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Motivation

Quantum many-body dynamics is hard…


…but doesn’t have to be exponentially hard all the time…


…and it’s always nice if we can see that analytically! 



Motivation
New methods for transverse contraction of tensor networks  
associated with time evolution of quantum many-body systems

New concepts: transition matrices and generalized entropies

Can field theory predict help us predict their behavior?

with Luca Tagliacozzo (CSIC)
arXiv: 2405.14706



Roadmap

• Many-body dynamics using tensor networks, 
techniques and barriers  


• Can conformal field theories help us? 


• CFT predictions for Loschmidt echo



Quick dictionary: Tensor Notation

• Vector


• Matrix


• Rank-3 Tensor


<latexit sha1_base64="+2AdED1oU3DC5JAABTgzhD/aFGE=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BLx4jmgcka5idzCZDZmeXmd5AWIJf4FW/wJt49Vv8AP/DSbIHk1jQUFR1093lx4JrdJxvK7e2vrG5ld8u7Ozu7R8UD48aOkoUZXUaiUi1fKKZ4JLVkaNgrVgxEvqCNf3h7dRvjpjSPJKPOI6ZF5K+5AGnBI30MHri3WLJKTsz2KvEzUgJMtS6xZ9OL6JJyCRSQbRuu06MXkoUcirYpNBJNIsJHZI+axsqSci0l85OndhnRunZQaRMSbRn6t+JlIRaj0PfdIYEB3rZm4r/ee0Eg2sv5TJOkEk6XxQkwsbInv5t97hiFMXYEEIVN7fadEAUoWjSWdjiKzJkODG5uMsprJLGRdmtlCv3l6XqTZZQHk7gFM7BhSuowh3UoA4U+vACr/BmPVvv1of1OW/NWdnMMSzA+voF+iaWOA==</latexit>

vi

<latexit sha1_base64="JG6MHguIttvSXjLA2WZJQzC3CzI=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxYsQwTwgWcPspDeZZPbBTK8Qllz8Aq/6Bd7Eq3/iB/gfziY5mMSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwrqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7wJvMbT6C0iMIHHMXgBqwXCl9whkaq3z2mYjDuFIp2yZ6ALhNnRopkhmqn8NPuRjwJIEQumdYtx47RTZlCwSWM8+1EQ8z4kPWgZWjIAtBuOrl2TE+N0qV+pEyFSCfq34mUBVqPAs90Bgz7etHLxP+8VoL+lZuKME4QQj5d5CeSYkSz12lXKOAoR4YwroS5lfI+U4yjCWhui6fYEDDLxVlMYZnUz0tOuVS+vyhWrmcJ5cgxOSFnxCGXpEJuSZXUCCcD8kJeyZv1bL1bH9bntHXFms0ckTlYX79fRZeP</latexit>

M ij

<latexit sha1_base64="GCJSfC0MuAVP8i+tbUPw2726Ruk=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsKfUEby2Q6acdMJmFmIpTQlV/gVr/Anbj1S/wA/8NJm4VtPXDhcM693HuPF3OmtG1/W4W19Y3NreJ2aWd3b/+gfHjUVlEiCW2RiEey62FFORO0pZnmtBtLikOP044X3GZ+54lKxSLR1JOYuiEeCeYzgrWROs2HlD0G00G5YlftGdAqcXJSgRyNQfmnP4xIElKhCcdK9Rw71m6KpWaE02mpnygaYxLgEe0ZKnBIlZvOzp2iM6MMkR9JU0Kjmfp3IsWhUpPQM50h1mO17GXif14v0f61mzIRJ5oKMl/kJxzpCGW/oyGTlGg+MQQTycytiIyxxESbhBa2eBIHVGe5OMsprJL2RdWpVWv3l5X6TZ5QEU7gFM7BgSuowx00oAUEAniBV3iznq1368P6nLcWrHzmGBZgff0CPCGYCw==</latexit>

T ijk
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Quick dictionary: Tensor Notation

• Vector


• Matrix


• Rank-3 Tensor


• Matrix-Vector product

<latexit sha1_base64="+2AdED1oU3DC5JAABTgzhD/aFGE=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BLx4jmgcka5idzCZDZmeXmd5AWIJf4FW/wJt49Vv8AP/DSbIHk1jQUFR1093lx4JrdJxvK7e2vrG5ld8u7Ozu7R8UD48aOkoUZXUaiUi1fKKZ4JLVkaNgrVgxEvqCNf3h7dRvjpjSPJKPOI6ZF5K+5AGnBI30MHri3WLJKTsz2KvEzUgJMtS6xZ9OL6JJyCRSQbRuu06MXkoUcirYpNBJNIsJHZI+axsqSci0l85OndhnRunZQaRMSbRn6t+JlIRaj0PfdIYEB3rZm4r/ee0Eg2sv5TJOkEk6XxQkwsbInv5t97hiFMXYEEIVN7fadEAUoWjSWdjiKzJkODG5uMsprJLGRdmtlCv3l6XqTZZQHk7gFM7BhSuowh3UoA4U+vACr/BmPVvv1of1OW/NWdnMMSzA+voF+iaWOA==</latexit>

vi

<latexit sha1_base64="JG6MHguIttvSXjLA2WZJQzC3CzI=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxYsQwTwgWcPspDeZZPbBTK8Qllz8Aq/6Bd7Eq3/iB/gfziY5mMSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwrqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7wJvMbT6C0iMIHHMXgBqwXCl9whkaq3z2mYjDuFIp2yZ6ALhNnRopkhmqn8NPuRjwJIEQumdYtx47RTZlCwSWM8+1EQ8z4kPWgZWjIAtBuOrl2TE+N0qV+pEyFSCfq34mUBVqPAs90Bgz7etHLxP+8VoL+lZuKME4QQj5d5CeSYkSz12lXKOAoR4YwroS5lfI+U4yjCWhui6fYEDDLxVlMYZnUz0tOuVS+vyhWrmcJ5cgxOSFnxCGXpEJuSZXUCCcD8kJeyZv1bL1bH9bntHXFms0ckTlYX79fRZeP</latexit>

M ij

<latexit sha1_base64="GCJSfC0MuAVP8i+tbUPw2726Ruk=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsKfUEby2Q6acdMJmFmIpTQlV/gVr/Anbj1S/wA/8NJm4VtPXDhcM693HuPF3OmtG1/W4W19Y3NreJ2aWd3b/+gfHjUVlEiCW2RiEey62FFORO0pZnmtBtLikOP044X3GZ+54lKxSLR1JOYuiEeCeYzgrWROs2HlD0G00G5YlftGdAqcXJSgRyNQfmnP4xIElKhCcdK9Rw71m6KpWaE02mpnygaYxLgEe0ZKnBIlZvOzp2iM6MMkR9JU0Kjmfp3IsWhUpPQM50h1mO17GXif14v0f61mzIRJ5oKMl/kJxzpCGW/oyGTlGg+MQQTycytiIyxxESbhBa2eBIHVGe5OMsprJL2RdWpVWv3l5X6TZ5QEU7gFM7BgSuowx00oAUEAniBV3iznq1368P6nLcWrHzmGBZgff0CPCGYCw==</latexit>

T ijk

<latexit sha1_base64="JnF2oIuS5a/vpphaTdsKjmNC+2k=">AAACA3icbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY9EL15MMJGHgYXMDrMwMDu7meklIRuOfoFX/QJvxqsf4gf4Hw6wBwEr6aRS1Z3uLi8SXINtf1uZtfWNza3sdm5nd2//IH94VNNhrCir0lCEquERzQSXrAocBGtEipHAE6zuDW+nfn3ElOahfIRxxNyA9CT3OSVgpKf7dsIHk1F70MkX7KI9A14lTkoKKEWlk/9pdUMaB0wCFUTrpmNH4CZEAaeCTXKtWLOI0CHpsaahkgRMu8ns4Ak+M0oX+6EyJQHP1L8TCQm0Hgee6QwI9PWyNxX/85ox+NduwmUUA5N0vsiPBYYQT7/HXa4YBTE2hFDFza2Y9okiFExGC1s8RYYMJiYXZzmFVVK7KDqlYunhslC+SRPKohN0is6Rg65QGd2hCqoiigL0gl7Rm/VsvVsf1ue8NWOlM8doAdbXL9CqmOs=</latexit>

M ijvj
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Quick dictionary: Tensor Notation

• Vector


• Matrix


• Rank-3 Tensor


<latexit sha1_base64="+2AdED1oU3DC5JAABTgzhD/aFGE=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BLx4jmgcka5idzCZDZmeXmd5AWIJf4FW/wJt49Vv8AP/DSbIHk1jQUFR1093lx4JrdJxvK7e2vrG5ld8u7Ozu7R8UD48aOkoUZXUaiUi1fKKZ4JLVkaNgrVgxEvqCNf3h7dRvjpjSPJKPOI6ZF5K+5AGnBI30MHri3WLJKTsz2KvEzUgJMtS6xZ9OL6JJyCRSQbRuu06MXkoUcirYpNBJNIsJHZI+axsqSci0l85OndhnRunZQaRMSbRn6t+JlIRaj0PfdIYEB3rZm4r/ee0Eg2sv5TJOkEk6XxQkwsbInv5t97hiFMXYEEIVN7fadEAUoWjSWdjiKzJkODG5uMsprJLGRdmtlCv3l6XqTZZQHk7gFM7BhSuowh3UoA4U+vACr/BmPVvv1of1OW/NWdnMMSzA+voF+iaWOA==</latexit>

vi

<latexit sha1_base64="JG6MHguIttvSXjLA2WZJQzC3CzI=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxYsQwTwgWcPspDeZZPbBTK8Qllz8Aq/6Bd7Eq3/iB/gfziY5mMSChqKqm+4uL5ZCo21/Wyura+sbm7mt/PbO7t5+4eCwrqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7wJvMbT6C0iMIHHMXgBqwXCl9whkaq3z2mYjDuFIp2yZ6ALhNnRopkhmqn8NPuRjwJIEQumdYtx47RTZlCwSWM8+1EQ8z4kPWgZWjIAtBuOrl2TE+N0qV+pEyFSCfq34mUBVqPAs90Bgz7etHLxP+8VoL+lZuKME4QQj5d5CeSYkSz12lXKOAoR4YwroS5lfI+U4yjCWhui6fYEDDLxVlMYZnUz0tOuVS+vyhWrmcJ5cgxOSFnxCGXpEJuSZXUCCcD8kJeyZv1bL1bH9bntHXFms0ckTlYX79fRZeP</latexit>

M ij

<latexit sha1_base64="GCJSfC0MuAVP8i+tbUPw2726Ruk=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsKfUEby2Q6acdMJmFmIpTQlV/gVr/Anbj1S/wA/8NJm4VtPXDhcM693HuPF3OmtG1/W4W19Y3NreJ2aWd3b/+gfHjUVlEiCW2RiEey62FFORO0pZnmtBtLikOP044X3GZ+54lKxSLR1JOYuiEeCeYzgrWROs2HlD0G00G5YlftGdAqcXJSgRyNQfmnP4xIElKhCcdK9Rw71m6KpWaE02mpnygaYxLgEe0ZKnBIlZvOzp2iM6MMkR9JU0Kjmfp3IsWhUpPQM50h1mO17GXif14v0f61mzIRJ5oKMl/kJxzpCGW/oyGTlGg+MQQTycytiIyxxESbhBa2eBIHVGe5OMsprJL2RdWpVWv3l5X6TZ5QEU7gFM7BgSuowx00oAUEAniBV3iznq1368P6nLcWrHzmGBZgff0CPCGYCw==</latexit>

T ijk

• Arbitrarily complicated contraction

i

i
j

k

i j

• Matrix-Vector product
<latexit sha1_base64="JnF2oIuS5a/vpphaTdsKjmNC+2k=">AAACA3icbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY9EL15MMJGHgYXMDrMwMDu7meklIRuOfoFX/QJvxqsf4gf4Hw6wBwEr6aRS1Z3uLi8SXINtf1uZtfWNza3sdm5nd2//IH94VNNhrCir0lCEquERzQSXrAocBGtEipHAE6zuDW+nfn3ElOahfIRxxNyA9CT3OSVgpKf7dsIHk1F70MkX7KI9A14lTkoKKEWlk/9pdUMaB0wCFUTrpmNH4CZEAaeCTXKtWLOI0CHpsaahkgRMu8ns4Ak+M0oX+6EyJQHP1L8TCQm0Hgee6QwI9PWyNxX/85ox+NduwmUUA5N0vsiPBYYQT7/HXa4YBTE2hFDFza2Y9okiFExGC1s8RYYMJiYXZzmFVVK7KDqlYunhslC+SRPKohN0is6Rg65QGd2hCqoiigL0gl7Rm/VsvVsf1ue8NWOlM8doAdbXL9CqmOs=</latexit>

