/+B9Ouh7n5QsiT53le3ryPFzIqlWW9GYWl5ZXVteJ6aWNza3vH3N1rySASmDRxwALR8ZAkjPqkqahipBMKgrjHSNsbX6V6+5EISQP/Xk1C4nA09OmAYqQ05Zo3lZ6MuBvT5MGN0SlNYMeNvfSevk9smMBZj9YqduZCuUsz2gOha5atqpUVXAR2Dsogr4ZrvvT6AY448RVmSMqubYXKiZFQFDOSlHqRJCHCYzQkXQ19xIl04mznBB5ppg8HgdDHVzBjZztixKWccE87OVIjOa+l5H9aN1KDSyemfhgp4uPpoEHEoApgGiDsU0GwYhMNEBZU/xXiERIIKx1zSYdgz6+8CFpnVfu8Wrurleu3eRxFcAAOwTGwwQWog2vQAE2AwRN4BR/g03g23o0v43tqLRh5zz74U8bPLyQdqMM=</latexit>
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i

Za,iXb,iZa,i+1 �
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Zb,i�1Xa,iZb,i Symmetry
<latexit sha1_base64="PTTy02kDE6PNHlz7WBGKd6uq3Ww=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICWRoh4LXjxJBfsBbQibzbZdutmE3Y1SYn+KFw+KePWXePPfuGlz0NYHA4/3ZpiZFyScKe0439bK6tr6xmZpq7y9s7u3b1cO2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxte533mgUrFY3OtJQr0IDwUbMIK1kXy70k9kHPoMdf0Mn7EpKvt21ak5M6Bl4hakCgWavv3VD2OSRlRowrFSPddJtJdhqRnhdFrup4ommIzxkPYMFTiiystmp0/RiVFCNIilKaHRTP09keFIqUkUmM4I65Fa9HLxP6+X6sGVlzGRpJoKMl80SDnSMcpzQCGTlGg+MQQTycytiIywxESbtPIQ3MWXl0n7vOZe1Op39WrjtoijBEdwDKfgwiU04Aaa0AICj/AMr/BmPVkv1rv1MW9dsYqZQ/gD6/MH9R6TMg==</latexit>Y

i

Xa,i

<latexit sha1_base64="fQMn9PPtMs9jZ+yNXGS/j8bGPBU=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICWRoh4LXjxJBfsBbQibzbZdutmE3Y1SYn+KFw+KePWXePPfuGlz0NYHA4/3ZpiZFyScKe0439bK6tr6xmZpq7y9s7u3b1cO2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxte533mgUrFY3OtJQr0IDwUbMIK1kXy70k9kHPoMdf0sOGNTVPbtqlNzZkDLxC1IFQo0ffurH8YkjajQhGOleq6TaC/DUjPC6bTcTxVNMBnjIe0ZKnBElZfNTp+iE6OEaBBLU0Kjmfp7IsORUpMoMJ0R1iO16OXif14v1YMrL2MiSTUVZL5okHKkY5TngEImKdF8YggmkplbERlhiYk2aeUhuIsvL5P2ec29qNXv6tXGbRFHCY7gGE7BhUtowA00oQUEHuEZXuHNerJerHfrY966YhUzh/AH1ucP9qeTMw==</latexit>Y

i

Xb,i

Cluster-state SPT



Application with SPT

Product statesG - SPT 
(Symmetry Protected Topological)

constant-depth 
 

 unitary circuit

Only when the gates breaks G symmetry

G = Z2 x Z2
<latexit sha1_base64="/5LXDameBJpcfaSU3evPoKMR4rs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD7Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5XEU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfvIY2e</latexit>a1

<latexit sha1_base64="rr/0EWqi7upjdGbLcoogMCr33Ms=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL56koq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvp75j0+oNI/lg5kk6Ed0KHnIGTVWug/6tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGbR5HEU7gFM7Bg0towA00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8A8iuNoA==</latexit>

b2
<latexit sha1_base64="XtEBdBA5kuHG3/Tmb9385o4+tKE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL56koq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvp75j0+oNI/lg5kk6Ed0KHnIGTVWuqf9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2repdVOt39UrjNo+jCCdwCufgwSU04Aaa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/wpY2f</latexit>a2

<latexit sha1_base64="jiQLs9p2R2CpcnOkDWAJZCJYySE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF09S0X5AG8pku2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TRVmTxiJWnQA1E1yypuFGsE6iGEaBYO1gfD3z249MaR7LBzNJmB/hUPKQUzRWusf+eb9ccavuHOQv8XJSgRyNfvmzN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5scqAhLGyJQ2Zqz8nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLf0nrrOpdVGt3tUr9No+jCEdwDKfgwSXU4QYa0AQKQ3iCF3h1hPPsvDnvi9aCk88cwi84H9/yKY2g</latexit>a3
<latexit sha1_base64="8Enu+mwXB+B+i25e+1XGWpRDhC8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD7Rf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/y+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/zrY2h</latexit>a4

<latexit sha1_base64="rOPSjB3NyNZpQ0EUqmpySejRiHk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD0Hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/y+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/wp42f</latexit>

b1
<latexit sha1_base64="Vw6+0g6BPIM5vNi7KhhlWNX+tI0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+6B/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdW7qNbuapX6bR5HEY7gGE7Bg0uoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4B86+NoQ==</latexit>

b3
<latexit sha1_base64="3rHIVzJpew/Roc3fHZ0q7vZ101s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD0G/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfUuq7X7WqV+l8dRhBM4hXPw4ArqcAsNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/1M42i</latexit>

b4
<latexit sha1_base64="59URIYnkbFXWS0931JUW21Z3P0o=">AAACM3icbVBNS8MwGE7n15xfVY9egkMQdKOVoR4HXsSDTHAfuJWSZtkWlrQlSYVR+p+8+Ec8COJBEa/+B9Ouh7n5QsiT53le3ryPFzIqlWW9GYWl5ZXVteJ6aWNza3vH3N1rySASmDRxwALR8ZAkjPqkqahipBMKgrjHSNsbX6V6+5EISQP/Xk1C4nA09OmAYqQ05Zo3lZ6MuBvT5MGN0SlNYMeNvfSevk9smMBZj9YqduZCuUsz2gOha5atqpUVXAR2Dsogr4ZrvvT6AY448RVmSMqubYXKiZFQFDOSlHqRJCHCYzQkXQ19xIl04mznBB5ppg8HgdDHVzBjZztixKWccE87OVIjOa+l5H9aN1KDSyemfhgp4uPpoEHEoApgGiDsU0GwYhMNEBZU/xXiERIIKx1zSYdgz6+8CFpnVfu8Wrurleu3eRxFcAAOwTGwwQWog2vQAE2AwRN4BR/g03g23o0v43tqLRh5zz74U8bPLyQdqMM=</latexit>

�
X

i

Za,iXb,iZa,i+1 �
X

i

Zb,i�1Xa,iZb,i Symmetry
<latexit sha1_base64="PTTy02kDE6PNHlz7WBGKd6uq3Ww=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICWRoh4LXjxJBfsBbQibzbZdutmE3Y1SYn+KFw+KePWXePPfuGlz0NYHA4/3ZpiZFyScKe0439bK6tr6xmZpq7y9s7u3b1cO2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxte533mgUrFY3OtJQr0IDwUbMIK1kXy70k9kHPoMdf0Mn7EpKvt21ak5M6Bl4hakCgWavv3VD2OSRlRowrFSPddJtJdhqRnhdFrup4ommIzxkPYMFTiiystmp0/RiVFCNIilKaHRTP09keFIqUkUmM4I65Fa9HLxP6+X6sGVlzGRpJoKMl80SDnSMcpzQCGTlGg+MQQTycytiIywxESbtPIQ3MWXl0n7vOZe1Op39WrjtoijBEdwDKfgwiU04Aaa0AICj/AMr/BmPVkv1rv1MW9dsYqZQ/gD6/MH9R6TMg==</latexit>Y

i

Xa,i

<latexit sha1_base64="fQMn9PPtMs9jZ+yNXGS/j8bGPBU=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICWRoh4LXjxJBfsBbQibzbZdutmE3Y1SYn+KFw+KePWXePPfuGlz0NYHA4/3ZpiZFyScKe0439bK6tr6xmZpq7y9s7u3b1cO2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxte533mgUrFY3OtJQr0IDwUbMIK1kXy70k9kHPoMdf0sOGNTVPbtqlNzZkDLxC1IFQo0ffurH8YkjajQhGOleq6TaC/DUjPC6bTcTxVNMBnjIe0ZKnBElZfNTp+iE6OEaBBLU0Kjmfp7IsORUpMoMJ0R1iO16OXif14v1YMrL2MiSTUVZL5okHKkY5TngEImKdF8YggmkplbERlhiYk2aeUhuIsvL5P2ec29qNXv6tXGbRFHCY7gGE7BhUtowA00oQUEHuEZXuHNerJerHfrY966YhUzh/AH1ucP9qeTMw==</latexit>Y

i

Xb,i

Cluster-state SPT

Long-range string order

<latexit sha1_base64="hm+9p/UPsqKI4/wEl+QNwL6/pwY="></latexit>

hZb,i

 
jY

k=i+1

Xa,k

!
Zb,ji = 1

See e.g. Pollmann,Turner (2012)



Application with SPT

Product statesG - SPT 
(Symmetry Protected Topological)

constant-depth 
 

 unitary circuit

Only when the gates breaks G symmetry

G = Z2 x Z2
<latexit sha1_base64="/5LXDameBJpcfaSU3evPoKMR4rs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD7Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL3Lau2+Vqnf5XEU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfvIY2e</latexit>a1

<latexit sha1_base64="rr/0EWqi7upjdGbLcoogMCr33Ms=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL56koq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvp75j0+oNI/lg5kk6Ed0KHnIGTVWug/6tX654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtW7qNbv6pXGbR5HEU7gFM7Bg0towA00oQUMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8A8iuNoA==</latexit>

b2
<latexit sha1_base64="XtEBdBA5kuHG3/Tmb9385o4+tKE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL56koq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvp75j0+oNI/lg5kk6Ed0KHnIGTVWuqf9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2repdVOt39UrjNo+jCCdwCufgwSU04Aaa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/wpY2f</latexit>a2

<latexit sha1_base64="jiQLs9p2R2CpcnOkDWAJZCJYySE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF09S0X5AG8pku2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TRVmTxiJWnQA1E1yypuFGsE6iGEaBYO1gfD3z249MaR7LBzNJmB/hUPKQUzRWusf+eb9ccavuHOQv8XJSgRyNfvmzN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5scqAhLGyJQ2Zqz8nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLf0nrrOpdVGt3tUr9No+jCEdwDKfgwSXU4QYa0AQKQ3iCF3h1hPPsvDnvi9aCk88cwi84H9/yKY2g</latexit>a3
<latexit sha1_base64="8Enu+mwXB+B+i25e+1XGWpRDhC8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD7Rf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/y+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/zrY2h</latexit>a4

<latexit sha1_base64="rOPSjB3NyNZpQ0EUqmpySejRiHk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD0Hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHqX1dp9rVK/y+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/wp42f</latexit>

b1
<latexit sha1_base64="Vw6+0g6BPIM5vNi7KhhlWNX+tI0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81g+mEmCfkSHkoecUWOl+6B/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdW7qNbuapX6bR5HEY7gGE7Bg0uoww00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4B86+NoQ==</latexit>

b3
<latexit sha1_base64="3rHIVzJpew/Roc3fHZ0q7vZ101s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD0G/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfUuq7X7WqV+l8dRhBM4hXPw4ArqcAsNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/1M42i</latexit>

b4
<latexit sha1_base64="59URIYnkbFXWS0931JUW21Z3P0o=">AAACM3icbVBNS8MwGE7n15xfVY9egkMQdKOVoR4HXsSDTHAfuJWSZtkWlrQlSYVR+p+8+Ec8COJBEa/+B9Ouh7n5QsiT53le3ryPFzIqlWW9GYWl5ZXVteJ6aWNza3vH3N1rySASmDRxwALR8ZAkjPqkqahipBMKgrjHSNsbX6V6+5EISQP/Xk1C4nA09OmAYqQ05Zo3lZ6MuBvT5MGN0SlNYMeNvfSevk9smMBZj9YqduZCuUsz2gOha5atqpUVXAR2Dsogr4ZrvvT6AY448RVmSMqubYXKiZFQFDOSlHqRJCHCYzQkXQ19xIl04mznBB5ppg8HgdDHVzBjZztixKWccE87OVIjOa+l5H9aN1KDSyemfhgp4uPpoEHEoApgGiDsU0GwYhMNEBZU/xXiERIIKx1zSYdgz6+8CFpnVfu8Wrurleu3eRxFcAAOwTGwwQWog2vQAE2AwRN4BR/g03g23o0v43tqLRh5zz74U8bPLyQdqMM=</latexit>

�
X

i

Za,iXb,iZa,i+1 �
X

i

Zb,i�1Xa,iZb,i Symmetry
<latexit sha1_base64="PTTy02kDE6PNHlz7WBGKd6uq3Ww=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICWRoh4LXjxJBfsBbQibzbZdutmE3Y1SYn+KFw+KePWXePPfuGlz0NYHA4/3ZpiZFyScKe0439bK6tr6xmZpq7y9s7u3b1cO2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxte533mgUrFY3OtJQr0IDwUbMIK1kXy70k9kHPoMdf0Mn7EpKvt21ak5M6Bl4hakCgWavv3VD2OSRlRowrFSPddJtJdhqRnhdFrup4ommIzxkPYMFTiiystmp0/RiVFCNIilKaHRTP09keFIqUkUmM4I65Fa9HLxP6+X6sGVlzGRpJoKMl80SDnSMcpzQCGTlGg+MQQTycytiIywxESbtPIQ3MWXl0n7vOZe1Op39WrjtoijBEdwDKfgwiU04Aaa0AICj/AMr/BmPVkv1rv1MW9dsYqZQ/gD6/MH9R6TMg==</latexit>Y

i

Xa,i

<latexit sha1_base64="fQMn9PPtMs9jZ+yNXGS/j8bGPBU=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICWRoh4LXjxJBfsBbQibzbZdutmE3Y1SYn+KFw+KePWXePPfuGlz0NYHA4/3ZpiZFyScKe0439bK6tr6xmZpq7y9s7u3b1cO2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxte533mgUrFY3OtJQr0IDwUbMIK1kXy70k9kHPoMdf0sOGNTVPbtqlNzZkDLxC1IFQo0ffurH8YkjajQhGOleq6TaC/DUjPC6bTcTxVNMBnjIe0ZKnBElZfNTp+iE6OEaBBLU0Kjmfp7IsORUpMoMJ0R1iO16OXif14v1YMrL2MiSTUVZL5okHKkY5TngEImKdF8YggmkplbERlhiYk2aeUhuIsvL5P2ec29qNXv6tXGbRFHCY7gGE7BhUtowA00oQUEHuEZXuHNerJerHfrY966YhUzh/AH1ucP9qeTMw==</latexit>Y

i

Xb,i

Cluster-state SPT

<latexit sha1_base64="G28BecU2iaXFYX0PK/3+pWxE/BI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY8FL560gv2AdlmyabYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKhzdTvzWiSrNYPppxQn2B+5JFjGBjJf+8j7o6FQFD9wELSmW34s6AlomXkzLkqAelr24vJqmg0hCOte54bmL8DCvDCKeTYjfVNMFkiPu0Y6nEgmo/mx09QadW6aEoVrakQTP190SGhdZjEdpOgc1AL3pT8T+vk5ro2s+YTFJDJZkvilKOTIymCaAeU5QYPrYEE8XsrYgMsMLE2JyKNgRv8eVl0ryoeJeV6kO1XLvL4yjAMZzAGXhwBTW4hTo0gMATPMMrvDkj58V5dz7mrStOPnMEf+B8/gCzWZF1</latexit>

�g

X

i

Oi Long-range string order

<latexit sha1_base64="G2DenAPYfORXWiv9GOQsCpHKTgM="></latexit>

hZb,i

 
jY

k=i+1

Xa,k

!
Zb,ji = c = O(1)

See e.g. Pollmann,Turner (2012)



