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NON-EQUILIBRIUM QUANTUM DYNAMICS

<latexit sha1_base64="n3on3yfWx9emcNLSyjHchtDmgpo=">AAACBnicbVBNS8NAEN3Ur1q/qh5FWCyCF0tSRD0WvfRYwX5AE8NmO22XbjZhdyOU2JMX/4oXD4p49Td489+4bXPQ1gcDj/dmmJkXxJwpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRICg0a8Ui2A6KAMwENzTSHdiyBhAGHVjC8nvite5CKReJWj2LwQtIXrMco0Ubyi4dwl55ihmtY4zF+wG5dMd/GriSiz8EvluyyPQVeJE5GSihD3S9+ud2IJiEITTlRquPYsfZSIjWjHMYFN1EQEzokfegYKkgIykunb4zxsVG6uBdJU0Ljqfp7IiWhUqMwMJ0h0QM1703E/7xOonuXXspEnGgQdLaol3CsIzzJBHeZBKr5yBBCJTO3YjogklBtkiuYEJz5lxdJs1J2zsuVm7NS9SqLI48O0BE6QQ66QFVUQ3XUQBQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4AWRSXKQ==</latexit>

e�iHt| 0i

<latexit sha1_base64="CeUdlm7Yqe3XXXQHN0iPr/EK+uY=">AAACIXicbVDLSsNAFJ34rPUVdelmsAh1U5Ii2p1FN+6sYB/QhDCZTNqhk0mcmQgl9lfc+CtuXCjSnfgzTtuA2nphLodzzuXOPX7CqFSW9WksLa+srq0XNoqbW9s7u+befkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/uBqorcfiJA05ndqmBA3Qj1OQ4qR0pRn1hyGeI8R6DQk9ayyOoGPEN7o9kM4IrfcpyjI+4VnlqyKNS24COwclEBeDc8cO0GM04hwhRmSsmtbiXIzJBTFjIyKTipJgvAA9UhXQ44iIt1seuEIHmsmgGEs9OMKTtnfExmKpBxGvnZGSPXlvDYh/9O6qQprbkZ5kirC8WxRmDKoYjiJCwZUEKzYUAOEBdV/hbiPBMJKh1rUIdjzJy+CVrVin1Wqt6el+mUeRwEcgiNQBjY4B3VwDRqgCTB4Ai/gDbwbz8ar8WGMZ9YlI585AH/K+PoGLbChEg==</latexit>

h 0(t)|O| 0(t)i ?



QUANTUM GASES IN LOW DIMENSION



QUANTUM INTEGRABLE SYSTEMS

<latexit sha1_base64="GZU6318VEXdI4mmIsa1iVheiXnA="></latexit>

ĤLL =

Z
dx

h~2@x †(x)@x (x)

2m
+ c  

†(x) †(x) (x) (x)
i

<latexit sha1_base64="Isk9ITGELzrX2XUGvGiXjl/R8ns=">AAACJnicbZDLSsQwFIZT7463UZdugoOgIEMrom6EQTcuKzgqTIeSZk6daNKW5FQYSp/Gja/ixsWIiDsfxcxF8HYg4eP/zyE5f5RJYdB1352Jyanpmdm5+crC4tLySnV17dKkuebQ5KlM9XXEDEiRQBMFSrjONDAVSbiK7k4H/tU9aCPS5AJ7GbQVu0lELDhDK4XV48A3IiwCregJYBdKGhih7JWr0KfxdlAEVkUWFrcl3f1iP7wtg3KnElZrbt0dFv0L3hhqZFx+WO0HnZTnChLkkhnT8twM2wXTKLiEshLkBjLG79gNtCwmTIFpF8M1S7pllQ6NU21PgnSofp8omDKmpyLbqRh2zW9vIP7ntXKMj9qFSLIcIeGjh+JcUkzpIDPaERo4yp4FxrWwf6W8yzTjaJMdhOD9XvkvXO7VvYO6e75fa5yM45gjG2STbBOPHJIGOSM+aRJOHsgT6ZMX59F5dl6dt1HrhDOeWSc/yvn4BOiZpWs=</latexit>