M ijvj i j



Quick dictionary: Matrix Product States
• Quantum many-body system wave function

<latexit sha1_base64="AHA67HlIYg6jkETZaqJ21SOImks=">AAACInicbVDLSsNAFJ34rPVVdelmsCiuSiJS3QhFNy4r2Ac0IUymt+3QySTMTISS5g/8DL/ArX6BO3EluPU/nD4E23rgwuGce7n3niDmTGnb/rSWlldW19ZzG/nNre2d3cLefl1FiaRQoxGPZDMgCjgTUNNMc2jGEkgYcGgE/ZuR33gAqVgk7vUgBi8kXcE6jBJtJL9wMnRjxVxJRJcDvsKuSkI/ZRmmPsPDXyPvF4p2yR4DLxJnSopoiqpf+HbbEU1CEJpyolTLsWPtpURqRjlkeTdREBPaJ11oGSpICMpLx/9k+NgobdyJpCmh8Vj9O5GSUKlBGJjOkOiemvdG4n9eK9GdSy9lIk40CDpZ1Ek41hEehYPbTALVfGAIoZKZWzHtEUmoNhHObAkk6YPOTC7OfAqLpH5Wcsql8t15sXI9TSiHDtEROkUOukAVdIuqqIYoekTP6AW9Wk/Wm/VufUxal6zpzAGagfX1AwMvpKA=</latexit>

| i =
X

i

ci|ii



Quick dictionary: Matrix Product States
• Quantum many-body system wave function

<latexit sha1_base64="AHA67HlIYg6jkETZaqJ21SOImks=">AAACInicbVDLSsNAFJ34rPVVdelmsCiuSiJS3QhFNy4r2Ac0IUymt+3QySTMTISS5g/8DL/ArX6BO3EluPU/nD4E23rgwuGce7n3niDmTGnb/rSWlldW19ZzG/nNre2d3cLefl1FiaRQoxGPZDMgCjgTUNNMc2jGEkgYcGgE/ZuR33gAqVgk7vUgBi8kXcE6jBJtJL9wMnRjxVxJRJcDvsKuSkI/ZRmmPsPDXyPvF4p2yR4DLxJnSopoiqpf+HbbEU1CEJpyolTLsWPtpURqRjlkeTdREBPaJ11oGSpICMpLx/9k+NgobdyJpCmh8Vj9O5GSUKlBGJjOkOiemvdG4n9eK9GdSy9lIk40CDpZ1Ek41hEehYPbTALVfGAIoZKZWzHtEUmoNhHObAkk6YPOTC7OfAqLpH5Wcsql8t15sXI9TSiHDtEROkUOukAVdIuqqIYoekTP6AW9Wk/Wm/VufUxal6zpzAGagfX1AwMvpKA=</latexit>

| i =
X

i

ci|ii

<latexit sha1_base64="rPKqIcsy45WiiulRAyOLzutk46k=">AAACMXicbZDLSgMxFIYzXut4q7p0EyyCqzIjWt0IRTcuK9gLdErJpKdt2kxmSDJCmfZJfAyfwK0+QXciuPIlTNsRbOuBkI//P4eT/H7EmdKOM7ZWVtfWNzYzW/b2zu7efvbgsKLCWFIo05CHsuYTBZwJKGumOdQiCSTwOVT9/t3Erz6BVCwUj3oQQSMgHcHajBJtpGb20h56kWKeJKLDAd9gT8VBM2G9Eaaza/hrDnsp2HYzm3PyzrTwMrgp5FBapWb2y2uFNA5AaMqJUnXXiXQjIVIzymFke7GCiNA+6UDdoCABqEYy/d4InxqlhduhNEdoPFX/TiQkUGoQ+KYzILqrFr2J+J9Xj3X7upEwEcUaBJ0tascc6xBPssItJoFqPjBAqGTmrZh2iSRUm0TntviS9EGPTC7uYgrLUDnPu4V84eEiV7xNE8qgY3SCzpCLrlAR3aMSKiOKntErekPv1os1tj6sz1nripXOHKG5sr5/ABVwqtE=</latexit>

| i =
X

ij

cij |ii|ji



Quick dictionary: Matrix Product States
• Quantum many-body system wave function

<latexit sha1_base64="AHA67HlIYg6jkETZaqJ21SOImks=">AAACInicbVDLSsNAFJ34rPVVdelmsCiuSiJS3QhFNy4r2Ac0IUymt+3QySTMTISS5g/8DL/ArX6BO3EluPU/nD4E23rgwuGce7n3niDmTGnb/rSWlldW19ZzG/nNre2d3cLefl1FiaRQoxGPZDMgCjgTUNNMc2jGEkgYcGgE/ZuR33gAqVgk7vUgBi8kXcE6jBJtJL9wMnRjxVxJRJcDvsKuSkI/ZRmmPsPDXyPvF4p2yR4DLxJnSopoiqpf+HbbEU1CEJpyolTLsWPtpURqRjlkeTdREBPaJ11oGSpICMpLx/9k+NgobdyJpCmh8Vj9O5GSUKlBGJjOkOiemvdG4n9eK9GdSy9lIk40CDpZ1Ek41hEehYPbTALVfGAIoZKZWzHtEUmoNhHObAkk6YPOTC7OfAqLpH5Wcsql8t15sXI9TSiHDtEROkUOukAVdIuqqIYoekTP6AW9Wk/Wm/VufUxal6zpzAGagfX1AwMvpKA=</latexit>

| i =
X

i

ci|ii

<latexit sha1_base64="rPKqIcsy45WiiulRAyOLzutk46k=">AAACMXicbZDLSgMxFIYzXut4q7p0EyyCqzIjWt0IRTcuK9gLdErJpKdt2kxmSDJCmfZJfAyfwK0+QXciuPIlTNsRbOuBkI//P4eT/H7EmdKOM7ZWVtfWNzYzW/b2zu7efvbgsKLCWFIo05CHsuYTBZwJKGumOdQiCSTwOVT9/t3Erz6BVCwUj3oQQSMgHcHajBJtpGb20h56kWKeJKLDAd9gT8VBM2G9Eaaza/hrDnsp2HYzm3PyzrTwMrgp5FBapWb2y2uFNA5AaMqJUnXXiXQjIVIzymFke7GCiNA+6UDdoCABqEYy/d4InxqlhduhNEdoPFX/TiQkUGoQ+KYzILqrFr2J+J9Xj3X7upEwEcUaBJ0tascc6xBPssItJoFqPjBAqGTmrZh2iSRUm0TntviS9EGPTC7uYgrLUDnPu4V84eEiV7xNE8qgY3SCzpCLrlAR3aMSKiOKntErekPv1os1tj6sz1nripXOHKG5sr5/ABVwqtE=</latexit>

| i =
X

ij

cij |ii|ji

<latexit sha1_base64="6D1R9aYe6DBUjsxEiOFD3vtNQzk="></latexit>

| i =
X

ijk

cijk|ii|ji|ki



Quick dictionary: Matrix Product States
• Quantum many-body system wave function

<latexit sha1_base64="AHA67HlIYg6jkETZaqJ21SOImks=">AAACInicbVDLSsNAFJ34rPVVdelmsCiuSiJS3QhFNy4r2Ac0IUymt+3QySTMTISS5g/8DL/ArX6BO3EluPU/nD4E23rgwuGce7n3niDmTGnb/rSWlldW19ZzG/nNre2d3cLefl1FiaRQoxGPZDMgCjgTUNNMc2jGEkgYcGgE/ZuR33gAqVgk7vUgBi8kXcE6jBJtJL9wMnRjxVxJRJcDvsKuSkI/ZRmmPsPDXyPvF4p2yR4DLxJnSopoiqpf+HbbEU1CEJpyolTLsWPtpURqRjlkeTdREBPaJ11oGSpICMpLx/9k+NgobdyJpCmh8Vj9O5GSUKlBGJjOkOiemvdG4n9eK9GdSy9lIk40CDpZ1Ek41hEehYPbTALVfGAIoZKZWzHtEUmoNhHObAkk6YPOTC7OfAqLpH5Wcsql8t15sXI9TSiHDtEROkUOukAVdIuqqIYoekTP6AW9Wk/Wm/VufUxal6zpzAGagfX1AwMvpKA=</latexit>

| i =
X

i

ci|ii

<latexit sha1_base64="rPKqIcsy45WiiulRAyOLzutk46k=">AAACMXicbZDLSgMxFIYzXut4q7p0EyyCqzIjWt0IRTcuK9gLdErJpKdt2kxmSDJCmfZJfAyfwK0+QXciuPIlTNsRbOuBkI//P4eT/H7EmdKOM7ZWVtfWNzYzW/b2zu7efvbgsKLCWFIo05CHsuYTBZwJKGumOdQiCSTwOVT9/t3Erz6BVCwUj3oQQSMgHcHajBJtpGb20h56kWKeJKLDAd9gT8VBM2G9Eaaza/hrDnsp2HYzm3PyzrTwMrgp5FBapWb2y2uFNA5AaMqJUnXXiXQjIVIzymFke7GCiNA+6UDdoCABqEYy/d4InxqlhduhNEdoPFX/TiQkUGoQ+KYzILqrFr2J+J9Xj3X7upEwEcUaBJ0tascc6xBPssItJoFqPjBAqGTmrZh2iSRUm0TntviS9EGPTC7uYgrLUDnPu4V84eEiV7xNE8qgY3SCzpCLrlAR3aMSKiOKntErekPv1os1tj6sz1nripXOHKG5sr5/ABVwqtE=</latexit>

| i =
X

ij

cij |ii|ji

<latexit sha1_base64="6D1R9aYe6DBUjsxEiOFD3vtNQzk="></latexit>

| i =
X

ijk

cijk|ii|ji|ki

...<latexit sha1_base64="HN9N0NcOdF0ttwtD1K0JAbjIdFk="></latexit>

| i =
X

i1..iN

ci1..iN |i1i2..iN i



Quick dictionary: Matrix Product States

<latexit sha1_base64="OAIOOSvMx3Q9eqxZ1419QM+Ms1s=">AAACDHicbVDLSsNAFJ3UV62vqEs3g0VwFZIi1WXRjSupYB/QhjCZ3rRDJw9mJoUS8gt+gVv9Anfi1n/wA/wPp20WtvXAhcM593Iux084k8q2v43SxubW9k55t7K3f3B4ZB6ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/fDfzOxMQksXRk5om4IZkGLGAUaK05Jkm9TLmOcyrWRbzHnLsmVXbsufA68QpSBUVaHrmT38Q0zSESFFOpOw5dqLcjAjFKIe80k8lJISOyRB6mkYkBOlm889zfKGVAQ5ioSdSeK7+vchIKOU09PVmSNRIrnoz8T+vl6rgxs1YlKQKIroIClKOVYxnNeABE0AVn2pCqGD6V0xHRBCqdFlLKb4gY1C57sVZbWGdtGuWU7fqj1fVxm3RUBmdoXN0iRx0jRroHjVRC1E0QS/oFb0Zz8a78WF8LlZLRnFzipZgfP0C3hGa7Q==</latexit>ci1i2..iN

Rank-n tensor

*very* big vector

~exp(N) parameters

<latexit sha1_base64="HN9N0NcOdF0ttwtD1K0JAbjIdFk="></latexit>

| i =
X

i1..iN

ci1..iN |i1i2..iN i



Quick dictionary: Matrix Product States

Compressed representation for a 1D system: 
                    Matrix Product State

<latexit sha1_base64="OAIOOSvMx3Q9eqxZ1419QM+Ms1s=">AAACDHicbVDLSsNAFJ3UV62vqEs3g0VwFZIi1WXRjSupYB/QhjCZ3rRDJw9mJoUS8gt+gVv9Anfi1n/wA/wPp20WtvXAhcM593Iux084k8q2v43SxubW9k55t7K3f3B4ZB6ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/fDfzOxMQksXRk5om4IZkGLGAUaK05Jkm9TLmOcyrWRbzHnLsmVXbsufA68QpSBUVaHrmT38Q0zSESFFOpOw5dqLcjAjFKIe80k8lJISOyRB6mkYkBOlm889zfKGVAQ5ioSdSeK7+vchIKOU09PVmSNRIrnoz8T+vl6rgxs1YlKQKIroIClKOVYxnNeABE0AVn2pCqGD6V0xHRBCqdFlLKb4gY1C57sVZbWGdtGuWU7fqj1fVxm3RUBmdoXN0iRx0jRroHjVRC1E0QS/oFb0Zz8a78WF8LlZLRnFzipZgfP0C3hGa7Q==</latexit>ci1i2..iN
<latexit sha1_base64="gugBt0XCPQ6WfrxKw6J/S8vNKjk="></latexit>

