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The non-equilibrium problem

@t⇢ = D@2
x⇢

<latexit sha1_base64="xyKZjp3lb4HTrlpaK2EAfFaSGic=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVZJS0I1Q1IXLCvYBTQyT6aQdOsmEmYlYQn/Djb/ixoUiLnXl3zhJg2jrgYHDOffeuff4MaNSWdaXUVpaXlldK69XNja3tnfM3b2O5InApI0546LnI0kYjUhbUcVILxYEhT4jXX98kfndOyIk5dGNmsTEDdEwogHFSGnJMy0nRkJRxDwFHTHi8Aw6IVKjQKBxejmFP/b9bT0v8MyqVbNywEViF6QKCrQ888MZcJyEJFKYISn7thUrN83GYkamFSeRJEZ4jIakr2mEQiLdNL9sCo+0MoABF/pFCubq744UhVJOQl9XZlvLeS8T//P6iQpO3ZRGcaJIhGcfBQmDisMsJjiggmDFJpogLKjeFeIREggrHWZFh2DPn7xIOvWa3ag1rhvV5nkRRxkcgENwDGxwAprgCrRAG2DwAJ7AC3g1Ho1n4814n5WWjKJnH/yB8fkNMMGgaw==</latexit>



The non-equilibrium problem

@t⇢ = D@2
x⇢

<latexit sha1_base64="xyKZjp3lb4HTrlpaK2EAfFaSGic=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVZJS0I1Q1IXLCvYBTQyT6aQdOsmEmYlYQn/Djb/ixoUiLnXl3zhJg2jrgYHDOffeuff4MaNSWdaXUVpaXlldK69XNja3tnfM3b2O5InApI0546LnI0kYjUhbUcVILxYEhT4jXX98kfndOyIk5dGNmsTEDdEwogHFSGnJMy0nRkJRxDwFHTHi8Aw6IVKjQKBxejmFP/b9bT0v8MyqVbNywEViF6QKCrQ888MZcJyEJFKYISn7thUrN83GYkamFSeRJEZ4jIakr2mEQiLdNL9sCo+0MoABF/pFCubq744UhVJOQl9XZlvLeS8T//P6iQpO3ZRGcaJIhGcfBQmDisMsJjiggmDFJpogLKjeFeIREggrHWZFh2DPn7xIOvWa3ag1rhvV5nkRRxkcgENwDGxwAprgCrRAG2DwAJ7AC3g1Ho1n4814n5WWjKJnH/yB8fkNMMGgaw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

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

A
<latexit sha1_base64="TWo/HG1v0977FPFVrA2S+/8BG0s=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9Iaoh5BLx4xykcCtdkuW9iw3Ta7Uw1p+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beVWVtfWN/Kbha3tnd294v5BS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/up767UemNI/kPYxj5oZkIHnAKQEjPdx59TKc4h5EuOXVvWLJrtgz4GXiZKSEMjS84levH9EkZBKoIFp3HTsGNyUKOBVsUuglmsWEjsiAdQ2VJGTaTWdXT/CJUfo4iJQpCXim/p5ISaj1OPRNZ0hgqBe9qfif100guHRTLuMEmKTzRUEisHlyGgHuc8UoiLEhhCpubsV0SBShYIIqmBCcxZeXSeus4pxXqrfVUu0qiyOPjtAxKiMHXaAaukEN1EQUKfSMXtGb9WS9WO/Wx7w1Z2Uzh+gPrM8fgviRPA==</latexit>

SA(t) ! VA



The non-equilibrium problem

@t⇢ = D@2
x⇢

<latexit sha1_base64="xyKZjp3lb4HTrlpaK2EAfFaSGic=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVZJS0I1Q1IXLCvYBTQyT6aQdOsmEmYlYQn/Djb/ixoUiLnXl3zhJg2jrgYHDOffeuff4MaNSWdaXUVpaXlldK69XNja3tnfM3b2O5InApI0546LnI0kYjUhbUcVILxYEhT4jXX98kfndOyIk5dGNmsTEDdEwogHFSGnJMy0nRkJRxDwFHTHi8Aw6IVKjQKBxejmFP/b9bT0v8MyqVbNywEViF6QKCrQ888MZcJyEJFKYISn7thUrN83GYkamFSeRJEZ4jIakr2mEQiLdNL9sCo+0MoABF/pFCubq744UhVJOQl9XZlvLeS8T//P6iQpO3ZRGcaJIhGcfBQmDisMsJjiggmDFJpogLKjeFeIREggrHWZFh2DPn7xIOvWa3ag1rhvV5nkRRxkcgENwDGxwAprgCrRAG2DwAJ7AC3g1Ho1n4814n5WWjKJnH/yB8fkNMMGgaw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

<latexit sha1_base64="fKRoA3LUEpuGX2lI85yeV0VMo6g=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQ4sGwK0E9BvXgMYJ5QHYNs5NJMmT24UyvEJbFi7/ixYMiXv0Kb/6Nk2QPmljQUFR1093lRYIrsKxvI7ewuLS8kl8trK1vbG6Z2zsNFcaSsjoNRShbHlFM8IDVgYNgrUgy4nuCNb3h5dhvPjCpeBjcwihirk/6Ae9xSkBLHXPPUdzHuJQ46l5CcoUhTY/ukmM77ZhFq2xNgOeJnZEiylDrmF9ON6SxzwKggijVtq0I3IRI4FSwtODEikWEDkmftTUNiM+Um0xeSPGhVrq4F0pdAeCJ+nsiIb5SI9/TnT6BgZr1xuJ/XjuG3rmb8CCKgQV0uqgXCwwhHueBu1wyCmKkCaGS61sxHRBJKOjUCjoEe/bledI4Kdun5cpNpVi9yOLIo310gErIRmeoiq5RDdURRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP/YQloY=</latexit>

⇠ (
p
Dt)�1

emergent 
hydrodynamics

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t
<latexit sha1_base64="d2AKlblf7Xyw5EI0d3RDeeay59w=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JpKjLohuXFewDmhAm00k7dDIJMxOhhG78FTcuFHHrZ7jzb5y2WWjrgQtnzrmXufeEKWdKO863tbK6tr6xWdoqb+/s7u3bB4dtlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSj26nfeaRSsUQ86HFK/RgPBIsYwdpIgX3scSwGnCIVsKo+R56cPwO74tScGdAycQtSgQLNwP7y+gnJYio04Vipnuuk2s+x1IxwOil7maIpJiM8oD1DBY6p8vPZARN0ZpQ+ihJpSmg0U39P5DhWahyHpjPGeqgWvan4n9fLdHTt50ykmaaCzD+KMo50gqZpoD6TlGg+NgQTycyuiAyxxESbzMomBHfx5GXSvqi5l7X6fb3SuCniKMEJnEIVXLiCBtxBE1pAYALP8Apv1pP1Yr1bH/PWFauYOYI/sD5/AFtvlZ4=</latexit>

hsi(t)i

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

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

A
<latexit sha1_base64="TWo/HG1v0977FPFVrA2S+/8BG0s=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9Iaoh5BLx4xykcCtdkuW9iw3Ta7Uw1p+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beVWVtfWN/Kbha3tnd294v5BS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/up767UemNI/kPYxj5oZkIHnAKQEjPdx59TKc4h5EuOXVvWLJrtgz4GXiZKSEMjS84levH9EkZBKoIFp3HTsGNyUKOBVsUuglmsWEjsiAdQ2VJGTaTWdXT/CJUfo4iJQpCXim/p5ISaj1OPRNZ0hgqBe9qfif100guHRTLuMEmKTzRUEisHlyGgHuc8UoiLEhhCpubsV0SBShYIIqmBCcxZeXSeus4pxXqrfVUu0qiyOPjtAxKiMHXaAaukEN1EQUKfSMXtGb9WS9WO/Wx7w1Z2Uzh+gPrM8fgviRPA==</latexit>

SA(t) ! VA



The non-equilibrium problem

@t⇢ = D@2
x⇢

<latexit sha1_base64="xyKZjp3lb4HTrlpaK2EAfFaSGic=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVZJS0I1Q1IXLCvYBTQyT6aQdOsmEmYlYQn/Djb/ixoUiLnXl3zhJg2jrgYHDOffeuff4MaNSWdaXUVpaXlldK69XNja3tnfM3b2O5InApI0546LnI0kYjUhbUcVILxYEhT4jXX98kfndOyIk5dGNmsTEDdEwogHFSGnJMy0nRkJRxDwFHTHi8Aw6IVKjQKBxejmFP/b9bT0v8MyqVbNywEViF6QKCrQ888MZcJyEJFKYISn7thUrN83GYkamFSeRJEZ4jIakr2mEQiLdNL9sCo+0MoABF/pFCubq744UhVJOQl9XZlvLeS8T//P6iQpO3ZRGcaJIhGcfBQmDisMsJjiggmDFJpogLKjeFeIREggrHWZFh2DPn7xIOvWa3ag1rhvV5nkRRxkcgENwDGxwAprgCrRAG2DwAJ7AC3g1Ho1n4814n5WWjKJnH/yB8fkNMMGgaw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

<latexit sha1_base64="fKRoA3LUEpuGX2lI85yeV0VMo6g=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQ4sGwK0E9BvXgMYJ5QHYNs5NJMmT24UyvEJbFi7/ixYMiXv0Kb/6Nk2QPmljQUFR1093lRYIrsKxvI7ewuLS8kl8trK1vbG6Z2zsNFcaSsjoNRShbHlFM8IDVgYNgrUgy4nuCNb3h5dhvPjCpeBjcwihirk/6Ae9xSkBLHXPPUdzHuJQ46l5CcoUhTY/ukmM77ZhFq2xNgOeJnZEiylDrmF9ON6SxzwKggijVtq0I3IRI4FSwtODEikWEDkmftTUNiM+Um0xeSPGhVrq4F0pdAeCJ+nsiIb5SI9/TnT6BgZr1xuJ/XjuG3rmb8CCKgQV0uqgXCwwhHueBu1wyCmKkCaGS61sxHRBJKOjUCjoEe/bledI4Kdun5cpNpVi9yOLIo310gErIRmeoiq5RDdURRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP/YQloY=</latexit>

