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• Renewed interest from physics of ultra-cold atoms:
• large-number of atoms confined 

in arbitrary geometries and effective dimensions
• ideal isolation and control of the system parameters
• real-time dynamics accessible to high precision

Bloch, et al. Rev. Mod. Phys. (2008)4



• Non-perturbative problems & hard to study numerically
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• Non-perturbative problems & hard to study numerically
• Entanglement emerged as organizing principle

• Define reduced state

• Entanglement entropies

• They quantify quantum correlations, and answer the question:

“how far is         from a (classical) product state”?
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⇢A = trB [| ih |]

<latexit sha1_base64="WSeWrxb4J3EOYpx3+P+lIEa3spA=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6qZQ66bLCvYBTQiT6aQdOpmEmYlQYr/Gjb/ixkVFxJ2f4qTNorYeuHA4517uvcePGZXKsr6Nwsbm1vZOcbe0t39weGQen3RklAhM2jhikej5SBJGOWkrqhjpxYKg0Gek64/vM7/7RISkEX9Uk5i4IRpyGlCMlJY8s/bsxJI6AvEhIw7lTojUCCOWNqe1Je7dOZGiIZFwWWx4ZtmqWHPAdWLnpAxytDxz5gwinISEK8yQlH3bipWbIqEoZmRachJJYoTHaEj6mnKkV7rp/M0pvNDKAAaR0MUVnKvLEykKpZyEvu7MjpSrXib+5/UTFdy6KeVxogjHi0VBwqCKYJYZHFBBsGITTRAWVN8K8QgJhJVOtqRDsFdfXiedq4p9Xak+VMv1Rh5HEZyBc3AJbHAD6qAJWqANMHgBb2AGPoxX4934NL4WrQUjnzkFf2D8/ALLHKcv</latexit>

| i 2 H = HA ⌦HB

<latexit sha1_base64="IK7S3miu7BChSgPSqH6xtdCDZjk="></latexit>
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SA[⇢] = �tr (⇢ log[⇢])

<latexit sha1_base64="A8pOSVcXyCBjAYuRjnobsUWxiHk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gOaUDbbabt0s1l2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqREQjZwKbhhmOHamQxBHHdjS+nfntR1SaJeLBTCSGMRkKNmCUGCsFT4HULFBEDDn2yhWv6s3hrhI/JxXI0eiVv4J+QtMYhaGcaN31PWnCjCjDKMdpKUg1SkLHZIhdSwWJUYfZ/Oape2aVvjtIlC1h3Ln6eyIjsdaTOLKdMTEjvezNxP+8bmoG12HGhEwNCrpYNEi5axJ3FoDbZwqp4RNLCFXM3urSEVGEGhtTyYbgL7+8SloXVf+yWruvVeo3eRxFOIFTOAcfrqAOd9CAJlCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gBvKZH0</latexit>

| i
<latexit sha1_base64="GMfNd6aKsR4g2GldRE79gIC919c=">AAACK3icbVBLSwMxEM7WV62vVY9egkXwVHbF10Uo9eKxgn1At5Rsmrah2WRJZoVS+3+8+Fc86MEHXv0fpu2CtnUg5JtvvmFmvjAW3IDnfTiZpeWV1bXsem5jc2t7x93dqxqVaMoqVAml6yExTHDJKsBBsHqsGYlCwWph/3pcr90zbbiSdzCIWTMiXck7nBKwVMstPQSx4S0v0ER2Bbuyae83DRTwiBkc0LYC+6XprKjl5r2CNwm8CPwU5FEa5Zb7ErQVTSImgQpiTMP3YmgOiQZOBRvlgsSwmNA+6bKGhZLYmc3h5NYRPrJMG3eUtk8CnrB/O4YkMmYQhVYZEeiZ+dqY/K/WSKBz2RxyGSfAJJ0O6iQCg8Jj43Cba0ZBDCwgVHO7K6Y9ogkFa2/OmuDPn7wIqicF/7xwdnuaL5ZSO7LoAB2iY+SjC1REN6iMKoiiR/SM3tC78+S8Op/O11SacdKefTQTzvcP8f+ouw==</latexit>

| 0i = |�0i ⌦ · · ·⌦ |�0i



• Entanglement key ingredient for exotic quantum effects 
• It makes quantum dynamics hard to simulate classically 



• Entanglement key ingredient for exotic quantum effects 
• It makes quantum dynamics hard to simulate classically

• Ex: “quantum quench”
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| (t = 0)i = | . . . 10101 . . .i
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<latexit sha1_base64="VQNfJM2o3DPa7jPiHAzns2qSt4c=">AAACH3icbVDLSgMxFM34tr6qLt0Ei+CqzIhUN4KPjcsKVoVmGDLpnTaYyQzJHaGM/RM3/oobF4qIO//G9LHwdeByD+fcS3JPnCtp0fc/vanpmdm5+YXFytLyyupadX3jymaFEdASmcrMTcwtKKmhhRIV3OQGeBoruI5vz4b+9R0YKzN9if0cwpR3tUyk4OikqNpgppdFJ0clMym9NIPolClIsH3PmlYyw3VXAVPj5pR7ZmS3h2FUrfl1fwT6lwQTUiMTNKPqB+tkokhBo1Dc2nbg5xiW3KAUCgYVVljIubjlXWg7qnkKNixH9w3ojlM6NMmMK410pH7fKHlqbT+N3WTKsWd/e0PxP69dYHIYllLnBYIW44eSQlHM6DAs2pEGBKq+I1wY6f5KRY8bLtBFWnEhBL9P/kuu9upBo75/sV87Pp3EsUC2yDbZJQE5IMfknDRJiwjyQJ7IC3n1Hr1n7817H49OeZOdTfID3ucXin6j8Q==</latexit>

⇢A = TrB [| ih |]

<latexit sha1_base64="nWwFofU58f/o0tULfi1Y4v69JVA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJXLjM4=</latexit>

A
<latexit sha1_base64="nHV6ZkUj2uHQz28RjqNxNOP9tOc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJdPjM8=</latexit>

B

• Large-scale dynamics simulable 
for low entanglement via 
tensor-network methods

• Bottleneck:
“Entanglement barrier”

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>
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<latexit sha1_base64="64hjbXnHDQ/SxDPNaYX4lhniZig=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/IaivUcTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3fNq7bZWqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD2iaknc=</latexit>

| 0i
<latexit sha1_base64="QF21G+UwykM3ADBjGfqGA8GAjOE=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gOaWDbbTbt0swm7E6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATX6DjfVmFldW19o7hZ2tre2d0r7x+0dJwqypo0FrHqBEQzwSVrIkfBOoliJAoEawej66nffmBK81je4ThhfkQGkoecEjTS/ZPX0LyHniJyIFivXHGqzgz2MnFzUoEcjV75y+vHNI2YRCqI1l3XSdDPiEJOBZuUvFSzhNARGbCuoZJETPvZ7OqJfWKUvh3GypREe6b+nshIpPU4CkxnRHCoF72p+J/XTTG89DMukxSZpPNFYSpsjO1pBHafK0ZRjA0hVHFzq02HRBGKJqiSCcFdfHmZtM6q7nm1dlur1K/yOIpwBMdwCi5cQB1uoAFNoKDgGV7hzXq0Xqx362PeWrDymUP4A+vzB9GGkrs=</latexit>

| ti

<latexit sha1_base64="RWSoLPC44/paaoPLG3umT65Nk94=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeglxwjmAcka5iddJIhs7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFSCx/Sc141k26h6JbcGcgy8TJShAy1buGr04tYEqI0TFCt254bGz+lynAmcJLvJBpjykZ0gG1LJQ1R++ns3gk5tUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/aT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRHkbgrf48jJpXJS8y1L5rlys3GRx5OAYTuAMPLiCClShBnVgIOAZXuHNeXRenHfnY9664mQzR/AHzucP3/2P4A==</latexit>
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<latexit sha1_base64="hDRaAR0j6rhDDJDDZ3b2KvOMzL0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8dK7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqOP/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1VLx8uK7XbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gA7zI3H</latexit>
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<latexit sha1_base64="TVilZGX4ArRBmmLHgsNYHXxDR1w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7ue1ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AzpONfw==</latexit>
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<latexit sha1_base64="TBY61d8PBkk1MBRvvxTzgrCwbIY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DXjxJRPOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HDXq/SKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSrJS9i3L1vlqqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MH0BeNgA==</latexit>
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<latexit sha1_base64="ZPUWdhgMrFsNCek/XNSFmgKxe6A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BL54konlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHu66591iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOCt7F+XKfaVUvc7iyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucP0ZuNgQ==</latexit>

N3

Calabrese & Cardy, PRL 96 (2006)9



• What if we had a quantum computer? 
• Direct access to quantum dynamics via Trotter-Suzuki decomposition