 Bethe ⇠
X

P

f({✓j , ✓Pj})

Strongly interacting systems



COARSE GRAINING: HYDRODYNAMICS

@t⇢ = D@2
x⇢

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

<latexit sha1_base64="Isk9ITGELzrX2XUGvGiXjl/R8ns=">AAACJnicbZDLSsQwFIZT7463UZdugoOgIEMrom6EQTcuKzgqTIeSZk6daNKW5FQYSp/Gja/ixsWIiDsfxcxF8HYg4eP/zyE5f5RJYdB1352Jyanpmdm5+crC4tLySnV17dKkuebQ5KlM9XXEDEiRQBMFSrjONDAVSbiK7k4H/tU9aCPS5AJ7GbQVu0lELDhDK4XV48A3IiwCregJYBdKGhih7JWr0KfxdlAEVkUWFrcl3f1iP7wtg3KnElZrbt0dFv0L3hhqZFx+WO0HnZTnChLkkhnT8twM2wXTKLiEshLkBjLG79gNtCwmTIFpF8M1S7pllQ6NU21PgnSofp8omDKmpyLbqRh2zW9vIP7ntXKMj9qFSLIcIeGjh+JcUkzpIDPaERo4yp4FxrWwf6W8yzTjaJMdhOD9XvkvXO7VvYO6e75fa5yM45gjG2STbBOPHJIGOSM+aRJOHsgT6ZMX59F5dl6dt1HrhDOeWSc/yvn4BOiZpWs=</latexit>

 Bethe ⇠
X

P

f({✓j , ✓Pj}) Strongly interacting systems

<latexit sha1_base64="RGffS/RASYq2C50kOOb0o+SvXu0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIerPoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUv+mVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uZxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPkXuMyA==</latexit>

?



COARSE GRAINING: HYDRODYNAMICS

<latexit sha1_base64="Isk9ITGELzrX2XUGvGiXjl/R8ns=">AAACJnicbZDLSsQwFIZT7463UZdugoOgIEMrom6EQTcuKzgqTIeSZk6daNKW5FQYSp/Gja/ixsWIiDsfxcxF8HYg4eP/zyE5f5RJYdB1352Jyanpmdm5+crC4tLySnV17dKkuebQ5KlM9XXEDEiRQBMFSrjONDAVSbiK7k4H/tU9aCPS5AJ7GbQVu0lELDhDK4XV48A3IiwCregJYBdKGhih7JWr0KfxdlAEVkUWFrcl3f1iP7wtg3KnElZrbt0dFv0L3hhqZFx+WO0HnZTnChLkkhnT8twM2wXTKLiEshLkBjLG79gNtCwmTIFpF8M1S7pllQ6NU21PgnSofp8omDKmpyLbqRh2zW9vIP7ntXKMj9qFSLIcIeGjh+JcUkzpIDPaERo4yp4FxrWwf6W8yzTjaJMdhOD9XvkvXO7VvYO6e75fa5yM45gjG2STbBOPHJIGOSM+aRJOHsgT6ZMX59F5dl6dt1HrhDOeWSc/yvn4BOiZpWs=</latexit>

 Bethe ⇠
X

P

f({✓j , ✓Pj})

GHD

Castro-Alvaredo,  
Yoshimura, Doyon, 2016

Bertini, De Nardis,  
Collura, Fagotti, 2016

Doyon, Yoshimura, 2017

Bulchandani, Vasseur,   
Karrasch, Moore, 2017

…



<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)

HYDRODYNAMICS

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0

<latexit sha1_base64="JV/5IbqOuyxxcNT2eWj9B63kJQE=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaEDbbabt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSgXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1IqpRcIl1w43AVqqQxpHAZjS8mfrNB1SaJ/LejFIMYtqXvMcZNVYK3dJTp6Z56JGOorIvMHTLXsWbgSwTPydlyFEL3a9ON2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM8On5ATq3RJL1G2pCEz9ffEmMZaj+LIdsbUDPSiNxX/89qZ6V0FYy7TzKBk80W9TBCTkGkKpMsVMiNGllCmuL2VsAFVlBmbVdGG4C++vEwaZxX/ouLdnZer13kcBTiCYzgFHy6hCrdQgzowyOAZXuHNeXRenHfnY9664uQzh/AHzucPOAeSzg==</latexit>