⇠ (
p
Dt)�1

emergent 
hydrodynamics

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t
<latexit sha1_base64="d2AKlblf7Xyw5EI0d3RDeeay59w=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JpKjLohuXFewDmhAm00k7dDIJMxOhhG78FTcuFHHrZ7jzb5y2WWjrgQtnzrmXufeEKWdKO863tbK6tr6xWdoqb+/s7u3bB4dtlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSj26nfeaRSsUQ86HFK/RgPBIsYwdpIgX3scSwGnCIVsKo+R56cPwO74tScGdAycQtSgQLNwP7y+gnJYio04Vipnuuk2s+x1IxwOil7maIpJiM8oD1DBY6p8vPZARN0ZpQ+ihJpSmg0U39P5DhWahyHpjPGeqgWvan4n9fLdHTt50ykmaaCzD+KMo50gqZpoD6TlGg+NgQTycyuiAyxxESbzMomBHfx5GXSvqi5l7X6fb3SuCniKMEJnEIVXLiCBtxBE1pAYALP8Apv1pP1Yr1bH/PWFauYOYI/sD5/AFtvlZ4=</latexit>

hsi(t)i

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

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

A
<latexit sha1_base64="TWo/HG1v0977FPFVrA2S+/8BG0s=">AAAB9XicbVBNT8JAEN3iF+IX6tHLRmKCF9Iaoh5BLx4xykcCtdkuW9iw3Ta7Uw1p+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/FhwDbb9beVWVtfWN/Kbha3tnd294v5BS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/up767UemNI/kPYxj5oZkIHnAKQEjPdx59TKc4h5EuOXVvWLJrtgz4GXiZKSEMjS84levH9EkZBKoIFp3HTsGNyUKOBVsUuglmsWEjsiAdQ2VJGTaTWdXT/CJUfo4iJQpCXim/p5ISaj1OPRNZ0hgqBe9qfif100guHRTLuMEmKTzRUEisHlyGgHuc8UoiLEhhCpubsV0SBShYIIqmBCcxZeXSeus4pxXqrfVUu0qiyOPjtAxKiMHXaAaukEN1EQUKfSMXtGb9WS9WO/Wx7w1Z2Uzh+gPrM8fgviRPA==</latexit>

SA(t) ! VA

Innsbruck  
quantum group

TUM Munich



<latexit sha1_base64="4buBpxIjebIX2sRgFI40tCuoSeM=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2AR6oUyI6JuhKIblxXsBdphyKRpjc1cTM5IS+k7uPFV3LhQxK0bd76NmXYQbf0h8POdc5Kc34sEV2BZX0ZmZnZufiG7mFtaXlldM9c3qiqMJWUVGopQ1j2imOABqwAHweqRZMT3BKt53YukXrtnUvEwuIZ+xByfdALe5pSARq65h5sRkcCJcAHfubzQO4Dd/R/Ww7cpO7NcM28VrZHwtLFTk0epyq752WyFNPZZAFQQpRq2FYEzSK6mgg1zzVixiNAu6bCGtgHxmXIGo52GeEeTFm6HUp8A8Ij+nhgQX6m+7+lOn8CNmqwl8L9aI4b2qTPgQRQDC+j4oXYsMIQ4CQi3uGQURF8bQiXXf8X0hkhCQceY0yHYkytPm+ph0T4uWldH+dJ5GkcWbaFtVEA2OkEldInKqIIoekBP6AW9Go/Gs/FmvI9bM0Y6s4n+yPj4BrN7nMU=</latexit>

@tqi(x, t) + @xji(x, t) = 0

<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)

<latexit sha1_base64="sTXGIKNkJBp56jQ1MLaifJjIYu4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKepFKHrpsQX7IdulZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9H9zG8/UaVZLB/MOKGBwAPJIkawsdKjX7to9Fhw6/aKJbfszoFWiZeREmSo94pf3X5MUkGlIRxr7XtuYoIJVoYRTqeFbqppgskID6hvqcSC6mAyP3iKzqzSR1GsbEmD5urviQkWWo9FaDsFNkO97M3E/zw/NdFNMGEySQ2VZLEoSjkyMZp9j/pMUWL42BJMFLO3IjLEChNjMyrYELzll1dJ67LsXZUrjUqpepfFkYcTOIVz8OAaqlCDOjSBgIBneIU3RzkvzrvzsWjNOdnMMfyB8/kDe82Pjw==</latexit>

[H,Qi] = 0

<latexit sha1_base64="7zJGeBOz8xfrQRR/xMZJASXeJ84=">AAACDnicbVDLSgMxFL3js9bXqEs3wVKomzIjRV0W3bizgn1Ap5RMmrahmcyQZIQy9gvc+CtuXCji1rU7/8Z0OoK2Hrhwcs693NzjR5wp7Thf1tLyyuraem4jv7m1vbNr7+03VBhLQusk5KFs+VhRzgSta6Y5bUWS4sDntOmPLqd+845KxUJxq8cR7QR4IFifEayN1LWLHsdiwCnyIsVK+hjdo2tTPy9Ppm7XLjhlJwVaJG5GCpCh1rU/vV5I4oAKTThWqu06ke4kWGpGOJ3kvVjRCJMRHtC2oQIHVHWS9JwJKhqlh/qhNCU0StXfEwkOlBoHvukMsB6qeW8q/ue1Y90/7yRMRLGmgswW9WOOdIim2aAek5RoPjYEE8nMXxEZYomJNgnmTQju/MmLpHFSdk/LlZtKoXqRxZGDQziCErhwBlW4ghrUgcADPMELvFqP1rP1Zr3PWpesbOYA/sD6+AbAL5qr</latexit>

h (t)|O| (t)i

<latexit sha1_base64="ox3HDoro8oIq/xojMrzQnVSKECU=">AAACJHicbVBLSwMxGMzWV62vqkcvwSLUS9mVooKXohePFewDuqVks9k2NI8lyQpl7Y/x4l/x4sEHHrz4W0zbFbT1g5BhZj6SmSBmVBvX/XRyS8srq2v59cLG5tb2TnF3r6llojBpYMmkagdIE0YFaRhqGGnHiiAeMNIKhlcTvXVHlKZS3JpRTLoc9QWNKEbGUr3ixT30Y03L5hj6Cok+I9Bns/tHsA4jrTqQvdRXHA5GoZJjK/SKJbfiTgcuAi8DJZBNvVd880OJE06EwQxp3fHc2HRTpAzFjIwLfqJJjPAQ9UnHQoE40d10GnIMjywTwkgqe4SBU/b3Roq41iMeWCdHZqDntQn5n9ZJTHTeTamIE0MEnj0UJQza0JPGYEgVwYaNLEBYUftXiAdIIWxsrwVbgjcfeRE0TyreaaV6Uy3VLrM68uAAHIIy8MAZqIFrUAcNgMEDeAIv4NV5dJ6dd+djZs052c4++DPO1zcEWqPZ</latexit>

| (t)ih (t)| ! ⇢hydro(t)

A time evolved quantum state get lost in an exponentially large jungle

Approximate the time-evolved state to a simpler object, where only fewer operators are needed 

Hydrodynamics: describe the state with the slowest operators at a certain hydrodynamic order 

Most obvious choice: local densities of conserved quantities 

Hydrodynamics



Hydrodynamics

<latexit sha1_base64="Q3+GT4mBLdd59PUiCyWp+zsIO78="></latexit>

Qi =

Z
dxqi(x) @tqi(x, t) = i[H, qi(x, t)] = �@xji(x, t)

<latexit sha1_base64="QOq0cOmECC3da37nsnzFs7nac4g=">AAACOHicbVDLSgMxFM3UV62vqks3wSJUlDIjPhdCwY07K9gHdMqQSdM2NpMZkzvSUvpZbvwMd+LGhSJu/QLTB0WrBwKHc87l5h4/ElyDbT9biZnZufmF5GJqaXlldS29vlHSYawoK9JQhKriE80El6wIHASrRIqRwBes7LcvBn75ninNQ3kD3YjVAtKUvMEpASN56Ss3Igo4ER5gVxDZFAzfeTzb2Ydd7KqRsIcnqc4khW+nY+c2xl46Y+fsIfBf4oxJBo1R8NJPbj2kccAkUEG0rjp2BLXeYB0VrJ9yY80iQtukyaqGShIwXesND+/jHaPUcSNU5knAQ/XnRI8EWncD3yQDAi097Q3E/7xqDI3TWo/LKAYm6WhRIxYYQjxoEde5YhRE1xBCFTd/xbRFFKFguk6ZEpzpk/+S0kHOOc4dXR9m8mfjOpJoC22jLHLQCcqjS1RARUTRA3pBb+jderRerQ/rcxRNWOOZTfQL1tc3BOyqmw==</latexit>

@thqi(x, t)i+ @xhji(x, t)i = 0

<latexit sha1_base64="qAYvMNJ3PONFyW0iTvcdjR0ToQ0="></latexit>

hji(x, t)i = F [hq·(x, t)i, @xhq·(x, t)i, @2
xhq·(x, t)i, . . .]

<latexit sha1_base64="g4TEScs/77iK63WC3ql79vsGc6c="></latexit>

h·i = Tr
⇣
· e�

R
dx�i(x,t)qi(x,t)

⌘
/Z

<latexit sha1_base64="O8xZ4o/UehdESbxKVH/j+Dr1Yh8="></latexit>

hji(x, t)i = �D@xhqi(x, t)i

Example

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

Conserved densities

Continuity equations

Fluid cells approximation 

<latexit sha1_base64="moC4YEznxn1olvLso4CqluLmcRE="></latexit>

�(x)|x⇠x0 =
X

n�0

@n
x�|x=x0

(x� x0)n

n!