Long-range string order

<latexit sha1_base64="4DvBH+MpsngCUN3QvkKvMEPfD4c="></latexit>

hZb,i

 
jY

k=i+1

Xa,k

!
Zb,ji = c = O(1) > 0

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="n72ejYft3WMzuzVzmWcn0i8ja1k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF08SwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2Dqp2dVD1bvulSt+1Z8BLZMgJxXIUe+Vv7p9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNrt2gk6c0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUAlF0Kw+PIyaZ5Vg4vq+f15pXaXx1GEIziGUwjgEmpwC3VoAIFHeIZXePOU9+K9ex/z1oKXzxzCH3ifP2fIjxE=</latexit>⇢B
<latexit sha1_base64="qXUuF0POFVY84rD5eaqo6QVhuh8=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhzCBBmtDPWiDLx40gnuBddS0izd4tK0JKkwyr6GF7+KFw+KeNST38Zs7UE3H0j48f8/D8nz92NGpbKsb2NufmFxabmwUlxdW9/YNLe2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyBxdjv/VAhKQRv1XDmLgh6nEaUIyUljzTchjiPUbgnZf6h3QEM7jX4IjMOYMY6uu6bB/Ac8szS1bFmhScBTuHEsir7pmfTjfCSUi4wgxJ2bGtWLkpEopiRkZFJ5EkRniAeqSjkaOQSDedbDaC+1rpwiAS+nAFJ+rviRSFUg5DX3eGSPXltDcW//M6iQpO3ZTyOFGE4+yhIGFQRXAcE+xSQbBiQw0IC6r/CnEfCYSVDrOoQ7CnV56F5lHFPq5Ub6ql2lUeRwHsgj1QBjY4ATVwCeqgATB4BM/gFbwZT8aL8W58ZK1zRj6zA/6U8fUD4fmdEQ==</latexit>

hZb,iZb,ji = c = O(1) > 0
<latexit sha1_base64="UMXp8lRJabyW6M2KiKmt9QnT7tw=">AAACDHicbVDLSsNAFJ34rPVVdelmsAgupCRS1I1QcONKKtgHNCFMJjft0MkkzEyEEvoBbvwVNy4UcesHuPNvnLZZaOuBgcM553LnniDlTGnb/raWlldW19ZLG+XNre2d3creflslmaTQoglPZDcgCjgT0NJMc+imEkgccOgEw+uJ33kAqVgi7vUoBS8mfcEiRok2kl+pupyIPgfspjIJfYa7fh6csrErZzK+crBJ2TV7CrxInIJUUYGmX/lyw4RmMQhNOVGq59ip9nIiNaMcxmU3U5ASOiR96BkqSAzKy6fHjPGxUUIcJdI8ofFU/T2Rk1ipURyYZEz0QM17E/E/r5fp6NLLmUgzDYLOFkUZxzrBk2ZwyCRQzUeGECqZ+SumAyIJ1aa/sinBmT95kbTPas55rX5XrzZuizpK6BAdoRPkoAvUQDeoiVqIokf0jF7Rm/VkvVjv1scsumQVMwfoD6zPH/U2mk8=</latexit>

h
Y

i

Xb,ii = 1
(GHZ-like) mixed state

SPT 

,

Application with SPT

e.g. GHZ state 
<latexit sha1_base64="ImGF0o3gx0I03f09V6KZSgYg59c=">AAACDnicbVDLSgMxFM3UV62vUZdugqUgCEMivpYFN66kgn1AO5RMmmlDM5khyQil7Re48VfcuFDErWt3/o1pO4vaeuDC4Zx7ufeeIBFcG4R+nNzK6tr6Rn6zsLW9s7vn7h/UdJwqyqo0FrFqBEQzwSWrGm4EaySKkSgQrB70byZ+/ZEpzWP5YAYJ8yPSlTzklBgrtd3SCCKEPM+DLUVkVzB4CkcQYzwvwbZbRB6aAi4TnJEiyFBpu9+tTkzTiElDBdG6iVFi/CFRhlPBxoVWqllCaJ90WdNSSSKm/eH0nTEsWaUDw1jZkgZO1fmJIYm0HkSB7YyI6elFbyL+5zVTE177Qy6T1DBJZ4vCVEATw0k2sMMVo0YMLCFUcXsrpD2iCDU2wYINAS++vExqZx6+9C7uz4vluyyOPDgCx+AEYHAFyuAWVEAVUPAEXsAbeHeenVfnw/mcteacbOYQ/IHz9QvFQ5g3</latexit>

|000...i+ |111...i
<latexit sha1_base64="sS3EVyY31tnj2iXka/kMVMHmO18=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OJJIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxesBxwv2IDpQIBaNopXt25fXKFbfqzkD+Ei8nFchR75U/u/2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342O3VCjqzSJ2GsbSkkM/XnREYjY8ZRYDsjikOz6E3F/7xOiuGlnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2+/Jc0T6reefXs7rRSu83jKMIBHMIxeHABNbiBOjSAwQCe4AVeHek8O2/O+7y14OQz+/ALzsc3vtWNfw==</latexit>

c = 1



Long-range string order

<latexit sha1_base64="4DvBH+MpsngCUN3QvkKvMEPfD4c="></latexit>

hZb,i

 
jY

k=i+1

Xa,k

!
Zb,ji = c = O(1) > 0

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="n72ejYft3WMzuzVzmWcn0i8ja1k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF08SwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2Dqp2dVD1bvulSt+1Z8BLZMgJxXIUe+Vv7p9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNrt2gk6c0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUAlF0Kw+PIyaZ5Vg4vq+f15pXaXx1GEIziGUwjgEmpwC3VoAIFHeIZXePOU9+K9ex/z1oKXzxzCH3ifP2fIjxE=</latexit>⇢B
<latexit sha1_base64="qXUuF0POFVY84rD5eaqo6QVhuh8=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhzCBBmtDPWiDLx40gnuBddS0izd4tK0JKkwyr6GF7+KFw+KeNST38Zs7UE3H0j48f8/D8nz92NGpbKsb2NufmFxabmwUlxdW9/YNLe2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyBxdjv/VAhKQRv1XDmLgh6nEaUIyUljzTchjiPUbgnZf6h3QEM7jX4IjMOYMY6uu6bB/Ac8szS1bFmhScBTuHEsir7pmfTjfCSUi4wgxJ2bGtWLkpEopiRkZFJ5EkRniAeqSjkaOQSDedbDaC+1rpwiAS+nAFJ+rviRSFUg5DX3eGSPXltDcW//M6iQpO3ZTyOFGE4+yhIGFQRXAcE+xSQbBiQw0IC6r/CnEfCYSVDrOoQ7CnV56F5lHFPq5Ub6ql2lUeRwHsgj1QBjY4ATVwCeqgATB4BM/gFbwZT8aL8W58ZK1zRj6zA/6U8fUD4fmdEQ==</latexit>

hZb,iZb,ji = c = O(1) > 0
<latexit sha1_base64="UMXp8lRJabyW6M2KiKmt9QnT7tw=">AAACDHicbVDLSsNAFJ34rPVVdelmsAgupCRS1I1QcONKKtgHNCFMJjft0MkkzEyEEvoBbvwVNy4UcesHuPNvnLZZaOuBgcM553LnniDlTGnb/raWlldW19ZLG+XNre2d3creflslmaTQoglPZDcgCjgT0NJMc+imEkgccOgEw+uJ33kAqVgi7vUoBS8mfcEiRok2kl+pupyIPgfspjIJfYa7fh6csrErZzK+crBJ2TV7CrxInIJUUYGmX/lyw4RmMQhNOVGq59ip9nIiNaMcxmU3U5ASOiR96BkqSAzKy6fHjPGxUUIcJdI8ofFU/T2Rk1ipURyYZEz0QM17E/E/r5fp6NLLmUgzDYLOFkUZxzrBk2ZwyCRQzUeGECqZ+SumAyIJ1aa/sinBmT95kbTPas55rX5XrzZuizpK6BAdoRPkoAvUQDeoiVqIokf0jF7Rm/VkvVjv1scsumQVMwfoD6zPH/U2mk8=</latexit>

h
Y

i

Xb,ii = 1
(GHZ-like) mixed state

SPT 

,

is connected to 
using local unitary in constant time 

<latexit sha1_base64="iTkDCx98gHpLt0ZpqYzICkL61u8=">AAACEHicfZDLSsNAFIZP6q3WW9Slm8EiugqJFHVZcONKKtgLtKFMppN26GQSZiZKCX0EN76KGxeKuHXpzrdx2mahrfjDwMd/zuHM+YOEM6Vd98sqLC2vrK4V10sbm1vbO/buXkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bwfByUm/eUalYLG71KKF+hPuChYxgbayufdxJEyxlfI/+AcdxunbZddyp0CJ4OZQhV61rf3Z6MUkjKjThWKm25ybaz7DUjHA6LnVSRRNMhrhP2wYFjqjys+lBY3RknB4KY2me0Gjq/pzIcKTUKApMZ4T1QM3XJuZftXaqwws/YyJJNRVktihMOdIxmqSDekxSovnIACaSmb8iMsASE20yLJkQvPmTF6Fx6nhnTuWmUq5e53EU4QAO4QQ8OIcqXEEN6kDgAZ7gBV6tR+vZerPeZ60FK5/Zh1+yPr4Bqz+dAA==</latexit>

"""" ...
<latexit sha1_base64="s68IvWfzW7hocz2YXlEPp7HQWow=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjQT0GRPAkcckCSQg9nUrSpKdn6K4RwxjwV7x4UMSr3+HNv7GzHDTxQcHjvSqq6vmRFAZd99tJLSwuLa+kVzNr6xubW9ntnYoJY82hzEMZ6prPDEihoIwCJdQiDSzwJVT9/vnIr96DNiJUdziIoBmwrhIdwRlaqZXde2wgPGBye3MxbKmGZqorgbayOTfvjkHniTclOTJFqZX9arRDHgegkEtmTN1zI2wmTKPgEoaZRmwgYrzPulC3VLEATDMZnz+kh1Zp006obSmkY/X3RMICYwaBbzsDhj0z643E/7x6jJ2zZiJUFCMoPlnUiSXFkI6yoG2hgaMcWMK4FvZWyntMM442sYwNwZt9eZ5UjvPeSb5wXcgVr6ZxpMk+OSBHxCOnpEguSYmUCScJeSav5M15cl6cd+dj0ppypjO75A+czx9sZ5XT</latexit>

|SREni⇢B 6=
X

n

pn|SREnihSREn|

Precise meaning of non-trivial (LRE) mixed state

Application with SPT

Hastings, PRL (2011)



Depth-2 protocol

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="q5bsimQUc9VsVSV6cmA7Z/DEGbc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDU0NZbQQ8eK9gPaEPZbDft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXpBwprTjfFgrq2vrG5uFreL2zu7efungsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHKV+517KhWLxZ2eJtSP8EiwkBGsjdRJB1lw7s4GpbJjX9arFa+KHNtxam7FzUml5l14yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m5M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hc0ZJISzaeGYCKZuRWRMZaYaJNQ0YTw9Sn6n7Qrtlu1vVuv3LhexlGAYziBM3ChBg24gSa0gMAEHuAJnq3EerRerNdF64q1nDmCH7DePgFUkY+Y</latexit>ub,1
<latexit sha1_base64="bpZBGW6REUUcv2KvNx9WEoX7yNo=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDE0NZbQQ8eK9gPaEPZbLft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXphwprTjfFgrq2vrG5uFreL2zu7efungsKXiVBLaJDGPZSfEinImaFMzzWknkRRHIaftcHKV++17KhWLxZ2eJjSI8EiwISNYG6md9rPw3Jv1S2XHvqxVPL+CHNtxqq7n5sSr+hc+co2SowxLNPql994gJmlEhSYcK9V1nUQHGZaaEU5nxV6qaILJBI9o11CBI6qCbH7uDJ0aZYCGsTQlNJqr3ycyHCk1jULTGWE9Vr+9XPzL66Z6WAsyJpJUU0EWi4YpRzpG+e9owCQlmk8NwUQycysiYywx0Sahognh61P0P2l5tlux/Vu/XL9exlGAYziBM3ChCnW4gQY0gcAEHuAJnq3EerRerNdF64q1nDmCH7DePgFWFo+Z</latexit>ub,2

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="rxbL0xImFb4UQEci0xnb7xu5BDo=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgQkKShrbuCrpwWcE+oA1lMp20QycPZiZCCf0INy4Ucev3uPNvnLQVVPTAhcM593LvPX7CmVSW9WEU1tY3NreK26Wd3b39g/LhUUfGqSC0TWIei56PJeUsom3FFKe9RFAc+px2/elV7nfvqZAsju7ULKFeiMcRCxjBSkvddJj5F9X5sFyxzMtGzXFryDItq247dk6cult1ka2VHBVYoTUsvw9GMUlDGinCsZR920qUl2GhGOF0XhqkkiaYTPGY9jWNcEilly3OnaMzrYxQEAtdkUIL9ftEhkMpZ6GvO0OsJvK3l4t/ef1UBQ0vY1GSKhqR5aIg5UjFKP8djZigRPGZJpgIpm9FZIIFJkonVNIhfH2K/icdx7RrpnvrVprXqziKcAKncA421KEJN9CCNhCYwgM8wbORGI/Gi/G6bC0Yq5lj+AHj7RNXm4+a</latexit>ub,3

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="SWjsYCur/pChMwn74WE8gyqAERc=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPoTuELLeAHjxGMAskQ+jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmZ+954rLaLw1sxi7gZ0HApfMGqs1BtQGU/okAwLRVzCGBNCUEZIrYotaTTqZVJHJLMsirBCa1h4H4wilgQ8NExSrfsEx8ZNqTKCST7PDxLNY8qmdMz7loY04NpNF/fO0blVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8upuKME4MD9lykZ9IZCKUPY9GQnFm5MwSypSwtyI2oYoyYyPK2xC+PkX/k065RKqlyk2l2LxaxZGDUziDCyBQgyZcQwvawEDCAzzBs3PnPDovzuuydc1ZzZzADzhvnwVej/0=</latexit>↵1

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="OTumwF8godv2Cinn4UIQPzySogI=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPoTuELLeAHjxGMAskQ6jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQhpAPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeaC5FCFvG2Ek78WKQ+BJ3vWml5nfvedKiyi8NbOYuwGMQ+ELBsZKvQHIeALD8rBQJCVCCKUUZ4TWqsSSRqNepnVMM8uiiFZoDQvvg1HEkoCHhknQuk9JbNwUlBFM8nl+kGgeA5vCmPctDSHg2k0X987xuVVG2I+UrdDghfp9IoVA61ng2c4AzET/9jLxL6+fGL/upiKME8NDtlzkJxKbCGfP45FQnBk5swSYEvZWzCaggBkbUd6G8PUp/p90yiVaLVVuKsXm1SqOHDpFZ+gCUVRDTXSNWqiNGJLoAT2hZ+fOeXRenNdl65qzmjlBP+C8fQIG4o/+</latexit>↵2

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="WsBDwvaDdWdqN0TLg15pZQmHTOs=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKezEkMctoAePEcwDkiXMTibJkNnZdWZWCEt+wosHRbz6O978G2eTCCpa0FBUddPd5UeCa+O6H05mbX1jcyu7ndvZ3ds/yB8etXUYK8paNBSh6vpEM8ElaxluBOtGipHAF6zjTy9Tv3PPlOahvDWziHkBGUs+4pQYK3X7REQTMrgY5Atu0XVdjDFKCa5WXEvq9VoJ1xBOLYsCrNAc5N/7w5DGAZOGCqJ1D7uR8RKiDKeCzXP9WLOI0CkZs56lkgRMe8ni3jk6s8oQjUJlSxq0UL9PJCTQehb4tjMgZqJ/e6n4l9eLzajmJVxGsWGSLheNYoFMiNLn0ZArRo2YWUKo4vZWRCdEEWpsRDkbwten6H/SLhVxpVi+KRcaV6s4snACp3AOGKrQgGtoQgsoCHiAJ3h27pxH58V5XbZmnNXMMfyA8/YJCGaP/w==</latexit>↵3