• Implementation of Digital Quantum Simulation

<latexit sha1_base64="QtsCJX4YtlSSopg2kBCm+hBZ55Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/RrY19</latexit>

t = 0

<latexit sha1_base64="A5f1KE1MkHRKcXbkUajHhEgrgFk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNlJJxkyM7vOzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbETUouMK65VZgK9FIZSSwGY1up37zCbXhsXqw4wRDSQeK9zmj1knNjuESH0m3VPYr/gxkmQQ5KUOOWrf01enFLJWoLBPUmHbgJzbMqLacCZwUO6nBhLIRHWDbUUUlmjCbnTshp07pkX6sXSlLZurviYxKY8Yycp2S2qFZ9Kbif147tf3rMOMqSS0qNl/UTwWxMZn+TnpcI7Ni7AhlmrtbCRtSTZl1CRVdCMHiy8ukcV4JLiv+/UW5epPHUYBjOIEzCOAKqnAHNagDgxE8wyu8eYn34r17H/PWFS+fOYI/8D5/AArlj18=</latexit>'
<latexit sha1_base64="QtsCJX4YtlSSopg2kBCm+hBZ55Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/RrY19</latexit>

t = 0
<latexit sha1_base64="75vIQ4t9DlrWEvGUVnQVnhaA5i0=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXjxWsB/QLmU2zbah2WRJspWy9p948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqWWqCG0QyaVqh6ApZ4I2DDOcthNFIQ45bYWj25nfGlOlmRQPZpLQIIaBYBEjYKzUc92nbpqAUvKxq0AMOO25Za/izYFXiZ+TMspR77lf3b4kaUyFIRy07vheYoIMlGGE02mpm2qaABnBgHYsFRBTHWTzy6f4zCp9HEllSxg8V39PZBBrPYlD2xmDGeplbyb+53VSE10HGRNJaqggi0VRyrGReBYD7jNFieETS4AoZm/FZAgKiLFhlWwI/vLLq6R5UfEvK9X7arl2k8dRRCfoFJ0jH12hGrpDddRABI3RM3pFb07mvDjvzseiteDkM8foD5zPHz/BlBE=</latexit>

| "i
<latexit sha1_base64="u0m4Us3zv8N2CvPkjNta1koXx6k=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZkxRF0S3bjERB4JTEindKCh007ajkiQX3HjQmPc+iPu/BsLzELBk9zk5Jx723tPmHCmjed9O7m19Y3Nrfx2YWd3b//APSw2tEwVoXUiuVStEGvKmaB1wwynrURRHIecNsPhzcxvPlClmRT3ZpzQIMZ9wSJGsLFS1y0+dXpyJLBSctRRWPQ57bolr+zNgVaJn5ESZKh13S/7BkljKgzhWOu27yUmmGBlGOF0WuikmiaYDHGfti0VOKY6mMx3n6JTq/RQJJUtYdBc/T0xwbHW4zi0nTE2A73szcT/vHZqoqtgwkSSGirI4qMo5chINAsC9ZiixPCxJZgoZndFZIAVJsbGVbAh+Msnr5LGedm/KFfuKqXqdRZHHo7hBM7Ah0uowi3UoA4EHuEZXuHNmTovzrvzsWjNOdnMEfyB8/kD14CU+A==</latexit>

| #i
<latexit sha1_base64="u0m4Us3zv8N2CvPkjNta1koXx6k=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZkxRF0S3bjERB4JTEindKCh007ajkiQX3HjQmPc+iPu/BsLzELBk9zk5Jx723tPmHCmjed9O7m19Y3Nrfx2YWd3b//APSw2tEwVoXUiuVStEGvKmaB1wwynrURRHIecNsPhzcxvPlClmRT3ZpzQIMZ9wSJGsLFS1y0+dXpyJLBSctRRWPQ57bolr+zNgVaJn5ESZKh13S/7BkljKgzhWOu27yUmmGBlGOF0WuikmiaYDHGfti0VOKY6mMx3n6JTq/RQJJUtYdBc/T0xwbHW4zi0nTE2A73szcT/vHZqoqtgwkSSGirI4qMo5chINAsC9ZiixPCxJZgoZndFZIAVJsbGVbAh+Msnr5LGedm/KFfuKqXqdRZHHo7hBM7Ah0uowi3UoA4EHuEZXuHNmTovzrvzsWjNOdnMEfyB8/kD14CU+A==</latexit>

| #i
<latexit sha1_base64="u0m4Us3zv8N2CvPkjNta1koXx6k=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZkxRF0S3bjERB4JTEindKCh007ajkiQX3HjQmPc+iPu/BsLzELBk9zk5Jx723tPmHCmjed9O7m19Y3Nrfx2YWd3b//APSw2tEwVoXUiuVStEGvKmaB1wwynrURRHIecNsPhzcxvPlClmRT3ZpzQIMZ9wSJGsLFS1y0+dXpyJLBSctRRWPQ57bolr+zNgVaJn5ESZKh13S/7BkljKgzhWOu27yUmmGBlGOF0WuikmiaYDHGfti0VOKY6mMx3n6JTq/RQJJUtYdBc/T0xwbHW4zi0nTE2A73szcT/vHZqoqtgwkSSGirI4qMo5chINAsC9ZiixPCxJZgoZndFZIAVJsbGVbAh+Msnr5LGedm/KFfuKqXqdRZHHo7hBM7Ah0uowi3UoA4EHuEZXuHNmTovzrvzsWjNOdnMEfyB8/kD14CU+A==</latexit>

| #i
<latexit sha1_base64="75vIQ4t9DlrWEvGUVnQVnhaA5i0=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXjxWsB/QLmU2zbah2WRJspWy9p948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqWWqCG0QyaVqh6ApZ4I2DDOcthNFIQ45bYWj25nfGlOlmRQPZpLQIIaBYBEjYKzUc92nbpqAUvKxq0AMOO25Za/izYFXiZ+TMspR77lf3b4kaUyFIRy07vheYoIMlGGE02mpm2qaABnBgHYsFRBTHWTzy6f4zCp9HEllSxg8V39PZBBrPYlD2xmDGeplbyb+53VSE10HGRNJaqggi0VRyrGReBYD7jNFieETS4AoZm/FZAgKiLFhlWwI/vLLq6R5UfEvK9X7arl2k8dRRCfoFJ0jH12hGrpDddRABI3RM3pFb07mvDjvzseiteDkM8foD5zPHz/BlBE=</latexit>

| "i <latexit sha1_base64="75vIQ4t9DlrWEvGUVnQVnhaA5i0=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXjxWsB/QLmU2zbah2WRJspWy9p948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqWWqCG0QyaVqh6ApZ4I2DDOcthNFIQ45bYWj25nfGlOlmRQPZpLQIIaBYBEjYKzUc92nbpqAUvKxq0AMOO25Za/izYFXiZ+TMspR77lf3b4kaUyFIRy07vheYoIMlGGE02mpm2qaABnBgHYsFRBTHWTzy6f4zCp9HEllSxg8V39PZBBrPYlD2xmDGeplbyb+53VSE10HGRNJaqggi0VRyrGReBYD7jNFieETS4AoZm/FZAgKiLFhlWwI/vLLq6R5UfEvK9X7arl2k8dRRCfoFJ0jH12hGrpDddRABI3RM3pFb07mvDjvzseiteDkM8foD5zPHz/BlBE=</latexit>

| "i
<latexit sha1_base64="6NYJIWiLGhU3AQfuDeYaY2wCK+k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eHK7isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuBeQXg==</latexit>

|0i
<latexit sha1_base64="DocSCQStj1nH5/o6QGp/gBtsEDU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6ePK6isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuaKQXw==</latexit>

|1i
<latexit sha1_base64="DocSCQStj1nH5/o6QGp/gBtsEDU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6ePK6isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuaKQXw==</latexit>

|1i
<latexit sha1_base64="6NYJIWiLGhU3AQfuDeYaY2wCK+k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eHK7isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuBeQXg==</latexit>

|0i
<latexit sha1_base64="DocSCQStj1nH5/o6QGp/gBtsEDU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6ePK6isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuaKQXw==</latexit>

|1i
<latexit sha1_base64="6NYJIWiLGhU3AQfuDeYaY2wCK+k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eHK7isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuBeQXg==</latexit>

|0i

Lloyd (1996)
<latexit sha1_base64="lPUEc4cy2iGIvSotWzyPeta6lXo=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEpSRS1I1QdNNlBfuANoTJdNJOOzMJMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHMqNKO822trK6tb2wWtorbO7t7+/ZBqaWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2ML6b+u1HIhWNxIOexMTjaCBoSDHSRvLtUv2mpxLuj+DQT0fnozM38+2yU3FmgMvEzUkZ5Gj49levH+GEE6ExQ0p1XSfWXoqkppiRrNhLFIkRHqMB6RoqECfKS2e3Z/DEKH0YRtKU0HCm/p5IEVdqwgPTyZEeqkVvKv7ndRMdXnspFXGiicDzRWHCoI7gNAjYp5JgzSaGICypuRXiIZIIaxNX0YTgLr68TFoXFfeyUr2vlmu3eRwFcASOwSlwwRWogTpogCbA4Ak8g1fwZmXWi/VufcxbV6x85hD8gfX5A8YXk6I=</latexit>

H =
X

j

hj,j+1

<latexit sha1_base64="0LWKnNI9FgVywPAk5sx+xHB+f80="></latexit>

e�iHt '
⇥
e�iHe�e�iHo�

⇤t/�

<latexit sha1_base64="dWtuwZtcEW4WfWswAEVqL9t868E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeglxwjmIckMcxOepMhM7vLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgodYN9wIbMUKqfQFNv3R7dRvPqHSPArvzTjGrqSDkAecUWOlB3xMz3mVmEmvUHRL7gxkmXgZKUKGWq/w1elHLJEYGiao1m3PjU03pcpwJnCS7yQaY8pGdIBtS0MqUXfT2cETcmqVPgkiZSs0ZKb+nkip1HosfdspqRnqRW8q/ue1ExNcd1MexonBkM0XBYkgJiLT70mfK2RGjC2hTHF7K2FDqigzNqO8DcFbfHmZNC5K3mWpfFcuVm6yOHJwDCdwBh5cQQWqUIM6MJDwDK/w5ijnxXl3PuatK042cwR/4Hz+ADfakAo=</latexit>

e�iHt

<latexit sha1_base64="Hixo8HSyHyFdnDxjE5iKL5SELL0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6l9Uz+/OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5QJkXY=</latexit>)

Feynman, 1982
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• Remarkable recent progress in platforms for quantum simulation:
cold & Rydberg atoms, trapped ions, superconducting circuits

• Most advanced experiments in analog quantum simulation

• Digital quantum simulation ⟹ greater control and versatility, 
but experimental research is at an early stage

• Noisy-Intermediate-Scale-Quantum
(NISQ) era

J. Daley et al., Nature (2022)

J. Preskill, Quantum (2018)

J. Preskill, Quantum 2 (2018)
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NISQ physics already opens new avenues for fundamental research

12



NISQ physics already opens new avenues for fundamental research

1. Discrete dynamics with new features compared to
Hamiltonian evolution:
What new phases and universal behavior in NISQ platforms?