[A1]↵i1 [A
2]↵�i2 ...[AN�1]�⇣iN�1

[AN ]⇣iN

~ poly(N) parameters

• In principle: can be as faithful as necessary

• In practice: useful only for states  
with low entanglement (area law…)

~exp(N) parameters

<latexit sha1_base64="HN9N0NcOdF0ttwtD1K0JAbjIdFk="></latexit>

| i =
X

i1..iN

ci1..iN |i1i2..iN i



Time evolution 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i

Time evolution for a one-dimensional system 
(Schrödinger picture)

space

time



Time evolution 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)

<latexit sha1_base64="5A+Nn8Euel5GGhk6nSUwUBZui04=">AAACDHicbVBLSgNBFOyJvxh/oy7dNAYhLgwzItGNEHSTZQTzgSSGns5L0qTnQ/ebQBhyBU/gVk/gTtx6Bw/gPex8Fiax4EFR9R71KC+SQqPjfFuptfWNza30dmZnd2//wD48quowVhwqPJShqntMgxQBVFCghHqkgPmehJo3uJ/4tSEoLcLgEUcRtHzWC0RXcIZGatt2JYfn9JbCU3IhSjjOtO2sk3emoKvEnZMsmaPctn+anZDHPgTIJdO64ToRthKmUHAJ40wz1hAxPmA9aBgaMB90K5l+PqZnRunQbqjMBEin6t+LhPlaj3zPbPoM+3rZm4j/eY0YuzetRARRjBDwWVA3lhRDOqmBdoQCjnJkCONKmF8p7zPFOJqyFlI8xQaAY9OLu9zCKqle5t1CvvBwlS3ezRtKkxNySnLEJdekSEqkTCqEkyF5Ia/kzXq23q0P63O2mrLmN8dkAdbXL+6ymlw=</latexit>

U(t) = e�iHt



Time evolution 

=

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t) =
<latexit sha1_base64="jhpILfO+fEWm4EZzP7rl9UJh1pE=">AAACB3icbZDLSsNAFIYn9VbrrerSzWAR6qYkItVl0Y3LCvYCTSiT6aQdOpnEmROhhD6AT+BWn8CduPUxfADfw0mbhW394cDPf87hHD4/FlyDbX9bhbX1jc2t4nZpZ3dv/6B8eNTWUaIoa9FIRKrrE80El6wFHATrxoqR0Bes449vs37niSnNI/kAk5h5IRlKHnBKwESeO2aQurHmVTif9ssVu2bPhFeNk5sKytXsl3/cQUSTkEmggmjdc+wYvJQo4FSwaclNNIsJHZMh6xkrSci0l86enuIzkwxwEClTEvAs/buRklDrSeibyZDASC/3svC/Xi+B4NpLuYwTYJLODwWJwBDhjAAecMUoiIkxhCpufsV0RBShYDgtXPEVMXwyLs4yhVXTvqg59Vr9/rLSuMkJFdEJOkVV5KAr1EB3qIlaiKJH9IJe0Zv1bL1bH9bnfLRg5TvHaEHW1y+Ny5pk</latexit>

| (t)i

<latexit sha1_base64="5A+Nn8Euel5GGhk6nSUwUBZui04=">AAACDHicbVBLSgNBFOyJvxh/oy7dNAYhLgwzItGNEHSTZQTzgSSGns5L0qTnQ/ebQBhyBU/gVk/gTtx6Bw/gPex8Fiax4EFR9R71KC+SQqPjfFuptfWNza30dmZnd2//wD48quowVhwqPJShqntMgxQBVFCghHqkgPmehJo3uJ/4tSEoLcLgEUcRtHzWC0RXcIZGatt2JYfn9JbCU3IhSjjOtO2sk3emoKvEnZMsmaPctn+anZDHPgTIJdO64ToRthKmUHAJ40wz1hAxPmA9aBgaMB90K5l+PqZnRunQbqjMBEin6t+LhPlaj3zPbPoM+3rZm4j/eY0YuzetRARRjBDwWVA3lhRDOqmBdoQCjnJkCONKmF8p7zPFOJqyFlI8xQaAY9OLu9zCKqle5t1CvvBwlS3ezRtKkxNySnLEJdekSEqkTCqEkyF5Ia/kzXq23q0P63O2mrLmN8dkAdbXL+6ymlw=</latexit>

U(t) = e�iHt



Time evolution 

=

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t) =
<latexit sha1_base64="jhpILfO+fEWm4EZzP7rl9UJh1pE=">AAACB3icbZDLSsNAFIYn9VbrrerSzWAR6qYkItVl0Y3LCvYCTSiT6aQdOpnEmROhhD6AT+BWn8CduPUxfADfw0mbhW394cDPf87hHD4/FlyDbX9bhbX1jc2t4nZpZ3dv/6B8eNTWUaIoa9FIRKrrE80El6wFHATrxoqR0Bes449vs37niSnNI/kAk5h5IRlKHnBKwESeO2aQurHmVTif9ssVu2bPhFeNk5sKytXsl3/cQUSTkEmggmjdc+wYvJQo4FSwaclNNIsJHZMh6xkrSci0l86enuIzkwxwEClTEvAs/buRklDrSeibyZDASC/3svC/Xi+B4NpLuYwTYJLODwWJwBDhjAAecMUoiIkxhCpufsV0RBShYDgtXPEVMXwyLs4yhVXTvqg59Vr9/rLSuMkJFdEJOkVV5KAr1EB3qIlaiKJH9IJe0Zv1bL1bH9bnfLRg5TvHaEHW1y+Ny5pk</latexit>

| (t)i

<latexit sha1_base64="5A+Nn8Euel5GGhk6nSUwUBZui04=">AAACDHicbVBLSgNBFOyJvxh/oy7dNAYhLgwzItGNEHSTZQTzgSSGns5L0qTnQ/ebQBhyBU/gVk/gTtx6Bw/gPex8Fiax4EFR9R71KC+SQqPjfFuptfWNza30dmZnd2//wD48quowVhwqPJShqntMgxQBVFCghHqkgPmehJo3uJ/4tSEoLcLgEUcRtHzWC0RXcIZGatt2JYfn9JbCU3IhSjjOtO2sk3emoKvEnZMsmaPctn+anZDHPgTIJdO64ToRthKmUHAJ40wz1hAxPmA9aBgaMB90K5l+PqZnRunQbqjMBEin6t+LhPlaj3zPbPoM+3rZm4j/eY0YuzetRARRjBDwWVA3lhRDOqmBdoQCjnJkCONKmF8p7zPFOJqyFlI8xQaAY9OLu9zCKqle5t1CvvBwlS3ezRtKkxNySnLEJdekSEqkTCqEkyF5Ia/kzXq23q0P63O2mrLmN8dkAdbXL+6ymlw=</latexit>

U(t) = e�iHt

MPS



Time evolution 

=

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t) =
<latexit sha1_base64="jhpILfO+fEWm4EZzP7rl9UJh1pE=">AAACB3icbZDLSsNAFIYn9VbrrerSzWAR6qYkItVl0Y3LCvYCTSiT6aQdOpnEmROhhD6AT+BWn8CduPUxfADfw0mbhW394cDPf87hHD4/FlyDbX9bhbX1jc2t4nZpZ3dv/6B8eNTWUaIoa9FIRKrrE80El6wFHATrxoqR0Bes449vs37niSnNI/kAk5h5IRlKHnBKwESeO2aQurHmVTif9ssVu2bPhFeNk5sKytXsl3/cQUSTkEmggmjdc+wYvJQo4FSwaclNNIsJHZMh6xkrSci0l86enuIzkwxwEClTEvAs/buRklDrSeibyZDASC/3svC/Xi+B4NpLuYwTYJLODwWJwBDhjAAecMUoiIkxhCpufsV0RBShYDgtXPEVMXwyLs4yhVXTvqg59Vr9/rLSuMkJFdEJOkVV5KAr1EB3qIlaiKJH9IJe0Zv1bL1bH9bnfLRg5TvHaEHW1y+Ny5pk</latexit>

| (t)i

MPO 
(Matrix product  
operator)



Time evolution 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t) =
<latexit sha1_base64="jhpILfO+fEWm4EZzP7rl9UJh1pE=">AAACB3icbZDLSsNAFIYn9VbrrerSzWAR6qYkItVl0Y3LCvYCTSiT6aQdOpnEmROhhD6AT+BWn8CduPUxfADfw0mbhW394cDPf87hHD4/FlyDbX9bhbX1jc2t4nZpZ3dv/6B8eNTWUaIoa9FIRKrrE80El6wFHATrxoqR0Bes449vs37niSnNI/kAk5h5IRlKHnBKwESeO2aQurHmVTif9ssVu2bPhFeNk5sKytXsl3/cQUSTkEmggmjdc+wYvJQo4FSwaclNNIsJHZMh6xkrSci0l86enuIzkwxwEClTEvAs/buRklDrSeibyZDASC/3svC/Xi+B4NpLuYwTYJLODwWJwBDhjAAecMUoiIkxhCpufsV0RBShYDgtXPEVMXwyLs4yhVXTvqg59Vr9/rLSuMkJFdEJOkVV5KAr1EB3qIlaiKJH9IJe0Zv1bL1bH9bnfLRg5TvHaEHW1y+Ny5pk</latexit>

| (t)i

<latexit sha1_base64="Ut7nbqkHDvc6j/0rzjR33L3FfNE=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCbDzs4OM71iWHLyC7zqF3gTr36JH+B/OEn2YBILGoqqbrq7AiW4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZZJUU9akiUh0JyCGCS5ZEzgI1lGakTgQrB1Et1O//ci04Yl8gLFifkyGkoecErBSu0eU0slTv1xxq+4MeJV4OamgHI1++ac3SGgaMwlUEGO6nqvAz4gGTgWblHqpYYrQiAxZ11JJYmb8bHbuBJ9ZZYDDRNuSgGfq34mMxMaM48B2xgRGZtmbiv953RTCaz/jUqXAJJ0vClOBIcHT3/GAa0ZBjC0hVHN7K6YjogkFm9DClkCTiMHE5uItp7BKWhdVr1at3V9W6jd5QkV0gk7ROfLQFaqjO9RATURRhF7QK3pznp1358P5nLcWnHzmGC3A+foFUp+YGQ==</latexit>⇡
MPS



Time evolution 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t) =
<latexit sha1_base64="jhpILfO+fEWm4EZzP7rl9UJh1pE=">AAACB3icbZDLSsNAFIYn9VbrrerSzWAR6qYkItVl0Y3LCvYCTSiT6aQdOpnEmROhhD6AT+BWn8CduPUxfADfw0mbhW394cDPf87hHD4/FlyDbX9bhbX1jc2t4nZpZ3dv/6B8eNTWUaIoa9FIRKrrE80El6wFHATrxoqR0Bes449vs37niSnNI/kAk5h5IRlKHnBKwESeO2aQurHmVTif9ssVu2bPhFeNk5sKytXsl3/cQUSTkEmggmjdc+wYvJQo4FSwaclNNIsJHZMh6xkrSci0l86enuIzkwxwEClTEvAs/buRklDrSeibyZDASC/3svC/Xi+B4NpLuYwTYJLODwWJwBDhjAAecMUoiIkxhCpufsV0RBShYDgtXPEVMXwyLs4yhVXTvqg59Vr9/rLSuMkJFdEJOkVV5KAr1EB3qIlaiKJH9IJe0Zv1bL1bH9bnfLRg5TvHaEHW1y+Ny5pk</latexit>

| (t)i

<latexit sha1_base64="Ut7nbqkHDvc6j/0rzjR33L3FfNE=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCbDzs4OM71iWHLyC7zqF3gTr36JH+B/OEn2YBILGoqqbrq7AiW4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZZJUU9akiUh0JyCGCS5ZEzgI1lGakTgQrB1Et1O//ci04Yl8gLFifkyGkoecErBSu0eU0slTv1xxq+4MeJV4OamgHI1++ac3SGgaMwlUEGO6nqvAz4gGTgWblHqpYYrQiAxZ11JJYmb8bHbuBJ9ZZYDDRNuSgGfq34mMxMaM48B2xgRGZtmbiv953RTCaz/jUqXAJJ0vClOBIcHT3/GAa0ZBjC0hVHN7K6YjogkFm9DClkCTiMHE5uItp7BKWhdVr1at3V9W6jd5QkV0gk7ROfLQFaqjO9RATURRhF7QK3pznp1358P5nLcWnHzmGC3A+foFUp+YGQ==</latexit>⇡
MPS

Not efficient: entanglement entropy grows linearly 
with time => need exponentially large tensors 
 
 => Entanglement barrier  



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)

Expectation value of local operator

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O

Expectation value of local operator

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i
space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

Using MPS/MPO

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

Different possible ways 
 to contract this TN

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

“Traditional” time evolution:

Schrödinger

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

“Traditional” time evolution:

Schrödinger

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

“Traditional” time evolution:

Schrödinger

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

“Traditional” time evolution:

Schrödinger

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

“Traditional” time evolution:

Heisenberg

space

time



Time evolution and expectation values 

<latexit sha1_base64="F0YqD2pKQvqcx1qw4TpIQDRTYEo=">AAACB3icbZBLSgNBEIZ74ivGV9Slm8YguAozItFl0I3LCOYByRB6OjVJk56H3TVCGOYAnsCtnsCduPUYHsB72ElmYRJ/KPj5q4oqPi+WQqNtf1uFtfWNza3idmlnd2//oHx41NJRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfDvtt59AaRGFDziJwQ3YMBS+4AxN5PbGgGkv1qJvZ6V+uWJX7ZnoqnFyUyG5Gv3yT28Q8SSAELlkWncdO0Y3ZQoFl5CVeomGmPExG0LX2JAFoN109nRGz0wyoH6kTIVIZ+nfjZQFWk8Cz0wGDEd6uTcN/+t1E/Sv3VSEcYIQ8vkhP5EUIzolQAdCAUc5MYZxJcyvlI+YYhwNp4UrnmKGT2a4OMsUVk3rourUqrX7y0r9JidUJCfklJwTh1yROrkjDdIknDySF/JK3qxn6936sD7nowUr3zkmC7K+fgFISJo4</latexit>

| 0i
<latexit sha1_base64="AKJWQ4nAIyICsu1Kt6VG6f474ok=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgWcLspDcZMvtgplcISw5+gVf9Am/i1U/xA/wPJ8keTGJBQ1HVTXeXn0ih0ba/rbX1jc2t7cJOcXdv/+CwdHTc1HGqOLg8lrFq+0yDFBG4KFBCO1HAQl9Cyx/dTf3WEygt4ugRxwl4IRtEIhCcoZFct4IXtFcq21V7BrpKnJyUSY5Gr/TT7cc8DSFCLpnWHcdO0MuYQsElTIrdVEPC+IgNoGNoxELQXjY7dkLPjdKnQaxMRUhn6t+JjIVaj0PfdIYMh3rZm4r/eZ0UgxsvE1GSIkR8vihIJcWYTj+nfaGAoxwbwrgS5lbKh0wxjiafhS2+YiPAicnFWU5hlTQvq06tWnu4Ktdv84QK5JSckQpxyDWpk3vSIC7hRJAX8krerGfr3fqwPueta1Y+c0IWYH39AkD7lkk=</latexit>

U(t)
<latexit sha1_base64="uFeSTlFJZAOdfVHpTiu04Ez1xYY=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxp0t2Ae0oUymN+3QySTMTIQS8gVu9QvciVs/xg/wP5y2WdjWAxcO59zLvff4MWdKO863VdjY3NreKe6W9vYPDo/KxydtFSWSYotGPJJdnyjkTGBLM82xG0skoc+x40/uZ37nGaVikXjS0xi9kIwECxgl2kjNx0G54lSdOex14uakAjkag/JPfxjRJEShKSdK9Vwn1l5KpGaUY1bqJwpjQidkhD1DBQlReen80My+MMrQDiJpSmh7rv6dSEmo1DT0TWdI9FitejPxP6+X6ODWS5mIE42CLhYFCbd1ZM++todMItV8agihkplbbTomklBtslna4ksyQZ2ZXNzVFNZJ+6rq1qq15nWlfpcnVIQzOIdLcOEG6vAADWgBBYQXeIU3K7PerQ/rc9FasPKZU1iC9fULNHuVNg==</latexit>

O
<latexit sha1_base64="asMToMTtaCG75wFSsSVs0bvsqGA=">AAACFXicbZBLSgNBEIZ74ivGV9SVuGkMQtyEGZHoMujGZQQnCWRi6OlUkiY9D7prhDAEj+EJ3OoJ3Ilb1x7Ae9h5LEziDw0/f1VR1Z8fS6HRtr+tzMrq2vpGdjO3tb2zu5ffP6jpKFEcXB7JSDV8pkGKEFwUKKERK2CBL6HuD27G9fojKC2i8B6HMbQC1gtFV3CGJmrnjzxfsdSLtWjbI+o+eB3W64Eq4lk7X7BL9kR02TgzUyAzVdv5H68T8SSAELlkWjcdO8ZWyhQKLmGU8xINMeMD1oOmsSELQLfSyRdG9NQkHdqNlHkh0kn6dyJlgdbDwDedAcO+XqyNw/9qzQS7V61UhHGCEPLpom4iKUZ0zIN2hAKOcmgM40qYWynvM8U4GmpzWwyoAeDIcHEWKSyb2nnJKZfKdxeFyvWMUJYckxNSJA65JBVyS6rEJZw8kRfySt6sZ+vd+rA+p60ZazZzSOZkff0CnVefJg==</latexit>

h 0|U†(t)
<latexit sha1_base64="+xXPQzx3MoZv+xvho4CaNGg0yqc=">AAACC3icbZBLSgNBEIZ74ivGR0ZdumkMQtyEGZHoRgi6cWcE84AkhJ5OT9Kkp2forhHCkCN4Ard6Anfi1kN4AO9hTzILk/hDwc9fVVTxeZHgGhzn28qtrW9sbuW3Czu7e/tF++CwqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsb36b91hNTmofyESYR6wVkKLnPKQET9e3iNe56iowZJPdlOJv27ZJTcWbCq8bNTAllqvftn+4gpHHAJFBBtO64TgS9hCjgVLBpoRtrFhE6JkPWMVaSgOleMnt8ik9NMsB+qExJwLP070ZCAq0ngWcmAwIjvdxLw/96nRj8q17CZRQDk3R+yI8FhhCnFPCAK0ZBTIwhVHHzK6YjoggFw2rhyhxOysVdprBqmucVt1qpPlyUajcZoTw6RieojFx0iWroDtVRA1EUoxf0it6sZ+vd+rA+56M5K9s5Qguyvn4BsJya4g==</latexit>

= hO(t)i

“Transverse” contraction

space

time

Bañuls, Hastings, Verstraete, Cirac, PRL 102 240603 (2009)



Transverse contraction

“Transverse” contraction

space

time

Bañuls, Hastings, Verstraete, Cirac, PRL 102 240603 (2009)



Transverse contraction

“Transverse” contraction

space

time



Transverse contraction

space

time



Transverse contraction

space

time



Transverse contraction

Working with TNs makes it easier* to  
think about alternative contraction paths

*Although if you’re smart, 
you can probably figure it out anyway 
(Feynman and Vernon, Influence functionals ~1963)



Transverse contraction

Are these temporal MPS “compressible” (low entanglement) ?
Can we make some prediction ?



CFT and predictions
Correspondence: for critical models, low-energy/long-range excitations  
   are well described by conformal field theory  

“famous” results: entanglement entropies for ground state of chain  
(Calabrese and Cardy, 2004)

CFT predictions: transfer matrices spectra,  
effects of boundary conditions, entropies…

<latexit sha1_base64="jt96Yy4fkfeW3ZwkZyS94oBuZ+c="></latexit>

S ⇠ c log
hL
⇡
sin

⇣⇡`
L

⌘i A B
<latexit sha1_base64="Av7xyHplDGjbZ0cynkYVr4Icu4w=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxoWLFuwD2lAm05t26GQSZiZCCfkCt/oF7sStH+MH+B9O2yxs64ELh3Pu5d57/JgzpR3n2ypsbG5t7xR3S3v7B4dH5eOTtooSSbFFIx7Jrk8UciawpZnm2I0lktDn2PEn9zO/84xSsUg86WmMXkhGggWMEm2k5uOgXHGqzhz2OnFzUoEcjUH5pz+MaBKi0JQTpXquE2svJVIzyjEr9ROFMaETMsKeoYKEqLx0fmhmXxhlaAeRNCW0PVf/TqQkVGoa+qYzJHqsVr2Z+J/XS3Rw66VMxIlGQReLgoTbOrJnX9tDJpFqPjWEUMnMrTYdE0moNtksbfElmaDOTC7uagrrpH1VdWvVWvO6Ur/LEyrCGZzDJbhwA3V4gAa0gALCC7zCm5VZ79aH9bloLVj5zCkswfr6BS+2lTM=</latexit>

L <latexit sha1_base64="eGJ4Vv0xd6Uksfc1LH/rFuZycXc=">AAAB/nicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Owy0yuEEPALvOoXeBOv/oof4H84m+zBJBY0FFXddHcFiRQGXffbWVvf2NzaLuwUd/f2Dw5LR8dNE6eaQ4PHMtbtgBmQQkEDBUpoJxpYFEhoBaO7zG89gTYiVo84TsCP2ECJUHCGmdQFKXulsltxZ6CrxMtJmeSo90o/3X7M0wgUcsmM6Xhugv6EaRRcwrTYTQ0kjI/YADqWKhaB8SezW6f03Cp9GsbalkI6U/9OTFhkzDgKbGfEcGiWvUz8z+ukGN74E6GSFEHx+aIwlRRjmj1O+0IDRzm2hHEt7K2UD5lmHG08C1sCzUaAU5uLt5zCKmleVrxqpfpwVa7d5gkVyCk5IxfEI9ekRu5JnTQIJ0PyQl7Jm/PsvDsfzue8dc3JZ07IApyvX7J0lp4=</latexit>

`
<latexit sha1_base64="wMTmIRTXK8gcwoUyssf2HEKzmFE=">AAACD3icbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WXRjcuK9gFNKJPpbTt0MgkzEyGEfoRf4Fa/wJ249RP8AP/DaZuFbT1w4XDOvZzLCWLOlHacb2ttfWNza7uwU9zd2z84tI+OWypKJIUmjXgkOwFRwJmApmaaQyeWQMKAQzsY30799hNIxSLxqNMY/JAMBRswSrSRenbpAXuKhZhij0fDigecn/fsslN1ZsCrxM1JGeVo9Owfrx/RJAShKSdKdV0n1n5GpGaUw6ToJQpiQsdkCF1DBQlB+dns+Qk+M0ofDyJpRmg8U/9eZCRUKg0DsxkSPVLL3lT8z+smenDtZ0zEiQZB50GDhGMd4WkTuM8kUM1TQwiVzPyK6YhIQrXpayElkGQMemJ6cZdbWCWti6pbq9buL8v1m7yhAjpBp6iCXHSF6ugONVATUZSiF/SK3qxn6936sD7nq2tWflNCC7C+fgH4npwP</latexit>

S ⇠ c log(`)
<latexit sha1_base64="eGJ4Vv0xd6Uksfc1LH/rFuZycXc=">AAAB/nicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Owy0yuEEPALvOoXeBOv/oof4H84m+zBJBY0FFXddHcFiRQGXffbWVvf2NzaLuwUd/f2Dw5LR8dNE6eaQ4PHMtbtgBmQQkEDBUpoJxpYFEhoBaO7zG89gTYiVo84TsCP2ECJUHCGmdQFKXulsltxZ6CrxMtJmeSo90o/3X7M0wgUcsmM6Xhugv6EaRRcwrTYTQ0kjI/YADqWKhaB8SezW6f03Cp9GsbalkI6U/9OTFhkzDgKbGfEcGiWvUz8z+ukGN74E6GSFEHx+aIwlRRjmj1O+0IDRzm2hHEt7K2UD5lmHG08C1sCzUaAU5uLt5zCKmleVrxqpfpwVa7d5gkVyCk5IxfEI9ekRu5JnTQIJ0PyQl7Jm/PsvDsfzue8dc3JZ07IApyvX7J0lp4=</latexit>

`



Mapping CFT: Loschmidt echo

Our setup: Global quench from product state of infinite system 
      with critical Hamiltonian

Return probability: “Loschmidt echo” 

<latexit sha1_base64="3d8I1U8QIJ4FOIT+lBaQ0CPuYxg="></latexit>

| 0i �! | (t)i = e�iHct | 0i

<latexit sha1_base64="sp8i02ZQWfMzvl5Z8mR/4r5Xg+E=">AAACJnicbZDLSgMxFIYzXmu9VV26CRZBBMuMSHUjFN104aKCvUBbh0x62oZmLiRnhDL2HXwMn8CtPoE7EXdufA/Ty8K2/hD4859zOMnnRVJotO0va2FxaXllNbWWXt/Y3NrO7OxWdBgrDmUeylDVPKZBigDKKFBCLVLAfE9C1etdD+vVB1BahMEd9iNo+qwTiLbgDE3kZo5v6CVteIr1AJNGpIVr00cK98mJKLqc4sDcxvHAzWTtnD0SnTfOxGTJRCU389NohTz2IUAumdZ1x46wmTCFgksYpBuxhojxHutA3diA+aCbyehPA3pokhZth8qcAOko/TuRMF/rvu+ZTp9hV8/WhuF/tXqM7YtmIoIoRgj4eFE7lhRDOgREW0IBR9k3hnElzFsp7zLFOBqMU1vG1IZcnFkK86ZymnPyufztWbZwNSGUIvvkgBwRh5yTAimSEikTTp7IC3klb9az9W59WJ/j1gVrMrNHpmR9/wI2FqUd</latexit>