<latexit sha1_base64="wKB75zTMQEqRy9nnOEtI/XyQFvM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkkpfewKunBZwT6gM5RMmmlDM5kxyRTK0O9w40IRt36MO//GTFtBRQ9cOJxzL/fe48eCa4PQh5Pb2Nza3snvFvb2Dw6PiscnXR0lirIOjUSk+j7RTHDJOoYbwfqxYiT0Bev506vM782Y0jySd2YeMy8kY8kDTomxkuemLhHxhAw5dBfDYgmVEUIYY5gRXK8hS5rNRgU3IM4sixJYoz0svrujiCYhk4YKovUAo9h4KVGGU8EWBTfRLCZ0SsZsYKkkIdNeujx6AS+sMoJBpGxJA5fq94mUhFrPQ992hsRM9G8vE//yBokJGl7KZZwYJulqUZAIaCKYJQBHXDFqxNwSQhW3t0I6IYpQY3Mq2BC+PoX/k26ljGvl6m211Lpex5EHZ+AcXAIM6qAFbkAbdAAF9+ABPIFnZ+Y8Oi/O66o156xnTsEPOG+f5iySNw==</latexit>

{↵i}

X X X

Mixed-state ensemble 
<latexit sha1_base64="YW1l1ncaF7XU6QqXomLHLj4X1hc="></latexit>(
p↵, | ↵i =

U↵P↵| 0ip
h 0|P↵| 0i

)

<latexit sha1_base64="GG4TmW1kb5oimHOHY9G0rcRwuPs=">AAAB8nicbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BL4KXCOYBmyXMTmaTIbM7y0yvEELAn/DiQRGvfo03/8bJ46CJBQ1FVTfdXVEmhUHP+3YKK6tr6xvFTXdre2d3r7R/0DAq14zXmZJKtyJquBQpr6NAyVuZ5jSJJG9Gg5uJ33zk2giVPuAw42FCe6mIBaNopaCt+6pzTQhxSadU9ireFGSZ+HNShjlqndJXu6tYnvAUmaTGBL6XYTiiGgWTfOy2c8Mzyga0xwNLU5pwE46mJ4/JiVW6JFbaVopkqv6eGNHEmGES2c6EYt8sehPxPy/IMb4KRyLNcuQpmy2Kc0lQkcn/pCs0ZyiHllCmhb2VsD7VlKFNybUh+IsvL5PGWcW/qJzfn5erd0+zOIpwBMdwCj5cQhVuoQZ1YKDgGV7hzUHnxXl3PmatBWce4SH8gfP5AyNpkEo=</latexit>⇢B



Depth-2 protocol

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="q5bsimQUc9VsVSV6cmA7Z/DEGbc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDU0NZbQQ8eK9gPaEPZbDft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXpBwprTjfFgrq2vrG5uFreL2zu7efungsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHKV+517KhWLxZ2eJtSP8EiwkBGsjdRJB1lw7s4GpbJjX9arFa+KHNtxam7FzUml5l14yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m5M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hc0ZJISzaeGYCKZuRWRMZaYaJNQ0YTw9Sn6n7Qrtlu1vVuv3LhexlGAYziBM3ChBg24gSa0gMAEHuAJnq3EerRerNdF64q1nDmCH7DePgFUkY+Y</latexit>ub,1
<latexit sha1_base64="bpZBGW6REUUcv2KvNx9WEoX7yNo=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDE0NZbQQ8eK9gPaEPZbLft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXphwprTjfFgrq2vrG5uFreL2zu7efungsKXiVBLaJDGPZSfEinImaFMzzWknkRRHIaftcHKV++17KhWLxZ2eJjSI8EiwISNYG6md9rPw3Jv1S2XHvqxVPL+CHNtxqq7n5sSr+hc+co2SowxLNPql994gJmlEhSYcK9V1nUQHGZaaEU5nxV6qaILJBI9o11CBI6qCbH7uDJ0aZYCGsTQlNJqr3ycyHCk1jULTGWE9Vr+9XPzL66Z6WAsyJpJUU0EWi4YpRzpG+e9owCQlmk8NwUQycysiYywx0Sahognh61P0P2l5tlux/Vu/XL9exlGAYziBM3ChCnW4gQY0gcAEHuAJnq3EerRerNdF64q1nDmCH7DePgFWFo+Z</latexit>ub,2

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="rxbL0xImFb4UQEci0xnb7xu5BDo=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgQkKShrbuCrpwWcE+oA1lMp20QycPZiZCCf0INy4Ucev3uPNvnLQVVPTAhcM593LvPX7CmVSW9WEU1tY3NreK26Wd3b39g/LhUUfGqSC0TWIei56PJeUsom3FFKe9RFAc+px2/elV7nfvqZAsju7ULKFeiMcRCxjBSkvddJj5F9X5sFyxzMtGzXFryDItq247dk6cult1ka2VHBVYoTUsvw9GMUlDGinCsZR920qUl2GhGOF0XhqkkiaYTPGY9jWNcEilly3OnaMzrYxQEAtdkUIL9ftEhkMpZ6GvO0OsJvK3l4t/ef1UBQ0vY1GSKhqR5aIg5UjFKP8djZigRPGZJpgIpm9FZIIFJkonVNIhfH2K/icdx7RrpnvrVprXqziKcAKncA421KEJN9CCNhCYwgM8wbORGI/Gi/G6bC0Yq5lj+AHj7RNXm4+a</latexit>ub,3

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="SWjsYCur/pChMwn74WE8gyqAERc=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPoTuELLeAHjxGMAskQ+jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmZ+954rLaLw1sxi7gZ0HApfMGqs1BtQGU/okAwLRVzCGBNCUEZIrYotaTTqZVJHJLMsirBCa1h4H4wilgQ8NExSrfsEx8ZNqTKCST7PDxLNY8qmdMz7loY04NpNF/fO0blVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8upuKME4MD9lykZ9IZCKUPY9GQnFm5MwSypSwtyI2oYoyYyPK2xC+PkX/k065RKqlyk2l2LxaxZGDUziDCyBQgyZcQwvawEDCAzzBs3PnPDovzuuydc1ZzZzADzhvnwVej/0=</latexit>↵1

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="OTumwF8godv2Cinn4UIQPzySogI=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPoTuELLeAHjxGMAskQ6jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQhpAPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeaC5FCFvG2Ek78WKQ+BJ3vWml5nfvedKiyi8NbOYuwGMQ+ELBsZKvQHIeALD8rBQJCVCCKUUZ4TWqsSSRqNepnVMM8uiiFZoDQvvg1HEkoCHhknQuk9JbNwUlBFM8nl+kGgeA5vCmPctDSHg2k0X987xuVVG2I+UrdDghfp9IoVA61ng2c4AzET/9jLxL6+fGL/upiKME8NDtlzkJxKbCGfP45FQnBk5swSYEvZWzCaggBkbUd6G8PUp/p90yiVaLVVuKsXm1SqOHDpFZ+gCUVRDTXSNWqiNGJLoAT2hZ+fOeXRenNdl65qzmjlBP+C8fQIG4o/+</latexit>↵2

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="WsBDwvaDdWdqN0TLg15pZQmHTOs=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKezEkMctoAePEcwDkiXMTibJkNnZdWZWCEt+wosHRbz6O978G2eTCCpa0FBUddPd5UeCa+O6H05mbX1jcyu7ndvZ3ds/yB8etXUYK8paNBSh6vpEM8ElaxluBOtGipHAF6zjTy9Tv3PPlOahvDWziHkBGUs+4pQYK3X7REQTMrgY5Atu0XVdjDFKCa5WXEvq9VoJ1xBOLYsCrNAc5N/7w5DGAZOGCqJ1D7uR8RKiDKeCzXP9WLOI0CkZs56lkgRMe8ni3jk6s8oQjUJlSxq0UL9PJCTQehb4tjMgZqJ/e6n4l9eLzajmJVxGsWGSLheNYoFMiNLn0ZArRo2YWUKo4vZWRCdEEWpsRDkbwten6H/SLhVxpVi+KRcaV6s4snACp3AOGKrQgGtoQgsoCHiAJ3h27pxH58V5XbZmnNXMMfyA8/YJCGaP/w==</latexit>↵3

<latexit sha1_base64="wKB75zTMQEqRy9nnOEtI/XyQFvM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkkpfewKunBZwT6gM5RMmmlDM5kxyRTK0O9w40IRt36MO//GTFtBRQ9cOJxzL/fe48eCa4PQh5Pb2Nza3snvFvb2Dw6PiscnXR0lirIOjUSk+j7RTHDJOoYbwfqxYiT0Bev506vM782Y0jySd2YeMy8kY8kDTomxkuemLhHxhAw5dBfDYgmVEUIYY5gRXK8hS5rNRgU3IM4sixJYoz0svrujiCYhk4YKovUAo9h4KVGGU8EWBTfRLCZ0SsZsYKkkIdNeujx6AS+sMoJBpGxJA5fq94mUhFrPQ992hsRM9G8vE//yBokJGl7KZZwYJulqUZAIaCKYJQBHXDFqxNwSQhW3t0I6IYpQY3Mq2BC+PoX/k26ljGvl6m211Lpex5EHZ+AcXAIM6qAFbkAbdAAF9+ABPIFnZ+Y8Oi/O66o156xnTsEPOG+f5iySNw==</latexit>

{↵i}

X X X

<latexit sha1_base64="3T3rEQcXl0juCna6WAVAUrv3Vfc="></latexit>

⇢B = trA (| ih |)

Purification

A controlled unitary U
cannot be realized using  

finite-depth unitary circuits

| i =
X

↵

U↵P↵| 0i

Mixed-state ensemble 
<latexit sha1_base64="YW1l1ncaF7XU6QqXomLHLj4X1hc="></latexit>(
p↵, | ↵i =

U↵P↵| 0ip
h 0|P↵| 0i

)

<latexit sha1_base64="GG4TmW1kb5oimHOHY9G0rcRwuPs=">AAAB8nicbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BL4KXCOYBmyXMTmaTIbM7y0yvEELAn/DiQRGvfo03/8bJ46CJBQ1FVTfdXVEmhUHP+3YKK6tr6xvFTXdre2d3r7R/0DAq14zXmZJKtyJquBQpr6NAyVuZ5jSJJG9Gg5uJ33zk2giVPuAw42FCe6mIBaNopaCt+6pzTQhxSadU9ireFGSZ+HNShjlqndJXu6tYnvAUmaTGBL6XYTiiGgWTfOy2c8Mzyga0xwNLU5pwE46mJ4/JiVW6JFbaVopkqv6eGNHEmGES2c6EYt8sehPxPy/IMb4KRyLNcuQpmy2Kc0lQkcn/pCs0ZyiHllCmhb2VsD7VlKFNybUh+IsvL5PGWcW/qJzfn5erd0+zOIpwBMdwCj5cQhVuoQZ1YKDgGV7hzUHnxXl3PmatBWce4SH8gfP5AyNpkEo=</latexit>⇢B



Depth-2 protocol

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="q5bsimQUc9VsVSV6cmA7Z/DEGbc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDU0NZbQQ8eK9gPaEPZbDft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXpBwprTjfFgrq2vrG5uFreL2zu7efungsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHKV+517KhWLxZ2eJtSP8EiwkBGsjdRJB1lw7s4GpbJjX9arFa+KHNtxam7FzUml5l14yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m5M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hc0ZJISzaeGYCKZuRWRMZaYaJNQ0YTw9Sn6n7Qrtlu1vVuv3LhexlGAYziBM3ChBg24gSa0gMAEHuAJnq3EerRerNdF64q1nDmCH7DePgFUkY+Y</latexit>ub,1
<latexit sha1_base64="bpZBGW6REUUcv2KvNx9WEoX7yNo=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDE0NZbQQ8eK9gPaEPZbLft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXphwprTjfFgrq2vrG5uFreL2zu7efungsKXiVBLaJDGPZSfEinImaFMzzWknkRRHIaftcHKV++17KhWLxZ2eJjSI8EiwISNYG6md9rPw3Jv1S2XHvqxVPL+CHNtxqq7n5sSr+hc+co2SowxLNPql994gJmlEhSYcK9V1nUQHGZaaEU5nxV6qaILJBI9o11CBI6qCbH7uDJ0aZYCGsTQlNJqr3ycyHCk1jULTGWE9Vr+9XPzL66Z6WAsyJpJUU0EWi4YpRzpG+e9owCQlmk8NwUQycysiYywx0Sahognh61P0P2l5tlux/Vu/XL9exlGAYziBM3ChCnW4gQY0gcAEHuAJnq3EerRerNdF64q1nDmCH7DePgFWFo+Z</latexit>ub,2

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="rxbL0xImFb4UQEci0xnb7xu5BDo=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgQkKShrbuCrpwWcE+oA1lMp20QycPZiZCCf0INy4Ucev3uPNvnLQVVPTAhcM593LvPX7CmVSW9WEU1tY3NreK26Wd3b39g/LhUUfGqSC0TWIei56PJeUsom3FFKe9RFAc+px2/elV7nfvqZAsju7ULKFeiMcRCxjBSkvddJj5F9X5sFyxzMtGzXFryDItq247dk6cult1ka2VHBVYoTUsvw9GMUlDGinCsZR920qUl2GhGOF0XhqkkiaYTPGY9jWNcEilly3OnaMzrYxQEAtdkUIL9ftEhkMpZ6GvO0OsJvK3l4t/ef1UBQ0vY1GSKhqR5aIg5UjFKP8djZigRPGZJpgIpm9FZIIFJkonVNIhfH2K/icdx7RrpnvrVprXqziKcAKncA421KEJN9CCNhCYwgM8wbORGI/Gi/G6bC0Yq5lj+AHj7RNXm4+a</latexit>ub,3

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="SWjsYCur/pChMwn74WE8gyqAERc=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPoTuELLeAHjxGMAskQ+jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmZ+954rLaLw1sxi7gZ0HApfMGqs1BtQGU/okAwLRVzCGBNCUEZIrYotaTTqZVJHJLMsirBCa1h4H4wilgQ8NExSrfsEx8ZNqTKCST7PDxLNY8qmdMz7loY04NpNF/fO0blVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8upuKME4MD9lykZ9IZCKUPY9GQnFm5MwSypSwtyI2oYoyYyPK2xC+PkX/k065RKqlyk2l2LxaxZGDUziDCyBQgyZcQwvawEDCAzzBs3PnPDovzuuydc1ZzZzADzhvnwVej/0=</latexit>↵1

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="OTumwF8godv2Cinn4UIQPzySogI=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPoTuELLeAHjxGMAskQ6jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQhpAPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeaC5FCFvG2Ek78WKQ+BJ3vWml5nfvedKiyi8NbOYuwGMQ+ELBsZKvQHIeALD8rBQJCVCCKUUZ4TWqsSSRqNepnVMM8uiiFZoDQvvg1HEkoCHhknQuk9JbNwUlBFM8nl+kGgeA5vCmPctDSHg2k0X987xuVVG2I+UrdDghfp9IoVA61ng2c4AzET/9jLxL6+fGL/upiKME8NDtlzkJxKbCGfP45FQnBk5swSYEvZWzCaggBkbUd6G8PUp/p90yiVaLVVuKsXm1SqOHDpFZ+gCUVRDTXSNWqiNGJLoAT2hZ+fOeXRenNdl65qzmjlBP+C8fQIG4o/+</latexit>↵2

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="WsBDwvaDdWdqN0TLg15pZQmHTOs=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKezEkMctoAePEcwDkiXMTibJkNnZdWZWCEt+wosHRbz6O978G2eTCCpa0FBUddPd5UeCa+O6H05mbX1jcyu7ndvZ3ds/yB8etXUYK8paNBSh6vpEM8ElaxluBOtGipHAF6zjTy9Tv3PPlOahvDWziHkBGUs+4pQYK3X7REQTMrgY5Atu0XVdjDFKCa5WXEvq9VoJ1xBOLYsCrNAc5N/7w5DGAZOGCqJ1D7uR8RKiDKeCzXP9WLOI0CkZs56lkgRMe8ni3jk6s8oQjUJlSxq0UL9PJCTQehb4tjMgZqJ/e6n4l9eLzajmJVxGsWGSLheNYoFMiNLn0ZArRo2YWUKo4vZWRCdEEWpsRDkbwten6H/SLhVxpVi+KRcaV6s4snACp3AOGKrQgGtoQgsoCHiAJ3h27pxH58V5XbZmnNXMMfyA8/YJCGaP/w==</latexit>↵3