2. New paradigm for many-body physics out of equilibrium

• Minimally-structured models to study hard questions in 
many-body physics

• Implementation feasible in NISQ devices

13



NISQ physics already opens new avenues for fundamental research

1. Discrete dynamics with new features compared to
Hamiltonian evolution:
What new phases and universal behavior in NISQ platforms?

2. New paradigm for many-body physics out of equilibrium

• Minimally-structured models to study hard questions in 
many-body physics

• Implementation feasible in NISQ devices

⟹ This talk: focus on class of  stat.-mech. problems arising 
in this context
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Measurement-induced phase transitions

•

• Born’s rule
15

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

: unitary gate

: projective measurement
<latexit sha1_base64="WOzpOwpX9OGodWLzAKsxPZ35TYA=">AAACEHicbZC7TsMwFIYdrqXcAowsERWCqUoQtwWpgoWxSPQiNVF04rqtVceJbAepSvsILLwKCwMIsTKy8Ta4SQZoOZLlT/9/juzzBzGjUtn2t7GwuLS8slpaK69vbG5tmzu7TRklApMGjlgk2gFIwignDUUVI+1YEAgDRlrB8Gbqtx6IkDTi92oUEy+EPqc9ikFpyTeP6n7qAosHMLka5+AK4H1GXJZfmTb2zYpdtbOy5sEpoIKKqvvml9uNcBISrjADKTuOHSsvBaEoZmRSdhNJYsBD6JOORg4hkV6aLTSxDrXStXqR0IcrK1N/T6QQSjkKA90ZghrIWW8q/ud1EtW79FLK40QRjvOHegmzVGRN07G6VBCs2EgDYEH1Xy08AAFY6QzLOgRnduV5aJ5UnfPq2d1ppXZdxFFC++gAHSMHXaAaukV11EAYPaJn9IrejCfjxXg3PvLWBaOY2UN/yvj8AQ1GneE=</latexit>

P↵ = |↵ih↵|
<latexit sha1_base64="hPex2QLTUfb7zEdV9tjGk3wAzf4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWuscrt1euuFV3BvKXeDmpQI56r/zZ7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyZJU+CWNtSyGZqT8nMhoZM44C2xlRHJpFbyr+53VSDC/9TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/Hlv6R5UvXOq2d3p5XadR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqSOfZeXPe560FJ5/Zh19wPr4B05uNgw==</latexit>

t = 0

<latexit sha1_base64="omTCuTYM9Hnn2ONCzwx+7RTE+RQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWuscrr1euuFV3BvKXeDmpQI56r/zZ7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyZJU+CWNtSyGZqT8nMhoZM44C2xlRHJpFbyr+53VSDC/9TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/Hlv6R5UvXOq2d3p5XadR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqSOfZeXPe560FJ5/Zh19wPr4B1R+NhA==</latexit>

t = 1

<latexit sha1_base64="VBIKJI9hdQe5oPEf30KOMiO6jFs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGXxch6MVjRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HbqN5+4NiJSjziOuR/SgRJ9wSha6QGvK91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/KT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwalbJ3UT6/PytVb7I48nAEx3AKHlxCFe6gBnVgMIBneIU3RzovzrvzMW/NOdnMIfyB8/kD1qONhQ==</latexit>

t = 2

<latexit sha1_base64="6A6AW3A6SU6trJ+3oz4qgwmHvRM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6vghBLx4jmgckS5idTJIhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEEth0HW/ndzS8srqWn69sLG5tb1T3N2rmyjRjNdYJCPdDKjhUiheQ4GSN2PNaRhI3giGtxO/8cS1EZF6xFHM/ZD2legJRtFKD3h92imW3LI7BVkkXkZKkKHaKX61uxFLQq6QSWpMy3Nj9FOqUTDJx4V2YnhM2ZD2ectSRUNu/HR66pgcWaVLepG2pZBM1d8TKQ2NGYWB7QwpDsy8NxH/81oJ9q78VKg4Qa7YbFEvkQQjMvmbdIXmDOXIEsq0sLcSNqCaMrTpFGwI3vzLi6R+UvYuyuf3Z6XKTRZHHg7gEI7Bg0uowB1UoQYM+vAMr/DmSOfFeXc+Zq05J5vZhz9wPn8A2CeNhg==</latexit>

t = 3

<latexit sha1_base64="UZ7PFOgykQxMv0YBT10uTx3xgSI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKfFyEoBePEc0DkiXMTibJkNnZZaZXCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4ilMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go9up33zi2ohIPeI45n5IB0r0BaNopQe8rnSLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJW9i/L5faVUvcniyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOm8OO/Ox7w152Qzh/AHzucP2auNhw==</latexit>

t = 4

<latexit sha1_base64="YJFd1BBkCak1X74+tSoTgnfcFrI=">AAACJXicbVBLSwMxEM7WV62vqkcvwSJ4Krvi66BQ7KXHCvYB3VqyadqGZjfbZFYoy/4ZL/4VLx4sInjyr5hue6jVgZBvvvmGmfm8UHANtv1lZVZW19Y3spu5re2d3b38/kFdy0hRVqNSSNX0iGaCB6wGHARrhooR3xOs4Q3L03rjiSnNZfAA45C1fdIPeI9TAobq5G9cn8CAEhFXktsUe15cTh7jUeJK4D7T2KVdCeabpQuaUSdfsIt2GvgvcOaggOZR7eQnblfSyGcBUEG0bjl2CO2YKOBUsCTnRpqFhA5Jn7UMDIgZ2I7TKxN8Ypgu7kllXgA4ZRc7YuJrPfY9o5zuqJdrU/K/WiuC3nU75kEYAQvobFAvEhgknlqGu1wxCmJsAKGKm10xHRBFKBhjc8YEZ/nkv6B+VnQuixf354XS3dyOLDpCx+gUOegKlVAFVVENUfSMXtE7mlgv1pv1YX3OpBlr3nOIfoX1/QM6V6bz</latexit>

H = Cq
⌦ · · ·⌦ Cq

<latexit sha1_base64="DQURf/nBIV4Monciek9TQWpd1NA="></latexit>

Cq+1 = span({|0i, |1i, . . . |qi})

<latexit sha1_base64="1V3iL6DnPGmwhpjHkf/zQ26zeMY="></latexit>

prob(↵) = h (t)|(|↵ih↵|j)| (t)i

<latexit sha1_base64="9stFzTWfbFXT0/w6Z5cVvlnzINU=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsivjZC0Y3LCqYttDFMptN22skkzEyEErJ046+4caGIWz/BnX/jtI2grQcuHM65l3vv8SNGpbKsLyM3Mzs3v5BfLCwtr6yumesbVRnGAhMHhywUdR9JwignjqKKkXokCAp8Rmp+/2ro1+6JkDTkt2oQETdAHU7bFCOlJc/cdrykd9Dbt9MLSO6SQwq7P0JToTj1zKJVskaA08TOSBFkqHjmZ7MV4jggXGGGpGzYVqTcBAlFMSNpoRlLEiHcRx3S0JSjgEg3GT2Swl2ttGA7FLq4giP190SCAikHga87A6S6ctIbiv95jVi1z92E8ihWhOPxonbMoArhMBXYooJgxQaaICyovhXiLhIIK51dQYdgT748TapHJfu0dHJzXCxfZnHkwRbYAXvABmegDK5BBTgAgwfwBF7Aq/FoPBtvxvu4NWdkM5vgD4yPb6oXmII=</latexit>

Uj,j+1 = e�ihj,j+1⌧



Each qubit measured randomly, with 
a rate (probability) 

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A
<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B

Skinner, Ruhman, Nahum, PRX (2019)
Li, Chen, Fisher, PRB 98, (2018)



Each qubit measured randomly, with 
a rate (probability) 

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="Kvuq2g2ZBqwBvTgXGchognPjTYI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9JjvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBOiI3U</latexit>pc<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1

Volume-law
entanglement

Area-law
entanglement

<latexit sha1_base64="V9ZmLHD35hdxOV7nblW4bxuOXgI=">AAACKnicbVDLSgMxFM34tr6qLt0Ei1AXlhnxtRF8bFxWbKswM5RMmmlDM5MhuSOUYb7Hjb/ixoVS3Pohpu2AWj0QcnLOvdzcEySCa7DtoTUzOze/sLi0XFpZXVvfKG9utbRMFWVNKoVUDwHRTPCYNYGDYA+JYiQKBLsP+tcj//6RKc1l3IBBwvyIdGMeckrASO3y5V0V9s8PMk9FuKFyT7AQPPPqyfalcTwhu3gsut+a4t0e+JPLy9vlil2zx8B/iVOQCipQb5dfvY6kacRioIJo7Tp2An5GFHAqWF7yUs0SQvuky1xDYxIx7WfjVXO8Z5QODqUyJwY8Vn92ZCTSehAFpjIi0NPT3kj8z3NTCM/8jMdJCiymk0FhKjBIPMoNd7hiFMTAEEIVN3/FtEcUoWDSLZkQnOmV/5LWYc05qR3fHlUuroo4ltAO2kVV5KBTdIFuUB01EUVP6AW9oXfr2Xq1htbHpHTGKnq20S9Yn18AZacW</latexit>

S(t) = �Tr {⇢A(t) log [⇢A(t)]}

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A
<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B

Zeno limitUnitary limit

<latexit sha1_base64="yB0jrRyh15x29IhEnHO0FFeaF2U="></latexit>

⇢A(t) = TrB [| (t)ih (t)|]