How to derive it

<latexit sha1_base64="WbSBGBBpBmymi2kidWx6xDDsPBo="></latexit>

⇢̃x0,t0 / e��l(x0,t0)Ql�@x0�
l(x0,t0)

R
dy (y�x0) ql(y)

<latexit sha1_base64="zf76mE6nXZ/cElxkDY0TuDTwonc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqmSkqCBC0Y3LCvYB7TBkMpk2NJMZk4xYhq7c+CtuXCji1m9w59+YabvQ1gOXezjnXpJ7/IQzpRH6tgoLi0vLK8XV0tr6xuaWvb3TVHEqCW2QmMey7WNFORO0oZnmtJ1IiiOf05Y/uMr91j2VisXiVg8T6ka4J1jICNZG8uz9Bw/BC4hg9y7FwfmkQahzFUHPLqMKGgPOE2dKymCKumd/dYOYpBEVmnCsVMdBiXYzLDUjnI5K3VTRBJMB7tGOoQJHVLnZ+IwRPDRKAMNYmhIajtXfGxmOlBpGvpmMsO6rWS8X//M6qQ7P3IyJJNVUkMlDYcqhjmGeCQyYpETzoSGYSGb+CkkfS0y0Sa5kQnBmT54nzeOKc1Kp3lTLtctpHEWwBw7AEXDAKaiBa1AHDUDAI3gGr+DNerJerHfrYzJasKY7u+APrM8flH+WAw==</latexit>

x0 = 0 ; t0 = 0

<latexit sha1_base64="nKTXyy5A3HDsh5kGi5K3oahVxBo="></latexit>

e
A+✏B = e

A + ✏

Z 1

0
d⌧e

⌧A
Be

(1�⌧)A +O(✏2)
<latexit sha1_base64="jUwbnHWauS45OlFeD6mJcJ0Y/wE="></latexit>

hqi(0, t)i⇢̃ = hqii � @x�
k

Z
dy y (qk(y), qi(0, t))

<latexit sha1_base64="VJbaMukSrDjEfffWyKiwP7gX79g="></latexit>

hji(0, t)i⇢̃ = hjii � @x�
k

Z
dy y (qk(y), ji(0, t))

Start from

<latexit sha1_base64="McbRFSPO5WjRyopth2ZygIusdgs=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUF+4AmhMlk0g6dzISZiVhCV278FTcuFHHrN7jzb5y0WWjrgWEO59zLvfeEKaNKO863VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6LvzuPZGKCn6nxynxEzTgNKYYaSMF9qGXIqkpYsED9ELBIjVOzJd7IdFoEth1p+FMAReJW5I6KNEK7C8vEjhLCNeYIaX6rpNqPy9GYEYmNS9TJEV4hAakbyhHCVF+Pj1jAo+NEsFYSPO4hlP1d0eOElWsZyoTpIdq3ivE/7x+puNLP6c8zTTheDYozhjUAhaZwIhKgjUbG4KwpGZXiIdIIqxNcjUTgjt/8iLpnDbc84Zze1ZvXpVxVMEBOAInwAUXoAluQAu0AQaP4Bm8gjfryXqx3q2PWWnFKnv2wR9Ynz8uPpmV</latexit>

@x�
<latexit sha1_base64="TKZfzecTFYAROnQzKgh/Lwtdsw8=">AAAB+3icbVC7TsMwFHXKq5RXKSOLRYXEVCUIAWMFC2OR6ENqospxblqrjhPZDqKK8issDCDEyo+w8Tc4bQZoOZLlo3PulY+Pn3CmtG1/W5W19Y3Nrep2bWd3b/+gftjoqTiVFLo05rEc+EQBZwK6mmkOg0QCiXwOfX96W/j9R5CKxeJBzxLwIjIWLGSUaCON6g3Xj3mgZpG5MtcHTfJRvWm37DnwKnFK0kQlOqP6lxvENI1AaMqJUkPHTrSXEakZ5ZDX3FRBQuiUjGFoqCARKC+bZ8/xqVECHMbSHKHxXP29kZFIFfHMZET0RC17hfifN0x1eO1lTCSpBkEXD4UpxzrGRRE4YBKo5jNDCJXMZMV0QiSh2tRVMyU4y19eJb3zlnPZsu8vmu2bso4qOkYn6Aw56Aq10R3qoC6i6Ak9o1f0ZuXWi/VufSxGK1a5c4T+wPr8AcDBlOc=</latexit>

�

Expand expectation values of densities and currents 

<latexit sha1_base64="phtmJMIp9RVTPhkKjQIJB3XUfvo="></latexit>

= qi(0, t)
Hydrodynamic variables 



<latexit sha1_base64="09KjIoH5I+rUpPUJFttmkY07eII="></latexit>

hjii ⌘ hjii[hqi] = hjii[q]� @x�
k �hjii
�hqli

Z
dy y (qk(y), ji(0, t)) + . . .

Currents must be expressed as function of hydrodynamic variables 

<latexit sha1_base64="iJhByJNu65Lvfx/8Jy/ePE5FCuw="></latexit>ql

<latexit sha1_base64="wf95QjvIyBe3rgnhGhMqeDNeEO0="></latexit>

Li,k

2
= lim

t!1

h Z
dy y (qk(y), ji(0, t))�

�hjii
�hqli

Z
dy y (qk(y), qi(0, t))

i

<latexit sha1_base64="WbSBGBBpBmymi2kidWx6xDDsPBo="></latexit>

⇢̃x0,t0 / e��l(x0,t0)Ql�@x0�
l(x0,t0)

R
dy (y�x0) ql(y)

<latexit sha1_base64="zf76mE6nXZ/cElxkDY0TuDTwonc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqmSkqCBC0Y3LCvYB7TBkMpk2NJMZk4xYhq7c+CtuXCji1m9w59+YabvQ1gOXezjnXpJ7/IQzpRH6tgoLi0vLK8XV0tr6xuaWvb3TVHEqCW2QmMey7WNFORO0oZnmtJ1IiiOf05Y/uMr91j2VisXiVg8T6ka4J1jICNZG8uz9Bw/BC4hg9y7FwfmkQahzFUHPLqMKGgPOE2dKymCKumd/dYOYpBEVmnCsVMdBiXYzLDUjnI5K3VTRBJMB7tGOoQJHVLnZ+IwRPDRKAMNYmhIajtXfGxmOlBpGvpmMsO6rWS8X//M6qQ7P3IyJJNVUkMlDYcqhjmGeCQyYpETzoSGYSGb+CkkfS0y0Sa5kQnBmT54nzeOKc1Kp3lTLtctpHEWwBw7AEXDAKaiBa1AHDUDAI3gGr+DNerJerHfrYzJasKY7u+APrM8flH+WAw==</latexit>

x0 = 0 ; t0 = 0

<latexit sha1_base64="nKTXyy5A3HDsh5kGi5K3oahVxBo="></latexit>

e
A+✏B = e

A + ✏

Z 1

0
d⌧e

⌧A
Be

(1�⌧)A +O(✏2)
<latexit sha1_base64="jUwbnHWauS45OlFeD6mJcJ0Y/wE="></latexit>

hqi(0, t)i⇢̃ = hqii � @x�
k

Z
dy y (qk(y), qi(0, t))

<latexit sha1_base64="VJbaMukSrDjEfffWyKiwP7gX79g="></latexit>

hji(0, t)i⇢̃ = hjii � @x�
k

Z
dy y (qk(y), ji(0, t))

Start from

<latexit sha1_base64="McbRFSPO5WjRyopth2ZygIusdgs=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6rLoxmUF+4AmhMlk0g6dzISZiVhCV278FTcuFHHrN7jzb5y0WWjrgWEO59zLvfeEKaNKO863VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6LvzuPZGKCn6nxynxEzTgNKYYaSMF9qGXIqkpYsED9ELBIjVOzJd7IdFoEth1p+FMAReJW5I6KNEK7C8vEjhLCNeYIaX6rpNqPy9GYEYmNS9TJEV4hAakbyhHCVF+Pj1jAo+NEsFYSPO4hlP1d0eOElWsZyoTpIdq3ivE/7x+puNLP6c8zTTheDYozhjUAhaZwIhKgjUbG4KwpGZXiIdIIqxNcjUTgjt/8iLpnDbc84Zze1ZvXpVxVMEBOAInwAUXoAluQAu0AQaP4Bm8gjfryXqx3q2PWWnFKnv2wR9Ynz8uPpmV</latexit>

@x�
<latexit sha1_base64="TKZfzecTFYAROnQzKgh/Lwtdsw8=">AAAB+3icbVC7TsMwFHXKq5RXKSOLRYXEVCUIAWMFC2OR6ENqospxblqrjhPZDqKK8issDCDEyo+w8Tc4bQZoOZLlo3PulY+Pn3CmtG1/W5W19Y3Nrep2bWd3b/+gftjoqTiVFLo05rEc+EQBZwK6mmkOg0QCiXwOfX96W/j9R5CKxeJBzxLwIjIWLGSUaCON6g3Xj3mgZpG5MtcHTfJRvWm37DnwKnFK0kQlOqP6lxvENI1AaMqJUkPHTrSXEakZ5ZDX3FRBQuiUjGFoqCARKC+bZ8/xqVECHMbSHKHxXP29kZFIFfHMZET0RC17hfifN0x1eO1lTCSpBkEXD4UpxzrGRRE4YBKo5jNDCJXMZMV0QiSh2tRVMyU4y19eJb3zlnPZsu8vmu2bso4qOkYn6Aw56Aq10R3qoC6i6Ak9o1f0ZuXWi/VufSxGK1a5c4T+wPr8AcDBlOc=</latexit>