L = h 0|e�iHct| 0i



Mapping CFT: Loschmidt echo

space

time

...... <latexit sha1_base64="ROEj6myB5NkEDbuDrR496zC1vhw=">AAACBnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJdFNy4r2As0oUymJ+3QyWSYmQgldO8TuNUncCdufQ0fwPdw0mZhW3848POfcziHL5ScaeO6387a+sbm1nZpp7y7t39wWDk6buskVRRaNOGJ6oZEA2cCWoYZDl2pgMQhh044vsv7nSdQmiXi0UwkBDEZChYxSoyNfH8MJvOlZn132q9U3Zo7E141XmGqqFCzX/nxBwlNYxCGcqJ1z3OlCTKiDKMcpmU/1SAJHZMh9KwVJAYdZLOfp/jcJgMcJcqWMHiW/t3ISKz1JA7tZEzMSC/38vC/Xi810U2QMSFTA4LOD0UpxybBOQA8YAqo4RNrCFXM/orpiChCjcW0cCVUxOLJuXjLFFZN+7Lm1Wv1h6tq47YgVEKn6AxdIA9dowa6R03UQhRJ9IJe0Zvz7Lw7H87nfHTNKXZO0IKcr18Ohpok</latexit>

| 0i



Mapping CFT: Loschmidt echo

space

time

...... <latexit sha1_base64="ROEj6myB5NkEDbuDrR496zC1vhw=">AAACBnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJdFNy4r2As0oUymJ+3QyWSYmQgldO8TuNUncCdufQ0fwPdw0mZhW3848POfcziHL5ScaeO6387a+sbm1nZpp7y7t39wWDk6buskVRRaNOGJ6oZEA2cCWoYZDl2pgMQhh044vsv7nSdQmiXi0UwkBDEZChYxSoyNfH8MJvOlZn132q9U3Zo7E141XmGqqFCzX/nxBwlNYxCGcqJ1z3OlCTKiDKMcpmU/1SAJHZMh9KwVJAYdZLOfp/jcJgMcJcqWMHiW/t3ISKz1JA7tZEzMSC/38vC/Xi810U2QMSFTA4LOD0UpxybBOQA8YAqo4RNrCFXM/orpiChCjcW0cCVUxOLJuXjLFFZN+7Lm1Wv1h6tq47YgVEKn6AxdIA9dowa6R03UQhRJ9IJe0Zvz7Lw7H87nfHTNKXZO0IKcr18Ohpok</latexit>

| 0i

<latexit sha1_base64="CcBctVzg8zDjFIpXh1uvDAcws+o=">AAACBXicbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgCWF2tpMMmd1ZZnqFsOTsF3jVL/AmXv0OP8D/cPI4mMSChqKqm+6uIJHCoOt+O2vrG5tb27md/O7e/sFh4ei4blSqOfhcSaWbATMgRQw+CpTQTDSwKJDQCIZ3E7/xBNoIFT/iKIFOxPqx6AnO0Eotv9QOQSKjeNEtFN2yOwVdJd6cFMkctW7hpx0qnkYQI5fMmJbnJtjJmEbBJYzz7dRAwviQ9aFlacwiMJ1sevKYnlslpD2lbcVIp+rfiYxFxoyiwHZGDAdm2ZuI/3mtFHs3nUzESYoQ89miXiopKjr5n4ZCA0c5soRxLeytlA+YZhxtSgtbAs2GgGObi7ecwiqpX5a9SrnycFWs3s4TypFTckZKxCPXpEruSY34hBNFXsgreXOenXfnw/mcta4585kTsgDn6xf/E5jr</latexit>

U(�t)



Mapping CFT: Loschmidt echo

space

time

...... <latexit sha1_base64="ROEj6myB5NkEDbuDrR496zC1vhw=">AAACBnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJdFNy4r2As0oUymJ+3QyWSYmQgldO8TuNUncCdufQ0fwPdw0mZhW3848POfcziHL5ScaeO6387a+sbm1nZpp7y7t39wWDk6buskVRRaNOGJ6oZEA2cCWoYZDl2pgMQhh044vsv7nSdQmiXi0UwkBDEZChYxSoyNfH8MJvOlZn132q9U3Zo7E141XmGqqFCzX/nxBwlNYxCGcqJ1z3OlCTKiDKMcpmU/1SAJHZMh9KwVJAYdZLOfp/jcJgMcJcqWMHiW/t3ISKz1JA7tZEzMSC/38vC/Xi810U2QMSFTA4LOD0UpxybBOQA8YAqo4RNrCFXM/orpiChCjcW0cCVUxOLJuXjLFFZN+7Lm1Wv1h6tq47YgVEKn6AxdIA9dowa6R03UQhRJ9IJe0Zvz7Lw7H87nfHTNKXZO0IKcr18Ohpok</latexit>

| 0i

<latexit sha1_base64="CcBctVzg8zDjFIpXh1uvDAcws+o=">AAACBXicbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgCWF2tpMMmd1ZZnqFsOTsF3jVL/AmXv0OP8D/cPI4mMSChqKqm+6uIJHCoOt+O2vrG5tb27md/O7e/sFh4ei4blSqOfhcSaWbATMgRQw+CpTQTDSwKJDQCIZ3E7/xBNoIFT/iKIFOxPqx6AnO0Eotv9QOQSKjeNEtFN2yOwVdJd6cFMkctW7hpx0qnkYQI5fMmJbnJtjJmEbBJYzz7dRAwviQ9aFlacwiMJ1sevKYnlslpD2lbcVIp+rfiYxFxoyiwHZGDAdm2ZuI/3mtFHs3nUzESYoQ89miXiopKjr5n4ZCA0c5soRxLeytlA+YZhxtSgtbAs2GgGObi7ecwiqpX5a9SrnycFWs3s4TypFTckZKxCPXpEruSY34hBNFXsgreXOenXfnw/mcta4585kTsgDn6xf/E5jr</latexit>

U(�t)

<latexit sha1_base64="CcBctVzg8zDjFIpXh1uvDAcws+o=">AAACBXicbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4juEkgCWF2tpMMmd1ZZnqFsOTsF3jVL/AmXv0OP8D/cPI4mMSChqKqm+6uIJHCoOt+O2vrG5tb27md/O7e/sFh4ei4blSqOfhcSaWbATMgRQw+CpTQTDSwKJDQCIZ3E7/xBNoIFT/iKIFOxPqx6AnO0Eotv9QOQSKjeNEtFN2yOwVdJd6cFMkctW7hpx0qnkYQI5fMmJbnJtjJmEbBJYzz7dRAwviQ9aFlacwiMJ1sevKYnlslpD2lbcVIp+rfiYxFxoyiwHZGDAdm2ZuI/3mtFHs3nUzESYoQ89miXiopKjr5n4ZCA0c5soRxLeytlA+YZhxtSgtbAs2GgGObi7ecwiqpX5a9SrnycFWs3s4TypFTckZKxCPXpEruSY34hBNFXsgreXOenXfnw/mcta4585kTsgDn6xf/E5jr</latexit>

U(�t)



Mapping CFT: Loschmidt echo

space

time

......

<latexit sha1_base64="rA0ppdSdLAKmrfTcsA42QWarw1s=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0Wom5KIVJdFNy4rNG2hDWUynbRDJ5MwcyOUUPAL3OoXuBO3/oof4H84abOwrQcuHM65l3vv8WPBNdj2t1XY2Nza3inulvb2Dw6PyscnbR0lijKXRiJSXZ9oJrhkLnAQrBsrRkJfsI4/uc/8zhNTmkeyBdOYeSEZSR5wSiCT3GrrclCu2DV7DrxOnJxUUI7moPzTH0Y0CZkEKojWPceOwUuJAk4Fm5X6iWYxoRMyYj1DJQmZ9tL5rTN8YZQhDiJlSgKeq38nUhJqPQ190xkSGOtVLxP/83oJBLdeymWcAJN0sShIBIYIZ4/jIVeMgpgaQqji5lZMx0QRCiaepS2+IhMGM5OLs5rCOmlf1Zx6rf54XWnc5QkV0Rk6R1XkoBvUQA+oiVxE0Ri9oFf0Zj1b79aH9bloLVj5zClagvX1C7T1lf8=</latexit>

U(T )

<latexit sha1_base64="ROEj6myB5NkEDbuDrR496zC1vhw=">AAACBnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJdFNy4r2As0oUymJ+3QyWSYmQgldO8TuNUncCdufQ0fwPdw0mZhW3848POfcziHL5ScaeO6387a+sbm1nZpp7y7t39wWDk6buskVRRaNOGJ6oZEA2cCWoYZDl2pgMQhh044vsv7nSdQmiXi0UwkBDEZChYxSoyNfH8MJvOlZn132q9U3Zo7E141XmGqqFCzX/nxBwlNYxCGcqJ1z3OlCTKiDKMcpmU/1SAJHZMh9KwVJAYdZLOfp/jcJgMcJcqWMHiW/t3ISKz1JA7tZEzMSC/38vC/Xi810U2QMSFTA4LOD0UpxybBOQA8YAqo4RNrCFXM/orpiChCjcW0cCVUxOLJuXjLFFZN+7Lm1Wv1h6tq47YgVEKn6AxdIA9dowa6R03UQhRJ9IJe0Zvz7Lw7H87nfHTNKXZO0IKcr18Ohpok</latexit>

| 0i



Mapping CFT: Loschmidt echo

space

time

......

<latexit sha1_base64="rA0ppdSdLAKmrfTcsA42QWarw1s=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0Wom5KIVJdFNy4rNG2hDWUynbRDJ5MwcyOUUPAL3OoXuBO3/oof4H84abOwrQcuHM65l3vv8WPBNdj2t1XY2Nza3inulvb2Dw6PyscnbR0lijKXRiJSXZ9oJrhkLnAQrBsrRkJfsI4/uc/8zhNTmkeyBdOYeSEZSR5wSiCT3GrrclCu2DV7DrxOnJxUUI7moPzTH0Y0CZkEKojWPceOwUuJAk4Fm5X6iWYxoRMyYj1DJQmZ9tL5rTN8YZQhDiJlSgKeq38nUhJqPQ190xkSGOtVLxP/83oJBLdeymWcAJN0sShIBIYIZ4/jIVeMgpgaQqji5lZMx0QRCiaepS2+IhMGM5OLs5rCOmlf1Zx6rf54XWnc5QkV0Rk6R1XkoBvUQA+oiVxE0Ri9oFf0Zj1b79aH9bloLVj5zClagvX1C7T1lf8=</latexit>

U(T )

<latexit sha1_base64="ROEj6myB5NkEDbuDrR496zC1vhw=">AAACBnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJdFNy4r2As0oUymJ+3QyWSYmQgldO8TuNUncCdufQ0fwPdw0mZhW3848POfcziHL5ScaeO6387a+sbm1nZpp7y7t39wWDk6buskVRRaNOGJ6oZEA2cCWoYZDl2pgMQhh044vsv7nSdQmiXi0UwkBDEZChYxSoyNfH8MJvOlZn132q9U3Zo7E141XmGqqFCzX/nxBwlNYxCGcqJ1z3OlCTKiDKMcpmU/1SAJHZMh9KwVJAYdZLOfp/jcJgMcJcqWMHiW/t3ISKz1JA7tZEzMSC/38vC/Xi810U2QMSFTA4LOD0UpxybBOQA8YAqo4RNrCFXM/orpiChCjcW0cCVUxOLJuXjLFFZN+7Lm1Wv1h6tq47YgVEKn6AxdIA9dowa6R03UQhRJ9IJe0Zvz7Lw7H87nfHTNKXZO0IKcr18Ohpok</latexit>

| 0i

<latexit sha1_base64="aZ8Gl2n/sH5Z7Hphhj3VuFpC508=">AAACBnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJdFNy4r2As0oUymJ+3QyWSYmQgldO8TuNUncCdufQ0fwPdw0mZhW3848POfcziHL5ScaeO6387a+sbm1nZpp7y7t39wWDk6buskVRRaNOGJ6oZEA2cCWoYZDl2pgMQhh044vsv7nSdQmiXi0UwkBDEZChYxSoyNfD9UJPOlZn132q9U3Zo7E141XmGqqFCzX/nxBwlNYxCGcqJ1z3OlCTKiDKMcpmU/1SAJHZMh9KwVJAYdZLOfp/jcJgMcJcqWMHiW/t3ISKz1JA7tZEzMSC/38vC/Xi810U2QMSFTA4LOD0UpxybBOQA8YAqo4RNrCFXM/orpiChCjcW0cMWyGYPJuXjLFFZN+7Lm1Wv1h6tq47YgVEKn6AxdIA9dowa6R03UQhRJ9IJe0Zvz7Lw7H87nfHTNKXZO0IKcr1/2IZoV</latexit>

h 0|



Mapping CFT: Loschmidt echo

space

time

......