<latexit sha1_base64="uJIAO7cWgZlbh5GBXOsw4Udl754=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSNGeSSwIbNDL0yYnd3MzJoQ4BO8eNAYr36RN//GAfagaCWdVKq6090VJIJr47pfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4mfqNR1Sax/LBDBP0I9qTPOSMGivdj6/GnWLJLbszkL/Ey0gJMlQ7xc92N2ZphNIwQbVueW5i/BFVhjOBk0I71ZhQNqA9bFkqaYTaH81OnZAjq3RJGCtb0pCZ+nNiRCOth1FgOyNq+nrRm4r/ea3UhJf+iMskNSjZfFGYCmJiMv2bdLlCZsTQEsoUt7cS1qeKMmPTKdgQvMWX/5L6Sdk7L5/dnZYq11kceTiAQzgGDy6gArdQhRow6METvMCrI5xn5815n7fmnGxmH37B+fgGWR6N2w==</latexit>

|A|

<latexit sha1_base64="v7o/mARS2cLk8p7N/aET8qsSGCI=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEr5MUvXisYNpCG8pmu2mXbjbL7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMiyRn2njet1NaWV1b3yhvVra2d3b33P2Dpk4zRWhAUp6qdoQ15UzQwDDDaVsqipOI01Y0upv6rSeqNEvFoxlLGiZ4IFjMCDZWCuSN7JGeW/Vq3gxomfgFqUKBRs/96vZTkiVUGMKx1h3fkybMsTKMcDqpdDNNJSYjPKAdSwVOqA7z2bETdGKVPopTZUsYNFN/T+Q40XqcRLYzwWaoF72p+J/XyUx8HeZMyMxQQeaL4owjk6Lp56jPFCWGjy3BRDF7KyJDrDAxNp+KDcFffHmZNM9q/mXt4uG8Wr8t4ijDERzDKfhwBXW4hwYEQIDBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaKbjpY=</latexit>

p > pc

<latexit sha1_base64="dSjNfwBzqYnnMZxQzr+6RVigDTg=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEr4OHohePFUxbaEPZbDft0s1m2d0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeZHkTBvP+3ZKK6tr6xvlzcrW9s7unrt/0NRppggNSMpT1Y6wppwJGhhmOG1LRXEScdqKRndTv/VElWapeDRjScMEDwSLGcHGSoG8kT3Sc6tezZsBLRO/IFUo0Oi5X91+SrKECkM41rrje9KEOVaGEU4nlW6mqcRkhAe0Y6nACdVhPjt2gk6s0kdxqmwJg2bq74kcJ1qPk8h2JtgM9aI3Ff/zOpmJr8OcCZkZKsh8UZxxZFI0/Rz1maLE8LElmChmb0VkiBUmxuZTsSH4iy8vk+ZZzb+sXTycV+u3RRxlOIJjOAUfrqAO99CAAAgweIZXeHOE8+K8Ox/z1pJTzBzCHzifP5+NjpQ=</latexit>

p < pc
<latexit sha1_base64="oqoxaOHJUgcaicItO3icOcBUG7s=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEr4tQ9OKxgmkLbSib7aZdutksuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL5KcaeN5305pZXVtfaO8Wdna3tndc/cPmjrNFKEBSXmq2hHWlDNBA8MMp22pKE4iTlvR6G7qt56o0iwVj2YsaZjggWAxI9hYKZA3skd6btWreTOgZeIXpAoFGj33q9tPSZZQYQjHWnd8T5owx8owwumk0s00lZiM8IB2LBU4oTrMZ8dO0IlV+ihOlS1h0Ez9PZHjROtxEtnOBJuhXvSm4n9eJzPxdZgzITNDBZkvijOOTIqmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyr+Ze1i4fzav22iKMMR3AMp+DDFdThHhoQAAEGz/AKb45wXpx352PeWnKKmUP4A+fzB6EUjpU=</latexit>p = pc

Skinner, Ruhman, Nahum, PRX (2019)
Li, Chen, Fisher, PRB 98, (2018)

<latexit sha1_base64="O0IpLDRMvVxjflQsXEwBMPW1g7I=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr2PUi8eI5gGbJcxOZpMhszPLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmAhuwHW/naXlldW19cJGcXNre2e3tLffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLh7cRvPTFtuJKPMEpYEJO+5BGnBKzkP3SvKx0uIxiddEtlt+pOgReJl5MyylHvlr46PUXTmEmgghjje24CQUY0cCrYuNhJDUsIHZI+8y2VJGYmyKYnj/GxVXo4UtqWBDxVf09kJDZmFIe2MyYwMPPeRPzP81OIroKMyyQFJulsUZQKDApP/sc9rhkFMbKEUM3trZgOiCYUbEpFG4I3//IiaZ5WvYvq+f1ZuXaTx1FAh+gIVZCHLlEN3aE6aiCKFHpGr+jNAefFeXc+Zq1LTj5zgP7A+fwBdaGQvA==</latexit>

SA(1)



Experimentally probed in point-of-principle experiments 

C. Noel et al., Nature Phys. 18, 760 (2022)
J. Ming Koh et al. arXiv (2022)



• Measurement histories define 
quantum trajectories

• Dynamics of averaged density matrix is dephasing

• Drives locally system towards infinite-temperature
⟹ no competition with unitary dynamics

⟹ transition not detected by local observables
19

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="TYeatUROkd5Vo2hLNb2rqcL7+l8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOldhdFMsSe1ytX3Ko7A1kmXk4qkKPeK391+zFNIyYNFah1x3MT42eoDKeCTUrdVLME6QgHrGOpxIhpP5vdOyEnVumTMFa2pCEz9fdEhpHW4yiwnRGaoV70puJ/Xic14bWfcZmkhkk6XxSmgpiYTJ8nfa4YNWJsCVLF7a2EDlEhNTaikg3BW3x5mTTPqt5l9eL+vFK7yeMowhEcwyl4cAU1uIM6NICCgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+4EY/G</latexit>↵1
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• Example of new universal behavior beyond conventional 
dynamical phase transitions

• Recent work aimed at characterizing phenomenology of the 
transition (critical exponents, order parameters, etc.)

• This talk:
• analytic predictions for simplest type of transition

[Fava, LP, Swann, Bernard, Nahum, PRX (2023)]

• enriched phenomenology via adaptive measurements
[LP, Li, Vasseur, Nahum, PRB (2023)]
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• Non-interacting dynamics

• Measure fermionic local parity ,                 
with rates      

• Simple model, but monitored dynamics non-trivial

• Numerical evidence suggests entanglement transition from
area-law phase to non-trivial phase 
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E [Ji,j(t)Jk,l(t
0)] = J2�(t� t0)�ik�jl

Cao, et al., SciPost Phys. (2019)
Alberton et al. PRL (2021)
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• We provide analytic predictions based on mapping to stat. 
mech. problem [Bao, et al. Ann. Phys. (2021); Jian, et al. 
arXiv:2302.09094]

• Basic idea:
• map space-time pattern to 2D 

static disordered fermions

• the problem can be tackled  using
replica trick developed for
Anderson localization problem

• for large space-time scales, develop a field theoretical 
description in terms of non-linear sigma model
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• We provide analytic predictions based on mapping to stat. 
mech. problem [Bao, et al. Ann. Phys. (2021); Jian, et al. 
arXiv:2302.09094]

• Replica limit arising due to

23
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• Bipartite entanglement entropy mapped to partition function 
for a matrix field

𝑁: number of replicas. 

• Same description as Anderson transition

• Physical predictions obtained in replica limit
because of Born probabilities

• We obtain asymptotic exact prediction based on RG analysis 
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• Non-trivial phase: 

• Trivial phase: 
entanglement area law

• Transition out of the non-trivial phase driven by proliferation 
of vortices, but different from Kosterlitz–Thouless

⟹ new universality class!
25
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• Simplest example of universal behavior made possible by 
quantum-circuit setting

• Wide phenomenology, depending on unitary operations and 
measurement process

• Our work: generalize measurements via feedback operations, 
depending on measurement outcome

• Simplest example: local resetting measurements

26LP, Y. Li, R. Vasseur, A. Nahum PRB 2023
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• Resetting described by Kraus operators

• Choose block-diagonal gates
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<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="TYeatUROkd5Vo2hLNb2rqcL7+l8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOldhdFMsSe1ytX3Ko7A1kmXk4qkKPeK391+zFNIyYNFah1x3MT42eoDKeCTUrdVLME6QgHrGOpxIhpP5vdOyEnVumTMFa2pCEz9fdEhpHW4yiwnRGaoV70puJ/Xic14bWfcZmkhkk6XxSmgpiYTJ8nfa4YNWJsCVLF7a2EDlEhNTaikg3BW3x5mTTPqt5l9eL+vFK7yeMowhEcwyl4cAU1uIM6NICCgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx+4EY/G</latexit>↵1

<latexit sha1_base64="AtTYu58g3T00zyK/PyOEKQoPqRk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGCeUCyhN7JbDJkdnadmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWj26nfemJK81g+mHHC/AgHkoecorFSu4siGWKv2iuV3Yo7A1kmXk7KkKPeK311+zFNIyYNFah1x3MT42eoDKeCTYrdVLME6QgHrGOpxIhpP5vdOyGnVumTMFa2pCEz9fdEhpHW4yiwnRGaoV70puJ/Xic14bWfcZmkhkk6XxSmgpiYTJ8nfa4YNWJsCVLF7a2EDlEhNTaiog3BW3x5mTSrFe+ycnF/Xq7d5HEU4BhO4Aw8uIIa3EEdGkBBwDO8wpvz6Lw4787HvHXFyWeO4A+czx+5lY/H</latexit>↵2