�

Expand expectation values of densities and currents 

<latexit sha1_base64="phtmJMIp9RVTPhkKjQIJB3XUfvo="></latexit>

= qi(0, t)
Hydrodynamic variables 

How to derive it



Hydrodynamics and gauge fixing 

<latexit sha1_base64="87GQv8HBv9zJhBF4jNkNgvAj1mE="></latexit>

hji(0, t)ie⇢ = Ji +
1

2
@x�

kLi,k

<latexit sha1_base64="wf95QjvIyBe3rgnhGhMqeDNeEO0="></latexit>

Li,k

2
= lim

t!1

h Z
dy y (qk(y), ji(0, t))�

�hjii
�hqli

Z
dy y (qk(y), qi(0, t))

i

For now it is not positive neither symmetric 

Onsager Coefficients 



Hydrodynamics and gauge fixing 

<latexit sha1_base64="87GQv8HBv9zJhBF4jNkNgvAj1mE="></latexit>

hji(0, t)ie⇢ = Ji +
1

2
@x�

kLi,k

<latexit sha1_base64="wf95QjvIyBe3rgnhGhMqeDNeEO0="></latexit>

Li,k

2
= lim

t!1

h Z
dy y (qk(y), ji(0, t))�

�hjii
�hqli

Z
dy y (qk(y), qi(0, t))

i

<latexit sha1_base64="vlONY5w4A+8HdRGDMLJhGYczB5A="></latexit>

Li,k

2
=

Z 1

0
dt

Z
dy (jk(y), ji(0, t))

C

Must choose the right gauge!  
<latexit sha1_base64="4/Wjbq02Z+GemWHI4R8nkK8ObeI="></latexit>

qi(x, t) ! qi(x, t) + @xoi(x, t) ; ji(x, t) ! ji(x, t) + @toi(x, t)

This is fixed (at this order in derivative)  by imposing PT invariance 
<latexit sha1_base64="mZKYhI2ITSN9Lojq4CWow0ZAofw="></latexit>

PT (qi(x)) = qi(�x)

<latexit sha1_base64="QOwwcIx5ZLDI+ean2xuA4TQ8S4k="></latexit>

Ṡ =

Z
dx @�iLi,k@�

k

This guarantees positive entropy increase 

For now it is not positive neither symmetric 

Densities of conserved charges are not  
uniquely fixed 

<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)

De Nardis, Doyon, 2022

Durnin et al, 2021

Onsager Coefficients 



Hydrodynamics and gauge fixing 

PT symmetric densities

<latexit sha1_base64="y+2NPZwzzJUF45HcVFa+9KvxKIo="></latexit>

@tqi + @x(Ji + Lk
i @x�k) = 0

De Nardis, Doyon, 2022

<latexit sha1_base64="n8yfpy7d/n+eMyvYEtS/wHDIUmY="></latexit>

Li,k =
1

2

Z 1

�1
dt

Z +1

�1
dx(ji(x, t), jk(0, 0))

C

Durnin et al, 2021
<latexit sha1_base64="mZKYhI2ITSN9Lojq4CWow0ZAofw="></latexit>

PT (qi(x)) = qi(�x)

De Nardis et al, 2018



Form factor expansion

<latexit sha1_base64="n8yfpy7d/n+eMyvYEtS/wHDIUmY="></latexit>

Li,k =
1

2

Z 1

�1
dt

Z +1

�1
dx(ji(x, t), jk(0, 0))

C

<latexit sha1_base64="eO4dIB8lC4QNVyMkn2UfWR9KcMc="></latexit>

1 =
X

µ

|µihµ| '
X

n�1

1

(n!)2

Z
d✓p

Z
d✓hF [✓p,✓h]|⇢;✓p,✓hih⇢;✓p,✓h|

<latexit sha1_base64="7FV/WIE3q1b0V9yu0uZ9De0xYCM=">AAACMnicbVDLSgMxFM3Ud31VXboJFqFuyoz42giCG90pWFvolCGT3nZCM5kxuSOU6je58UsEF7pQxK0fYTqt4OtAwsk595J7T5hKYdB1n5zCxOTU9MzsXHF+YXFpubSyemmSTHOo8UQmuhEyA1IoqKFACY1UA4tDCfWwdzz069egjUjUBfZTaMWsq0RHcIZWCkqnvmSqK4H6OkroDb0KevbOH74eOYfUFwpp28cIkOVeZcS3aBT0vnhQKrtVNwf9S7wxKZMxzoLSg99OeBaDQi6ZMU3PTbE1YBoFl3Bb9DMDKeM91oWmpYrFYFqDfOVbummVNu0k2h47XK5+7xiw2Jh+HNrKmGFkfntD8T+vmWHnoDUQKs0QFB991MkkxYQO86NtoYGj7FvCuBZ2VsojphlHm3LRhuD9XvkvudyuenvV3fOd8tHOOI5Zsk42SIV4ZJ8ckRNyRmqEkzvySF7Iq3PvPDtvzvuotOCMe9bIDzgfn420qRk=</latexit>

h⇢|qk|⇢i =
Z

d✓⇢(✓)hk(✓)
<latexit sha1_base64="e8X609DgyyNIASRtnXYLJPLtSI8="></latexit>

h⇢|jk|⇢i =
Z

d✓⇢(✓)ve↵[⇢](✓)hk(✓)



Form factor expansion

<latexit sha1_base64="n8yfpy7d/n+eMyvYEtS/wHDIUmY="></latexit>

Li,k =
1

2

Z 1

�1
dt

Z +1

�1
dx(ji(x, t), jk(0, 0))

C

<latexit sha1_base64="eO4dIB8lC4QNVyMkn2UfWR9KcMc="></latexit>

1 =
X

µ

|µihµ| '
X

n�1

1

(n!)2

Z
d✓p

Z
d✓hF [✓p,✓h]|⇢;✓p,✓hih⇢;✓p,✓h|

<latexit sha1_base64="xVIIqss4NSODMlje5Df62Uf3jRc="></latexit>

h⇢|o|⇢;✓p,✓hin ⇠ 1� e2⇡i
P

j Sdr
[⇢](✓

1
h,✓

j)

✓1p � ✓1h
h⇢|o|⇢;✓p,✓hin�1

<latexit sha1_base64="fzn5q+CK823JX10DU5UbHvjV7co="></latexit>

h⇢|qk|⇢;✓p,✓hi ⇠ k[⇢][✓p,✓h] fk[✓p,✓h]

<latexit sha1_base64="VALSkgvDEZMKtCV82JCSBcHDTCM="></latexit>

h⇢|jk|⇢;✓p,✓hi ⇠ "[⇢][✓p,✓h] fk[✓p,✓h]

De Nardis et al 2018

<latexit sha1_base64="7FV/WIE3q1b0V9yu0uZ9De0xYCM=">AAACMnicbVDLSgMxFM3Ud31VXboJFqFuyoz42giCG90pWFvolCGT3nZCM5kxuSOU6je58UsEF7pQxK0fYTqt4OtAwsk595J7T5hKYdB1n5zCxOTU9MzsXHF+YXFpubSyemmSTHOo8UQmuhEyA1IoqKFACY1UA4tDCfWwdzz069egjUjUBfZTaMWsq0RHcIZWCkqnvmSqK4H6OkroDb0KevbOH74eOYfUFwpp28cIkOVeZcS3aBT0vnhQKrtVNwf9S7wxKZMxzoLSg99OeBaDQi6ZMU3PTbE1YBoFl3Bb9DMDKeM91oWmpYrFYFqDfOVbummVNu0k2h47XK5+7xiw2Jh+HNrKmGFkfntD8T+vmWHnoDUQKs0QFB991MkkxYQO86NtoYGj7FvCuBZ2VsojphlHm3LRhuD9XvkvudyuenvV3fOd8tHOOI5Zsk42SIV4ZJ8ckRNyRmqEkzvySF7Iq3PvPDtvzvuotOCMe9bIDzgfn420qRk=</latexit>

h⇢|qk|⇢i =
Z

d✓⇢(✓)hk(✓)
<latexit sha1_base64="e8X609DgyyNIASRtnXYLJPLtSI8="></latexit>

h⇢|jk|⇢i =
Z

d✓⇢(✓)ve↵[⇢](✓)hk(✓)

Panfil Cubero 2020

Panfil Cubero 2021

Panfil Konik 2023

thermodynamic form factors

thermodynamic form factors 
bootstrap!



Inclusion of external forces

<latexit sha1_base64="6XEZ0/5fbAbp/y5YKMTDKnvSctU=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpRE6mMjFNx0WcE+oI1hMp20QyeTODMRS+jGjb/ixoUibv0Hd/6NkzYLbT0wzOGce7n3Hi9iVCrL+jZyC4tLyyv51cLa+sbmlrm905RhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN7xK/dY9EZKG/EaNIuIEqM+pTzFSWnLN/Rq8hDXXgsewS7mCzdth6eEI3rnp55pFq2xNAOeJnZEiyFB3za9uL8RxQLjCDEnZsa1IOQkSimJGxoVuLEmE8BD1SUdTjgIinWRyxRgeaqUH/VDopzeZqL87EhRIOQo8XRkgNZCzXir+53Vi5V84CeVRrAjH00F+zKAKYRoJ7FFBsGIjTRAWVO8K8QAJhJUOrqBDsGdPnifNk7J9Vj69rhSrlSyOPNgDB6AEbHAOqqAG6qABMHgEz+AVvBlPxovxbnxMS3NG1rML/sD4/AHZNJWZ</latexit>

H = H0 +

Z
V

k(x)qk(x)

<latexit sha1_base64="h26lpEmM89PTmd1eaOSkHItHSI4="></latexit>

Hx0 = H0 + V
k(x0)Qk + @xV

k|x=x0

Z
dx(x� x0)qk(x) + . . .