Mapping CFT: Loschmidt echo

space

time

......



Mapping CFT: Loschmidt echo

space

time

......



Mapping CFT: Loschmidt echo

space

time

......



Mapping CFT: Loschmidt echo

space

time

......

Transfer matrix
<latexit sha1_base64="T5zQoV11uMnJFVsvK2+5YCk/GUw=">AAACBXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r9AXtUDJppg3NJEOSEcrQtV/gVr/Anbj1O/wA/8NMOwvbeiBwOOde7skJYs60cd1vp7CxubW9U9wt7e0fHB6Vj0/aWiaK0BaRXKpugDXlTNCWYYbTbqwojgJOO8HkPvM7T1RpJkXTTGPqR3gkWMgINlbq9SNsxgTztDkblCtu1Z0DrRMvJxXI0RiUf/pDSZKICkM41rrnubHxU6wMI5zOSv1E0xiTCR7RnqUCR1T76TzyDF1YZYhCqewTBs3VvxspjrSeRoGdzCLqVS8T//N6iQlv/ZSJODFUkMWhMOHISJT9Hw2ZosTwqSWYKGazIjLGChNjW1q6Eig8oSbrxVttYZ20r6perVp7vK7U7/KGinAG53AJHtxAHR6gAS0gIOEFXuHNeXbenQ/nczFacPKdU1iC8/ULahqZzQ==</latexit>

T



Contracting the network: Dominant vectors

space

time

......

Transfer matrix
<latexit sha1_base64="T5zQoV11uMnJFVsvK2+5YCk/GUw=">AAACBXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r9AXtUDJppg3NJEOSEcrQtV/gVr/Anbj1O/wA/8NMOwvbeiBwOOde7skJYs60cd1vp7CxubW9U9wt7e0fHB6Vj0/aWiaK0BaRXKpugDXlTNCWYYbTbqwojgJOO8HkPvM7T1RpJkXTTGPqR3gkWMgINlbq9SNsxgTztDkblCtu1Z0DrRMvJxXI0RiUf/pDSZKICkM41rrnubHxU6wMI5zOSv1E0xiTCR7RnqUCR1T76TzyDF1YZYhCqewTBs3VvxspjrSeRoGdzCLqVS8T//N6iQlv/ZSJODFUkMWhMOHISJT9Hw2ZosTwqSWYKGazIjLGChNjW1q6Eig8oSbrxVttYZ20r6perVp7vK7U7/KGinAG53AJHtxAHR6gAS0gIOEFXuHNeXbenQ/nczFacPKdU1iC8/ULahqZzQ==</latexit>

T



Contracting the network: Dominant vectors

space

time



Contracting the network: Dominant vectors

space

time

......



Contracting the network: Dominant vectors

space

time

......



Contracting the network: Dominant vectors

space

time

......



Contracting the network: Dominant vectors

space

time

......



Contracting the network: Dominant vectors

space

time

......

<latexit sha1_base64="Ut7nbqkHDvc6j/0rzjR33L3FfNE=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCbDzs4OM71iWHLyC7zqF3gTr36JH+B/OEn2YBILGoqqbrq7AiW4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZZJUU9akiUh0JyCGCS5ZEzgI1lGakTgQrB1Et1O//ci04Yl8gLFifkyGkoecErBSu0eU0slTv1xxq+4MeJV4OamgHI1++ac3SGgaMwlUEGO6nqvAz4gGTgWblHqpYYrQiAxZ11JJYmb8bHbuBJ9ZZYDDRNuSgGfq34mMxMaM48B2xgRGZtmbiv953RTCaz/jUqXAJJ0vClOBIcHT3/GAa0ZBjC0hVHN7K6YjogkFm9DClkCTiMHE5uItp7BKWhdVr1at3V9W6jd5QkV0gk7ROfLQFaqjO9RATURRhF7QK3pznp1358P5nLcWnHzmGC3A+foFUp+YGQ==</latexit>⇡

<latexit sha1_base64="mijer3ujSPfs7EHs1Ow/7O9N/pQ=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUV+4A2lMl00g6dTMLMjVBCV36BW/0Cd+LWL/ED/A8nbRa29cCFwzn3cu89fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5ZEzkK1okVI6EvWNsf32Z++4kpzSP5iJOYeSEZSh5wStBI7d6YYfow7ZcrTtWZwV4lbk4qkKPRL//0BhFNQiaRCqJ113Vi9FKikFPBpqVeollM6JgMWddQSUKmvXR27tQ+M8rADiJlSqI9U/9OpCTUehL6pjMkONLLXib+53UTDK69lMs4QSbpfFGQCBsjO/vdHnDFKIqJIYQqbm616YgoQtEktLDFV8Qkk+XiLqewSloXVbdWrd1fVuo3eUJFOIFTOAcXrqAOd9CAJlAYwwu8wpv1bL1bH9bnvLVg5TPHsADr6xc/kpgN</latexit>

|Ri



Contracting the network: Dominant vectors

space

time

... ...

<latexit sha1_base64="Ut7nbqkHDvc6j/0rzjR33L3FfNE=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCbDzs4OM71iWHLyC7zqF3gTr36JH+B/OEn2YBILGoqqbrq7AiW4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZZJUU9akiUh0JyCGCS5ZEzgI1lGakTgQrB1Et1O//ci04Yl8gLFifkyGkoecErBSu0eU0slTv1xxq+4MeJV4OamgHI1++ac3SGgaMwlUEGO6nqvAz4gGTgWblHqpYYrQiAxZ11JJYmb8bHbuBJ9ZZYDDRNuSgGfq34mMxMaM48B2xgRGZtmbiv953RTCaz/jUqXAJJ0vClOBIcHT3/GAa0ZBjC0hVHN7K6YjogkFm9DClkCTiMHE5uItp7BKWhdVr1at3V9W6jd5QkV0gk7ROfLQFaqjO9RATURRhF7QK3pznp1358P5nLcWnHzmGC3A+foFUp+YGQ==</latexit>⇡

<latexit sha1_base64="shRTGoXJ+O8mbkCcsRvGa+j7Sig=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx48RDAPSJYwO+lNhsw+mOkVwpKTX+BVv8CbePVL/AD/w9lkDyaxoKGo6qa7y4ul0Gjb31ZhbX1jc6u4XdrZ3ds/KB8etXSUKA5NHslIdTymQYoQmihQQidWwAJPQtsb32Z++wmUFlH4iJMY3IANQ+ELztBI7Z6nWHo/7ZcrdtWega4SJycVkqPRL//0BhFPAgiRS6Z117FjdFOmUHAJ01Iv0RAzPmZD6BoasgC0m87OndIzowyoHylTIdKZ+nciZYHWk8AznQHDkV72MvE/r5ugf+2mIowThJDPF/mJpBjR7Hc6EAo4yokhjCthbqV8xBTjaBJa2GJiGQNmuTjLKayS1kXVqVVrD5eV+k2eUJGckFNyThxyRerkjjRIk3AyJi/klbxZz9a79WF9zlsLVj5zTBZgff0CHfeX+A==</latexit>

hL|



Contracting the network: Dominant vectors

space

time

......

<latexit sha1_base64="Ut7nbqkHDvc6j/0rzjR33L3FfNE=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCbDzs4OM71iWHLyC7zqF3gTr36JH+B/OEn2YBILGoqqbrq7AiW4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZZJUU9akiUh0JyCGCS5ZEzgI1lGakTgQrB1Et1O//ci04Yl8gLFifkyGkoecErBSu0eU0slTv1xxq+4MeJV4OamgHI1++ac3SGgaMwlUEGO6nqvAz4gGTgWblHqpYYrQiAxZ11JJYmb8bHbuBJ9ZZYDDRNuSgGfq34mMxMaM48B2xgRGZtmbiv953RTCaz/jUqXAJJ0vClOBIcHT3/GAa0ZBjC0hVHN7K6YjogkFm9DClkCTiMHE5uItp7BKWhdVr1at3V9W6jd5QkV0gk7ROfLQFaqjO9RATURRhF7QK3pznp1358P5nLcWnHzmGC3A+foFUp+YGQ==</latexit>⇡

<latexit sha1_base64="shRTGoXJ+O8mbkCcsRvGa+j7Sig=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx48RDAPSJYwO+lNhsw+mOkVwpKTX+BVv8CbePVL/AD/w9lkDyaxoKGo6qa7y4ul0Gjb31ZhbX1jc6u4XdrZ3ds/KB8etXSUKA5NHslIdTymQYoQmihQQidWwAJPQtsb32Z++wmUFlH4iJMY3IANQ+ELztBI7Z6nWHo/7ZcrdtWega4SJycVkqPRL//0BhFPAgiRS6Z117FjdFOmUHAJ01Iv0RAzPmZD6BoasgC0m87OndIzowyoHylTIdKZ+nciZYHWk8AznQHDkV72MvE/r5ugf+2mIowThJDPF/mJpBjR7Hc6EAo4yokhjCthbqV8xBTjaBJa2GJiGQNmuTjLKayS1kXVqVVrD5eV+k2eUJGckFNyThxyRerkjjRIk3AyJi/klbxZz9a79WF9zlsLVj5zTBZgff0CHfeX+A==</latexit>

hL|
<latexit sha1_base64="mijer3ujSPfs7EHs1Ow/7O9N/pQ=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUV+4A2lMl00g6dTMLMjVBCV36BW/0Cd+LWL/ED/A8nbRa29cCFwzn3cu89fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5ZEzkK1okVI6EvWNsf32Z++4kpzSP5iJOYeSEZSh5wStBI7d6YYfow7ZcrTtWZwV4lbk4qkKPRL//0BhFNQiaRCqJ113Vi9FKikFPBpqVeollM6JgMWddQSUKmvXR27tQ+M8rADiJlSqI9U/9OpCTUehL6pjMkONLLXib+53UTDK69lMs4QSbpfFGQCBsjO/vdHnDFKIqJIYQqbm616YgoQtEktLDFV8Qkk+XiLqewSloXVbdWrd1fVuo3eUJFOIFTOAcXrqAOd9CAJlAYwwu8wpv1bL1bH9bnvLVg5TPHsADr6xc/kpgN</latexit>

|Ri



Mapping CFT: Loschmidt echo

space

time

...... <latexit sha1_base64="shRTGoXJ+O8mbkCcsRvGa+j7Sig=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx48RDAPSJYwO+lNhsw+mOkVwpKTX+BVv8CbePVL/AD/w9lkDyaxoKGo6qa7y4ul0Gjb31ZhbX1jc6u4XdrZ3ds/KB8etXSUKA5NHslIdTymQYoQmihQQidWwAJPQtsb32Z++wmUFlH4iJMY3IANQ+ELztBI7Z6nWHo/7ZcrdtWega4SJycVkqPRL//0BhFPAgiRS6Z117FjdFOmUHAJ01Iv0RAzPmZD6BoasgC0m87OndIzowyoHylTIdKZ+nciZYHWk8AznQHDkV72MvE/r5ugf+2mIowThJDPF/mJpBjR7Hc6EAo4yokhjCthbqV8xBTjaBJa2GJiGQNmuTjLKayS1kXVqVVrD5eV+k2eUJGckFNyThxyRerkjjRIk3AyJi/klbxZz9a79WF9zlsLVj5zTBZgff0CHfeX+A==</latexit>

hL|
<latexit sha1_base64="mijer3ujSPfs7EHs1Ow/7O9N/pQ=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUV+4A2lMl00g6dTMLMjVBCV36BW/0Cd+LWL/ED/A8nbRa29cCFwzn3cu89fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5ZEzkK1okVI6EvWNsf32Z++4kpzSP5iJOYeSEZSh5wStBI7d6YYfow7ZcrTtWZwV4lbk4qkKPRL//0BhFNQiaRCqJ113Vi9FKikFPBpqVeollM6JgMWddQSUKmvXR27tQ+M8rADiJlSqI9U/9OpCTUehL6pjMkONLLXib+53UTDK69lMs4QSbpfFGQCBsjO/vdHnDFKIqJIYQqbm616YgoQtEktLDFV8Qkk+XiLqewSloXVbdWrd1fVuo3eUJFOIFTOAcXrqAOd9CAJlAYwwu8wpv1bL1bH9bnvLVg5TPHsADr6xc/kpgN</latexit>

|Ri

<latexit sha1_base64="mQZInIsL0TfbqfSJVP3bN/izOs0=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BL54kgnlgdgmzk9lkyOzMMtMrLCFXv8CrfoE38ep/+AH+h5NkDyZa0FBUddPdFSaCG3DdL6ewsrq2vlHcLG1t7+zulfcPWkalmrImVULpTkgME1yyJnAQrJNoRuJQsHY4up767UemDVfyHrKEBTEZSB5xSsBKD7c+KJ/LCLJeueJW3RnwX+LlpIJyNHrlb7+vaBozCVQQY7qem0AwJho4FWxS8lPDEkJHZMC6lkoSMxOMZxdP8IlV+jhS2pYEPFN/T4xJbEwWh7YzJjA0y95U/M/rphBdBmMukxSYpPNFUSowKDx9H/e5ZhREZgmhmttbMR0STSjYkBa2hJqMGExsLt5yCn9J66zq1aq1u/NK/SpPqIiO0DE6RR66QHV0gxqoiSiS6Bm9oFfnyXlz3p2PeWvByWcO0QKczx+P1ZlU</latexit>