<latexit sha1_base64="uRVc89at3v1cFbtJXbf+H9vkb50=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3fx6AXjxHMA5Il9E5mkyGzs+vMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQCK6N6347S8srq2vrhY3i5tb2zm5pb7+h41RRVqexiFUrQM0El6xuuBGslSiGUSBYMxjeTvzmE1Oax/LBjBLmR9iXPOQUjZVaHRTJALtn3VLZrbhTkEXi5aQMOWrd0lenF9M0YtJQgVq3PTcxfobKcCrYuNhJNUuQDrHP2pZKjJj2s+m9Y3JslR4JY2VLGjJVf09kGGk9igLbGaEZ6HlvIv7ntVMTXvsZl0lqmKSzRWEqiInJ5HnS44pRI0aWIFXc3kroABVSYyMq2hC8+ZcXSeO04l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHSgIeIZXeHMenRfn3fmYtS45+cwB/IHz+QO7GY/I</latexit>↵3

<latexit sha1_base64="vMkdXRn9sgtqw4mqNWUa6evQPKY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOldhdFMsTeea9ccavuDGSZeDmpQI56r/zV7cc0jZg0VKDWHc9NjJ+hMpwKNil1U80SpCMcsI6lEiOm/Wx274ScWKVPwljZkobM1N8TGUZaj6PAdkZohnrRm4r/eZ3UhNd+xmWSGibpfFGYCmJiMn2e9Lli1IixJUgVt7cSOkSF1NiISjYEb/HlZdI8q3qX1Yv780rtJo+jCEdwDKfgwRXU4A7q0AAKAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AvJ2PyQ==</latexit>↵4

<latexit sha1_base64="icY4LOfCzoN2++jyIOkfb1jmf3c="></latexit>

) | i 7! M↵| ip
prob(↵)

<latexit sha1_base64="y+VjViqgH5xQt//g1ohkXPN0If8="></latexit>

prob(↵) = h |M†
↵M↵| i

<latexit sha1_base64="jtswO+URkFroLWLFtcrYUBYpas0=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUVwVRLxtRGKbtwIFewDmhBuptN26GQSZiZCSbt346+4caGIW3/AnX/jNM1CWw9c7uGce5m5J4gZlcq2v43C0vLK6lpxvbSxubW9Y+7uNWWUCEwaOGKRaAcgCaOcNBRVjLRjQSAMGGkFw+up33ogQtKI36tRTLwQ+pz2KAalJd8s3/qpCywewORybLsCeJ8Rl81apo99s2JX7QzWInFyUkE56r755XYjnISEK8xAyo5jx8pLQSiKGZmU3ESSGPAQ+qSjKYeQSC/NbplYh1rpWr1I6OLKytTfGymEUo7CQE+GoAZy3puK/3mdRPUuvJTyOFGE49lDvYRZKrKmwVhdKghWbKQJYEH1Xy08AAFY6fhKOgRn/uRF0jyuOmfV07uTSu0qj6OIDlAZHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PmajBSPf2Ud/YHz+AK4Xm3o=</latexit>

M↵ = |0ih↵|

<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=
<latexit sha1_base64="/2hCn1T6o7D6JfU+/7/4xG4uOOE=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOepMhs7PLzKwQYn7DiwdFvPoz3vwbJ8keNLGahqKqm+mpMBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh7dRvPaLSPJEPZpRiENO+5BFn1FjJf/KJLUVlX2C3XHGr7gxkmXg5qUCOerf85fcSlsUoDRNU647npiYYU2U4Ezgp+ZnGlLIh7WPHUklj1MF4dvOEnFilR6JE2ZaGzNTfG2Maaz2KQzsZUzPQi95U/M/rZCa6DsZcpplByeYPRZkgJiHTAEiPK2RGjCyhTHF7K2EDqigzNqaSDcFb/PIyaZ5Vvcvqxf15pXaTx1GEIziGU/DgCmpwB3VoAIMUnuEV3pzMeXHenY/5aMHJdw7hD5zPH18lkUU=</latexit>

|
i

<latexit sha1_base64="/2hCn1T6o7D6JfU+/7/4xG4uOOE=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOepMhs7PLzKwQYn7DiwdFvPoz3vwbJ8keNLGahqKqm+mpMBVcG9f9dgorq2vrG8XN0tb2zu5eef+gqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLh7dRvPaLSPJEPZpRiENO+5BFn1FjJf/KJLUVlX2C3XHGr7gxkmXg5qUCOerf85fcSlsUoDRNU647npiYYU2U4Ezgp+ZnGlLIh7WPHUklj1MF4dvOEnFilR6JE2ZaGzNTfG2Maaz2KQzsZUzPQi95U/M/rZCa6DsZcpplByeYPRZkgJiHTAEiPK2RGjCyhTHF7K2EDqigzNqaSDcFb/PIyaZ5Vvcvqxf15pXaTx1GEIziGU/DgCmpwB3VoAIMUnuEV3pzMeXHenY/5aMHJdw7hD5zPH18lkUU=</latexit> |
i

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="3MUkKiCoiAzY5Y40sOOBicuGr2A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mY2Z1lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqyhpUCqnaAWomeMwahhvB2oliGAWCtYLR7dRvPTGluYwfzDhhfoSDmIecorFSs4siGWKvXHGr7gxkmXg5qUCOeq/81e1LmkYsNlSg1h3PTYyfoTKcCjYpdVPNEqQjHLCOpTFGTPvZ7NoJObFKn4RS2YoNmam/JzKMtB5Hge2M0Az1ojcV//M6qQmv/YzHSWpYTOeLwlQQI8n0ddLnilEjxpYgVdzeSugQFVJjAyrZELzFl5dJ86zqXVYv7s8rtZs8jiIcwTGcggdXUIM7qEMDKDzCM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AY7BjyI=</latexit>↵

<latexit sha1_base64="lPs4Vwt6a2Nk2oomMEYzU6y/+4g="></latexit>

Uj,j+1 =

✓
1 0
0 W

◆
<latexit sha1_base64="N2vPUR87Tg7R54DZwf9jO3UPC78=">AAACI3icbZDLSgMxFIYzXmu9VV26CRZBUMqMeEMQim5cVrEX6AxDJk3btJlkSDJKGfsubnwVNy6U4saF72LajqCtPwR+vnMOJ+cPIkaVtu1Pa2Z2bn5hMbOUXV5ZXVvPbWxWlIglJmUsmJC1ACnCKCdlTTUjtUgSFAaMVIPu1bBevSdSUcHvdC8iXohanDYpRtogP3fu3tJWWyMpxQMs+0nnoLPv9B9t25WItxj5IRfTyM/l7YI9Epw2TmryIFXJzw3chsBxSLjGDClVd+xIewmSmmJG+lk3ViRCuItapG4sRyFRXjK6sQ93DWnAppDmcQ1H9PdEgkKlemFgOkOk22qyNoT/1eqxbp55CeVRrAnH40XNmEEt4DAw2KCSYM16xiAsqfkrxG0kEdYm1qwJwZk8edpUDgvOSeH45ihfvEzjyIBtsAP2gANOQRFcgxIoAwyewAt4A+/Ws/VqDayPceuMlc5sgT+yvr4BrGSjqw==</latexit>

) Uj,j+1|00ij,j+1 = |00ij,j+1



• The dynamics features absorbing-state

fixed by gates and measurements

• We expect absorbing-state transition detected by order-
parameter

28

<latexit sha1_base64="80PWROTLvei4wnV9h+XTzoVgajI=">AAACO3icbVA9T8MwEHX4pnwFGFksKiSmKkF8LUgIFkZAFJCaqHIct7Xq2JF9QarS/i8W/gQbCwsDCLGy45SAgHKS5af37nT3XpQKbsDzHpyx8YnJqemZ2crc/MLikru8cmlUpimrUyWUvo6IYYJLVgcOgl2nmpEkEuwq6h4X+tUN04YreQG9lIUJaUve4pSApZrueT+IlIhNL7Ff7g0CTWRbsIO+V6JAAU+Ywd8E/mICGisweKSh6Va9mjcsPAr8ElRRWadN9z6IFc0SJoEKYkzD91IIc6KBU8EGlSAzLCW0S9qsYaEkdl2YD70P8IZlYtxS2j4JeMj+nMhJYgp3tjMh0DF/tYL8T2tk0NoPcy7TDJikn4tamcCgcBEkjrlmFETPAkI1t7di2iGaULBxV2wI/l/Lo+Byq+bv1nbOtquHR2UcM2gNraNN5KM9dIhO0CmqI4pu0SN6Ri/OnfPkvDpvn61jTjmzin6V8/4BlcCvlQ==</latexit>

|0i = |0i ⌦ |0i ⌦ · · ·⌦ |0i

<latexit sha1_base64="OKSf0+GPGZfWR2Yg/1LL/zqn8iI="></latexit>

n(t) =
1

L

LX

j=1

Tr {E[⇢(t)]Pj}
<latexit sha1_base64="xcpWuiTpYagZTD69r8lfm5/J6U0=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEQpUgXgtSBQtjkehDaqLIcZ3WreNEtoNUpf0CFn6FhQGEWJnZ+BuctAO0HMny0Tn36t57/JhRqSzr2ygsLa+srhXXSxubW9s75u5eU0aJwKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+8CbzWw9ESBrxezWKiRuiHqcBxUhpyTMrTohUHyOW1ife4Mo+HluOQLzHiMPyD1pjb+CZZatq5YCLxJ6RMpih7plfTjfCSUi4wgxJ2bGtWLkpEopiRiYlJ5EkRniIeqSjKUchkW6anzOBFa10YRAJ/biCufq7I0WhlKPQ15XZ8nLey8T/vE6igks3pTxOFOF4OihIGFQRzLKBXSoIVmykCcKC6l0h7iOBsNIJlnQI9vzJi6R5UrXPq2d3p+Xa9SyOIjgAh+AI2OAC1MAtqIMGwOARPINX8GY8GS/Gu/ExLS0Ys5598AfG5w/B/Jvu</latexit>