<latexit sha1_base64="eM/8rVbzvKotozEyELcS/1n/wB0="></latexit>

@tqi + @xjw,i +
1

2
@x (L[w, @x�; jw,i] + L[�, f; jw,i])

= ji,f +
1

2
(L[w, @x�; ji,f] + L[�, f; ji,f])

Durning et al 2021

<latexit sha1_base64="8Cmymji6XXR+Hjao86nt8FKqoGg="></latexit>

@tqi(x0) = i[Hx0 , qi] = �@xjH0,i + fkjk,i
generalised currents

<latexit sha1_base64="n8yfpy7d/n+eMyvYEtS/wHDIUmY="></latexit>

Li,k =
1

2

Z 1

�1
dt

Z +1

�1
dx(ji(x, t), jk(0, 0))

C

<latexit sha1_base64="PnVTUAuOResQdhbJUNX05uaB7c8="></latexit>

L[i, k; j, l] =
1

2

Z +1

�1
dt

Z
dx (ji,k(x, t), jj,l)

generalised Onsager coefficients



Generalised hydrodynamics  

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

|

<latexit sha1_base64="24dszyyGVkXAqeOSV0qabL4BGlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsboQS+wu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f7o+NBw==</latexit>

i

<latexit sha1_base64="1tgZAE5cgYrNjdKcFGFlxr90EIA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHSgqxwKH1Zpbd3OQdeIVpAYFWsPq12AUszRCaZigWvc9NzF+RpXhTOC8Mkg1JpRN6Rj7lkoaofaz/Nw5ubDKiISxsiUNydXfExmNtJ5Fge2MqJnoVW8h/uf1UxPe+BmXSWpQsuWiMBXExGTxOxlxhcyImSWUKW5vJWxCFWXGJlSxIXirL6+TzlXda9QbD41a87aIowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpatJaeYOYU/cD5/AGOej5w=</latexit>

Castro-Alvaredo et al, 2016 

Bertini et al, 2016 
Durning et al 2021

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

<latexit sha1_base64="xCWdInnQ5f3wZ2GDqpQa8YDBvQY="></latexit>

Je↵
[⇢] =

 
ve↵[⇢]
ae↵[⇢]

!
<latexit sha1_base64="531R8YUjnBfjHMclmYNnPSYgUOE="></latexit>

D[⇢] =

 
D(1,1)

[⇢] D(1,2)
[⇢]

D(1,2)
[⇢] D(2,2)

[⇢]

!
<latexit sha1_base64="1CRsoluZfaaDnlUu4gY0HTD5Fq0="></latexit>

r =

✓
@x
@✓

◆

Biagetti et al 2023

<latexit sha1_base64="V83ESAGrQeDDMP+ArWchd04y+Os=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgVpCRSH+Cm4MZlBfuAJpTJdNIOnUzCzE2xhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPUEiuAbH+bZWVtfWNzYLW8Xtnd29ffvgsKnjVFHWoLGIVTsgmgkuWQM4CNZOFCNRIFgrGN5N/daIKc1j+QjjhPkR6UseckrASF3b9tQgLnswYEBun87hrGuXnIozA14mbk5KKEe9a395vZimEZNABdG64zoJ+BlRwKlgk6KXapYQOiR91jFUkohpP5tdPsGnRunhMFamJOCZ+nsiI5HW4ygwnRGBgV70puJ/XieF8MbPuExSYJLOF4WpwBDjaQy4xxWjIMaGEKq4uRXTAVGEggmraEJwF19eJs2LintVuXyolmrVPI4COkYnqIxcdI1q6B7VUQNRNELP6BW9WZn1Yr1bH/PWFSufOUJ/YH3+AK62kwI=</latexit>

⇢(✓;x, t)



Everything is hard rods (billiard balls)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i

<latexit sha1_base64="OS0dgwHRE8a38T8pRRdSt6MG+k0=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwK4rKCfUATymR60w6dmYSZiVhCf8ONC0Xc+jPu/BsnbRZaPXDhcM693HtPmHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1nGqKLRozGPVDYkGziS0DDMcuokCIkIOnXB8nfudB1CaxfLeTBIIBBlKFjFKjJX8m37mK4Hh0Uwr/WrNrbsz4L/EK0gNFWj2q5/+IKapAGkoJ1r3PDcxQUaUYZTDtOKnGhJCx2QIPUslEaCDbHbzFB9ZZYCjWNmSBs/UnxMZEVpPRGg7BTEjvejl4n9eLzXRZZAxmaQGJJ0vilKOTYzzAPCAKaCGTywhVDF7K6Yjogg1NqY8BG/x5b+kfVL3zutnd6e1xlURRxkdoEN0jDx0gRroFjVRC1GUoCf0gl6d1Hl23pz3eWvJKWb20S84H99wr5FP</latexit>

Fext

<latexit sha1_base64="q2XnQaSChLlXdWppBxQRiI+pjO8="></latexit>

ẋi = ✓im(x)

✓̇i = �@xV (x)� ✓2

2
@xm

<latexit sha1_base64="w5LNReIDRafQPC9DplB2TaIyKdk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ymsrW9sbhW3Szu7e/sH5cOjtk4yxbDFEpGoTkA1Ci6xZbgR2EkV0jgQ+BCMbmf+wxMqzRN5b8Yp+jEdSB5xRo2VmmG/XHGr7hxklXg5qUCORr/81QsTlsUoDRNU667npsafUGU4Ezgt9TKNKWUjOsCupZLGqP3J/NApObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia68SdcpplByRaLokwQk5DZ1yTkCpkRY0soU9zeStiQKsqMzaZkQ/CWX14l7Yuqd1W9bNYq9VoeRxFO4BTOwYNrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AMbzjOQ=</latexit>

d



Everything is hard rods (billiard balls)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i

<latexit sha1_base64="OS0dgwHRE8a38T8pRRdSt6MG+k0=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwK4rKCfUATymR60w6dmYSZiVhCf8ONC0Xc+jPu/BsnbRZaPXDhcM693HtPmHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1nGqKLRozGPVDYkGziS0DDMcuokCIkIOnXB8nfudB1CaxfLeTBIIBBlKFjFKjJX8m37mK4Hh0Uwr/WrNrbsz4L/EK0gNFWj2q5/+IKapAGkoJ1r3PDcxQUaUYZTDtOKnGhJCx2QIPUslEaCDbHbzFB9ZZYCjWNmSBs/UnxMZEVpPRGg7BTEjvejl4n9eLzXRZZAxmaQGJJ0vilKOTYzzAPCAKaCGTywhVDF7K6Yjogg1NqY8BG/x5b+kfVL3zutnd6e1xlURRxkdoEN0jDx0gRroFjVRC1GUoCf0gl6d1Hl23pz3eWvJKWb20S84H99wr5FP</latexit>

Fext

<latexit sha1_base64="q2XnQaSChLlXdWppBxQRiI+pjO8="></latexit>

ẋi = ✓im(x)

✓̇i = �@xV (x)� ✓2

2
@xm

<latexit sha1_base64="w5LNReIDRafQPC9DplB2TaIyKdk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ymsrW9sbhW3Szu7e/sH5cOjtk4yxbDFEpGoTkA1Ci6xZbgR2EkV0jgQ+BCMbmf+wxMqzRN5b8Yp+jEdSB5xRo2VmmG/XHGr7hxklXg5qUCORr/81QsTlsUoDRNU667npsafUGU4Ezgt9TKNKWUjOsCupZLGqP3J/NApObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia68SdcpplByRaLokwQk5DZ1yTkCpkRY0soU9zeStiQKsqMzaZkQ/CWX14l7Yuqd1W9bNYq9VoeRxFO4BTOwYNrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AMbzjOQ=</latexit>

d



Everything is hard rods (billiard balls)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i

<latexit sha1_base64="CDNI3CfI8UV9bF7QxHIiys3/6bY=">AAACIHicbVDLSsNAFJ3UV62vqks3g0VQkJIUX0tRFy4rWBWaWm6mN+3QySTMTKQl9FPc+CtuXCiiO/0ak7YLbT0wcDjnXu6c40WCa2PbX1ZuZnZufiG/WFhaXlldK65v3OgwVgxrLBShuvNAo+ASa4YbgXeRQgg8gbde9zzzbx9QaR7Ka9OPsBFAW3KfMzCp1CweuwGYjq+gm1wMmklvvzegruYBdQXItkC667ZQGKA9undfoa4aqYVmsWSX7SHoNHHGpETGqDaLn24rZHGA0jABWtcdOzKNBJThTOCg4MYaI2BdaGM9pRIC1I1kGHBAd1KlRf1QpU8aOlR/byQQaN0PvHQyi6MnvUz8z6vHxj9pJFxGsUHJRof8WFAT0qwt2uIKmRH9lABTPP0rZR1QwEzaaVaCMxl5mtxUys5R+fDqoHR6Nq4jT7bINtklDjkmp+SSVEmNMPJInskrebOerBfr3foYjeas8c4m+QPr+wfwQaIm</latexit>

Dx,x ⇠ h(�x)2i
<latexit sha1_base64="9prMD9hVaaeinxZYr7cInV8NqYk=">AAACL3icbVDLSsNAFJ34tr6qLt0MFsGFlER8LUVFXCpYFZpSbqY37dDJJMzciCX0j9z4K25EFHHrX5i0FXwdGDiccy93zgkSJS257rMzNj4xOTU9M1uam19YXCovr1zZODUCayJWsbkJwKKSGmskSeFNYhCiQOF10D0u/OtbNFbG+pJ6CTYiaGsZSgGUS83yqR8BdUID3eyk38zutnzqIEGf+1ZG3Feg2wq530JFwO++yHCIc98M/VKzXHGr7gD8L/FGpMJGOG+WH/1WLNIINQkF1tY9N6FGBoakUNgv+anFBEQX2ljPqYYIbSMb5O3zjVxp8TA2+dPEB+r3jQwia3tRkE8W6exvrxD/8+ophQeNTOokJdRieChMFaeYF+XxljQoSPVyAsLI/K9cdMCAoLziogTvd+S/5Gq76u1Vdy92KodHozpm2BpbZ5vMY/vskJ2xc1Zjgt2zR/bCXp0H58l5c96Ho2POaGeV/YDz8Qnwjqjt</latexit>