<latexit sha1_base64="wKB75zTMQEqRy9nnOEtI/XyQFvM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkkpfewKunBZwT6gM5RMmmlDM5kxyRTK0O9w40IRt36MO//GTFtBRQ9cOJxzL/fe48eCa4PQh5Pb2Nza3snvFvb2Dw6PiscnXR0lirIOjUSk+j7RTHDJOoYbwfqxYiT0Bev506vM782Y0jySd2YeMy8kY8kDTomxkuemLhHxhAw5dBfDYgmVEUIYY5gRXK8hS5rNRgU3IM4sixJYoz0svrujiCYhk4YKovUAo9h4KVGGU8EWBTfRLCZ0SsZsYKkkIdNeujx6AS+sMoJBpGxJA5fq94mUhFrPQ992hsRM9G8vE//yBokJGl7KZZwYJulqUZAIaCKYJQBHXDFqxNwSQhW3t0I6IYpQY3Mq2BC+PoX/k26ljGvl6m211Lpex5EHZ+AcXAIM6qAFbkAbdAAF9+ABPIFnZ+Y8Oi/O66o156xnTsEPOG+f5iySNw==</latexit>

{↵i}

X X X

<latexit sha1_base64="3T3rEQcXl0juCna6WAVAUrv3Vfc="></latexit>

⇢B = trA (| ih |)

Purification

A controlled unitary U
cannot be realized using  

finite-depth unitary circuits

| i =
X

↵

U↵P↵| 0i

Mixed-state ensemble 
<latexit sha1_base64="YW1l1ncaF7XU6QqXomLHLj4X1hc="></latexit>(
p↵, | ↵i =

U↵P↵| 0ip
h 0|P↵| 0i

)

<latexit sha1_base64="oHkJbNCO1Khsscik0/Ie82eseIc="></latexit>

U↵ =
Y

i

X
1�

Qi
j=1,2,··· ↵j

2
b,i

Feedback

<latexit sha1_base64="GG4TmW1kb5oimHOHY9G0rcRwuPs=">AAAB8nicbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BL4KXCOYBmyXMTmaTIbM7y0yvEELAn/DiQRGvfo03/8bJ46CJBQ1FVTfdXVEmhUHP+3YKK6tr6xvFTXdre2d3r7R/0DAq14zXmZJKtyJquBQpr6NAyVuZ5jSJJG9Gg5uJ33zk2giVPuAw42FCe6mIBaNopaCt+6pzTQhxSadU9ireFGSZ+HNShjlqndJXu6tYnvAUmaTGBL6XYTiiGgWTfOy2c8Mzyga0xwNLU5pwE46mJ4/JiVW6JFbaVopkqv6eGNHEmGES2c6EYt8sehPxPy/IMb4KRyLNcuQpmy2Kc0lQkcn/pCs0ZyiHllCmhb2VsD7VlKFNybUh+IsvL5PGWcW/qJzfn5erd0+zOIpwBMdwCj5cQhVuoQZ1YKDgGV7hzUHnxXl3PmatBWce4SH8gfP5AyNpkEo=</latexit>⇢B

<latexit sha1_base64="PVQ5D4yb1h2Blg8nDekT1Grer2w="></latexit>

U †
↵Zb,iU↵ = (↵1↵2 · · ·↵i)Zb,i



Depth-2 protocol

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="q5bsimQUc9VsVSV6cmA7Z/DEGbc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDU0NZbQQ8eK9gPaEPZbDft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXpBwprTjfFgrq2vrG5uFreL2zu7efungsK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHKV+517KhWLxZ2eJtSP8EiwkBGsjdRJB1lw7s4GpbJjX9arFa+KHNtxam7FzUml5l14yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m5M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hc0ZJISzaeGYCKZuRWRMZaYaJNQ0YTw9Sn6n7Qrtlu1vVuv3LhexlGAYziBM3ChBg24gSa0gMAEHuAJnq3EerRerNdF64q1nDmCH7DePgFUkY+Y</latexit>ub,1
<latexit sha1_base64="bpZBGW6REUUcv2KvNx9WEoX7yNo=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJDE0NZbQQ8eK9gPaEPZbLft0s0m7G6EEvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXphwprTjfFgrq2vrG5uFreL2zu7efungsKXiVBLaJDGPZSfEinImaFMzzWknkRRHIaftcHKV++17KhWLxZ2eJjSI8EiwISNYG6md9rPw3Jv1S2XHvqxVPL+CHNtxqq7n5sSr+hc+co2SowxLNPql994gJmlEhSYcK9V1nUQHGZaaEU5nxV6qaILJBI9o11CBI6qCbH7uDJ0aZYCGsTQlNJqr3ycyHCk1jULTGWE9Vr+9XPzL66Z6WAsyJpJUU0EWi4YpRzpG+e9owCQlmk8NwUQycysiYywx0Sahognh61P0P2l5tlux/Vu/XL9exlGAYziBM3ChCnW4gQY0gcAEHuAJnq3EerRerNdF64q1nDmCH7DePgFWFo+Z</latexit>ub,2

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="rxbL0xImFb4UQEci0xnb7xu5BDo=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgQkKShrbuCrpwWcE+oA1lMp20QycPZiZCCf0INy4Ucev3uPNvnLQVVPTAhcM593LvPX7CmVSW9WEU1tY3NreK26Wd3b39g/LhUUfGqSC0TWIei56PJeUsom3FFKe9RFAc+px2/elV7nfvqZAsju7ULKFeiMcRCxjBSkvddJj5F9X5sFyxzMtGzXFryDItq247dk6cult1ka2VHBVYoTUsvw9GMUlDGinCsZR920qUl2GhGOF0XhqkkiaYTPGY9jWNcEilly3OnaMzrYxQEAtdkUIL9ftEhkMpZ6GvO0OsJvK3l4t/ef1UBQ0vY1GSKhqR5aIg5UjFKP8djZigRPGZJpgIpm9FZIIFJkonVNIhfH2K/icdx7RrpnvrVprXqziKcAKncA421KEJN9CCNhCYwgM8wbORGI/Gi/G6bC0Yq5lj+AHj7RNXm4+a</latexit>ub,3

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="SWjsYCur/pChMwn74WE8gyqAERc=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPoTuELLeAHjxGMAskQ+jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQBuMPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXmZ+954rLaLw1sxi7gZ0HApfMGqs1BtQGU/okAwLRVzCGBNCUEZIrYotaTTqZVJHJLMsirBCa1h4H4wilgQ8NExSrfsEx8ZNqTKCST7PDxLNY8qmdMz7loY04NpNF/fO0blVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8upuKME4MD9lykZ9IZCKUPY9GQnFm5MwSypSwtyI2oYoyYyPK2xC+PkX/k065RKqlyk2l2LxaxZGDUziDCyBQgyZcQwvawEDCAzzBs3PnPDovzuuydc1ZzZzADzhvnwVej/0=</latexit>↵1

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="OTumwF8godv2Cinn4UIQPzySogI=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPoTuELLeAHjxGMAskQ6jp9CRNeha7e4Qw5Ce8eFDEq7/jzb+xJ4mgog8KHu9VUVXPi6XQhpAPZ219Y3NrO7eT393bPzgsHB13dJQoxtsskpHqeaC5FCFvG2Ek78WKQ+BJ3vWml5nfvedKiyi8NbOYuwGMQ+ELBsZKvQHIeALD8rBQJCVCCKUUZ4TWqsSSRqNepnVMM8uiiFZoDQvvg1HEkoCHhknQuk9JbNwUlBFM8nl+kGgeA5vCmPctDSHg2k0X987xuVVG2I+UrdDghfp9IoVA61ng2c4AzET/9jLxL6+fGL/upiKME8NDtlzkJxKbCGfP45FQnBk5swSYEvZWzCaggBkbUd6G8PUp/p90yiVaLVVuKsXm1SqOHDpFZ+gCUVRDTXSNWqiNGJLoAT2hZ+fOeXRenNdl65qzmjlBP+C8fQIG4o/+</latexit>↵2

<latexit sha1_base64="PPtz0wHUIHVryHjAPt60Lce62qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIqMeCF09SwX5AE8JmO2mXbjZhd6OUtD/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDtkoySaFFE57IbkgUcCagpZnm0E0lkDjk0AlHNzO/8whSsUQ86HEKfkwGgkWMEm2kwK5OsJcqFjjYk0QMOODArjl1Zw68StyC1FCBZmB/ef2EZjEITTlRquc6qfZzIjWjHKYVL1OQEjoiA+gZKkgMys/np0/xqVH6OEqkKaHxXP09kZNYqXEcms6Y6KFa9mbif14v09G1nzORZhoEXSyKMo51gmc54D6TQDUfG0KoZOZWTIdEEqpNWhUTgrv88ippn9fdy/rF/UWtcVfEUUbH6ASdIRddoQa6RU3UQhQ9oWf0it6sifVivVsfi9aSVcwcoT+wPn8AIj6TUg==</latexit>

| 0i

<latexit sha1_base64="MNGMi1FScku6iOAjcAKOXqkd9Zw="></latexit>

⇢B = trA[U | 0ih 0|U†]
<latexit sha1_base64="1AMb3kzwnntD0VBqT1VZnCI2RXU=">AAACEHicbZDNSsNAFIUn9a/Gv6hLN4NFdFUSKepGKLhxJRVMW2hCmEwn7dDJJMxMhBLyCG58FTcuFHHr0p1v47SNoK0HBj7OvZc794Qpo1LZ9pdRWVpeWV2rrpsbm1vbO9buXlsmmcDExQlLRDdEkjDKiauoYqSbCoLikJFOOLqa1Dv3REia8Ds1TokfowGnEcVIaSuwjk33Enoyi4PcQywdogK6PwgL2ApKDKyaXbengovglFADpVqB9en1E5zFhCvMkJQ9x06VnyOhKGakML1MkhThERqQnkaOYiL9fHpQAY+004dRIvTjCk7d3xM5iqUcx6HujJEayvnaxPyv1stUdOHnlKeZIhzPFkUZgyqBk3RgnwqCFRtrQFhQ/VeIh0ggrHSGpg7BmT95Edqndees3rht1Jo3ZRxVcAAOwQlwwDlogmvQAi7A4AE8gRfwajwaz8ab8T5rrRjlzD74I+PjGxNCnAs=</latexit>

U =
X

↵

U↵P↵

<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="ydIO/cDFPqbXvM7yPPxd+wxmVoQ=">AAAB6XicdVDLSgMxFM3UVx1fVZdugkVwVZJS+thV3LiSKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x48F1wahDye3tr6xuZXfdnd29/YPCodHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev608vM794zpXkk78wsZl5IxpIHnBJjpVv3YlgoohJCCGMMM4JrVWRJo1Ev4zrEmWVRBCu0hoX3wSiiScikoYJo3ccoNl5KlOFUsLk7SDSLCZ2SMetbKknItJcuLp3DM6uMYBApW9LAhfp9IiWh1rPQt50hMRP928vEv7x+YoK6l3IZJ4ZJulwUJAKaCGZvwxFXjBoxs4RQxe2tkE6IItTYcFwbwten8H/SKZdwtVS5qRSb16s48uAEnIJzgEENNMEVaIE2oCAAD+AJPDtT59F5cV6XrTlnNXMMfsB5+wQago0k</latexit>

A
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B
<latexit sha1_base64="GwsO0diTFnRQAObyjby2CQcDMUs=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiQ1tHVXdONKqtgHtKFMppN26OTBzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69x084k8q2P4zCyura+kZx09za3tndK+0ftGWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHn1zmfueeCsni6E5NE+qFeBSxgBGstHRrXgxKZds6r1crbhXZlm3XnIqTk0rNPXORo5UcZViiOSi994cxSUMaKcKxlD3HTpSXYaEY4XRm9lNJE0wmeER7mkY4pNLL5pfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKUv42GTFCi+FQTTATTtyIyxgITpcMxdQhfn6L/SbtiOVXLvXHLjetlHEU4gmM4BQdq0IAraEILCATwAE/wbEyMR+PFeF20FozlzCH8gPH2CS8fjTE=</latexit>

B

<latexit sha1_base64="WsBDwvaDdWdqN0TLg15pZQmHTOs=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKezEkMctoAePEcwDkiXMTibJkNnZdWZWCEt+wosHRbz6O978G2eTCCpa0FBUddPd5UeCa+O6H05mbX1jcyu7ndvZ3ds/yB8etXUYK8paNBSh6vpEM8ElaxluBOtGipHAF6zjTy9Tv3PPlOahvDWziHkBGUs+4pQYK3X7REQTMrgY5Atu0XVdjDFKCa5WXEvq9VoJ1xBOLYsCrNAc5N/7w5DGAZOGCqJ1D7uR8RKiDKeCzXP9WLOI0CkZs56lkgRMe8ni3jk6s8oQjUJlSxq0UL9PJCTQehb4tjMgZqJ/e6n4l9eLzajmJVxGsWGSLheNYoFMiNLn0ZArRo2YWUKo4vZWRCdEEWpsRDkbwten6H/SLhVxpVi+KRcaV6s4snACp3AOGKrQgGtoQgsoCHiAJ3h27pxH58V5XbZmnNXMMfyA8/YJCGaP/w==</latexit>↵3

<latexit sha1_base64="wKB75zTMQEqRy9nnOEtI/XyQFvM=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkkpfewKunBZwT6gM5RMmmlDM5kxyRTK0O9w40IRt36MO//GTFtBRQ9cOJxzL/fe48eCa4PQh5Pb2Nza3snvFvb2Dw6PiscnXR0lirIOjUSk+j7RTHDJOoYbwfqxYiT0Bev506vM782Y0jySd2YeMy8kY8kDTomxkuemLhHxhAw5dBfDYgmVEUIYY5gRXK8hS5rNRgU3IM4sixJYoz0svrujiCYhk4YKovUAo9h4KVGGU8EWBTfRLCZ0SsZsYKkkIdNeujx6AS+sMoJBpGxJA5fq94mUhFrPQ992hsRM9G8vE//yBokJGl7KZZwYJulqUZAIaCKYJQBHXDFqxNwSQhW3t0I6IYpQY3Mq2BC+PoX/k26ljGvl6m211Lpex5EHZ+AcXAIM6qAFbkAbdAAF9+ABPIFnZ+Y8Oi/O66o156xnTsEPOG+f5iySNw==</latexit>

{↵i}

X X X

<latexit sha1_base64="3T3rEQcXl0juCna6WAVAUrv3Vfc="></latexit>

⇢B = trA (| ih |)

Purification

A controlled unitary U
cannot be realized using  

finite-depth unitary circuits

| i =
X

↵

U↵P↵| 0i

Mixed-state ensemble 
<latexit sha1_base64="YW1l1ncaF7XU6QqXomLHLj4X1hc="></latexit>(
p↵, | ↵i =

U↵P↵| 0ip
h 0|P↵| 0i

)

<latexit sha1_base64="oHkJbNCO1Khsscik0/Ie82eseIc="></latexit>

U↵ =
Y

i

X
1�

Qi
j=1,2,··· ↵j

2
b,i

Feedback

Hidden string order -> long-range order

<latexit sha1_base64="GG4TmW1kb5oimHOHY9G0rcRwuPs=">AAAB8nicbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BL4KXCOYBmyXMTmaTIbM7y0yvEELAn/DiQRGvfo03/8bJ46CJBQ1FVTfdXVEmhUHP+3YKK6tr6xvFTXdre2d3r7R/0DAq14zXmZJKtyJquBQpr6NAyVuZ5jSJJG9Gg5uJ33zk2giVPuAw42FCe6mIBaNopaCt+6pzTQhxSadU9ireFGSZ+HNShjlqndJXu6tYnvAUmaTGBL6XYTiiGgWTfOy2c8Mzyga0xwNLU5pwE46mJ4/JiVW6JFbaVopkqv6eGNHEmGES2c6EYt8sehPxPy/IMb4KRyLNcuQpmy2Kc0lQkcn/pCs0ZyiHllCmhb2VsD7VlKFNybUh+IsvL5PGWcW/qJzfn5erd0+zOIpwBMdwCj5cQhVuoQZ1YKDgGV7hzUHnxXl3PmatBWce4SH8gfP5AyNpkEo=</latexit>⇢B