Pj = 1� |0ih0|j
<latexit sha1_base64="SKsdRvZ/t6pqjRh5JweSFXtRFtg="></latexit>

np ⌘ lim
t!1

lim
L!1

n(t) > 0<latexit sha1_base64="HTTu9j2RUNiiUMMhg4Yrl/pZzwk=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1nqxmUF+4AmlMl0kg6dmYSZiVBCP8KNC0Xc+j3u/BunbRbaeuDC4Zx7ufeeMOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NMEdomCU9UL8SaciZp2zDDaS9VFIuQ0244vpv53SeqNEvko5mkNBA4lixiBBsrdf0mi2M/H1Rrbt2dA60SryA1KNAaVL/8YUIyQaUhHGvd99zUBDlWhhFOpxU/0zTFZIxj2rdUYkF1kM/PnaIzqwxRlChb0qC5+nsix0LriQhtp8BmpJe9mfif189MdBvkTKaZoZIsFkUZRyZBs9/RkClKDJ9Ygoli9lZERlhhYmxCFRuCt/zyKulc1L3r+tXDZa3RLOIowwmcwjl4cAMNuIcWtIHAGJ7hFd6c1Hlx3p2PRWvJKWaO4Q+czx8lf492</latexit>(

<latexit sha1_base64="v7o/mARS2cLk8p7N/aET8qsSGCI=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEr5MUvXisYNpCG8pmu2mXbjbL7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMiyRn2njet1NaWV1b3yhvVra2d3b33P2Dpk4zRWhAUp6qdoQ15UzQwDDDaVsqipOI01Y0upv6rSeqNEvFoxlLGiZ4IFjMCDZWCuSN7JGeW/Vq3gxomfgFqUKBRs/96vZTkiVUGMKx1h3fkybMsTKMcDqpdDNNJSYjPKAdSwVOqA7z2bETdGKVPopTZUsYNFN/T+Q40XqcRLYzwWaoF72p+J/XyUx8HeZMyMxQQeaL4owjk6Lp56jPFCWGjy3BRDF7KyJDrDAxNp+KDcFffHmZNM9q/mXt4uG8Wr8t4ijDERzDKfhwBXW4hwYEQIDBM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaKbjpY=</latexit>

p > pc

<latexit sha1_base64="dSjNfwBzqYnnMZxQzr+6RVigDTg=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEr4OHohePFUxbaEPZbDft0s1m2d0IJfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeZHkTBvP+3ZKK6tr6xvlzcrW9s7unrt/0NRppggNSMpT1Y6wppwJGhhmOG1LRXEScdqKRndTv/VElWapeDRjScMEDwSLGcHGSoG8kT3Sc6tezZsBLRO/IFUo0Oi5X91+SrKECkM41rrje9KEOVaGEU4nlW6mqcRkhAe0Y6nACdVhPjt2gk6s0kdxqmwJg2bq74kcJ1qPk8h2JtgM9aI3Ff/zOpmJr8OcCZkZKsh8UZxxZFI0/Rz1maLE8LElmChmb0VkiBUmxuZTsSH4iy8vk+ZZzb+sXTycV+u3RRxlOIJjOAUfrqAO99CAAAgweIZXeHOE8+K8Ox/z1pJTzBzCHzifP5+NjpQ=</latexit>

p < pc : active phase

: inactive phase
<latexit sha1_base64="Wpcn0czQJEoHo9gwVzmqzDuSdmM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4tQ9OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPGiZONeM+i2WsWyE1XArFfRQoeSvRnEah5M1wdDf1m09cGxGrRxwnPIjoQIm+YBSt5KtucuN2yxW36s5AlomXkwrkqHfLX51ezNKIK2SSGtP23ASDjGoUTPJJqZManlA2ogPetlTRiJsgmx07ISdW6ZF+rG0pJDP190RGI2PGUWg7I4pDs+hNxf+8dor96yATKkmRKzZf1E8lwZhMPyc9oTlDObaEMi3srYQNqaYMbT4lG4K3+PIyaZxVvcvqxcN5pXabx1GEIziGU/DgCmpwD3XwgYGAZ3iFN0c5L8678zFvLTj5zCH8gfP5A1D8jmA=</latexit>

np = 0



<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1
<latexit sha1_base64="ubiMwOhBrPYVv6ZzdRVcuOdxmSQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7APaGCbTSTt0JgkzE6GGfIkbF4q49VPc+TdO2yy09cCFwzn3cu89QcKZ0o7zbZVWVtfWN8qbla3tnd2qvbffVnEqCW2RmMeyG2BFOYtoSzPNaTeRFIuA004wvpn6nUcqFYujez1JqCfwMGIhI1gbyberyUPWlwLhQOV+RnLfrjl1Zwa0TNyC1KBA07e/+oOYpIJGmnCsVM91Eu1lWGpGOM0r/VTRBJMxHtKeoREWVHnZ7PAcHRtlgMJYmoo0mqm/JzIslJqIwHQKrEdq0ZuK/3m9VIdXXsaiJNU0IvNFYcqRjtE0BTRgkhLNJ4ZgIpm5FZERlphok1XFhOAuvrxM2qd196J+fndWa1wXcZThEI7gBFy4hAbcQhNaQCCFZ3iFN+vJerHerY95a8kqZg7gD6zPHwx3k1w=</latexit>

pabsc
<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p <latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1
<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="xxeFmPJ3s5UhA0Oq6UsDDSq0yBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6kL2kV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Njt1Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gBfMI3f</latexit>np

<latexit sha1_base64="bh9oBUOSTnImOzMsHNqcMhjlvzk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJ4nWs4MKxSPQhtSFyXKe1aieR7SCVKF/ChQMIceVTuPE3uG0O0DLSSqOZXXt3goQzpR3n2yqtrK6tb5Q3K1vbO7tVe2+/reJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDP1O49UKhZH93qSUE/gYcRCRrA2km9Xk4esLwWikc79jOS+XXPqzgxombgFqUGBpm9/9QcxSYV5gHCsVM91Eu1lWGpGOM0r/VTRBJMxHtKeoREWVHnZbPEcHRtlgMJYmoo0mqm/JzIslJqIwHQKrEdq0ZuK/3m9VIdXXsaiJNU0IvOPwpQjHaNpCmjAJCWaTwzBRDKzKyIjLDHRJquKCcFdPHmZtE/r7kX9/O6s1rgu4ijDIRzBCbhwCQ24hSa0gEAKz/AKb9aT9WK9Wx/z1pJVzBzAH1ifPyakk20=</latexit>

pentc

<latexit sha1_base64="clX+iRitnv85sbM4JvRwxm++IhQ=">AAAB8nicbVDLTgIxFO3gC/GFunTTSExc4YzxtUTduMQoj2SYkE4p0NBpJ+0dEzLwGW5caIxbv8adf2OBWSh4kjYn59ybe+8JY8ENuO63k1taXlldy68XNja3tneKu3t1oxJNWY0qoXQzJIYJLlkNOAjWjDUjUShYIxzcTvzGE9OGK/kIw5gFEelJ3uWUgJX8h3Y6uh6NT+zXLpbcsjsFXiReRkooQ7Vd/Gp1FE0iJoEKYozvuTEEKdHAqWDjQisxLCZ0QHrMt1SSiJkgna48xkdW6eCu0vZJwFP1d0dKImOGUWgrIwJ9M+9NxP88P4HuVZByGSfAJJ0N6iYCg8KT+3GHa0ZBDC0hVHO7K6Z9ogkFm1LBhuDNn7xI6qdl76J8fn9WqtxkceTRATpEx8hDl6iC7lAV1RBFCj2jV/TmgPPivDsfs9Kck/Xsoz9wPn8APHyRPQ==</latexit>

S|A|/|A|

• Clearly ; can the transitions coincide?

• Does feedback modify the universality class of 
entanglement MIPT?

<latexit sha1_base64="LIyiRLyxO8WccgicPGayI/DmYdc=">AAACCHicbZC7TsMwFIadcivlFmBkwKJCYqoSxG2sYGEsEr1IbYgc96S1aifBdpCqqCMLr8LCAEKsPAIbb4PbZoCWX7L06zvn2D5/kHCmtON8W4WFxaXlleJqaW19Y3PL3t5pqDiVFOo05rFsBUQBZxHUNdMcWokEIgIOzWBwNa43H0AqFke3epiAJ0gvYiGjRBvk2/vJXdaRAkOkRz7tcLjHOSGBMsS3y07FmQjPGzc3ZZSr5ttfnW5MU2EupJwo1XadRHsZkZpRDqNSJ1WQEDogPWgbGxEByssmi4zwoSFdHMbSnEjjCf09kRGh1FAEplMQ3VeztTH8r9ZOdXjhZSxKUg0RnT4UphzrGI9TwV0mgWo+NIZQycxfMe0TSag22ZVMCO7syvOmcVxxzyqnNyfl6mUeRxHtoQN0hFx0jqroGtVQHVH0iJ7RK3qznqwX6936mLYWrHxmF/2R9fkD64WZ7A==</latexit>

pentc  pabsc



• Clearly ; can the transitions coincide?

• Does feedback modify the universality class of 
entanglement MIPT?