Dx,✓ ⇠ h�x�✓i
<latexit sha1_base64="NDARB+SqBxSaNRToTiG5/Gn4ojA="></latexit>

D✓,✓ ⇠ h(�✓)2i

<latexit sha1_base64="OS0dgwHRE8a38T8pRRdSt6MG+k0=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwK4rKCfUATymR60w6dmYSZiVhCf8ONC0Xc+jPu/BsnbRZaPXDhcM693HtPmHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1nGqKLRozGPVDYkGziS0DDMcuokCIkIOnXB8nfudB1CaxfLeTBIIBBlKFjFKjJX8m37mK4Hh0Uwr/WrNrbsz4L/EK0gNFWj2q5/+IKapAGkoJ1r3PDcxQUaUYZTDtOKnGhJCx2QIPUslEaCDbHbzFB9ZZYCjWNmSBs/UnxMZEVpPRGg7BTEjvejl4n9eLzXRZZAxmaQGJJ0vilKOTYzzAPCAKaCGTywhVDF7K6Yjogg1NqY8BG/x5b+kfVL3zutnd6e1xlURRxkdoEN0jDx0gRroFjVRC1GUoCf0gl6d1Hl23pz3eWvJKWb20S84H99wr5FP</latexit>

Fext

<latexit sha1_base64="q2XnQaSChLlXdWppBxQRiI+pjO8="></latexit>

ẋi = ✓im(x)

✓̇i = �@xV (x)� ✓2

2
@xm

<latexit sha1_base64="JL/qHwDgeNeGTVd9f8voG2UzLso=">AAACFnicbVDJSsRAEO24juMW9eilcRDGg0MibhdB9OJRwdGBJA6dnorTTGehuyIMIV/hxV/x4kERr+LNv7FnObg9KHi8V9Vd9cJMCo2O82lNTE5Nz8xW5qrzC4tLy/bK6pVOc8WhyVOZqlbINEiRQBMFSmhlClgcSrgOe6cD//oOlBZpcon9DIKY3SYiEpyhkdr2tt9JsfCxC8hKekTZTeGrmEIUle3C81U3Dcr6yN6itG3XnIYzBP1L3DGpkTHO2/aHeZ/nMSTIJdPac50Mg4IpFFxCWfVzDRnjPXYLnqEJi0EHxfCskm4apUOjVJlKkA7V7xMFi7Xux6HpjBl29W9vIP7neTlGh0EhkixHSPjooyiXFFM6yIh2hAKOsm8I40qYXSnvMsU4miSrJgT398l/ydVOw91v7F3s1o5PxnFUyDrZIHXikgNyTM7IOWkSTu7JI3kmL9aD9WS9Wm+j1glrPLNGfsB6/wKRep77</latexit>

✓̇ = ae↵[⇢](✓)

<latexit sha1_base64="s9KLRcCiL2ipJ8yJMviBFWC1NNI=">AAACEXicbVC7SgNBFJ31bXxFLW0GgxCbsCu+GiFoY6lgTCC7htnJ3WTI7IOZu8Gw7C/Y+Cs2ForY2tn5N05iCk08cOFwzr0z9x4/kUKjbX9ZM7Nz8wuLS8uFldW19Y3i5tatjlPFocZjGauGzzRIEUENBUpoJApY6Euo+72LoV/vg9Iijm5wkIAXsk4kAsEZGqlVLLvtGLP7nJ7R/l3mqpBCEOStrOmqbuzlZRe7gGyf0laxZFfsEeg0ccakRMa4ahU/zdM8DSFCLpnWTcdO0MuYQsEl5AU31ZAw3mMdaBoasRC0l40uyumeUdo0iJWpCOlI/T2RsVDrQeibzpBhV096Q/E/r5licOplIkpShIj/fBSkkmJMh/HQtlDAUQ4MYVwJsyvlXaYYRxNiwYTgTJ48TW4PKs5x5ej6sFQ9H8exRHbILikTh5yQKrkkV6RGOHkgT+SFvFqP1rP1Zr3/tM5Y45lt8gfWxzemBpzk</latexit>

ẋ = ve↵[⇢](✓)

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

<latexit sha1_base64="w5LNReIDRafQPC9DplB2TaIyKdk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ymsrW9sbhW3Szu7e/sH5cOjtk4yxbDFEpGoTkA1Ci6xZbgR2EkV0jgQ+BCMbmf+wxMqzRN5b8Yp+jEdSB5xRo2VmmG/XHGr7hxklXg5qUCORr/81QsTlsUoDRNU667npsafUGU4Ezgt9TKNKWUjOsCupZLGqP3J/NApObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia68SdcpplByRaLokwQk5DZ1yTkCpkRY0soU9zeStiQKsqMzaZkQ/CWX14l7Yuqd1W9bNYq9VoeRxFO4BTOwYNrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AMbzjOQ=</latexit>

d



(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

(a)

(b) (b)

(a)

Everything is hard rods (billiard balls)

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

<latexit sha1_base64="Ok0SAWR/KsPunzKllMErDVVLYSw=">AAACInicbVC7SgNBFJ31bXxFLW0Gg2gKw67EVyEINhYWCsYEsjHMTu4mQ2YfzNwNhDXfYuOv2FgoaiX4MU4ehSYeGDiccy537vFiKTTa9pc1NT0zOze/sJhZWl5ZXcuub9zpKFEcSjySkap4TIMUIZRQoIRKrIAFnoSy177o++UOKC2i8Ba7MdQC1gyFLzhDI9Wzp+6VCTcYPaNIHzr3qasCCr7f23OxBcjydJ9Oqrt5+lDP5uyCPQCdJM6I5MgI1/Xsh9uIeBJAiFwyrauOHWMtZQoFl9DLuImGmPE2a0LV0JAFoGvp4MQe3TFKg/qRMi9EOlB/T6Qs0LobeCYZMGzpca8v/udVE/RPaqkI4wQh5MNFfiIpRrTfF20IBRxl1xDGlTB/pbzFFONoWs2YEpzxkyfJ3UHBOSoc3hRz58VRHQtki2yTPeKQY3JOLsk1KRFOHskzeSVv1pP1Yr1bn8PolDWa2SR/YH3/AJnyonE=</latexit>

⇤ = t|ve↵(✓)� ve↵(✓0)|
<latexit sha1_base64="1DBTxGbX18dVEgQVLFDcdFQahPo="></latexit>

h�n(✓)2ic = n(✓)

⇤

<latexit sha1_base64="y4BnvQn+4GZmVc/V8D/+Fm8beDw="></latexit>

D(1,1) = �✓,✓0

h Z
d⇢()g1,1(✓,)

i
� ⇢(✓0)g1,1(✓, ✓

0)

Gopalakrishnan et al 2018

Biagetti et al 2023



From GHD to CHD (Bose gas)

<latexit sha1_base64="4G0aa4i4S9loQAMcDbOoIjD//Qs="></latexit>

@t⇢+ @x(v
e↵⇢) =

1

2
@x(D@x⇢)

<latexit sha1_base64="WZUTcerxGjWUoESOqAU29W6WVpU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBS2J1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7Sk0n54RiOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/gIkps=</latexit>

✓�(x, t)
<latexit sha1_base64="8q7QWx1Ny/sRePw+EriI8XgCHdw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCRSmJ1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7S40n54QSOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/T0kpk=</latexit>

✓+(x, t)

<latexit sha1_base64="tYif4HgrbCpTAmtuXskhNUf6K+s=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUoi9QFuCm5cVrAPaEOZTKft0MkkzNyIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePBNfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6jBVlDRqKULV9opngkjWAg2DtSDES+IK1/PHN1G89MKV5KO8hiZgXkKHkA04JGKlnFzGWuNyFEQNyjR/xKeCTnl1yKs4MeJm4GSmhDPWe/dXthzQOmAQqiNYd14nAS4kCTgWbFLqxZhGhYzJkHUMlCZj20tnxE3xslD4ehMqUBDxTf0+kJNA6CXzTGRAY6UVvKv7ndWIYXHkpl1EMTNL5okEsMIR4mgTuc8UoiMQQQhU3t2I6IopQMHkVTAju4svLpHlWcS8q53fVUq2axZFHh+gIlZGLLlEN3aI6aiCKEvSMXtGb9WS9WO/Wx7w1Z2UzRfQH1ucPbDaSqQ==</latexit>

n(✓;x, t)

<latexit sha1_base64="AF7lWlw/+fkyo0acwjt8sk636KI="></latexit>

@t✓
� + ve↵(✓�)@x✓

� = 0

<latexit sha1_base64="DRLe7yLzhhmkspB/9lIHbx3BO6g="></latexit>

�n !
X

�

��(✓ � ✓�(x, t))�✓�(x, t)

Doyon et al 2017

Urichuk et al 2023

<latexit sha1_base64="qXR9VHv1f0hUHb3ZJ5d7r78OioQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6peNmuVei2PowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eCOMsA==</latexit>

0

<latexit sha1_base64="WZUTcerxGjWUoESOqAU29W6WVpU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBS2J1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7Sk0n54RiOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/gIkps=</latexit>

✓�(x, t)
<latexit sha1_base64="8q7QWx1Ny/sRePw+EriI8XgCHdw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCRSmJ1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7S40n54QSOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/T0kpk=</latexit>

✓+(x, t)

<latexit sha1_base64="tYif4HgrbCpTAmtuXskhNUf6K+s=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUoi9QFuCm5cVrAPaEOZTKft0MkkzNyIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePBNfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6jBVlDRqKULV9opngkjWAg2DtSDES+IK1/PHN1G89MKV5KO8hiZgXkKHkA04JGKlnFzGWuNyFEQNyjR/xKeCTnl1yKs4MeJm4GSmhDPWe/dXthzQOmAQqiNYd14nAS4kCTgWbFLqxZhGhYzJkHUMlCZj20tnxE3xslD4ehMqUBDxTf0+kJNA6CXzTGRAY6UVvKv7ndWIYXHkpl1EMTNL5okEsMIR4mgTuc8UoiMQQQhU3t2I6IopQMHkVTAju4svLpHlWcS8q53fVUq2axZFHh+gIlZGLLlEN3aI6aiCKEvSMXtGb9WS9WO/Wx7w1Z2UzRfQH1ucPbDaSqQ==</latexit>

n(✓;x, t)



From GHD to CHD (Bose gas)

<latexit sha1_base64="4G0aa4i4S9loQAMcDbOoIjD//Qs="></latexit>

@t⇢+ @x(v
e↵⇢) =

1

2
@x(D@x⇢)