<latexit sha1_base64="PVQ5D4yb1h2Blg8nDekT1Grer2w="></latexit>

U †
↵Zb,iU↵ = (↵1↵2 · · ·↵i)Zb,i

<latexit sha1_base64="20nkkcZ8sfgRsEeDxP54UiGIlZE="></latexit>

U†

"
Zb,i(

jY

k=i+1

Xa,k)Zb,j

#
U = Zb,iZb,j



<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="Ef1m2eKFGU3fHBp+0ihGclaBtLc=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD2lAm00k7dvJgZiKU0C9w40IRt36SO//GSVtBRQ9cOJxzL/fe4yecSWVZH0ZhbX1jc6u4XdrZ3ds/KB8edWScCkLbJOax6PlYUs4i2lZMcdpLBMWhz2nXn17lfveeCsni6FbNEuqFeByxgBGstNTqDcsVy7ysVx23iizTsmq2Y+fEqbkXLrK1kqMCKzSH5ffBKCZpSCNFOJayb1uJ8jIsFCOczkuDVNIEkyke076mEQ6p9LLFoXN0ppURCmKhK1JooX6fyHAo5Sz0dWeI1UT+9nLxL6+fqqDuZSxKUkUjslwUpBypGOVfoxETlCg+0wQTwfStiEywwETpbEo6hK9P0f+k45h21XRbbqVxs4qjCCdwCudgQw0acA1NaAMBCg/wBM/GnfFovBivy9aCsZo5hh8w3j4BGuCNLg==</latexit>

X
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="M+D4PPGHSqBNT7Q6CvQBAwwEBeI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRb0IBS/1VsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0U1tY3NreK26Wd3b39A/fwqKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm9nfvuJKs2keDCThAYxHgoWMYKNlVr1voduUN8texVvDrRK/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroOMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C+/vEpaFxX/slK9r5Zrd3kcRTiBUzgHH66gBnVoQBMIPMIzvMKbI50X5935WLQWnHzmGP7A+fwB9UmOGg==</latexit>

H0 =
<latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X <latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X

<latexit sha1_base64="WwoM5pWnWrOHfMrtXZTAox7EPBE=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct0hZLkFvOgtAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NPUkEFX1Q8Hiviqp6XiyFNoR8OJmNza3tnexubm//4PAof3zS0VGiOLR5JCPV85gGKUJoG2Ek9GIFLPAkdL3pVep370FpEYW3ZhaDG7BxKHzBmbFSqzfMF0iREEIpxSmh1QqxpF6vlWgN09SyKKA1msP8+2AU8SSA0HDJtO5TEht3zpQRXMIiN0g0xIxP2Rj6loYsAO3Ol4cu8IVVRtiPlK3Q4KX6fWLOAq1ngWc7A2Ym+reXin95/cT4NXcuwjgxEPLVIj+R2EQ4/RqPhAJu5MwSxpWwt2I+YYpxY7PJ2RC+PsX/k06pSCvFcqtcaNys48iiM3SOLhFFVdRA16iJ2ogjQA/oCT07d86j8+K8rlozznrmFP2A8/YJB8eNIg==</latexit>

X
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X <latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X

GHZ(A)

GHZ(B)SPT
| 0i

<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>
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<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="Ef1m2eKFGU3fHBp+0ihGclaBtLc=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD2lAm00k7dvJgZiKU0C9w40IRt36SO//GSVtBRQ9cOJxzL/fe4yecSWVZH0ZhbX1jc6u4XdrZ3ds/KB8edWScCkLbJOax6PlYUs4i2lZMcdpLBMWhz2nXn17lfveeCsni6FbNEuqFeByxgBGstNTqDcsVy7ysVx23iizTsmq2Y+fEqbkXLrK1kqMCKzSH5ffBKCZpSCNFOJayb1uJ8jIsFCOczkuDVNIEkyke076mEQ6p9LLFoXN0ppURCmKhK1JooX6fyHAo5Sz0dWeI1UT+9nLxL6+fqqDuZSxKUkUjslwUpBypGOVfoxETlCg+0wQTwfStiEywwETpbEo6hK9P0f+k45h21XRbbqVxs4qjCCdwCudgQw0acA1NaAMBCg/wBM/GnfFovBivy9aCsZo5hh8w3j4BGuCNLg==</latexit>

X
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="M+D4PPGHSqBNT7Q6CvQBAwwEBeI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRb0IBS/1VsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0U1tY3NreK26Wd3b39A/fwqKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm9nfvuJKs2keDCThAYxHgoWMYKNlVr1voduUN8texVvDrRK/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroOMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C+/vEpaFxX/slK9r5Zrd3kcRTiBUzgHH66gBnVoQBMIPMIzvMKbI50X5935WLQWnHzmGP7A+fwB9UmOGg==</latexit>

H0 =
<latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X <latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X

<latexit sha1_base64="WwoM5pWnWrOHfMrtXZTAox7EPBE=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct0hZLkFvOgtAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NPUkEFX1Q8Hiviqp6XiyFNoR8OJmNza3tnexubm//4PAof3zS0VGiOLR5JCPV85gGKUJoG2Ek9GIFLPAkdL3pVep370FpEYW3ZhaDG7BxKHzBmbFSqzfMF0iREEIpxSmh1QqxpF6vlWgN09SyKKA1msP8+2AU8SSA0HDJtO5TEht3zpQRXMIiN0g0xIxP2Rj6loYsAO3Ol4cu8IVVRtiPlK3Q4KX6fWLOAq1ngWc7A2Ym+reXin95/cT4NXcuwjgxEPLVIj+R2EQ4/RqPhAJu5MwSxpWwt2I+YYpxY7PJ2RC+PsX/k06pSCvFcqtcaNys48iiM3SOLhFFVdRA16iJ2ogjQA/oCT07d86j8+K8rlozznrmFP2A8/YJB8eNIg==</latexit>

X
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X <latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X

GHZ(A)

GHZ(B)SPT
| 0i

<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
⇢B

TrivialGHZ

<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g

<latexit sha1_base64="M+D4PPGHSqBNT7Q6CvQBAwwEBeI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRb0IBS/1VsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0U1tY3NreK26Wd3b39A/fwqKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm9nfvuJKs2keDCThAYxHgoWMYKNlVr1voduUN8texVvDrRK/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroOMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C+/vEpaFxX/slK9r5Zrd3kcRTiBUzgHH66gBnVoQBMIPMIzvMKbI50X5935WLQWnHzmGP7A+fwB9UmOGg==</latexit>

H0 =

<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="Ef1m2eKFGU3fHBp+0ihGclaBtLc=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD2lAm00k7dvJgZiKU0C9w40IRt36SO//GSVtBRQ9cOJxzL/fe4yecSWVZH0ZhbX1jc6u4XdrZ3ds/KB8edWScCkLbJOax6PlYUs4i2lZMcdpLBMWhz2nXn17lfveeCsni6FbNEuqFeByxgBGstNTqDcsVy7ysVx23iizTsmq2Y+fEqbkXLrK1kqMCKzSH5ffBKCZpSCNFOJayb1uJ8jIsFCOczkuDVNIEkyke076mEQ6p9LLFoXN0ppURCmKhK1JooX6fyHAo5Sz0dWeI1UT+9nLxL6+fqqDuZSxKUkUjslwUpBypGOVfoxETlCg+0wQTwfStiEywwETpbEo6hK9P0f+k45h21XRbbqVxs4qjCCdwCudgQw0acA1NaAMBCg/wBM/GnfFovBivy9aCsZo5hh8w3j4BGuCNLg==</latexit>

X

<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X <latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X

<latexit sha1_base64="WwoM5pWnWrOHfMrtXZTAox7EPBE=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct0hZLkFvOgtAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NPUkEFX1Q8Hiviqp6XiyFNoR8OJmNza3tnexubm//4PAof3zS0VGiOLR5JCPV85gGKUJoG2Ek9GIFLPAkdL3pVep370FpEYW3ZhaDG7BxKHzBmbFSqzfMF0iREEIpxSmh1QqxpF6vlWgN09SyKKA1msP8+2AU8SSA0HDJtO5TEht3zpQRXMIiN0g0xIxP2Rj6loYsAO3Ol4cu8IVVRtiPlK3Q4KX6fWLOAq1ngWc7A2Ym+reXin95/cT4NXcuwjgxEPLVIj+R2EQ4/RqPhAJu5MwSxpWwt2I+YYpxY7PJ2RC+PsX/k06pSCvFcqtcaNys48iiM3SOLhFFVdRA16iJ2ogjQA/oCT07d86j8+K8rlozznrmFP2A8/YJB8eNIg==</latexit>

X

<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X <latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X

GHZ(A)

GHZ(B) SPT
| i

Measurement

+ Feedback

Purification

U =
X

↵

U↵P↵

Controlled unitary



<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="Ef1m2eKFGU3fHBp+0ihGclaBtLc=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD2lAm00k7dvJgZiKU0C9w40IRt36SO//GSVtBRQ9cOJxzL/fe4yecSWVZH0ZhbX1jc6u4XdrZ3ds/KB8edWScCkLbJOax6PlYUs4i2lZMcdpLBMWhz2nXn17lfveeCsni6FbNEuqFeByxgBGstNTqDcsVy7ysVx23iizTsmq2Y+fEqbkXLrK1kqMCKzSH5ffBKCZpSCNFOJayb1uJ8jIsFCOczkuDVNIEkyke076mEQ6p9LLFoXN0ppURCmKhK1JooX6fyHAo5Sz0dWeI1UT+9nLxL6+fqqDuZSxKUkUjslwUpBypGOVfoxETlCg+0wQTwfStiEywwETpbEo6hK9P0f+k45h21XRbbqVxs4qjCCdwCudgQw0acA1NaAMBCg/wBM/GnfFovBivy9aCsZo5hh8w3j4BGuCNLg==</latexit>

X
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="M+D4PPGHSqBNT7Q6CvQBAwwEBeI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRb0IBS/1VsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0U1tY3NreK26Wd3b39A/fwqKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm9nfvuJKs2keDCThAYxHgoWMYKNlVr1voduUN8texVvDrRK/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroOMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C+/vEpaFxX/slK9r5Zrd3kcRTiBUzgHH66gBnVoQBMIPMIzvMKbI50X5935WLQWnHzmGP7A+fwB9UmOGg==</latexit>

H0 =
<latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X <latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X

<latexit sha1_base64="WwoM5pWnWrOHfMrtXZTAox7EPBE=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct0hZLkFvOgtAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NPUkEFX1Q8Hiviqp6XiyFNoR8OJmNza3tnexubm//4PAof3zS0VGiOLR5JCPV85gGKUJoG2Ek9GIFLPAkdL3pVep370FpEYW3ZhaDG7BxKHzBmbFSqzfMF0iREEIpxSmh1QqxpF6vlWgN09SyKKA1msP8+2AU8SSA0HDJtO5TEht3zpQRXMIiN0g0xIxP2Rj6loYsAO3Ol4cu8IVVRtiPlK3Q4KX6fWLOAq1ngWc7A2Ym+reXin95/cT4NXcuwjgxEPLVIj+R2EQ4/RqPhAJu5MwSxpWwt2I+YYpxY7PJ2RC+PsX/k06pSCvFcqtcaNys48iiM3SOLhFFVdRA16iJ2ogjQA/oCT07d86j8+K8rlozznrmFP2A8/YJB8eNIg==</latexit>

X
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X <latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X

GHZ(A)

GHZ(B)SPT
| 0i

<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
⇢B

TrivialGHZ

<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g

<latexit sha1_base64="M+D4PPGHSqBNT7Q6CvQBAwwEBeI=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRb0IBS/1VsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTae9+0U1tY3NreK26Wd3b39A/fwqKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm9nfvuJKs2keDCThAYxHgoWMYKNlVr1voduUN8texVvDrRK/JyUIUej7371BpKkMRWGcKx11/cSE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroOMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C+/vEpaFxX/slK9r5Zrd3kcRTiBUzgHH66gBnVoQBMIPMIzvMKbI50X5935WLQWnHzmGP7A+fwB9UmOGg==</latexit>

H0 =

<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="Ef1m2eKFGU3fHBp+0ihGclaBtLc=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD2lAm00k7dvJgZiKU0C9w40IRt36SO//GSVtBRQ9cOJxzL/fe4yecSWVZH0ZhbX1jc6u4XdrZ3ds/KB8edWScCkLbJOax6PlYUs4i2lZMcdpLBMWhz2nXn17lfveeCsni6FbNEuqFeByxgBGstNTqDcsVy7ysVx23iizTsmq2Y+fEqbkXLrK1kqMCKzSH5ffBKCZpSCNFOJayb1uJ8jIsFCOczkuDVNIEkyke076mEQ6p9LLFoXN0ppURCmKhK1JooX6fyHAo5Sz0dWeI1UT+9nLxL6+fqqDuZSxKUkUjslwUpBypGOVfoxETlCg+0wQTwfStiEywwETpbEo6hK9P0f+k45h21XRbbqVxs4qjCCdwCudgQw0acA1NaAMBCg/wBM/GnfFovBivy9aCsZo5hh8w3j4BGuCNLg==</latexit>

X

<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X <latexit sha1_base64="EIx+uN4YG6rHhA16zNpKWY61fcc=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48R3CSQLGF2MpsMmccyMyuEJeAfePGgiFc/yJt/4+Rx0MSChqKqm+6uOOXMWN//9lZW19Y3Ngtbxe2d3b390sFhw6hMExoSxZVuxdhQziQNLbOctlJNsYg5bcbD24nffKTaMCUf7CilkcB9yRJGsHVSeN4xmeiWyn7FnwItk2BOyjBHvVv66vQUyQSVlnBsTDvwUxvlWFtGOB0XO5mhKSZD3KdtRyUW1ET59NgxOnVKDyVKu5IWTdXfEzkWxoxE7DoFtgOz6E3E/7x2ZpPrKGcyzSyVZLYoyTiyCk0+Rz2mKbF85AgmmrlbERlgjYl1+RRdCMHiy8ukcVEJLivV+2q5dvM0i6MAx3ACZxDAFdTgDuoQAgEGz/AKb570Xrx372PWuuLNIzyCP/A+fwDEXo8S</latexit>

�
X

<latexit sha1_base64="WwoM5pWnWrOHfMrtXZTAox7EPBE=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct0hZLkFvOgtAbNAMoSeTk3Spmehu0cIIV/gxYMiXv0kb/6NPUkEFX1Q8Hiviqp6XiyFNoR8OJmNza3tnexubm//4PAof3zS0VGiOLR5JCPV85gGKUJoG2Ek9GIFLPAkdL3pVep370FpEYW3ZhaDG7BxKHzBmbFSqzfMF0iREEIpxSmh1QqxpF6vlWgN09SyKKA1msP8+2AU8SSA0HDJtO5TEht3zpQRXMIiN0g0xIxP2Rj6loYsAO3Ol4cu8IVVRtiPlK3Q4KX6fWLOAq1ngWc7A2Ym+reXin95/cT4NXcuwjgxEPLVIj+R2EQ4/RqPhAJu5MwSxpWwt2I+YYpxY7PJ2RC+PsX/k06pSCvFcqtcaNys48iiM3SOLhFFVdRA16iJ2ogjQA/oCT07d86j8+K8rlozznrmFP2A8/YJB8eNIg==</latexit>