| 0i

<latexit sha1_base64="VzICfVlf/yh7awMRMun6LdZ3eNI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXnKMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqHscx90M6UKIvGEUrPfDH9EwQJNVJt1hyy+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09nFE3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/ZToeIEuWLzRf1EEozI9H3SE5ozlGNLKNPC3krYkGrK0IZUsCF4iy8vk8Z52bssu3cXpcpNFkcejuAYTsGDK6hAFWpQBwYKnuEV3hzjvDjvzse8NedkM4fwB87nD46ykDA=</latexit>

e�itH
<latexit sha1_base64="tqU0Hv8J8LOSUV479orMwqpbkjE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbp0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkwjJULBKFqpg6QfRcQbVGtu3Z2DrBKvIDUo0BxUv/rDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTCPes1TRmBs/n587JWdWGZIw0bYUkrn6eyKnsTGTOLCdMcWRWfZm4n9eL8Pwxs+FSjPkii0WhZkkmJDZ72QoNGcoJ5ZQpoW9lbAR1ZShTahiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzUmdF+fd+Vi0lpxi5hj+wPn8ATVYjtQ=</latexit>

t � 1
<latexit sha1_base64="JV/5IbqOuyxxcNT2eWj9B63kJQE=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaEDbbabt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSgXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1IqpRcIl1w43AVqqQxpHAZjS8mfrNB1SaJ/LejFIMYtqXvMcZNVYK3dJTp6Z56JGOorIvMHTLXsWbgSwTPydlyFEL3a9ON2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM8On5ATq3RJL1G2pCEz9ffEmMZaj+LIdsbUDPSiNxX/89qZ6V0FYy7TzKBk80W9TBCTkGkKpMsVMiNGllCmuL2VsAFVlBmbVdGG4C++vEwaZxX/ouLdnZer13kcBTiCYzgFHy6hCrdQgzowyOAZXuHNeXRenHfnY9664uQzh/AHzucPOAeSzg==</latexit>

| 0i

<latexit sha1_base64="OoQH+737ibEY7dykyijX7jehIZI=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtnogUmn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBvcWPPQ==</latexit>. . .

<latexit sha1_base64="OoQH+737ibEY7dykyijX7jehIZI=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtnogUmn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBvcWPPQ==</latexit>. . .

<latexit sha1_base64="tsDHvln3CGTwpUCI7Iq0r7lF2AI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvXisYD+gCWGz3bRLN7thdyOW0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRSln2rjut1NaWV1b3yhvVra2d3b3qvsHbS0zRWiLSC5VN8KaciZoyzDDaTdVFCcRp51odDv1O49UaSbFgxmnNEjwQLCYEWys5PtqKMP8KfTOzCSs1ty6OwNaJl5BalCgGVa//L4kWUKFIRxr3fPc1AQ5VoYRTicVP9M0xWSEB7RnqcAJ1UE+u3mCTqzSR7FUtoRBM/X3RI4TrcdJZDsTbIZ60ZuK/3m9zMTXQc5EmhkqyHxRnHFkJJoGgPpMUWL42BJMFLO3IjLEChNjY6rYELzFl5dJ+7zuXdbd+4ta46aIowxHcAyn4MEVNOAOmtACAik8wyu8OZnz4rw7H/PWklPMHMIfOJ8/63eRmw==</latexit>⇢x1,t
<latexit sha1_base64="QpDxW8nsVylEOyRCEOzViqcGx4A=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJIUUY9FLx4r2A9oQthsN+3SzW7Y3Ygl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777aysrq1vbJa2yts7u3v7lYPDtpaZIrRFJJeqG2FNORO0ZZjhtJsqipOI0040up36nUeqNJPiwYxTGiR4IFjMCDZW8n01lGH+FNbPzSSsVN2aOwNaJl5BqlCgGVa+/L4kWUKFIRxr3fPc1AQ5VoYRTidlP9M0xWSEB7RnqcAJ1UE+u3mCTq3SR7FUtoRBM/X3RI4TrcdJZDsTbIZ60ZuK/3m9zMTXQc5EmhkqyHxRnHFkJJoGgPpMUWL42BJMFLO3IjLEChNjYyrbELzFl5dJu17zLmvu/UW1cVPEUYJjOIEz8OAKGnAHTWgBgRSe4RXenMx5cd6dj3nrilPMHMEfOJ8/7P6RnA==</latexit>⇢x2,t