<latexit sha1_base64="AF7lWlw/+fkyo0acwjt8sk636KI="></latexit>

@t✓
� + ve↵(✓�)@x✓

� = 0

<latexit sha1_base64="DRLe7yLzhhmkspB/9lIHbx3BO6g="></latexit>

�n !
X

�

��(✓ � ✓�(x, t))�✓�(x, t)

Doyon et al 2017

Urichuk et al 2023

<latexit sha1_base64="qXR9VHv1f0hUHb3ZJ5d7r78OioQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6peNmuVei2PowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eCOMsA==</latexit>

0

<latexit sha1_base64="WZUTcerxGjWUoESOqAU29W6WVpU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBS2J1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7Sk0n54RiOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/gIkps=</latexit>

✓�(x, t)
<latexit sha1_base64="8q7QWx1Ny/sRePw+EriI8XgCHdw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCRSmJ1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7S40n54QSOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/T0kpk=</latexit>

✓+(x, t)

<latexit sha1_base64="tYif4HgrbCpTAmtuXskhNUf6K+s=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUoi9QFuCm5cVrAPaEOZTKft0MkkzNyIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePBNfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6jBVlDRqKULV9opngkjWAg2DtSDES+IK1/PHN1G89MKV5KO8hiZgXkKHkA04JGKlnFzGWuNyFEQNyjR/xKeCTnl1yKs4MeJm4GSmhDPWe/dXthzQOmAQqiNYd14nAS4kCTgWbFLqxZhGhYzJkHUMlCZj20tnxE3xslD4ehMqUBDxTf0+kJNA6CXzTGRAY6UVvKv7ndWIYXHkpl1EMTNL5okEsMIR4mgTuc8UoiMQQQhU3t2I6IopQMHkVTAju4svLpHlWcS8q53fVUq2axZFHh+gIlZGLLlEN3aI6aiCKEvSMXtGb9WS9WO/Wx7w1Z2UzRfQH1ucPbDaSqQ==</latexit>

n(✓;x, t)



From GHD to CHD (Bose gas)

Urichuk et al 2023
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<latexit sha1_base64="TPY8vhLvuiqrhLCD0WlM6QKDUrw=">AAAB+HicbVDLSsNAFJ34rPXRqEs3wSJUkJJIfSwLblxWsA9oQ7iZTtqhM5MwMxFr6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feEyaMKu2639bK6tr6xmZhq7i9s7tXsvcPWipOJSZNHLNYdkJQhFFBmppqRjqJJMBDRtrh6Gbqtx+IVDQW93qcEJ/DQNCIYtBGCuxSbwCcQ1CrPAbumT4N7LJbdWdwlomXkzLK0Qjsr14/xiknQmMGSnU9N9F+BlJTzMik2EsVSQCPYEC6hgrgRPnZ7PCJc2KUvhPF0pTQzkz9PZEBV2rMQ9PJQQ/VojcV//O6qY6u/YyKJNVE4PmiKGWOjp1pCk6fSoI1GxsCWFJzq4OHIAFrk1XRhOAtvrxMWudV77J6cVcr12t5HAV0hI5RBXnoCtXRLWqgJsIoRc/oFb1ZT9aL9W59zFtXrHzmEP2B9fkDRTGSJw==</latexit>

� 4
(x

0
,t
)

<latexit sha1_base64="HWT1gcy9L9zW1hilTV9X+sfZvwQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26CRahgpRE62NZcOOygn1AG8JkOm2HzkzCzI1YQ7/EjQtF3Pop7vwbp20W2nrgwuGce7n3njDmTIPrflu5ldW19Y38ZmFre2e3aO/tN3WUKEIbJOKRaodYU84kbQADTtuxoliEnLbC0c3Ubz1QpVkk72EcU1/ggWR9RjAYKbCL3QEWAgfn5cfAPYWTwC65FXcGZ5l4GSmhDPXA/ur2IpIIKoFwrHXHc2PwU6yAEU4nhW6iaYzJCA9ox1CJBdV+Ojt84hwbpef0I2VKgjNTf0+kWGg9FqHpFBiGetGbiv95nQT6137KZJwAlWS+qJ9wByJnmoLTY4oS4GNDMFHM3OqQIVaYgMmqYELwFl9eJs2zindZubirlmrVLI48OkRHqIw8dIVq6BbVUQMRlKBn9IrerCfrxXq3PuatOSubOUB/YH3+AEOmkiY=</latexit>

� 3
(x

0
,t
)

<latexit sha1_base64="WZUTcerxGjWUoESOqAU29W6WVpU=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBS2J1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7Sk0n54RiOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/gIkps=</latexit>

✓�(x, t)
<latexit sha1_base64="8q7QWx1Ny/sRePw+EriI8XgCHdw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCRSmJ1Mey4MZlBfuANpbJdNIOnUzCzI1YQ7/EjQtF3Pop7vwbp20WWj1w4XDOvdx7jx8LrsFxvqzc0vLK6lp+vbCxubVdtHd2mzpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXUb90zpXkkb2EcMy8kA8kDTgkYqWcXuzBkQO7S40n54QSOenbJqTgz4L/EzUgJZaj37M9uP6JJyCRQQbTuuE4MXkoUcCrYpNBNNIsJHZEB6xgqSci0l84On+BDo/RxEClTEvBM/TmRklDrceibzpDAUC96U/E/r5NAcOmlXMYJMEnni4JEYIjwNAXc54pREGNDCFXc3IrpkChCwWRVMCG4iy//Jc3TinteObuplmrVLI482kcHqIxcdIFq6BrVUQNRlKAn9IJerUfr2Xqz3uetOSub2UO/YH18A/T0kpk=</latexit>

✓+(x, t)

<latexit sha1_base64="tYif4HgrbCpTAmtuXskhNUf6K+s=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUoi9QFuCm5cVrAPaEOZTKft0MkkzNyIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePBNfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6jBVlDRqKULV9opngkjWAg2DtSDES+IK1/PHN1G89MKV5KO8hiZgXkKHkA04JGKlnFzGWuNyFEQNyjR/xKeCTnl1yKs4MeJm4GSmhDPWe/dXthzQOmAQqiNYd14nAS4kCTgWbFLqxZhGhYzJkHUMlCZj20tnxE3xslD4ehMqUBDxTf0+kJNA6CXzTGRAY6UVvKv7ndWIYXHkpl1EMTNL5okEsMIR4mgTuc8UoiMQQQhU3t2I6IopQMHkVTAju4svLpHlWcS8q53fVUq2axZFHh+gIlZGLLlEN3aI6aiCKEvSMXtGb9WS9WO/Wx7w1Z2UzRfQH1ucPbDaSqQ==</latexit>

n(✓;x, t)

<latexit sha1_base64="TsLP6V4Dfidoz0V7hAXw4OD5K8s="></latexit>

e��(H�µN) ! e��(H+�3Q3+�4Q4�µN)



Thermalisation induced by external forces



Thermalisation induced by external forces

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

<latexit sha1_base64="J+L5w6B9NTfN79JC43IGAan9Q84=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRSH8uCG5cV7AOaECbTm3boTBJmJkIJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXmXPClDOlHefbKq2tb2xulbcrO7t7+wf24VFHJZmk0KYJT2QvJAo4i6GtmebQSyUQEXLohuObmd99AKlYEt/rSQq+IMOYRYwSbaTArnpylGBPmzEkyD0psB6BFIRPA7vm1J058CpxC1JDBVqB/eUNEpoJiDXlRKm+66Taz4nUjHKYVrxMQUromAyhb2hMBCg/n4eY4lOjDHCUSDOxxnP190VOhFITEZpNQfRILXsz8T+vn+no2s9ZnGYaYrp4KMo4NplnjeABk0A1nxhCqGTmr5iOiCRUm94qpgR3OfIq6ZzX3cv6xV2j1mwUdZRRFZ2gM+SiK9REt6iF2oiiR/SMXtGb9WS9WO/Wx2K1ZBU3x+gPrM8ftCKYHQ==</latexit>⇢ ! ⇢thermal
<latexit sha1_base64="Hoqy8/aJDyn8hdlAYxjNe0vts8I=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWR+lgW3LisaB/QhDCZTtqhk4czE6GG4q+4caGIW//DnX/jpM1CWw9cOJxz78y9x084k8qyvo3S0vLK6lp5vbKxubW9Y+7utWWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHH13lfueBCsni6E6NE+qGeBCxgBGstOSZB06ChWKYewrdImdA75GFPLNq1awp0CKxC1KFAk3P/HL6MUlDGinCsZQ920qUm+UvE04nFSeVNMFkhAe0p2mEQyrdbLr9BB1rpY+CWOiKFJqqvycyHEo5Dn3dGWI1lPNeLv7n9VIVXLoZi5JU0YjMPgpSjlSM8ihQnwlKFB9rgolgeldEhlhgonRgFR2CPX/yImmf1uzz2tlNvdqoF3GU4RCO4ARsuIAGXEMTWkDgEZ7hFd6MJ+PFeDc+Zq0lo5jZhz8wPn8A3RuUJw==</latexit>

@tS � 0

Bastianello et al, 2020



Thermalisation induced by external forces

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

Caux et al, 2018



3-stage thermalisation in Hard rods
Biagetti et al, 2023 

(c)

(d)

(a)

(b)