X

<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="+klzF/wzt/L9byhN7ZxR++VAfJw=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstwCXvSWgFkwGUJPpyZp07PQ3SOEkC/w4kERr36SN//GniSCij4oeLxXRVU9L5ZCG0I+nMza+sbmVnY7t7O7t3+QPzxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kMvU796C0iMIbM43BDdgoFL7gzFipeTvIF0iREEIpxSmhlTKxpFarlmgV09SyKKAVGoP8e38Y8SSA0HDJtO5REht3xpQRXMI81080xIxP2Ah6loYsAO3OFofO8ZlVhtiPlK3Q4IX6fWLGAq2ngWc7A2bG+reXin95vcT4VXcmwjgxEPLlIj+R2EQ4/RoPhQJu5NQSxpWwt2I+ZopxY7PJ2RC+PsX/k3apSMvFi+ZFoX69iiOLTtApOkcUVVAdXaEGaiGOAD2gJ/Ts3DmPzovzumzNOKuZY/QDztsnCs+NJA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="4ugXX31KUZBoSR6uC7zBgmsZ53I=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcKO7FuwD21Am00k7OnkwMxFK6Be4caGIWz/JnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY9HwsKWcRbSumOO0lguLQ57Tr313kfveeCsni6FpNE+qFeByxgBGstNS6GZYrlnlerzpuFVmmZdVsx86JU3PPXGRrJUcFlmgOy++DUUzSkEaKcCxl37YS5WVYKEY4nZUGqaQJJnd4TPuaRjik0svmh87QiVZGKIiFrkihufp9IsOhlNPQ150hVhP528vFv7x+qoK6l7EoSRWNyGJRkHKkYpR/jUZMUKL4VBNMBNO3IjLBAhOlsynpEL4+Rf+TjmPaVdNtuZXG1TKOIhzBMZyCDTVowCU0oQ0EKDzAEzwbt8aj8WK8LloLxnLmEH7AePsEHeiNMA==</latexit>

Z
<latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X <latexit sha1_base64="40ydgIjPWBy5s0Zl/9WKTD9HMbU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeIF48RzAOSJcxOJsmQmdllplcIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSKFRd//9lZW19Y3NnNb+e2d3b39wsFh3capYbzGYhmbZkQtl0LzGgqUvJkYTlUkeSMa3k78xiM3VsT6AUcJDxXta9ETjKKTGud90rap6hSKfsmfgiyTYE6KMEe1U/hqd2OWKq6RSWptK/ATDDNqUDDJx/l2anlC2ZD2ectRTRW3YTY9d0xOndIlvdi40kim6u+JjCprRypynYriwC56E/E/r5Vi7zrMhE5S5JrNFvVSSTAmk99JVxjOUI4cocwIdythA2ooQ5dQ3oUQLL68TOoXpeCyVL4vFys3T7M4cnAMJ3AGAVxBBe6gCjVgMIRneIU3L/FevHfvY9a64s0jPII/8D5/AN3Aj60=</latexit>

�g
X

GHZ(A)

GHZ(B) SPT
| i

Measurement

+ Feedback

Purification

U =
X

↵

U↵P↵

Controlled unitary

Kennedy-Tasaki transformation (1992)
Haldane SPT  ->  2 Z2 long-range order 

More recent refs: Li, Oshikawa, Zheng (2023)



<latexit sha1_base64="vmpIguKQwX/F/VhO0+xRFdnkzkM="></latexit>

hZb,iZb,ji ⇠
1

|i� j|⌘
<latexit sha1_base64="slNaCobmq58sfv5RnZhtXVbLD/Q="></latexit>

hXb,iXb,i+1...Xb,ji ⇠
1

|i� j|2⌘

Disorder operatorOrder operator

Mixed-state quantum criticality (g=1)

<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
⇢B

TrivialGHZ

twice of Ising CFT



<latexit sha1_base64="vmpIguKQwX/F/VhO0+xRFdnkzkM="></latexit>

hZb,iZb,ji ⇠
1

|i� j|⌘
<latexit sha1_base64="slNaCobmq58sfv5RnZhtXVbLD/Q="></latexit>

hXb,iXb,i+1...Xb,ji ⇠
1

|i� j|2⌘

Disorder operatorOrder operator

Mixed-state quantum criticality (g=1)

<latexit sha1_base64="oXTmkX/w3Z1TflcpGjT9JeznNA4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6oNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/4GI19</latexit>g
<latexit sha1_base64="Fo8LqiZEdun1OY8XWWGo498X0g0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6m6vWHLL7gxklXgLUoIFar3iV7cfszRCaZigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkoaofaz2aETcmaVPgljZUsaMlN/T2Q00nocBbYzomaol72p+J/XSU147WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w+kvI1G</latexit>

0
<latexit sha1_base64="CEU1Rl4CW+bqCTOoX6b6/DrX3f0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtMu3WzC7kQooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrO/dYj10bE6gHHCfcjOlAiFIyile69Uq9ccavuFGSZeHNSgTnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs+ml07IiVX6JIy1LYVkqv6eyGhkzDgKbGdEcWgWvVz8z+ukGF75mVBJilyx2aIwlQRjkr9N+kJzhnJsCWVa2FsJG1JNGdpw8hC8xZeXSfOs6l1Uz+/OK7Xbp1kcRTiCYzgFDy6hBjdQhwYwCOEZXuHNGTkvzrvzMWstOPMID+EPnM8f2n2NWw==</latexit>

1
⇢B

TrivialGHZ

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

log( L
p sin( x

L))

0.6

0.7
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0.9

1.0

E N

L = 8, a =0.14837
L = 10, a =0.14767
L = 12, a =0.14678
L = 14, a =0.14611
L = 8, a =0.32464
L = 10, a =0.31146
L = 12, a =0.30266
L = 14, a =0.29628

B sublattice

<latexit sha1_base64="DTpd2qiz2oSdTy7hLk6NcEiKDQ4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL54kAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3L4sjDCZzCOXhwBVW4hRo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+zDjRE=</latexit>x

<latexit sha1_base64="ZvsZjn/IOwenGG2JBp+Ms7/rz04=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeAFw8iEc0DkiXMTibJkNnZZaZXDEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4ilMOi6387S8srq2npuI7+5tb2zW9jbr5so0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhlcTv/HItRGResBRzP2Q9pXoCUbRSvc3p0+dQtEtuVOQReJlpAgZqp3CV7sbsSTkCpmkxrQ8N0Y/pRoFk3ycbyeGx5QNaZ+3LFU05MZPp6eOybFVuqQXaVsKyVT9PZHS0JhRGNjOkOLAzHsT8T+vlWDv0k+FihPkis0W9RJJMCKTv0lXaM5QjiyhTAt7K2EDqilDm07ehuDNv7xI6mcl77xUvisXK7dZHDk4hCM4AQ8uoALXUIUaMOjDM7zCmyOdF+fd+Zi1LjnZzAH8gfP5A+7FjZ4=</latexit>

L� x

Mixed-state entanglement 
 (Entanglement negativity)

<latexit sha1_base64="dwTE32gkJz7AOEK9rx/SStfSccw="></latexit>

EN (↵,�) = ↵ log


L

⇡
sin(

⇡x

L
)

�
+ �

Vidal, Werner (2001)

<latexit sha1_base64="kqbFlbiTwzyAroQKwR/FuDo4IIM=">AAACAXicbVDLSgNBEJyN7/ha9SJ4GQyCp7ArQT0GA+JJFMwDkhBmJ51kyOzsMtMrhjVe/BUvHhTx6l9482+cxBw0saChqOqmuyuIpTDoeV9OZm5+YXFpeSW7ura+selubVdMlGgOZR7JSNcCZkAKBWUUKKEWa2BhIKEa9Esjv3oL2ohI3eAghmbIukp0BGdopZa7e08bCHeYls5vhpQ2NFNdCa0z2nJzXt4bg84Sf0JyZIKrlvvZaEc8CUEhl8yYuu/F2EyZRsElDLONxEDMeJ91oW6pYiGYZjr+YEgPrNKmnUjbUkjH6u+JlIXGDMLAdoYMe2baG4n/efUEO6fNVKg4QVD8Z1EnkRQjOoqDtoUGjnJgCeNa2Fsp7zHNONrQsjYEf/rlWVI5yvvH+cJ1IVe8nMSxTPbIPjkkPjkhRXJBrkiZcPJAnsgLeXUenWfnzXn/ac04k5kd8gfOxzclAZYY</latexit>

|CFTiB

Mixed state 
<latexit sha1_base64="n72ejYft3WMzuzVzmWcn0i8ja1k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF08SwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2Dqp2dVD1bvulSt+1Z8BLZMgJxXIUe+Vv7p9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNrt2gk6c0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUAlF0Kw+PIyaZ5Vg4vq+f15pXaXx1GEIziGUwjgEmpwC3VoAIFHeIZXePOU9+K9ex/z1oKXzxzCH3ifP2fIjxE=</latexit>⇢B

twice of Ising CFT



Generalization

Higher-dim. 
Z2 q-form x  Z2 p-form SPTs  Mixed-state Z2 Topological Order

<latexit sha1_base64="01EKDo/3DF3pRiWx0Yh9LZ4KNJI=">AAACCnicbZBLSwMxFIUzPmt9VV26iRbBjWVGirosuHHZgn1AZyyZzJ02NJkZkoxQpgV3bvwrblwo4tZf4M5/Y/pYaOuBwMc5NyT3+AlnStv2t7W0vLK6tp7byG9ube/sFvb2GypOJYU6jXksWz5RwFkEdc00h1YigQifQ9PvX4/z5j1IxeLoVg8S8ATpRixklGhjdQpHGLuKCQx3GT7DFA9dzXgAmdslQpDREI86haJdsifCi+DMoIhmqnYKX24Q01RApCknSrUdO9FeRqRmlMMo76YKEkL7pAttgxERoLxsssoInxgnwGEszYk0nri/b2REKDUQvpkURPfUfDY2/8vaqQ6vvIxFSaohotOHwpRjHeNxLzhgEqjmAwOESmb+immPSEK1aS9vSnDmV16ExnnJuSiVa+VipfYwrSOHDtExOkUOukQVdIOqqI4oekTP6BW9WU/Wi/VufUxHl6xZhQfoj6zPH6T8mho=</latexit>

⇠ e�c|�̃|

Perimeter Law
<latexit sha1_base64="01EKDo/3DF3pRiWx0Yh9LZ4KNJI=">AAACCnicbZBLSwMxFIUzPmt9VV26iRbBjWVGirosuHHZgn1AZyyZzJ02NJkZkoxQpgV3bvwrblwo4tZf4M5/Y/pYaOuBwMc5NyT3+AlnStv2t7W0vLK6tp7byG9ube/sFvb2GypOJYU6jXksWz5RwFkEdc00h1YigQifQ9PvX4/z5j1IxeLoVg8S8ATpRixklGhjdQpHGLuKCQx3GT7DFA9dzXgAmdslQpDREI86haJdsifCi+DMoIhmqnYKX24Q01RApCknSrUdO9FeRqRmlMMo76YKEkL7pAttgxERoLxsssoInxgnwGEszYk0nri/b2REKDUQvpkURPfUfDY2/8vaqQ6vvIxFSaohotOHwpRjHeNxLzhgEqjmAwOESmb+immPSEK1aS9vSnDmV16ExnnJuSiVa+VipfYwrSOHDtExOkUOukQVdIOqqI4oekTP6BW9WU/Wi/VufUxHl6xZhQfoj6zPH6T8mho=</latexit>

⇠ e�c|�̃|

Perimeter Law

(Generalize to abelian G x H  symmetry) 



Motivated from Gutzwiller projection

Adaptive protocol by measuring fermions

Free fermion (Gaussian state)
<latexit sha1_base64="8Gjuz++3sUKD2Nll0sOgvoCfuEY=">AAACK3icbVBJSwMxGM241rqNevQSLIIHKTNS1GNREI8V7AKdYcikmTY0kwxJxlLGgj/Hi3/Fgx5c8Or/MF0OXXwQeLz3knzfCxNGlXacL2tpeWV1bT23kd/c2t7Ztff2a0qkEpMqFkzIRogUYZSTqqaakUYiCYpDRuph93ro1x+IVFTwe91PiB+jNqcRxUgbKbCvHqGXKBpkzqmXJkhK0RtATyLeZgR6QtOYKAinQi3R47OxwC44RWcEuEjcCSmACSqB/WZewWlMuMYMKdV0nUT7GZKaYkYGeS9VJEG4i9qkaShHZgY/G+06gMdGacFISHO4hiN1+kaGYqX6cWiSMdIdNe8Nxf+8ZqqjSz+jPEk14Xj8UZQyqAUcFgdbVBKsWd8QhCU1s0LcQRJhberNmxLc+ZUXSe2s6J4XS3elQvnmaVxHDhyCI3ACXHAByuAWVEAVYPAMXsEH+LRerHfr2/oZR5esSYUHYAbW7x8Dkqic</latexit>

| 0,"i ⌦ | 0,#i

<latexit sha1_base64="8v66bGOw3HgpRzbaGTohcN5Np/0=">AAACA3icbZDLSgMxGIUzXmu9jbrTTbAIrsqMFHVZcCO4qWAv0BmGTJppQzNJSDJKGQvd+CpuXCji1pdw59uYXhbaeiDwcc4fkv/EklFtPO/bWVpeWV1bL2wUN7e2d3bdvf2GFpnCpI4FE6oVI00Y5aRuqGGkJRVBacxIM+5fjfPmPVGaCn5nBpKEKepymlCMjLUi9/ARBlLTyAsU4l1GojzIJFJKPAwjt+SVvYngIvgzKIGZapH7FXQEzlLCDWZI67bvSRPmSBmKGRkWg0wTiXAfdUnbIkcp0WE+2WEIT6zTgYlQ9nADJ+7vGzlKtR6ksZ1Mkenp+Wxs/pe1M5NchjnlMjOE4+lDScagEXBcCOxQRbBhAwsIK2r/CnEPKYSNra1oS/DnV16ExlnZPy9Xbiul6s1oWkcBHIFjcAp8cAGq4BrUQB1gMALP4BW8OU/Oi/PufExHl5xZhQfgj5zPH7ivmKw=</latexit>

| 0i"

<latexit sha1_base64="/A0a352EHBOj1N1OiZXcH6gNp+4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqMuCG8FNBfuApoTJ9KYdOpmEmYmlxIK48VfcuFDErf/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLa+sruXXCxubW9s79u5eXcWppFCjMY9lMyAKOBNQ00xzaCYSSBRwaAT9y7HfuAOpWCxu9TCBdkS6goWMEm0k3z68x16imO94koguBz/zOvFAECnjwci3i07JmQAvEndGimiGqm9/mWmaRiA05USpluskup0RqRnlMCp4qYKE0D7pQstQQSJQ7WzyxQgfG6WDw1iaEhpP1N8TGYmUGkaB6YyI7ql5byz+57VSHV60MyaSVIOg00VhyrGO8TgS3GESqOZDQwiVzNyKaY9IQrUJrmBCcOdfXiT105J7VirflIuV64dpHHl0gI7QCXLROaqgK1RFNUTRI3pGr+jNerJerHfrY9qas2YR7qM/sD5/AFe/mZM=</latexit>

| 0i#

(1963)



Motivated from Gutzwiller projection

Adaptive protocol by measuring fermions

Free fermion (Gaussian state)
<latexit sha1_base64="8Gjuz++3sUKD2Nll0sOgvoCfuEY=">AAACK3icbVBJSwMxGM241rqNevQSLIIHKTNS1GNREI8V7AKdYcikmTY0kwxJxlLGgj/Hi3/Fgx5c8Or/MF0OXXwQeLz3knzfCxNGlXacL2tpeWV1bT23kd/c2t7Ztff2a0qkEpMqFkzIRogUYZSTqqaakUYiCYpDRuph93ro1x+IVFTwe91PiB+jNqcRxUgbKbCvHqGXKBpkzqmXJkhK0RtATyLeZgR6QtOYKAinQi3R47OxwC44RWcEuEjcCSmACSqB/WZewWlMuMYMKdV0nUT7GZKaYkYGeS9VJEG4i9qkaShHZgY/G+06gMdGacFISHO4hiN1+kaGYqX6cWiSMdIdNe8Nxf+8ZqqjSz+jPEk14Xj8UZQyqAUcFgdbVBKsWd8QhCU1s0LcQRJhberNmxLc+ZUXSe2s6J4XS3elQvnmaVxHDhyCI3ACXHAByuAWVEAVYPAMXsEH+LRerHfr2/oZR5esSYUHYAbW7x8Dkqic</latexit>

| 0,"i ⌦ | 0,#i
<latexit sha1_base64="F6W8nML/jqHVA/1P3x16sFj5+3Y="></latexit>

| gi = Pg| 0,"i ⌦ | 0,#i

Projecting to  
single-occupation per site

<latexit sha1_base64="8v66bGOw3HgpRzbaGTohcN5Np/0=">AAACA3icbZDLSgMxGIUzXmu9jbrTTbAIrsqMFHVZcCO4qWAv0BmGTJppQzNJSDJKGQvd+CpuXCji1pdw59uYXhbaeiDwcc4fkv/EklFtPO/bWVpeWV1bL2wUN7e2d3bdvf2GFpnCpI4FE6oVI00Y5aRuqGGkJRVBacxIM+5fjfPmPVGaCn5nBpKEKepymlCMjLUi9/ARBlLTyAsU4l1GojzIJFJKPAwjt+SVvYngIvgzKIGZapH7FXQEzlLCDWZI67bvSRPmSBmKGRkWg0wTiXAfdUnbIkcp0WE+2WEIT6zTgYlQ9nADJ+7vGzlKtR6ksZ1Mkenp+Wxs/pe1M5NchjnlMjOE4+lDScagEXBcCOxQRbBhAwsIK2r/CnEPKYSNra1oS/DnV16ExlnZPy9Xbiul6s1oWkcBHIFjcAp8cAGq4BrUQB1gMALP4BW8OU/Oi/PufExHl5xZhQfgj5zPH7ivmKw=</latexit>

| 0i"