<latexit sha1_base64="EZljNLZnf13ZpjVNf4Mh3zp6uEI=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJKoqMeiF48V7Ac0IWy2m3bpZjfsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O0vLK6tr66WN8ubW9s5uZW+/ZVSmKWtSJZTuRMQwwSVrAgfBOqlmJIkEa0fD24nffmTacCUfYJSyICF9yWNOCVjJ9/VAhflTeH4K47BSdWvuFHiReAWpogKNsPLl9xTNEiaBCmJM13NTCHKigVPBxmU/MywldEj6rGupJAkzQT69eYyPrdLDsdK2JOCp+nsiJ4kxoySynQmBgZn3JuJ/XjeD+DrIuUwzYJLOFsWZwKDwJADc45pRECNLCNXc3orpgGhCwcZUtiF48y8vktZZzbusufcX1fpNEUcJHaIjdII8dIXq6A41UBNRlKJn9IrenMx5cd6dj1nrklPMHKA/cD5/AO6FkZ0=</latexit>⇢x3,t
<latexit sha1_base64="uB+CNymHGId0OeScbBfsKF5rORQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5RERD0WvXisYD+gCWGz3bRLN7thdyKW0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRangBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGZpqxFlVC6GxHDBJesBRwE66aakSQSrBONbqd+55Fpw5V8gHHKgoQMJI85JWAl39dDFeZPoTyDSVituXV3BrxMvILUUIFmWP3y+4pmCZNABTGm57kpBDnRwKlgk4qfGZYSOiID1rNUkoSZIJ/dPMEnVunjWGlbEvBM/T2Rk8SYcRLZzoTA0Cx6U/E/r5dBfB3kXKYZMEnni+JMYFB4GgDuc80oiLElhGpub8V0SDShYGOq2BC8xZeXSfu87l3W3fuLWuOmiKOMjtAxOkUeukINdIeaqIUoStEzekVvTua8OO/Ox7y15BQzh+gPnM8fSLGR2A==</latexit>⇢xn,t

Durnin, De Luca, De Nardis, Doyon, 2021

Hydrodynamic expectation values
<latexit sha1_base64="W5OV+xk3oTSSz1xO+1W5FX3vQnE=">AAACFHicbVDLSgMxFM34rPVVdekmWARBKTNF1GXRjcsK9gGdOmQyaRuaSYbkjliGfoQbf8WNC0XcunDn35g+Ftp64MLJOfeSe0+YCG7Adb+dhcWl5ZXV3Fp+fWNza7uws1s3KtWU1agSSjdDYpjgktWAg2DNRDMSh4I1wv7VyG/cM224krcwSFg7Jl3JO5wSsFJQOPYFkV3BsE8jBdjX49dd5usY9waRVsMgewjcEwjcYVAouiV3DDxPvCkpoimqQeHLjxRNYyaBCmJMy3MTaGdEA6eCDfN+alhCaJ90WctSSWJm2tn4qCE+tEqEO0rbkoDH6u+JjMTGDOLQdsYEembWG4n/ea0UOhftjMskBSbp5KNOKjAoPEoIR1wzCmJgCaGa210x7RFNKNgc8zYEb/bkeVIvl7yzUvnmtFi5nMaRQ/voAB0hD52jCrpGVVRDFD2iZ/SK3pwn58V5dz4mrQvOdGYP/YHz+QPRZZ6u</latexit>