N ! 1



Transition matrix

<latexit sha1_base64="l1h/V2tZbjDkCgC2MEf1pxQB+eo="></latexit>

T =
|Ri hL|
hL|Ri

Recently proposed in AdS/CFT
Y. Nakata, T. Takayanagi, Y. Taki, K. Tamaoka, and Z. Wei, PRD (2021) 103, 026005
K. Doi, et al, arxiv:2302.11695



Transition matrix

<latexit sha1_base64="l1h/V2tZbjDkCgC2MEf1pxQB+eo="></latexit>

T =
|Ri hL|
hL|Ri

From its eigenvalues: Generalized temporal entropy

Y. Nakata, T. Takayanagi, Y. Taki, K. Tamaoka, and Z. Wei, PRD (2021) 103, 026005
K. Doi, et al, arxiv:2302.11695

Recently proposed in AdS/CFT

Related to computational complexity of contracting TN
SC, C.Ramos and L.Tagliacozzo, PRR 6 (2024) 3, 033021 



Mapping CFT: Loschmidt echo

space

time

......



Mapping CFT: Loschmidt echo

space

time

......

 
can be seen  
as a path integral 



Mapping CFT: Loschmidt echo

space

time

 
can be seen  
as a path integral 



CFT predictions
Our case <=> Euclidean path integral on infinite strip of width

<latexit sha1_base64="IKzYpzO5+8SUPSIbIwg/p6faoVk="></latexit>

T = exp


�
s

�v
+

⇡

�v
L0 +O

⇣ 1

(�v)2

⌘�

<latexit sha1_base64="jkuW1vDl4u3c58NxkwNZqxuMU78=">AAACIHicbVDLSgNBEJz1/Tbq0ctgFLwYd0OIXgTRi8cIxgSyIfROOjpkdneY6RXCsj/gZ/gFXvULvIlHvfsfbh4HXwUNRVU33V2BVtKS6747U9Mzs3PzC4tLyyura+uFjc1rGydGYF3EKjbNACwqGWGdJClsaoMQBgobQf986Dfu0FgZR1c00NgO4SaSPSmAcqlT2E39PmgNndRm2Qk/SH0tueB+FxUBp+wwLVeyTqHoltwR+F/iTUiRTVDrFD79biySECMSCqxtea6mdgqGpFCYLfmJRQ2iDzfYymkEIdp2Ovom43u50uW92OQVER+p3ydSCK0dhEHeGQLd2t/eUPzPayXUO26nMtIJYSTGi3qJ4hTzYTS8Kw0KUoOcgDAyv5WLWzAgKA/wx5bAQB9pmIv3O4W/5Lpc8qql6mWleHo2SWiBbbMdts88dsRO2QWrsToT7J49sif27Dw4L86r8zZunXImM1vsB5yPL/Oko4I=</latexit>

s = �⇡c�t/24

<latexit sha1_base64="guItgZUv5LXRHS5Tz0x2s+bjgNE=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWMENwkkS5iddJIhs7PLTK8Qlhz8Aq/6Bd7Eq5/iB/gfTpI9mMSChqKqm+6uMJHCoOt+O2vrG5tb24Wd4u7e/sFh6ei4YeJUc/B5LGPdCpkBKRT4KFBCK9HAolBCMxzdTf3mE2gjYvWI4wSCiA2U6AvO0Ep+JwRk3VLZrbgz0FXi5aRMctS7pZ9OL+ZpBAq5ZMa0PTfBIGMaBZcwKXZSAwnjIzaAtqWKRWCCbHbshJ5bpUf7sbalkM7UvxMZi4wZR6HtjBgOzbI3Ff/z2in2b4JMqCRFUHy+qJ9KijGdfk57QgNHObaEcS3srZQPmWYcbT4LW0LNRoATm4u3nMIqaVxWvGql+nBVrt3mCRXIKTkjF8Qj16RG7kmd+IQTQV7IK3lznp1358P5nLeuOfnMCVmA8/ULcBOXBw==</latexit>

�

CFT Prediction for Transfer matrix spectrum: 

<latexit sha1_base64="guItgZUv5LXRHS5Tz0x2s+bjgNE=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWMENwkkS5iddJIhs7PLTK8Qlhz8Aq/6Bd7Eq5/iB/gfTpI9mMSChqKqm+6uMJHCoOt+O2vrG5tb24Wd4u7e/sFh6ei4YeJUc/B5LGPdCpkBKRT4KFBCK9HAolBCMxzdTf3mE2gjYvWI4wSCiA2U6AvO0Ep+JwRk3VLZrbgz0FXi5aRMctS7pZ9OL+ZpBAq5ZMa0PTfBIGMaBZcwKXZSAwnjIzaAtqWKRWCCbHbshJ5bpUf7sbalkM7UvxMZi4wZR6HtjBgOzbI3Ff/z2in2b4JMqCRFUHy+qJ9KijGdfk57QgNHObaEcS3srZQPmWYcbT4LW0LNRoATm4u3nMIqaVxWvGql+nBVrt3mCRXIKTkjF8Qj16RG7kmd+IQTQV7IK3lznp1358P5nLeuOfnMCVmA8/ULcBOXBw==</latexit>

�

Central charge 



Mapping CFT: Loschmidt echo

space

time

Regularization:  
boundary states

<latexit sha1_base64="ikMhReOeMLUpmuQGMNSjlfENt60=">AAACJHicbZDLSsNAFIYn9VbvUZduBovQjSURqS6LbrqsYFVoYphMT9qhkwszJ0IJfQUfwydwq0/gTly4ced7OKldeDsw8PP/czjnfGEmhUbHebMqc/MLi0vV5ZXVtfWNTXtr+1KnueLQ5alM1XXINEiRQBcFSrjOFLA4lHAVjs7K/OoWlBZpcoHjDPyYDRIRCc7QWIFd90aARTihnhYxhZviwAsBWeDQtvHKzMu0CJxJYNechjMt+le4M1Ejs+oE9ofXT3keQ4JcMq17rpOhXzCFgkuYrHi5hozxERtAz8iExaD9YnrRhO4bp0+jVJmXIJ263zsKFms9js3e+zHDof6dleZ/WS/H6MQvRJLlCAn/GhTlkmJKSzy0LxRwlGMjGFfC7Er5kCnG0UD8MSVUzOApubi/KfwVl4cNt9lonh/VWqczQlWyS/ZInbjkmLRIm3RIl3ByRx7II3my7q1n68V6/fpasWY9O+RHWe+fRDOlQw==</latexit>

|bi ⇠ e��0H | 0i



Mapping CFT: Loschmidt echo

space

time

......

<latexit sha1_base64="/h6RIXG7yxarwvMXSACBEztmrPY=">AAACDHicbVDLSgNBEJz1GeNr1aOXxSDEg2FXJHoMevEYwTwgCaF30kmGzD6Y6Q2EkF/wC7zqF3gTr/6DH+B/OEn2YBILGoqqbqopP5ZCk+t+W2vrG5tb25md7O7e/sGhfXRc1VGiOFZ4JCNV90GjFCFWSJDEeqwQAl9izR/cT/3aEJUWUfhEoxhbAfRC0RUcyEht267kL0Wzg5Kg6SPBRdvOuQV3BmeVeCnJsRTltv3T7EQ8CTAkLkHrhufG1BqDIsElTrLNRGMMfAA9bBgaQoC6NZ59PnHOjdJxupEyE5IzU/9ejCHQehT4ZjMA6utlbyr+5zUS6t62xiKME8KQz4O6iXQocqY1OB2hkJMcGQJcCfOrw/uggJMpayHFVzBAmphevOUWVkn1quAVC8XH61zpLm0ow07ZGcszj92wEntgZVZhnA3ZC3tlb9az9W59WJ/z1TUrvTlhC7C+fgFtMJtI</latexit>

U(�i��)

<latexit sha1_base64="/h6RIXG7yxarwvMXSACBEztmrPY=">AAACDHicbVDLSgNBEJz1GeNr1aOXxSDEg2FXJHoMevEYwTwgCaF30kmGzD6Y6Q2EkF/wC7zqF3gTr/6DH+B/OEn2YBILGoqqbqopP5ZCk+t+W2vrG5tb25md7O7e/sGhfXRc1VGiOFZ4JCNV90GjFCFWSJDEeqwQAl9izR/cT/3aEJUWUfhEoxhbAfRC0RUcyEht267kL0Wzg5Kg6SPBRdvOuQV3BmeVeCnJsRTltv3T7EQ8CTAkLkHrhufG1BqDIsElTrLNRGMMfAA9bBgaQoC6NZ59PnHOjdJxupEyE5IzU/9ejCHQehT4ZjMA6utlbyr+5zUS6t62xiKME8KQz4O6iXQocqY1OB2hkJMcGQJcCfOrw/uggJMpayHFVzBAmphevOUWVkn1quAVC8XH61zpLm0ow07ZGcszj92wEntgZVZhnA3ZC3tlb9az9W59WJ/z1TUrvTlhC7C+fgFtMJtI</latexit>

U(�i��)



CFT predictions
CFT prediction for dominant eigenvalue 
(including non-universal terms: normalization, 
boundary effects …)

<latexit sha1_base64="D0mqTfGOZvncoCTaSHxMvBqP5MM="></latexit>

�0 = log(�⌧0) = a�v + b+


�v



CFT predictions
CFT prediction for dominant eigenvalue 
(including non-universal terms: normalization, 
boundary effects …) non-universal ~ c 

<latexit sha1_base64="D0mqTfGOZvncoCTaSHxMvBqP5MM="></latexit>

�0 = log(�⌧0) = a�v + b+


�v



CFT predictions
CFT prediction for dominant eigenvalue 
(including non-universal terms: normalization, 
boundary effects …)

<latexit sha1_base64="dxGgvWgNwsxZOkXpIfZfKav8SNw="></latexit>

Re(�0) = 2�0av + b+ . . .

Im(�0) = avT � 

vT
+ . . .

<latexit sha1_base64="cUYdh0aNsiHrxOSfPD0kSv5Q0xY=">AAACEXicbVBLSgNBEO2Jvxh/UXHlpjEIghBmgkQ3QtCNywj5QTKEnk4ladLzobtGCENO4Qnc6gnciVtP4AG8h51kFibxQcGr96qo4nmRFBpt+9vKrK1vbG5lt3M7u3v7B/nDo4YOY8WhzkMZqpbHNEgRQB0FSmhFCpjvSWh6o/up33wCpUUY1HAcgeuzQSD6gjM0Ujd/QjseIKO3VNDaZWnWdO1uvmAX7RnoKnFSUiApqt38T6cX8tiHALlkWrcdO0I3YQoFlzDJdWINEeMjNoC2oQHzQbvJ7P0JPTdKj/ZDZSpAOlP/biTM13rse2bSZzjUy95U/M9rx9i/cRMRRDFCwOeH+rGkGNJpFrQnFHCUY0MYV8L8SvmQKcbRJLZwxVNsBDgxuTjLKaySRqnolIvlx6tC5S5NKEtOyRm5IA65JhXyQKqkTjhJyAt5JW/Ws/VufVif89GMle4ckwVYX79nqJw2</latexit>

� = iT + 2�0Analytic continuation

non-universal ~ c 

<latexit sha1_base64="D0mqTfGOZvncoCTaSHxMvBqP5MM="></latexit>

�0 = log(�⌧0) = a�v + b+


�v



CFT predictions
CFT prediction for dominant eigenvalue 
(including non-universal terms: normalization, 
boundary effects …)

<latexit sha1_base64="dxGgvWgNwsxZOkXpIfZfKav8SNw="></latexit>

Re(�0) = 2�0av + b+ . . .

Im(�0) = avT � 

vT
+ . . .

<latexit sha1_base64="wpYm8fJ+KJs9xnumIFGRek0u8QQ="></latexit>

Re(�1 � �0) = O(1/T 2)

Im(�1 � �0) = �
p⇡x1

vT
+ . . .