<latexit sha1_base64="/A0a352EHBOj1N1OiZXcH6gNp+4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqMuCG8FNBfuApoTJ9KYdOpmEmYmlxIK48VfcuFDErf/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLa+sruXXCxubW9s79u5eXcWppFCjMY9lMyAKOBNQ00xzaCYSSBRwaAT9y7HfuAOpWCxu9TCBdkS6goWMEm0k3z68x16imO94koguBz/zOvFAECnjwci3i07JmQAvEndGimiGqm9/mWmaRiA05USpluskup0RqRnlMCp4qYKE0D7pQstQQSJQ7WzyxQgfG6WDw1iaEhpP1N8TGYmUGkaB6YyI7ql5byz+57VSHV60MyaSVIOg00VhyrGO8TgS3GESqOZDQwiVzNyKaY9IQrUJrmBCcOdfXiT105J7VirflIuV64dpHHl0gI7QCXLROaqgK1RFNUTRI3pGr+jNerJerHfrY9qas2YR7qM/sD5/AFe/mZM=</latexit>

| 0i#

(1963)



Motivated from Gutzwiller projection

Adaptive protocol by measuring fermions

Free fermion (Gaussian state)
<latexit sha1_base64="8Gjuz++3sUKD2Nll0sOgvoCfuEY=">AAACK3icbVBJSwMxGM241rqNevQSLIIHKTNS1GNREI8V7AKdYcikmTY0kwxJxlLGgj/Hi3/Fgx5c8Or/MF0OXXwQeLz3knzfCxNGlXacL2tpeWV1bT23kd/c2t7Ztff2a0qkEpMqFkzIRogUYZSTqqaakUYiCYpDRuph93ro1x+IVFTwe91PiB+jNqcRxUgbKbCvHqGXKBpkzqmXJkhK0RtATyLeZgR6QtOYKAinQi3R47OxwC44RWcEuEjcCSmACSqB/WZewWlMuMYMKdV0nUT7GZKaYkYGeS9VJEG4i9qkaShHZgY/G+06gMdGacFISHO4hiN1+kaGYqX6cWiSMdIdNe8Nxf+8ZqqjSz+jPEk14Xj8UZQyqAUcFgdbVBKsWd8QhCU1s0LcQRJhberNmxLc+ZUXSe2s6J4XS3elQvnmaVxHDhyCI3ACXHAByuAWVEAVYPAMXsEH+LRerHfr2/oZR5esSYUHYAbW7x8Dkqic</latexit>

| 0,"i ⌦ | 0,#i
<latexit sha1_base64="F6W8nML/jqHVA/1P3x16sFj5+3Y="></latexit>

| gi = Pg| 0,"i ⌦ | 0,#i

Projecting to  
single-occupation per site

<latexit sha1_base64="8v66bGOw3HgpRzbaGTohcN5Np/0=">AAACA3icbZDLSgMxGIUzXmu9jbrTTbAIrsqMFHVZcCO4qWAv0BmGTJppQzNJSDJKGQvd+CpuXCji1pdw59uYXhbaeiDwcc4fkv/EklFtPO/bWVpeWV1bL2wUN7e2d3bdvf2GFpnCpI4FE6oVI00Y5aRuqGGkJRVBacxIM+5fjfPmPVGaCn5nBpKEKepymlCMjLUi9/ARBlLTyAsU4l1GojzIJFJKPAwjt+SVvYngIvgzKIGZapH7FXQEzlLCDWZI67bvSRPmSBmKGRkWg0wTiXAfdUnbIkcp0WE+2WEIT6zTgYlQ9nADJ+7vGzlKtR6ksZ1Mkenp+Wxs/pe1M5NchjnlMjOE4+lDScagEXBcCOxQRbBhAwsIK2r/CnEPKYSNra1oS/DnV16ExlnZPy9Xbiul6s1oWkcBHIFjcAp8cAGq4BrUQB1gMALP4BW8OU/Oi/PufExHl5xZhQfgj5zPH7ivmKw=</latexit>

| 0i"

<latexit sha1_base64="/A0a352EHBOj1N1OiZXcH6gNp+4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqMuCG8FNBfuApoTJ9KYdOpmEmYmlxIK48VfcuFDErf/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLa+sruXXCxubW9s79u5eXcWppFCjMY9lMyAKOBNQ00xzaCYSSBRwaAT9y7HfuAOpWCxu9TCBdkS6goWMEm0k3z68x16imO94koguBz/zOvFAECnjwci3i07JmQAvEndGimiGqm9/mWmaRiA05USpluskup0RqRnlMCp4qYKE0D7pQstQQSJQ7WzyxQgfG6WDw1iaEhpP1N8TGYmUGkaB6YyI7ql5byz+57VSHV60MyaSVIOg00VhyrGO8TgS3GESqOZDQwiVzNyKaY9IQrUJrmBCcOdfXiT105J7VirflIuV64dpHHl0gI7QCXLROaqgK1RFNUTRI3pGr+jNerJerHfrY9qas2YR7qM/sD5/AFe/mZM=</latexit>

| 0i#

Gutzwiller projection by measuring fermion number?
Cannot control the measurement outcome

(1963)



2d Chern insulators

Mixed-state quantum criticality from gapped states of matter

<latexit sha1_base64="FocKAp8WKaD0My8V1V7sZzSJ4jw=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI6IuC24ENxXsA9qhZNLbNjSTGZKMUMeC/8ONC0Xc+lPc+W9MHwttPRD4OOeG3JwwEVwbz/t2ciura+sb+c3C1vbObtHd26/rOFUMaywWsWqGVKPgEmuGG4HNRCGNQoGNcHg1yRv3qDSP5Z0ZJRhEtC95jzNqrNVxi4+knWje8dqKyr7Ajlvyyt5UZBn8OZRgrmrH/Wp3Y5ZGKA0TVOuW7yUmyKgynAkcF9qpxoSyIe1jy6KkEeogmy4+JsfW6ZJerOyRhkzd3zcyGmk9ikI7GVEz0IvZxPwva6WmdxlkXCapQclmD/VSQUxMJi2QLlfIjBhZoExxuythA6ooM7argi3BX/zyMtRPy/55+ez2rFS5eZrVkYdDOIIT8OECKnANVagBgxSe4RXenAfnxXl3PmajOWde4QH8kfP5A5KNk3s=</latexit>

| 0i
<latexit sha1_base64="NEU9c0CSfCedxpr7+OXjnKF0EJQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CIBe9RTQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGozv/XEtRGxesRxwv2IDpQIBaNopYfajdcrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+xOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJ86LsXZYr95VS9S6LIw8ncArn4MEVVOEW6tAABgN4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/jEKNWQ==</latexit>

C = 1

Chiral current

Trivial bulk correlation 
<latexit sha1_base64="2fxskkesoEWyVuNNsEibm2pvsZY="></latexit>

h 0|c(x)c†(x0)| 0i ⇠ e�
|x�x0|

⇠

Review: Hasan, Kane (2010)



2d Chern insulators
Girvin, MacDonald (1987);  
Kvorning, Spånslätt, Chan, Ryu (2019)

Off-diagonal long-range order

Mixed-state quantum criticality from gapped states of matter

<latexit sha1_base64="FocKAp8WKaD0My8V1V7sZzSJ4jw=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI6IuC24ENxXsA9qhZNLbNjSTGZKMUMeC/8ONC0Xc+lPc+W9MHwttPRD4OOeG3JwwEVwbz/t2ciura+sb+c3C1vbObtHd26/rOFUMaywWsWqGVKPgEmuGG4HNRCGNQoGNcHg1yRv3qDSP5Z0ZJRhEtC95jzNqrNVxi4+knWje8dqKyr7Ajlvyyt5UZBn8OZRgrmrH/Wp3Y5ZGKA0TVOuW7yUmyKgynAkcF9qpxoSyIe1jy6KkEeogmy4+JsfW6ZJerOyRhkzd3zcyGmk9ikI7GVEz0IvZxPwva6WmdxlkXCapQclmD/VSQUxMJi2QLlfIjBhZoExxuythA6ooM7argi3BX/zyMtRPy/55+ez2rFS5eZrVkYdDOIIT8OECKnANVagBgxSe4RXenAfnxXl3PmajOWde4QH8kfP5A5KNk3s=</latexit>

| 0i

<latexit sha1_base64="ndki+8IvXj/f6uU44juRk7iT+oQ=">AAACNnicdVC7SgNBFJ2NrxhfUUubwSDEJuxKUBtBsNFCiGBUyMYwO3s3Dpl9MHNXDMt+lY3fYZfGQhFbP8HJo9CoBwYO55zLnXu8RAqNtj2wCjOzc/MLxcXS0vLK6lp5feNKx6ni0OSxjNWNxzRIEUETBUq4SRSw0JNw7fVOhv71PSgt4ugS+wm0Q9aNRCA4QyN1yucuCulDxvPbzPVZtwsqr7oID+gF2UO+S+kRpS4g+yHyf8KdcsWu2SPQ38SZkAqZoNEpP7t+zNMQIuSSad1y7ATbGVMouIS85KYaEsZ7rAstQyMWgm5no7NzumMUnwaxMi9COlK/T2Qs1LofeiYZMrzT095Q/MtrpRgctjMRJSlCxMeLglRSjOmwQ+oLBRxl3xDGlTB/pfyOKcbRNF0yJTjTJ/8mV3s1Z79Wv6hXjs8mdRTJFtkmVeKQA3JMTkmDNAknj2RAXsmb9WS9WO/WxzhasCYzm+QHrM8vAGOssg==</latexit>

c̃†(x) = ⌘(x)c†(x)
<latexit sha1_base64="mNy2rj7fiJldcYNu4TZuCgsiz/c="></latexit>

⌘(x) = ei
R
d2x0n̂(x0)arg(x�x0)

<latexit sha1_base64="NEU9c0CSfCedxpr7+OXjnKF0EJQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CIBe9RTQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGozv/XEtRGxesRxwv2IDpQIBaNopYfajdcrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+xOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJ86LsXZYr95VS9S6LIw8ncArn4MEVVOEW6tAABgN4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/jEKNWQ==</latexit>

C = 1

h 0|c̃(x)c̃†(x0)| 0i ⇠
1

|x� x0|↵

Flux attachment - > bosons

Chiral current

<latexit sha1_base64="2fxskkesoEWyVuNNsEibm2pvsZY="></latexit>

h 0|c(x)c†(x0)| 0i ⇠ e�
|x�x0|

⇠

Flux attachment from measurement +  feedback !

Trivial bulk correlation 



2d Chern insulators

Mixed-state quantum criticality from gapped states of matter

<latexit sha1_base64="NEU9c0CSfCedxpr7+OXjnKF0EJQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CIBe9RTQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGozv/XEtRGxesRxwv2IDpQIBaNopYfajdcrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+xOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJ86LsXZYr95VS9S6LIw8ncArn4MEVVOEW6tAABgN4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/jEKNWQ==</latexit>

C = 1
<latexit sha1_base64="hFUaAryKC6eFNrbmom7qRxFMTII=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRCr3orYL9gHYp2TTbhibZJckKZelf8OJBEa/+IW/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gkkj8ztPVGkWyUczjakv8EiykBFsMqlxe+ENyhW36s6BVomXkwrkaA7KX/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+Or91hs6sMkRhpGxJg+bq74kUC62nIrCdApuxXvYy8T+vl5jwxk+ZjBNDJVksChOOTISyx9GQKUoMn1qCiWL2VkTGWGFibDwlG4K3/PIqaV9Wvatq7aFWqd/ncRThBE7hHDy4hjrcQRNaQGAMz/AKb45wXpx352PRWnDymWP4A+fzB/YLjZA=</latexit>

C = �1

<latexit sha1_base64="8v66bGOw3HgpRzbaGTohcN5Np/0=">AAACA3icbZDLSgMxGIUzXmu9jbrTTbAIrsqMFHVZcCO4qWAv0BmGTJppQzNJSDJKGQvd+CpuXCji1pdw59uYXhbaeiDwcc4fkv/EklFtPO/bWVpeWV1bL2wUN7e2d3bdvf2GFpnCpI4FE6oVI00Y5aRuqGGkJRVBacxIM+5fjfPmPVGaCn5nBpKEKepymlCMjLUi9/ARBlLTyAsU4l1GojzIJFJKPAwjt+SVvYngIvgzKIGZapH7FXQEzlLCDWZI67bvSRPmSBmKGRkWg0wTiXAfdUnbIkcp0WE+2WEIT6zTgYlQ9nADJ+7vGzlKtR6ksZ1Mkenp+Wxs/pe1M5NchjnlMjOE4+lDScagEXBcCOxQRbBhAwsIK2r/CnEPKYSNra1oS/DnV16ExlnZPy9Xbiul6s1oWkcBHIFjcAp8cAGq4BrUQB1gMALP4BW8OU/Oi/PufExHl5xZhQfgj5zPH7ivmKw=</latexit>

| 0i"
<latexit sha1_base64="/A0a352EHBOj1N1OiZXcH6gNp+4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqMuCG8FNBfuApoTJ9KYdOpmEmYmlxIK48VfcuFDErf/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLa+sruXXCxubW9s79u5eXcWppFCjMY9lMyAKOBNQ00xzaCYSSBRwaAT9y7HfuAOpWCxu9TCBdkS6goWMEm0k3z68x16imO94koguBz/zOvFAECnjwci3i07JmQAvEndGimiGqm9/mWmaRiA05USpluskup0RqRnlMCp4qYKE0D7pQstQQSJQ7WzyxQgfG6WDw1iaEhpP1N8TGYmUGkaB6YyI7ql5byz+57VSHV60MyaSVIOg00VhyrGO8TgS3GESqOZDQwiVzNyKaY9IQrUJrmBCcOdfXiT105J7VirflIuV64dpHHl0gI7QCXLROaqgK1RFNUTRI3pGr+jNerJerHfrY9qas2YR7qM/sD5/AFe/mZM=</latexit>

| 0i#

<latexit sha1_base64="ngjbsWJKOtG6gkVIl3uf6m3CWps="></latexit>

S+(x) = c+" (x)c#(x)

<latexit sha1_base64="U+ORogFmHn3f3sv2sTk2Z4kPZwA="></latexit>

h 0|ei[�̂"(x)��̂#(x)]S+(x)S�(x0)e�i[�̂"(x
0)��̂#(x

0)]| 0i

⇠ h 0|"c̃"(x0)c̃†"(x)| 0i"h 0|#c̃#(x)c̃†#(x
0)| 0i# ⇠ 1

|x� x0|2↵

�̂"(x) =

Z
d2x0n̂"(x

0)arg(x� x0)

�̂#(x) = �
Z

d2x0n̂#(x
0)arg(x� x0)