h·ihydrox0,t0



<latexit sha1_base64="JV/5IbqOuyxxcNT2eWj9B63kJQE=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaEDbbabt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSgXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1IqpRcIl1w43AVqqQxpHAZjS8mfrNB1SaJ/LejFIMYtqXvMcZNVYK3dJTp6Z56JGOorIvMHTLXsWbgSwTPydlyFEL3a9ON2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM8On5ATq3RJL1G2pCEz9ffEmMZaj+LIdsbUDPSiNxX/89qZ6V0FYy7TzKBk80W9TBCTkGkKpMsVMiNGllCmuL2VsAFVlBmbVdGG4C++vEwaZxX/ouLdnZer13kcBTiCYzgFHy6hCrdQgzowyOAZXuHNeXRenHfnY9664uQzh/AHzucPOAeSzg==</latexit>

| 0i

<latexit sha1_base64="VzICfVlf/yh7awMRMun6LdZ3eNI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXnKMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqHscx90M6UKIvGEUrPfDH9EwQJNVJt1hyy+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09nFE3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/ZToeIEuWLzRf1EEozI9H3SE5ozlGNLKNPC3krYkGrK0IZUsCF4iy8vk8Z52bssu3cXpcpNFkcejuAYTsGDK6hAFWpQBwYKnuEV3hzjvDjvzse8NedkM4fwB87nD46ykDA=</latexit>

e�itH
<latexit sha1_base64="tqU0Hv8J8LOSUV479orMwqpbkjE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbp0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkwjJULBKFqpg6QfRcQbVGtu3Z2DrBKvIDUo0BxUv/rDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTCPes1TRmBs/n587JWdWGZIw0bYUkrn6eyKnsTGTOLCdMcWRWfZm4n9eL8Pwxs+FSjPkii0WhZkkmJDZ72QoNGcoJ5ZQpoW9lbAR1ZShTahiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzUmdF+fd+Vi0lpxi5hj+wPn8ATVYjtQ=</latexit>

t � 1
<latexit sha1_base64="JV/5IbqOuyxxcNT2eWj9B63kJQE=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaEDbbabt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSgXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1IqpRcIl1w43AVqqQxpHAZjS8mfrNB1SaJ/LejFIMYtqXvMcZNVYK3dJTp6Z56JGOorIvMHTLXsWbgSwTPydlyFEL3a9ON2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM8On5ATq3RJL1G2pCEz9ffEmMZaj+LIdsbUDPSiNxX/89qZ6V0FYy7TzKBk80W9TBCTkGkKpMsVMiNGllCmuL2VsAFVlBmbVdGG4C++vEwaZxX/ouLdnZer13kcBTiCYzgFHy6hCrdQgzowyOAZXuHNeXRenHfnY9664uQzh/AHzucPOAeSzg==</latexit>

| 0i

<latexit sha1_base64="OoQH+737ibEY7dykyijX7jehIZI=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtnogUmn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBvcWPPQ==</latexit>. . .

<latexit sha1_base64="OoQH+737ibEY7dykyijX7jehIZI=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtnogUmn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBvcWPPQ==</latexit>. . .

<latexit sha1_base64="tsDHvln3CGTwpUCI7Iq0r7lF2AI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvXisYD+gCWGz3bRLN7thdyOW0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRSln2rjut1NaWV1b3yhvVra2d3b3qvsHbS0zRWiLSC5VN8KaciZoyzDDaTdVFCcRp51odDv1O49UaSbFgxmnNEjwQLCYEWys5PtqKMP8KfTOzCSs1ty6OwNaJl5BalCgGVa//L4kWUKFIRxr3fPc1AQ5VoYRTicVP9M0xWSEB7RnqcAJ1UE+u3mCTqzSR7FUtoRBM/X3RI4TrcdJZDsTbIZ60ZuK/3m9zMTXQc5EmhkqyHxRnHFkJJoGgPpMUWL42BJMFLO3IjLEChNjY6rYELzFl5dJ+7zuXdbd+4ta46aIowxHcAyn4MEVNOAOmtACAik8wyu8OZnz4rw7H/PWklPMHMIfOJ8/63eRmw==</latexit>⇢x1,t
<latexit sha1_base64="QpDxW8nsVylEOyRCEOzViqcGx4A=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJIUUY9FLx4r2A9oQthsN+3SzW7Y3Ygl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777aysrq1vbJa2yts7u3v7lYPDtpaZIrRFJJeqG2FNORO0ZZjhtJsqipOI0040up36nUeqNJPiwYxTGiR4IFjMCDZW8n01lGH+FNbPzSSsVN2aOwNaJl5BqlCgGVa+/L4kWUKFIRxr3fPc1AQ5VoYRTidlP9M0xWSEB7RnqcAJ1UE+u3mCTq3SR7FUtoRBM/X3RI4TrcdJZDsTbIZ60ZuK/3m9zMTXQc5EmhkqyHxRnHFkJJoGgPpMUWL42BJMFLO3IjLEChNjYyrbELzFl5dJu17zLmvu/UW1cVPEUYJjOIEz8OAKGnAHTWgBgRSe4RXenMx5cd6dj3nrilPMHMEfOJ8/7P6RnA==</latexit>⇢x2,t