• Our work: 
• transitions generically distinct and unrelated
• they only coincide in ``semiclassical limit’’

<latexit sha1_base64="ubiMwOhBrPYVv6ZzdRVcuOdxmSQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7APaGCbTSTt0JgkzE6GGfIkbF4q49VPc+TdO2yy09cCFwzn3cu89QcKZ0o7zbZVWVtfWN8qbla3tnd2qvbffVnEqCW2RmMeyG2BFOYtoSzPNaTeRFIuA004wvpn6nUcqFYujez1JqCfwMGIhI1gbyberyUPWlwLhQOV+RnLfrjl1Zwa0TNyC1KBA07e/+oOYpIJGmnCsVM91Eu1lWGpGOM0r/VTRBJMxHtKeoREWVHnZ7PAcHRtlgMJYmoo0mqm/JzIslJqIwHQKrEdq0ZuK/3m9VIdXXsaiJNU0IvNFYcqRjtE0BTRgkhLNJ4ZgIpm5FZERlphok1XFhOAuvrxM2qd196J+fndWa1wXcZThEI7gBFy4hAbcQhNaQCCFZ3iFN+vJerHerY95a8kqZg7gD6zPHwx3k1w=</latexit>

pabsc

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1
<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="bh9oBUOSTnImOzMsHNqcMhjlvzk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJ4nWs4MKxSPQhtSFyXKe1aieR7SCVKF/ChQMIceVTuPE3uG0O0DLSSqOZXXt3goQzpR3n2yqtrK6tb5Q3K1vbO7tVe2+/reJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDP1O49UKhZH93qSUE/gYcRCRrA2km9Xk4esLwWikc79jOS+XXPqzgxombgFqUGBpm9/9QcxSYV5gHCsVM91Eu1lWGpGOM0r/VTRBJMxHtKeoREWVHnZbPEcHRtlgMJYmoo0mqm/JzIslJqIwHQKrEdq0ZuK/3m9VIdXXsaiJNU0IvOPwpQjHaNpCmjAJCWaTwzBRDKzKyIjLDHRJquKCcFdPHmZtE/r7kX9/O6s1rgu4ijDIRzBCbhwCQ24hSa0gEAKz/AKb9aT9WK9Wx/z1pJVzBzAH1ifPyakk20=</latexit>

pentc

<latexit sha1_base64="VmtMfKnZnCCzzvSBAvK0X5Z1AzE=">AAACCHicdZC7TsMwFIadcivlFmBkwKJCYoqSqrSMFSyMRaIXqQmR4zqtVTsJtoNURR1ZeBUWBhBi5RHYeBvcNkhcf8nSr++cY/v8QcKoVLb9bhQWFpeWV4qrpbX1jc0tc3unLeNUYNLCMYtFN0CSMBqRlqKKkW4iCOIBI51gdDatd26IkDSOLtU4IR5Hg4iGFCOlkW/uJ1eZKzgkkZr42GXkGuYEBVIT3yzbVrVSrdUr8LdxLHumMsjV9M03tx/jlOsLMUNS9hw7UV6GhKKYkUnJTSVJEB6hAelpGyFOpJfNFpnAQ036MIyFPpGCM/p1IkNcyjEPdCdHaih/1qbwr1ovVeGJl9EoSRWJ8PyhMGVQxXCaCuxTQbBiY20QFlT/FeIhEggrnV1Jh/C5KfzftCuWU7OOL6rlxmkeRxHsgQNwBBxQBw1wDpqgBTC4BffgETwZd8aD8Wy8zFsLRj6zC77JeP0AWBWaNw==</latexit>

pentc  pabsc



<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

• Basic idea: resetting measurements act as effective cuts in 2D 
space-time network

• Absorbing-state transition coincides with connectivity transition
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• Entanglement ~ number of links connecting the cluster 

• Can be studied exploiting standard results in stat. mech.



• Define red bonds as link that disconnect a percolating cluster

• At criticality
<latexit sha1_base64="hc3OAl9spTe1V6FJrZsacz259Vg=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAIFaTOiLdl0Y0rqWAv0KlDJj1tQ5PMkGSEMvQl3Pgqblwo4lZw59uYXhZa/SHw8Z9zODl/GHOmjet+OZm5+YXFpexybmV1bX0jv7lV01GiKFRpxCPVCIkGziRUDTMcGrECIkIO9bB/OarX70FpFslbM4ihJUhXsg6jxFgryB9cB6mvBFbQHhZ9Q5J9XzOBR3SXeoe+TAI/JopwDnwY5AtuyR0L/wVvCgU0VSXIf/rtiCYCpKGcaN303Ni0UqIMoxyGOT/REBPaJ11oWpREgG6l46uGeM86bdyJlH3S4LH7cyIlQuuBCG2nIKanZ2sj879aMzGd81bKZJwYkHSyqJNwbCI8igi3mQJq+MACoYrZv2LasxlQY4PM2RC82ZP/Qu2o5J2WTm6OC+WLaRxZtIN2URF56AyV0RWqoCqi6AE9oRf06jw6z86b8z5pzTjTmW30S87HN3CSnwc=</latexit>

Nred(⌧) ⇠ ⌧1/⌫k

Huber, Jensen, Sneppen, PRE (1995)

<latexit sha1_base64="tsmeCO8kzGhrR/DJcTKfiG+x5BY=">AAACGHicbVDLTgIxFO34RHyhLt00EhM34IzxtSS6cYmJPBIGJp1SoKHtNG3HSAY+w42/4saFxrhl599YYBYKnqTJyTnn5vaeUDKqjet+O0vLK6tr65mN7ObW9s5ubm+/qqNYYVLBEYtUPUSaMCpIxVDDSF0qgnjISC3s30782iNRmkbiwQwkaXLUFbRDMTJWCnKn/hMNEl8SJUe+phzCoSzIVuIrDlGoRwEetpKCL+JglglyebfoTgEXiZeSPEhRDnJjvx3hmBNhMENaNzxXmmaClKGYkVHWjzWRCPdRlzQsFYgT3Uymh43gsVXasBMp+4SBU/X3RIK41gMe2iRHpqfnvYn4n9eITee6mVAhY0MEni3qxAyaCE5agm2qCDZsYAnCitq/QtxDCmFju8zaErz5kxdJ9azoXRYv7s/zpZu0jgw4BEfgBHjgCpTAHSiDCsDgGbyCd/DhvDhvzqfzNYsuOenMAfgDZ/wD7t+g+Q==</latexit>

⇠? ⇠ |p� pabsc |�⌫?

<latexit sha1_base64="JhxDV8h406VZTDvYzgcm1B2v8JI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4aZkRtS6LblxWsA/otEMmTdvQJBOSjFim/RQ3/oobF4roTr/G9AFq64HA4ZxzubknlIxq47qfTmppeWV1Lb2e2djc2t7J7u5VdRQrTCo4YpGqh0gTRgWpGGoYqUtFEA8ZqYX9q7FfuyNK00jcmoEkTY66gnYoRsZKQbbo39Mg8SVSiDHCRr6mHMKhzMtW4isOUahHAR62krwv4uAnF2RzbsGdAC4Sb0ZyYIZykP3w2xGOOREGM6R1w3OlaSZIGYoZGWX8WBOJcB91ScNSgTjRzWRy4AgeWaUNO5GyTxg4UX9PJIhrPeChTXJkenreG4v/eY3YdC6aCRUyNkTg6aJOzKCJ4Lgt2KaKYMMGliCsqP0rxD3bATa204wtwZs/eZFUTwreeeHs5jRXupzVkQYH4BAcAw8UQQlcgzKoAAwewBN4Aa/Oo/PsvDnv02jKmc3sgz9wvr4BiIqkdQ==</latexit>

⇠k ⇠ |p� pabsc |�⌫k
<latexit sha1_base64="/SI68R8uGOJrGJLHA6G9y1DPg14=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwNMy4xWPQi8cIZoFMCD2dmqRJd8/Y3SOEIXjxV7x4UMSrX+HNv7GzHDTxQcHjvSqq6oUJZ9p43rezsLi0vLKaW8uvb2xubRd2dms6ThWFKo15rBoh0cCZhKphhkMjUUBEyKEe9q9Hfv0BlGaxvDODBFqCdCWLGCXGSu3CfiDTdpAQRTgHjgPNBNxj3y2dtgtFz/XGwPPEn5IimqLSLnwFnZimAqShnGjd9L3EtDKiDKMchvkg1ZAQ2iddaFoqiQDdysYvDPGRVTo4ipUtafBY/T2REaH1QIS2UxDT07PeSPzPa6YmumxlTCapAUkni6KUYxPjUR64wxRQwweWEKqYvRXTno2DGpta3obgz748T2onrn/hnt+eFctX0zhy6AAdomPkoxIqoxtUQVVE0SN6Rq/ozXlyXpx352PSuuBMZ/bQHzifP+zylno=</latexit>

⌫k ' 1.73

<latexit sha1_base64="LzJHYhTPMTNmZTdpvqRZcv87TOA=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET8uuqNFb0IvHCOYB2RBmJ73JkNnZcWZWCGsO/ooXD4p49Te8+TdOHgdNLGgoqrrp7golZ9p43rezsLi0vLKaW8uvb2xubRd2dms6SRWFKk14ohoh0cCZgKphhkNDKiBxyKEe9q9Hfv0BlGaJuDMDCa2YdAWLGCXGSu3CfiDSdiBBSRxoFsM99l3vstQuFD3XGwPPE39KimiKSrvwFXQSmsYgDOVE66bvSdPKiDKMchjmg1SDJLRPutC0VJAYdCsb3z/ER1bp4ChRtoTBY/X3REZirQdxaDtjYnp61huJ/3nN1EQXrYwJmRoQdLIoSjk2CR6FgTtMATV8YAmhitlbMe0RRaixkeVtCP7sy/OkduL65+7Z7WmxfDWNI4cO0CE6Rj4qoTK6QRVURRQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDSvuU/A==</latexit>

⌫? ' 1.097



• Near criticality, we can apply this result for a space-time 
region of  dimensions