3-stages thermalisation

<latexit sha1_base64="w5LNReIDRafQPC9DplB2TaIyKdk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ymsrW9sbhW3Szu7e/sH5cOjtk4yxbDFEpGoTkA1Ci6xZbgR2EkV0jgQ+BCMbmf+wxMqzRN5b8Yp+jEdSB5xRo2VmmG/XHGr7hxklXg5qUCORr/81QsTlsUoDRNU667npsafUGU4Ezgt9TKNKWUjOsCupZLGqP3J/NApObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia68SdcpplByRaLokwQk5DZ1yTkCpkRY0soU9zeStiQKsqMzaZkQ/CWX14l7Yuqd1W9bNYq9VoeRxFO4BTOwYNrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AMbzjOQ=</latexit>

d

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

<latexit sha1_base64="T5O79TiHacw5jprn2QvQstGsC0I=">AAACG3icbVDJSgNBEO1xjXGLevTSGIQEJMyEuIAIAS8eI5gFMkPo6XQyTXoWumskYch/ePFXvHhQxJPgwb+xJ4mgiQ8KHu9VUVXPjQRXYJpfxtLyyuraemYju7m1vbOb29tvqDCWlNVpKELZcoliggesDhwEa0WSEd8VrOkOrlO/ec+k4mFwB6OIOT7pB7zHKQEtdXJl2yOQ2NILxwUbPAbkEkMRX2GbB4C7Q5xaP84QnwAudnJ5s2ROgBeJNSN5NEOtk/uwuyGNfRYAFUSptmVG4CREAqeCjbN2rFhE6ID0WVvTgPhMOcnktzE+1koX90KpS180UX9PJMRXauS7utMn4Kl5LxX/89ox9C6chAdRDCyg00W9WGAIcRoU7nLJKIiRJoRKrm/F1COSUNBxZnUI1vzLi6RRLllnpdPbSr5amcWRQYfoCBWQhc5RFd2gGqojih7QE3pBr8aj8Wy8Ge/T1iVjNnOA/sD4/AZFq5+e</latexit>

⇢̂(✓; t) =

Z
dx⇢(✓;x, t)



<latexit sha1_base64="Y4LZkqDro/8vDDocB1rU+lB+PKU="></latexit>

F[⇢̂](k✓) =

Z
dk✓e

ik✓✓
h Z

dx⇢(✓;x, t)
i

3-stage thermalisation in Hard rods

“turbulent” phase

Biagetti et al, 2023 

(c)

(d)

(a)

(b)

Fourier transform in theta

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

<latexit sha1_base64="/KJp52tI6Tf7agiwAC1kCGF/CHg=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIAS8eI5gHJEuYncwmQ2Zm15nZQFjyHV48KOLVj/Hm3zhJ9qCJBQ1FVTfdXWHCmTae9+0U1tY3NreK26Wd3b39g/LhUVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ381tjqjSL5aOZJDQQeCBZxAg2Vgq6mg0ERugWea7fK1c815sDrRI/JxXIUe+Vv7r9mKSCSkM41rrje4kJMqwMI5xOS91U0wSTER7QjqUSC6qDbH70FJ1ZpY+iWNmSBs3V3xMZFlpPRGg7BTZDvezNxP+8TmqimyBjMkkNlWSxKEo5MjGaJYD6TFFi+MQSTBSztyIyxAoTY3Mq2RD85ZdXSfPC9a/cy4dqpVbN4yjCCZzCOfhwDTW4hzo0gMATPMMrvDlj58V5dz4WrQUnnzmGP3A+fwB5L5CR</latexit>

� = 0.1



3-stage thermalisation in Hard rods
Biagetti et al, 2023 

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

<latexit sha1_base64="Wa+6mQlaZxQCBt11q39iBaFicyk=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMSl4sQ8OIxgllgMoSeTk/SpJehu0YIIZ/hxYMiXv0ab/6NnWQOmvig4PFeFVX14lRwC77/7RXW1jc2t4rbpZ3dvf2D8uFRy+rMUNakWmjTiYllgivWBA6CdVLDiIwFa8eju5nffmLGcq0eYZyySJKB4gmnBJwUdi0fSILxbYB75Ypf9efAqyTISQXlaPTKX92+pplkCqgg1oaBn0I0IQY4FWxa6maWpYSOyICFjioimY0m85On+MwpfZxo40oBnqu/JyZEWjuWseuUBIZ22ZuJ/3lhBslNNOEqzYApuliUZAKDxrP/cZ8bRkGMHSHUcHcrpkNiCAWXUsmFECy/vEpaF9Xgqnr5UKvUa3kcRXSCTtE5CtA1qqN71EBNRJFGz+gVvXngvXjv3seiteDlM8foD7zPH5olkB8=</latexit>

� = 1



Wave turbulence?

<latexit sha1_base64="doEQvf/mhXCn+lzAnSVmjyDRLak="></latexit>

i@t = �r2 

2m
+ g| |2 

<latexit sha1_base64="3ejmhmX3dJ4NZ+ZrnFiHQwwUSL8=">AAACEHicbZC7TsMwFIYdrqXcAowsFhWChSpB5TJWYmEsEr1IbYgc96S1aieR7SCqqI/AwquwMIAQKyMbb4PTdoCWX7L06zvn6Pj8QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WppFCnMY9lKyAKOIugrpnm0EokEBFwaAaDq7zevAepWBzd6mECniC9iIWMEm2Qbx91EsVwRzGBiT/AcJcxPMAPGJ8YGgvo5VTjkW+XnLIzFp437tSU0FQ13/7qdGOaCog05USptusk2suI1IxyGBU7qYKE0AHpQdvYiAhQXjY+aIQPDeniMJbmRRqP6e+JjAilhiIwnYLovpqt5fC/WjvV4aWXsShJNUR0sihMOdYxztPBXSaBaj40hlDJzF8x7RNJqDYZFk0I7uzJ86ZxWnbPy2c3lVK1Mo2jgPbRATpGLrpAVXSNaqiOKHpEz+gVvVlP1ov1bn1MWhes6cwe+iPr8wfNjZsl</latexit>

 ⇠ ake
ikx�i!kt

<latexit sha1_base64="6UhhxUWgUwMsgnsO8f9bIRBnde0=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwISWR+tgIBRe6rGAf0IRwM522QyeTMDMRSuiPuPFX3LhQxIUb8W+ctF1o64ELh3Pu5d57woQzpR3n2yosLa+srhXXSxubW9s79u5eU8WpJLRBYh7LdgiKciZoQzPNaTuRFKKQ01Y4vM791gOVisXiXo8S6kfQF6zHCGgjBXbVS0BqBjzQ2OMg+pxiEQyxJ6ccX2EvAj0gwLObcad/Ykw/sMtOxZkALxJ3Rspohnpgf3rdmKQRFZpwUKrjOon2s3wz4XRc8lJFEyBD6NOOoQIiqvxs8t0YHxmli3uxNCU0nqi/JzKIlBpFoenML1XzXi7+53VS3bv0MyaSVFNBpot6Kcc6xnlUuMskJZqPDAEimbkVkwFIINoEWjIhuPMvL5LmacU9r5zdVcu16iyOIjpAh+gYuegC1dAtqqMGIugRPaNX9GY9WS/Wu/UxbS1Ys5l99AfW1w+o4KGc</latexit>

@thnki = G[g, nk]



Wave turbulence also in GHD?

<latexit sha1_base64="doEQvf/mhXCn+lzAnSVmjyDRLak="></latexit>

i@t = �r2 

2m
+ g| |2 

<latexit sha1_base64="3ejmhmX3dJ4NZ+ZrnFiHQwwUSL8=">AAACEHicbZC7TsMwFIYdrqXcAowsFhWChSpB5TJWYmEsEr1IbYgc96S1aieR7SCqqI/AwquwMIAQKyMbb4PTdoCWX7L06zvn6Pj8QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WppFCnMY9lKyAKOIugrpnm0EokEBFwaAaDq7zevAepWBzd6mECniC9iIWMEm2Qbx91EsVwRzGBiT/AcJcxPMAPGJ8YGgvo5VTjkW+XnLIzFp437tSU0FQ13/7qdGOaCog05USptusk2suI1IxyGBU7qYKE0AHpQdvYiAhQXjY+aIQPDeniMJbmRRqP6e+JjAilhiIwnYLovpqt5fC/WjvV4aWXsShJNUR0sihMOdYxztPBXSaBaj40hlDJzF8x7RNJqDYZFk0I7uzJ86ZxWnbPy2c3lVK1Mo2jgPbRATpGLrpAVXSNaqiOKHpEz+gVvVlP1ov1bn1MWhes6cwe+iPr8wfNjZsl</latexit>

 ⇠ ake
ikx�i!kt

<latexit sha1_base64="6UhhxUWgUwMsgnsO8f9bIRBnde0=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwISWR+tgIBRe6rGAf0IRwM522QyeTMDMRSuiPuPFX3LhQxIUb8W+ctF1o64ELh3Pu5d57woQzpR3n2yosLa+srhXXSxubW9s79u5eU8WpJLRBYh7LdgiKciZoQzPNaTuRFKKQ01Y4vM791gOVisXiXo8S6kfQF6zHCGgjBXbVS0BqBjzQ2OMg+pxiEQyxJ6ccX2EvAj0gwLObcad/Ykw/sMtOxZkALxJ3Rspohnpgf3rdmKQRFZpwUKrjOon2s3wz4XRc8lJFEyBD6NOOoQIiqvxs8t0YHxmli3uxNCU0nqi/JzKIlBpFoenML1XzXi7+53VS3bv0MyaSVFNBpot6Kcc6xnlUuMskJZqPDAEimbkVkwFIINoEWjIhuPMvL5LmacU9r5zdVcu16iyOIjpAh+gYuegC1dAtqqMGIugRPaNX9GY9WS/Wu/UxbS1Ys5l99AfW1w+o4KGc</latexit>

@thnki = G[g, nk]

<latexit sha1_base64="oXBsqtbxsRUvPp8PHnI5GJyocnk="></latexit>

V (y) =
y2

2
+

↵y3

3
+

�y4

4



Conclusions

A lot to explore in the full “2D” GHD equation 

More complete characterisation of integrability breaking and its relaxation dynamics

Is turbulence a universal phenomena?

universal characterisation of integrability 
breaking terms?

Low-temperature viscosity and dispersive terms

relation to dispersive shock waves?

<latexit sha1_base64="ybgMAuZ6tT3WpUrnPO/8chpeQAI="></latexit>

@t⇢+r · (Je↵
[⇢]⇢) =

1

2
r · (D[⇢]r⇢)

thermodynamic form factors

Diffusion or viscosities as a universal mechanism to understand integrability breaking thermalisation 
and heating 

relations to non-linear Luttinger liquids? 