<latexit sha1_base64="cUYdh0aNsiHrxOSfPD0kSv5Q0xY=">AAACEXicbVBLSgNBEO2Jvxh/UXHlpjEIghBmgkQ3QtCNywj5QTKEnk4ladLzobtGCENO4Qnc6gnciVtP4AG8h51kFibxQcGr96qo4nmRFBpt+9vKrK1vbG5lt3M7u3v7B/nDo4YOY8WhzkMZqpbHNEgRQB0FSmhFCpjvSWh6o/up33wCpUUY1HAcgeuzQSD6gjM0Ujd/QjseIKO3VNDaZWnWdO1uvmAX7RnoKnFSUiApqt38T6cX8tiHALlkWrcdO0I3YQoFlzDJdWINEeMjNoC2oQHzQbvJ7P0JPTdKj/ZDZSpAOlP/biTM13rse2bSZzjUy95U/M9rx9i/cRMRRDFCwOeH+rGkGNJpFrQnFHCUY0MYV8L8SvmQKcbRJLZwxVNsBDgxuTjLKaySRqnolIvlx6tC5S5NKEtOyRm5IA65JhXyQKqkTjhJyAt5JW/Ws/VufVif89GMle4ckwVYX79nqJw2</latexit>

� = iT + 2�0Analytic continuation

Can compute gaps as well
boundary  
critical exponent

non-universal ~ c 

<latexit sha1_base64="D0mqTfGOZvncoCTaSHxMvBqP5MM="></latexit>

�0 = log(�⌧0) = a�v + b+


�v



CFT predictions

<latexit sha1_base64="kAPSErTwLGPAM0f6DEEszyHoFVU="></latexit>

Sgen = s0 +
i⇡c

12
+

c

6
log

h2T
⇡

sin
⇣⇡t
T

⌘i

<latexit sha1_base64="O/Cv5FBFzIinUnGyVIFYfaUa5bo="></latexit>

h�(!1)�(!2)i =
✓

⇡

�v

◆2x

sin


⇡

�v
(u1 � u2)

��2x

,

Entropy can be calculated as two-point correlator of twist fields

After some algebra and analytic continuation:  
generalized entropy along the (temporal)  TM 



CFT predictions

<latexit sha1_base64="kAPSErTwLGPAM0f6DEEszyHoFVU="></latexit>

Sgen = s0 +
i⇡c

12
+

c

6
log

h2T
⇡

sin
⇣⇡t
T

⌘i

<latexit sha1_base64="O/Cv5FBFzIinUnGyVIFYfaUa5bo="></latexit>

h�(!1)�(!2)i =
✓

⇡

�v

◆2x

sin


⇡

�v
(u1 � u2)

��2x

,

Entropy can be calculated as two-point correlator of twist fields

After some algebra and analytic continuation:  
generalized entropy along the (temporal)  TM 

real part similar to spatial entropy in GS 



CFT predictions

<latexit sha1_base64="kAPSErTwLGPAM0f6DEEszyHoFVU="></latexit>

Sgen = s0 +
i⇡c

12
+

c

6
log

h2T
⇡

sin
⇣⇡t
T

⌘i

<latexit sha1_base64="O/Cv5FBFzIinUnGyVIFYfaUa5bo="></latexit>

h�(!1)�(!2)i =
✓

⇡

�v

◆2x

sin


⇡

�v
(u1 � u2)

��2x

,

Entropy can be calculated as two-point correlator of twist fields

After some algebra and analytic continuation:  
generalized entropy along the (temporal)  TM 

Constant imaginary part ~ c real part similar to spatial entropy in GS 



Numerical results: Models
<latexit sha1_base64="TuXbNH1rQrXX6eJqyeFrkpezM38="></latexit>

H
Ising(g) = �

X

i

h
�
i
x�

i+1
x + g�

i
z

i

<latexit sha1_base64="P6heFc+8RI4DSyXe3ekwpECYElw=">AAACHXicbVDLSgNBEJyNrxhfqx69jAYhXsKuSPQiBL3EWwTzgCSG2UknGTI7u87MBsKSs5/hF3jVL/AmXsUP8D+cPBCTWNBQVHXT3eWFnCntOF9WYml5ZXUtuZ7a2Nza3rF398oqiCSFEg14IKseUcCZgJJmmkM1lEB8j0PF612P/EofpGKBuNODEBo+6QjWZpRoIzXtw8J9fKOY6AybFNfhIWJ9/CtlOpfuSdNOO1lnDLxI3ClJoymKTfu73gpo5IPQlBOlaq4T6kZMpGaUwzBVjxSEhPZIB2qGCuKDasTjV4b42Cgt3A6kKaHxWP07ERNfqYHvmU6f6K6a90bif14t0u2LRsxEGGkQdLKoHXGsAzzKBbeYBKr5wBBCJTO3YtolklBt0pvZ4knSAz00ubjzKSyS8mnWzWVzt2fp/NU0oSQ6QEcog1x0jvKogIqohCh6RM/oBb1aT9ab9W59TFoT1nRmH83A+vwBfAWiNg==</latexit>

H
Ising
c ⌘ H

Ising(g = 1)

Ising model

Three-state Potts model
<latexit sha1_base64="czmLUVBzW1WQshqnNvauXE5eJhw="></latexit>

H
Potts(g) = �

X

i

h⇣
�i�

†
i+1 + �

†
i�i+1

⌘
+ g(⌧i + ⌧

†
i )
i
,

<latexit sha1_base64="OHTX0wm0jnd3Sjed+0c/EXIJp5s=">AAACInicbVDLSgMxFM3UV62vUZdugkWpmzIjUt0Uim66rGAf0I4lk6ZtaOZBckcow/yBn+EXuNUvcCeuBLf+h5m2iG09cOHknHu5uccNBVdgWZ9GZmV1bX0ju5nb2t7Z3TP3DxoqiCRldRqIQLZcopjgPqsDB8FaoWTEcwVruqOb1G8+MKl44N/BOGSORwY+73NKQEtd8zSOq0mX3se1AEAlCS7jVPl9FwZl+wzjrpm3itYEeJnYM5JHM9S65nenF9DIYz5QQZRq21YITkwkcCpYkutEioWEjsiAtTX1iceUE0/uSfCJVnq4H0hdPuCJ+nciJp5SY8/VnR6BoVr0UvE/rx1B/8qJuR9GwHw6XdSPBIYAp+HgHpeMghhrQqjk+q+YDokkFHSEc1tcSUYMEp2LvZjCMmmcF+1SsXR7ka9czxLKoiN0jArIRpeogqqohuqIokf0jF7Qq/FkvBnvxse0NWPMZg7RHIyvH9n/pH8=</latexit>

H
Potts
c = H

Potts(g = 1)

<latexit sha1_base64="GPK1JTwetdHUYCqTUsUrJuM/tfM="></latexit>

� =
X

s=0,1,2

!s |si hs| ,! = ei2⇡/3 ⌧ =
X

s=0,1,2

|si hs+ 1|

Critical Hamiltonians:

Boundary conditions: free and fixed



Numerical results: dominant eigenvalues

Dominant eigenvalues of Transfer matrix as function of T 

Ising Potts



Numerical results:  
Imaginary part of dominant eigenvalues

<latexit sha1_base64="Hz+H36jRm/Yks20Kydo3AvB6L1Q=">AAACKHicbVDLSgMxFM34rPU16tJNsAgupM6UUnUhFN3oroJ9QFtKJs20oZnMkNwRy9Cf8DP8Arf6Be6kW8H/MH0gtvVA4OScc7nJ8SLBNTjO0FpaXlldW09tpDe3tnd27b39ig5jRVmZhiJUNY9oJrhkZeAgWC1SjASeYFWvdzPyq49MaR7KB+hHrBmQjuQ+pwSM1LJPaSvxOQxwg0SRCp+wk81f/l7csxy+wiZyp7nsDFp2xsk6Y+BF4k5JBk1RatnfjXZI44BJoIJoXXedCJoJUcCpYIN0I9YsIrRHOqxuqCQB081k/KsBPjZKG/uhMkcCHqt/JxISaN0PPJMMCHT1vDcS//PqMfgXzYTLKAYm6WSRHwsMIR5VhNtcMQqibwihipu3YtolilAwRc5s8RTpMRj14s63sEgquaxbyBbu85ni9bShFDpER+gEuegcFdEtKqEyougZvaI39G69WB/WpzWcRJes6cwBmoH19QOGMaW9</latexit>

cfit ⇡ 0.49 ⇡ 1/2 = cIsing
<latexit sha1_base64="IxZB4DaTHXHrVUfTbHl5chFsAEg=">AAACKHicbVDLSgMxFM34rPU16tJNsAgupM5IbbsRim5cVrAPaEvJpJk2NDMZkjtiGfoTfoZf4Fa/wJ10K/gfpg/Eth4InJxzLjc5XiS4BscZWSura+sbm6mt9PbO7t6+fXBY1TJWlFWoFFLVPaKZ4CGrAAfB6pFiJPAEq3n927Ffe2RKcxk+wCBirYB0Q+5zSsBIbfucthOfwxA3SRQp+YSdbKH4e8ldXOFrbCJlCaCHbTvjZJ0J8DJxZySDZii37e9mR9I4YCFQQbRuuE4ErYQo4FSwYboZaxYR2idd1jA0JAHTrWTyqyE+NUoH+1KZEwKeqH8nEhJoPQg8kwwI9PSiNxb/8xox+MVWwsMoBhbS6SI/FhgkHleEO1wxCmJgCKGKm7di2iOKUDBFzm3xFOkzGPfiLrawTKqXWTefzd/nMqWbWUMpdIxO0BlyUQGV0B0qowqi6Bm9ojf0br1YH9anNZpGV6zZzBGag/X1A8aWpeU=</latexit>

cfit ⇡ 0.78 ⇡ 4/5 = cPotts

<latexit sha1_base64="krFoIG94BFahjlYC5vfdMdKrvx4="></latexit>

Im(�0)/T = a0 + /T 2 + a4/T
4Fit (CFT:                               ) 



Numerical results: Imaginary part of gaps

Fit 

<latexit sha1_base64="SfTMR/wP7eSLAdIpemk1ECuzQqo=">AAACJXicbVDLSgMxFM3UV62vUZdugkVoEdsZK9WNUHSjuwp9QTsOmUzahmYeJBmhDP0GP8MvcKtf4E4EV678D9N2BNt6IORwzrnc5Dgho0IaxqeWWlpeWV1Lr2c2Nre2d/TdvYYIIo5JHQcs4C0HCcKoT+qSSkZaISfIcxhpOoPrsd98IFzQwK/JYUgsD/V82qUYSSXZev7Wy3WYyrvINk9+mZGHl1AJxRo8VnepWLsv2XrWKBgTwEViJiQLElRt/bvjBjjyiC8xQ0K0TSOUVoy4pJiRUaYTCRIiPEA90lbURx4RVjz50ggeKcWF3YCr40s4Uf9OxMgTYug5Kukh2Rfz3lj8z2tHsnthxdQPI0l8PF3UjRiUARz3A13KCZZsqAjCnKq3QtxHHGGpWpzZ4nA0IHKkejHnW1gkjdOCWS6U786ylaukoTQ4AIcgB0xwDirgBlRBHWDwCJ7BC3jVnrQ37V37mEZTWjKzD2agff0AajCi2A==</latexit>

Im(�1 � �0) = a1/T + a3/T
3 (CFT:                                 ) 

<latexit sha1_base64="r5qHMhDOXPl5eXqgbFKsA0IG4AM="></latexit>

a1 = ⇡x1/v = 0.786 ! x1 ⇡ 1/2

<latexit sha1_base64="CbUAhQ9rxKYCVDEDdDJgNrn+TTE="></latexit>

a1 = ⇡x1/v = 3.16 ! x1 ⇡ 2 <latexit sha1_base64="+ZRD7+D/6Pd5u6rdpuR6Syl0KDI="></latexit>

a1 = 2.41 ! x1 ⇡ 0.65 ⇡ 2/3
<latexit sha1_base64="FgJX/D9b1KSLnvjc1Iuzzk/TiOo="></latexit>

a1 = 0.79 ! x1 ⇡ 1.98 ⇡ 2



Numerical results: entropies
<latexit sha1_base64="kAPSErTwLGPAM0f6DEEszyHoFVU="></latexit>
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Numerical results: entropies
<latexit sha1_base64="kAPSErTwLGPAM0f6DEEszyHoFVU="></latexit>
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Conclusions
• Time evolution using TN and temporal entanglement


• Loschmidt echo: mapping to path integral allows to make connection to CFT 


• CFT predicts spectrum of transfer (transition) matrix  
and generalized temporal entropies 


• Logarithmic generalized entanglement growth => simulability with TN


• Gaps closing for large T: Emerging dual unitarity ? 