<latexit sha1_base64="hc3OAl9spTe1V6FJrZsacz259Vg=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAIFaTOiLdl0Y0rqWAv0KlDJj1tQ5PMkGSEMvQl3Pgqblwo4lZw59uYXhZa/SHw8Z9zODl/GHOmjet+OZm5+YXFpexybmV1bX0jv7lV01GiKFRpxCPVCIkGziRUDTMcGrECIkIO9bB/OarX70FpFslbM4ihJUhXsg6jxFgryB9cB6mvBFbQHhZ9Q5J9XzOBR3SXeoe+TAI/JopwDnwY5AtuyR0L/wVvCgU0VSXIf/rtiCYCpKGcaN303Ni0UqIMoxyGOT/REBPaJ11oWpREgG6l46uGeM86bdyJlH3S4LH7cyIlQuuBCG2nIKanZ2sj879aMzGd81bKZJwYkHSyqJNwbCI8igi3mQJq+MACoYrZv2LasxlQY4PM2RC82ZP/Qu2o5J2WTm6OC+WLaRxZtIN2URF56AyV0RWqoCqi6AE9oRf06jw6z86b8z5pzTjTmW30S87HN3CSnwc=</latexit>

Nred(⌧) ⇠ ⌧1/⌫k

<latexit sha1_base64="bFF5pfcL3T/EezKQMGs3lhj5Lvk=">AAACJXicbVDLSgMxFM34rPVVdekmWAQ3LTPia6FQdOOygn1Apx0yadqGJpmQZMQy7c+48VfcuLCI4MpfMX2A2nogcDjnXG7uCSWj2rjup7OwuLS8sppaS69vbG5tZ3Z2yzqKFSYlHLFIVUOkCaOClAw1jFSlIoiHjFTC7s3IrzwQpWkk7k1PkjpHbUFbFCNjpSBz6RsUX/mPNEh8iRRijLCBrymHsC9zspH4ikMU6kGA+40k54s4+MkFmaybd8eA88SbkiyYohhkhn4zwjEnwmCGtK55rjT1BClDMSODtB9rIhHuojapWSoQJ7qejK8cwEOrNGErUvYJA8fq74kEca17PLRJjkxHz3oj8T+vFpvWRT2hQsaGCDxZ1IoZNBEcVQabVBFsWM8ShBW1f4W4YzvAxhabtiV4syfPk/Jx3jvLn96dZAvX0zpSYB8cgCPggXNQALegCEoAgyfwAt7A0Hl2Xp1352MSXXCmM3vgD5yvb4vZpoo=</latexit>

⌧ = ⇠k ⇠ |p� pabsc |�⌫k
<latexit sha1_base64="nIuRAz4JRX+OeWuVIzw6byGvJrI=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4scxIfWyEohuXCtYWOnXIpLcammRCkhHLtD/ixl9x40IRF27EvzF9LHwdCBzOOZebe2LFmbG+/+nlpqZnZufy84WFxaXlleLq2qVJUk2hRhOe6EZMDHAmoWaZ5dBQGoiIOdTj7snQr9+CNiyRF7anoCXItWQdRol1UlSshMD5UXjHoixUoNUgNExg3Fc76ioLtcAkNoOI9q+ynVCm0TgTFUt+2R8B/yXBhJTQBGdR8T1sJzQVIC3lxJhm4Cvbyoi2jHIYFMLUgCK0S66h6agkAkwrG103wFtOaeNOot2TFo/U7xMZEcb0ROySgtgb89sbiv95zdR2DlsZkyq1IOl4USfl2CZ4WBVuMw3U8p4jhGrm/orpDdGEWldowZUQ/D75L7ncLQf75b3zSql6PKkjjzbQJtpGATpAVXSKzlANUXSPHtEzevEevCfv1XsbR3PeZGYd/YD38QXMj6MB</latexit>

` = ⇠? ⇠ |p� pabsc |�⌫?

<latexit sha1_base64="hnLXyj98SyWJxboWlxO2Ayd1ueI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpl26uwm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTAQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVlLVoLGLdCYlhgivWQo6CdRLNiAwFa4fj29xvPzFteKwecJKwQJKh4hGnBHOphyTtV2te3ZvBXSZ+QWpQoNmvfvUGMU0lU0gFMabrewkGGdHIqWDTSi81LCF0TIasa6kikpkgm906dU+sMnCjWNtS6M7U3xMZkcZMZGg7JcGRWfRy8T+vm2J0HWRcJSkyReeLolS4GLv54+6Aa0ZRTCwhVHN7q0tHRBOKNp6KDcFffHmZPJ7V/cv6xf15rXFTxFGGIziGU/DhChpwB01oAYURPMMrvDnSeXHenY95a8kpZg7hD5zPHyRtjlI=</latexit>⌧

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`



• Using simple estimates: if

the system is in the area-law phase

⇒ close to DP transition, quantum trajectories are disentangled

• We recover that two transitions only coincide in the limit

• Results supported by extensive numerics in simple models
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<latexit sha1_base64="+Y5QqJG5ek1JPS5+vyR1MIVwW6A=">AAACBXicbVC7TsMwFHXKqy2vACMMFhUSQykJ4jVWsDAWiT6kJkSO67RWHSfYDlKVdmHhV1gYQIiVf2Djb3DbDFA40pWOzrlX997jx4xKZVlfRm5ufmFxKV8oLq+srq2bG5sNGSUCkzqOWCRaPpKEUU7qiipGWrEgKPQZafr9y7HfvCdC0ojfqEFM3BB1OQ0oRkpLnrkzjA/i29QRIUS+HHl4WHAYg/bhnVMue2bJqlgTwL/EzkgJZKh55qfTiXASEq4wQ1K2bStWboqEopiRUdFJJIkR7qMuaWvKUUikm06+GME9rXRgEAldXMGJ+nMiRaGUg9DXnSFSPTnrjcX/vHaignM3pTxOFOF4uihIGFQRHEcCO1QQrNhAE4QF1bdC3EMCYaWDK+oQ7NmX/5LGUcU+rZxcH5eqF1kcebANdsE+sMEZqIIrUAN1gMEDeAIv4NV4NJ6NN+N92pozspkt8AvGxzefsZdd</latexit>

|p� pabsc | ⌧ 1/q ,

<latexit sha1_base64="SAKOM39mV/vBq2CixzGGcqdYpgE=">AAAB8XicbVDLSsNAFJ34rPVVdelmsAiuSiK+lkU3LivYBzahTKaTduhkJs7cCCH0L9y4UMStf+POv3HaZqGtBy4czrmXe+8JE8ENuO63s7S8srq2Xtoob25t7+xW9vZbRqWasiZVQulOSAwTXLImcBCsk2hG4lCwdji6mfjtJ6YNV/IesoQFMRlIHnFKwEoPjz4on8sIsl6l6tbcKfAi8QpSRQUavcqX31c0jZkEKogxXc9NIMiJBk4FG5f91LCE0BEZsK6lksTMBPn04jE+tkofR0rbkoCn6u+JnMTGZHFoO2MCQzPvTcT/vG4K0VWQc5mkwCSdLYpSgUHhyfu4zzWjIDJLCNXc3orpkGhCwYZUtiF48y8vktZpzbuond+dVevXRRwldIiO0Any0CWqo1vUQE1EkUTP6BW9OcZ5cd6dj1nrklPMHKA/cD5/APS/kR4=</latexit>

q ! 1

<latexit sha1_base64="ubiMwOhBrPYVv6ZzdRVcuOdxmSQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7APaGCbTSTt0JgkzE6GGfIkbF4q49VPc+TdO2yy09cCFwzn3cu89QcKZ0o7zbZVWVtfWN8qbla3tnd2qvbffVnEqCW2RmMeyG2BFOYtoSzPNaTeRFIuA004wvpn6nUcqFYujez1JqCfwMGIhI1gbyberyUPWlwLhQOV+RnLfrjl1Zwa0TNyC1KBA07e/+oOYpIJGmnCsVM91Eu1lWGpGOM0r/VTRBJMxHtKeoREWVHnZ7PAcHRtlgMJYmoo0mqm/JzIslJqIwHQKrEdq0ZuK/3m9VIdXXsaiJNU0IvNFYcqRjtE0BTRgkhLNJ4ZgIpm5FZERlphok1XFhOAuvrxM2qd196J+fndWa1wXcZThEI7gBFy4hAbcQhNaQCCFZ3iFN+vJerHerY95a8kqZg7gD6zPHwx3k1w=</latexit>

pabsc

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1
<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="bh9oBUOSTnImOzMsHNqcMhjlvzk=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOFUJ4nWs4MKxSPQhtSFyXKe1aieR7SCVKF/ChQMIceVTuPE3uG0O0DLSSqOZXXt3goQzpR3n2yqtrK6tb5Q3K1vbO7tVe2+/reJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDP1O49UKhZH93qSUE/gYcRCRrA2km9Xk4esLwWikc79jOS+XXPqzgxombgFqUGBpm9/9QcxSYV5gHCsVM91Eu1lWGpGOM0r/VTRBJMxHtKeoREWVHnZbPEcHRtlgMJYmoo0mqm/JzIslJqIwHQKrEdq0ZuK/3m9VIdXXsaiJNU0IvOPwpQjHaNpCmjAJCWaTwzBRDKzKyIjLDHRJquKCcFdPHmZtE/r7kX9/O6s1rgu4ijDIRzBCbhwCQ24hSa0gEAKz/AKb9aT9WK9Wx/z1pJVzBzAH1ifPyakk20=</latexit>

pentc
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Outlook

• Entanglement phase transitions as new instances of universality
out of equilibrium

• Many qualitative and quantitative questions remain open:
• Characterization of the transition in interacting models
• Can we efficiently probe the transition? 

• More generally, many fundamentally interesting questions are 
emerging from ``digital quantum physics’’ 

• Important new synergies between groups in quantum-
information theory, stat.-mech. and many-body physics
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My project QUANTHEM awarded an ERC starting grant!

Research areas:
• Quantum information theory
• Quantum simulation
• Many-body physics out of equilibrium

New postdoc positions at the University of Bologna starting 2024! 
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QUANTHEM hosted by and 
interacting with Quantum 
group in Bologna: E. Ercolessi, 
P. Pieri, T. Calarco



Thank you for your attention!
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