<latexit sha1_base64="EZljNLZnf13ZpjVNf4Mh3zp6uEI=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJKoqMeiF48V7Ac0IWy2m3bpZjfsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O0vLK6tr66WN8ubW9s5uZW+/ZVSmKWtSJZTuRMQwwSVrAgfBOqlmJIkEa0fD24nffmTacCUfYJSyICF9yWNOCVjJ9/VAhflTeH4K47BSdWvuFHiReAWpogKNsPLl9xTNEiaBCmJM13NTCHKigVPBxmU/MywldEj6rGupJAkzQT69eYyPrdLDsdK2JOCp+nsiJ4kxoySynQmBgZn3JuJ/XjeD+DrIuUwzYJLOFsWZwKDwJADc45pRECNLCNXc3orpgGhCwcZUtiF48y8vktZZzbusufcX1fpNEUcJHaIjdII8dIXq6A41UBNRlKJn9IrenMx5cd6dj1nrklPMHKA/cD5/AO6FkZ0=</latexit>⇢x3,t
<latexit sha1_base64="uB+CNymHGId0OeScbBfsKF5rORQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5RERD0WvXisYD+gCWGz3bRLN7thdyKW0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRangBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGZpqxFlVC6GxHDBJesBRwE66aakSQSrBONbqd+55Fpw5V8gHHKgoQMJI85JWAl39dDFeZPoTyDSVituXV3BrxMvILUUIFmWP3y+4pmCZNABTGm57kpBDnRwKlgk4qfGZYSOiID1rNUkoSZIJ/dPMEnVunjWGlbEvBM/T2Rk8SYcRLZzoTA0Cx6U/E/r5dBfB3kXKYZMEnni+JMYFB4GgDuc80oiLElhGpub8V0SDShYGOq2BC8xZeXSfu87l3W3fuLWuOmiKOMjtAxOkUeukINdIeaqIUoStEzekVvTua8OO/Ox7y15BQzh+gPnM8fSLGR2A==</latexit>⇢xn,t

<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)

HYDRODYNAMICS

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0

a) Separation into local fluid cells
<latexit sha1_base64="AlW9B/+S591dXizEon+OHxLVxXE="></latexit>

⇢̃x0,t0 / e��l(x0,t0)Ql�@x0�
l(x0,t0)

R
dy (y�x0) ql(y)



<latexit sha1_base64="JV/5IbqOuyxxcNT2eWj9B63kJQE=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaEDbbabt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSgXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1IqpRcIl1w43AVqqQxpHAZjS8mfrNB1SaJ/LejFIMYtqXvMcZNVYK3dJTp6Z56JGOorIvMHTLXsWbgSwTPydlyFEL3a9ON2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM8On5ATq3RJL1G2pCEz9ffEmMZaj+LIdsbUDPSiNxX/89qZ6V0FYy7TzKBk80W9TBCTkGkKpMsVMiNGllCmuL2VsAFVlBmbVdGG4C++vEwaZxX/ouLdnZer13kcBTiCYzgFHy6hCrdQgzowyOAZXuHNeXRenHfnY9664uQzh/AHzucPOAeSzg==</latexit>