<latexit sha1_base64="8Gjuz++3sUKD2Nll0sOgvoCfuEY=">AAACK3icbVBJSwMxGM241rqNevQSLIIHKTNS1GNREI8V7AKdYcikmTY0kwxJxlLGgj/Hi3/Fgx5c8Or/MF0OXXwQeLz3knzfCxNGlXacL2tpeWV1bT23kd/c2t7Ztff2a0qkEpMqFkzIRogUYZSTqqaakUYiCYpDRuph93ro1x+IVFTwe91PiB+jNqcRxUgbKbCvHqGXKBpkzqmXJkhK0RtATyLeZgR6QtOYKAinQi3R47OxwC44RWcEuEjcCSmACSqB/WZewWlMuMYMKdV0nUT7GZKaYkYGeS9VJEG4i9qkaShHZgY/G+06gMdGacFISHO4hiN1+kaGYqX6cWiSMdIdNe8Nxf+8ZqqjSz+jPEk14Xj8UZQyqAUcFgdbVBKsWd8QhCU1s0LcQRJhberNmxLc+ZUXSe2s6J4XS3elQvnmaVxHDhyCI3ACXHAByuAWVEAVYPAMXsEH+LRerHfr2/oZR5esSYUHYAbW7x8Dkqic</latexit>

| 0,"i ⌦ | 0,#i



2d Chern insulators

Mixed-state quantum criticality from gapped states of matter

<latexit sha1_base64="NEU9c0CSfCedxpr7+OXjnKF0EJQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CIBe9RTQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGozv/XEtRGxesRxwv2IDpQIBaNopYfajdcrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+xOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJ86LsXZYr95VS9S6LIw8ncArn4MEVVOEW6tAABgN4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/jEKNWQ==</latexit>

C = 1
<latexit sha1_base64="hFUaAryKC6eFNrbmom7qRxFMTII=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRCr3orYL9gHYp2TTbhibZJckKZelf8OJBEa/+IW/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gkkj8ztPVGkWyUczjakv8EiykBFsMqlxe+ENyhW36s6BVomXkwrkaA7KX/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+Or91hs6sMkRhpGxJg+bq74kUC62nIrCdApuxXvYy8T+vl5jwxk+ZjBNDJVksChOOTISyx9GQKUoMn1qCiWL2VkTGWGFibDwlG4K3/PIqaV9Wvatq7aFWqd/ncRThBE7hHDy4hjrcQRNaQGAMz/AKb45wXpx352PRWnDymWP4A+fzB/YLjZA=</latexit>

C = �1

<latexit sha1_base64="8v66bGOw3HgpRzbaGTohcN5Np/0=">AAACA3icbZDLSgMxGIUzXmu9jbrTTbAIrsqMFHVZcCO4qWAv0BmGTJppQzNJSDJKGQvd+CpuXCji1pdw59uYXhbaeiDwcc4fkv/EklFtPO/bWVpeWV1bL2wUN7e2d3bdvf2GFpnCpI4FE6oVI00Y5aRuqGGkJRVBacxIM+5fjfPmPVGaCn5nBpKEKepymlCMjLUi9/ARBlLTyAsU4l1GojzIJFJKPAwjt+SVvYngIvgzKIGZapH7FXQEzlLCDWZI67bvSRPmSBmKGRkWg0wTiXAfdUnbIkcp0WE+2WEIT6zTgYlQ9nADJ+7vGzlKtR6ksZ1Mkenp+Wxs/pe1M5NchjnlMjOE4+lDScagEXBcCOxQRbBhAwsIK2r/CnEPKYSNra1oS/DnV16ExlnZPy9Xbiul6s1oWkcBHIFjcAp8cAGq4BrUQB1gMALP4BW8OU/Oi/PufExHl5xZhQfgj5zPH7ivmKw=</latexit>

| 0i"
<latexit sha1_base64="/A0a352EHBOj1N1OiZXcH6gNp+4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqMuCG8FNBfuApoTJ9KYdOpmEmYmlxIK48VfcuFDErf/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLa+sruXXCxubW9s79u5eXcWppFCjMY9lMyAKOBNQ00xzaCYSSBRwaAT9y7HfuAOpWCxu9TCBdkS6goWMEm0k3z68x16imO94koguBz/zOvFAECnjwci3i07JmQAvEndGimiGqm9/mWmaRiA05USpluskup0RqRnlMCp4qYKE0D7pQstQQSJQ7WzyxQgfG6WDw1iaEhpP1N8TGYmUGkaB6YyI7ql5byz+57VSHV60MyaSVIOg00VhyrGO8TgS3GESqOZDQwiVzNyKaY9IQrUJrmBCcOdfXiT105J7VirflIuV64dpHHl0gI7QCXLROaqgK1RFNUTRI3pGr+jNerJerHfrY9qas2YR7qM/sD5/AFe/mZM=</latexit>

| 0i#

<latexit sha1_base64="8Gjuz++3sUKD2Nll0sOgvoCfuEY=">AAACK3icbVBJSwMxGM241rqNevQSLIIHKTNS1GNREI8V7AKdYcikmTY0kwxJxlLGgj/Hi3/Fgx5c8Or/MF0OXXwQeLz3knzfCxNGlXacL2tpeWV1bT23kd/c2t7Ztff2a0qkEpMqFkzIRogUYZSTqqaakUYiCYpDRuph93ro1x+IVFTwe91PiB+jNqcRxUgbKbCvHqGXKBpkzqmXJkhK0RtATyLeZgR6QtOYKAinQi3R47OxwC44RWcEuEjcCSmACSqB/WZewWlMuMYMKdV0nUT7GZKaYkYGeS9VJEG4i9qkaShHZgY/G+06gMdGacFISHO4hiN1+kaGYqX6cWiSMdIdNe8Nxf+8ZqqjSz+jPEk14Xj8UZQyqAUcFgdbVBKsWd8QhCU1s0LcQRJhberNmxLc+ZUXSe2s6J4XS3elQvnmaVxHDhyCI3ACXHAByuAWVEAVYPAMXsEH+LRerHfr2/oZR5esSYUHYAbW7x8Dkqic</latexit>

| 0,"i ⌦ | 0,#i

(1) measuring onsite fermion number  
(2) unitary 

<latexit sha1_base64="9fbJ5CEc3ZmNQ0+jYqmPkojz+OA=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KGWmFHUjFNwIbirYB3SGIZPJtKGZZEgyQhkK4sZfceNCEbf+gzv/xvSx0NYD93I4516Se8KUUaUd59taWl5ZXVsvbBQ3t7Z3du29/ZYSmcSkiQUTshMiRRjlpKmpZqSTSoKSkJF2OLga++17IhUV/E4PU+InqMdpTDHSRgrsI34JoZdDHrhl06pl6OFIaGXEEQzsklNxJoCLxJ2REpihEdhfXiRwlhCuMUNKdV0n1X6OpKaYkVHRyxRJER6gHukaylFClJ9PrhjBE6NEMBbSFNdwov7eyFGi1DAJzWSCdF/Ne2PxP6+b6fjCzylPM004nj4UZwxqAceRwIhKgjUbGoKwpOavEPeRRFib4IomBHf+5EXSqlbcs0rttlaq3zxM4yiAQ3AMToELzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH9PRJWsW4QH4A+vzB4Z8ln4=</latexit>

n = {n1, n2, · · · }
<latexit sha1_base64="lrQxgv/4+P7gdBzcHcdmwq5FnYM="></latexit>

Un =
Y

x

e�i�(x)Sz(x )

<latexit sha1_base64="jZG1z5C65a7dZGcVUy/tNHMSLnI="></latexit>

�(x) =
X

x0

n(x0)arg(x� x0)

<latexit sha1_base64="iML8euCK4kFkTnGf3rahtLSnEiA="></latexit>

U †
nS

+(x)Un = ei[�"(x)��#(x)]S+(x)

U †
nS

�(x0)Un = e�i[�"(x
0)��#(x

0)]S�(x0)



2d Chern insulators

Mixed-state quantum criticality from gapped states of matter

<latexit sha1_base64="NEU9c0CSfCedxpr7+OXjnKF0EJQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CIBe9RTQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGozv/XEtRGxesRxwv2IDpQIBaNopYfajdcrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+xOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJ86LsXZYr95VS9S6LIw8ncArn4MEVVOEW6tAABgN4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/jEKNWQ==</latexit>

C = 1
<latexit sha1_base64="hFUaAryKC6eFNrbmom7qRxFMTII=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRCr3orYL9gHYp2TTbhibZJckKZelf8OJBEa/+IW/+G7PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20dJYrQFol4pLoB1pQzSVuGGU67saJYBJx2gkkj8ztPVGkWyUczjakv8EiykBFsMqlxe+ENyhW36s6BVomXkwrkaA7KX/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+Or91hs6sMkRhpGxJg+bq74kUC62nIrCdApuxXvYy8T+vl5jwxk+ZjBNDJVksChOOTISyx9GQKUoMn1qCiWL2VkTGWGFibDwlG4K3/PIqaV9Wvatq7aFWqd/ncRThBE7hHDy4hjrcQRNaQGAMz/AKb45wXpx352PRWnDymWP4A+fzB/YLjZA=</latexit>

C = �1

<latexit sha1_base64="8v66bGOw3HgpRzbaGTohcN5Np/0=">AAACA3icbZDLSgMxGIUzXmu9jbrTTbAIrsqMFHVZcCO4qWAv0BmGTJppQzNJSDJKGQvd+CpuXCji1pdw59uYXhbaeiDwcc4fkv/EklFtPO/bWVpeWV1bL2wUN7e2d3bdvf2GFpnCpI4FE6oVI00Y5aRuqGGkJRVBacxIM+5fjfPmPVGaCn5nBpKEKepymlCMjLUi9/ARBlLTyAsU4l1GojzIJFJKPAwjt+SVvYngIvgzKIGZapH7FXQEzlLCDWZI67bvSRPmSBmKGRkWg0wTiXAfdUnbIkcp0WE+2WEIT6zTgYlQ9nADJ+7vGzlKtR6ksZ1Mkenp+Wxs/pe1M5NchjnlMjOE4+lDScagEXBcCOxQRbBhAwsIK2r/CnEPKYSNra1oS/DnV16ExlnZPy9Xbiul6s1oWkcBHIFjcAp8cAGq4BrUQB1gMALP4BW8OU/Oi/PufExHl5xZhQfgj5zPH7ivmKw=</latexit>

| 0i"
<latexit sha1_base64="/A0a352EHBOj1N1OiZXcH6gNp+4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqMuCG8FNBfuApoTJ9KYdOpmEmYmlxIK48VfcuFDErf/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLa+sruXXCxubW9s79u5eXcWppFCjMY9lMyAKOBNQ00xzaCYSSBRwaAT9y7HfuAOpWCxu9TCBdkS6goWMEm0k3z68x16imO94koguBz/zOvFAECnjwci3i07JmQAvEndGimiGqm9/mWmaRiA05USpluskup0RqRnlMCp4qYKE0D7pQstQQSJQ7WzyxQgfG6WDw1iaEhpP1N8TGYmUGkaB6YyI7ql5byz+57VSHV60MyaSVIOg00VhyrGO8TgS3GESqOZDQwiVzNyKaY9IQrUJrmBCcOdfXiT105J7VirflIuV64dpHHl0gI7QCXLROaqgK1RFNUTRI3pGr+jNerJerHfrY9qas2YR7qM/sD5/AFe/mZM=</latexit>

| 0i#

<latexit sha1_base64="8Gjuz++3sUKD2Nll0sOgvoCfuEY=">AAACK3icbVBJSwMxGM241rqNevQSLIIHKTNS1GNREI8V7AKdYcikmTY0kwxJxlLGgj/Hi3/Fgx5c8Or/MF0OXXwQeLz3knzfCxNGlXacL2tpeWV1bT23kd/c2t7Ztff2a0qkEpMqFkzIRogUYZSTqqaakUYiCYpDRuph93ro1x+IVFTwe91PiB+jNqcRxUgbKbCvHqGXKBpkzqmXJkhK0RtATyLeZgR6QtOYKAinQi3R47OxwC44RWcEuEjcCSmACSqB/WZewWlMuMYMKdV0nUT7GZKaYkYGeS9VJEG4i9qkaShHZgY/G+06gMdGacFISHO4hiN1+kaGYqX6cWiSMdIdNe8Nxf+8ZqqjSz+jPEk14Xj8UZQyqAUcFgdbVBKsWd8QhCU1s0LcQRJhberNmxLc+ZUXSe2s6J4XS3elQvnmaVxHDhyCI3ACXHAByuAWVEAVYPAMXsEH+LRerHfr2/oZR5esSYUHYAbW7x8Dkqic</latexit>

| 0,"i ⌦ | 0,#i

(1) measuring onsite fermion number  
(2) unitary 

<latexit sha1_base64="9fbJ5CEc3ZmNQ0+jYqmPkojz+OA=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KGWmFHUjFNwIbirYB3SGIZPJtKGZZEgyQhkK4sZfceNCEbf+gzv/xvSx0NYD93I4516Se8KUUaUd59taWl5ZXVsvbBQ3t7Z3du29/ZYSmcSkiQUTshMiRRjlpKmpZqSTSoKSkJF2OLga++17IhUV/E4PU+InqMdpTDHSRgrsI34JoZdDHrhl06pl6OFIaGXEEQzsklNxJoCLxJ2REpihEdhfXiRwlhCuMUNKdV0n1X6OpKaYkVHRyxRJER6gHukaylFClJ9PrhjBE6NEMBbSFNdwov7eyFGi1DAJzWSCdF/Ne2PxP6+b6fjCzylPM004nj4UZwxqAceRwIhKgjUbGoKwpOavEPeRRFib4IomBHf+5EXSqlbcs0rttlaq3zxM4yiAQ3AMToELzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH9PRJWsW4QH4A+vzB4Z8ln4=</latexit>

n = {n1, n2, · · · }
<latexit sha1_base64="lrQxgv/4+P7gdBzcHcdmwq5FnYM="></latexit>

Un =
Y

x

e�i�(x)Sz(x )

<latexit sha1_base64="jZG1z5C65a7dZGcVUy/tNHMSLnI="></latexit>

�(x) =
X

x0

n(x0)arg(x� x0)

<latexit sha1_base64="iML8euCK4kFkTnGf3rahtLSnEiA="></latexit>

U †
nS

+(x)Un = ei[�"(x)��#(x)]S+(x)

U †
nS

�(x0)Un = e�i[�"(x
0)��#(x

0)]S�(x0)

<latexit sha1_base64="a02Bryb7EdIuLrPV4e59FM8DTNk="></latexit>

ei[�̂"(x)��̂#(x)]S+(x)S�(x0)e�i[�̂"(x
0)��̂#(x

0)]

<latexit sha1_base64="QvD6ntO9pLmxKsQBJltnNoR03MQ=">AAACGnicbZDLSgMxFIYz9VbHW9Wlm2ARK2KZkaIuC250V9FeoB1LJs3U0MyF5Iy0DH0ON76KGxeKuBM3vo3ptAvb+kPg5zvncHJ+NxJcgWX9GJmFxaXlleyquba+sbmV296pqTCWlFVpKELZcIliggesChwEa0SSEd8VrO72Lkf1+iOTiofBHQwi5vikG3CPUwIatXO2ifHtfXI8LOAWsD64XtIfYnyU0pMpephi3M7lraKVCs8be2LyaKJKO/fV6oQ09lkAVBClmrYVgZMQCZwKNjRbsWIRoT3SZU1tA+Iz5STpaUN8oEkHe6HULwCc0r8TCfGVGviu7vQJPKjZ2gj+V2vG4F04CQ+iGFhAx4u8WGAI8Sgn3OGSURADbQiVXP8V0wciCQWdpqlDsGdPnje106J9VizdlPLl60kcWbSH9lEB2egcldEVqqAqougJvaA39G48G6/Gh/E5bs0Yk5ldNCXj+xeBEZ10</latexit>

S+(x)S�(x0) ⇠ 1

|x� x0|2↵



Summary - adaptive protocol
Measurement + feedback unitary + classical communication 

—>  efficient manipulation of many-body states

Low-depth realization of mixed-state order and criticality

Gapped Chern insulator 
(exp. decaying correlation)

Mixed-state quantum criticality  
(algebraic correlation)

1d fermion  
(algebraic correlation)

Z2 x Z2 SPT   

Pure Mixed

———>  Long-range (topological) order 

———>  1d fermion 
(enhanced algebraic correlation)

———>  



(1) Non-local transformation & flux attachment  
     More non-trivial orders/criticality?  
(2) Limitations of measurement + feedback  
(3) Mixed-state phases of matter - characterization & diagnostic

Open questions

Summary - adaptive protocol
Measurement + feedback unitary + classical communication 

—>  efficient manipulation of many-body states

Low-depth realization of mixed-state order and criticality