| 0i

<latexit sha1_base64="VzICfVlf/yh7awMRMun6LdZ3eNI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbAroh6DXnKMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqHscx90M6UKIvGEUrPfDH9EwQJNVJt1hyy+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09nFE3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/ZToeIEuWLzRf1EEozI9H3SE5ozlGNLKNPC3krYkGrK0IZUsCF4iy8vk8Z52bssu3cXpcpNFkcejuAYTsGDK6hAFWpQBwYKnuEV3hzjvDjvzse8NedkM4fwB87nD46ykDA=</latexit>

e�itH
<latexit sha1_base64="tqU0Hv8J8LOSUV479orMwqpbkjE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbp0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkwjJULBKFqpg6QfRcQbVGtu3Z2DrBKvIDUo0BxUv/rDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTCPes1TRmBs/n587JWdWGZIw0bYUkrn6eyKnsTGTOLCdMcWRWfZm4n9eL8Pwxs+FSjPkii0WhZkkmJDZ72QoNGcoJ5ZQpoW9lbAR1ZShTahiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzUmdF+fd+Vi0lpxi5hj+wPn8ATVYjtQ=</latexit>

t � 1
<latexit sha1_base64="JV/5IbqOuyxxcNT2eWj9B63kJQE=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaEDbbabt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSgXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1IqpRcIl1w43AVqqQxpHAZjS8mfrNB1SaJ/LejFIMYtqXvMcZNVYK3dJTp6Z56JGOorIvMHTLXsWbgSwTPydlyFEL3a9ON2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM8On5ATq3RJL1G2pCEz9ffEmMZaj+LIdsbUDPSiNxX/89qZ6V0FYy7TzKBk80W9TBCTkGkKpMsVMiNGllCmuL2VsAFVlBmbVdGG4C++vEwaZxX/ouLdnZer13kcBTiCYzgFHy6hCrdQgzowyOAZXuHNeXRenHfnY9664uQzh/AHzucPOAeSzg==</latexit>

| 0i

<latexit sha1_base64="OoQH+737ibEY7dykyijX7jehIZI=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtnogUmn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBvcWPPQ==</latexit>. . .

<latexit sha1_base64="OoQH+737ibEY7dykyijX7jehIZI=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtnogUmn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rHn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBvcWPPQ==</latexit>. . .

<latexit sha1_base64="tsDHvln3CGTwpUCI7Iq0r7lF2AI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvXisYD+gCWGz3bRLN7thdyOW0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRSln2rjut1NaWV1b3yhvVra2d3b3qvsHbS0zRWiLSC5VN8KaciZoyzDDaTdVFCcRp51odDv1O49UaSbFgxmnNEjwQLCYEWys5PtqKMP8KfTOzCSs1ty6OwNaJl5BalCgGVa//L4kWUKFIRxr3fPc1AQ5VoYRTicVP9M0xWSEB7RnqcAJ1UE+u3mCTqzSR7FUtoRBM/X3RI4TrcdJZDsTbIZ60ZuK/3m9zMTXQc5EmhkqyHxRnHFkJJoGgPpMUWL42BJMFLO3IjLEChNjY6rYELzFl5dJ+7zuXdbd+4ta46aIowxHcAyn4MEVNOAOmtACAik8wyu8OZnz4rw7H/PWklPMHMIfOJ8/63eRmw==</latexit>⇢x1,t
<latexit sha1_base64="QpDxW8nsVylEOyRCEOzViqcGx4A=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJIUUY9FLx4r2A9oQthsN+3SzW7Y3Ygl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5UcqZNq777aysrq1vbJa2yts7u3v7lYPDtpaZIrRFJJeqG2FNORO0ZZjhtJsqipOI0040up36nUeqNJPiwYxTGiR4IFjMCDZW8n01lGH+FNbPzSSsVN2aOwNaJl5BqlCgGVa+/L4kWUKFIRxr3fPc1AQ5VoYRTidlP9M0xWSEB7RnqcAJ1UE+u3mCTq3SR7FUtoRBM/X3RI4TrcdJZDsTbIZ60ZuK/3m9zMTXQc5EmhkqyHxRnHFkJJoGgPpMUWL42BJMFLO3IjLEChNjYyrbELzFl5dJu17zLmvu/UW1cVPEUYJjOIEz8OAKGnAHTWgBgRSe4RXenMx5cd6dj3nrilPMHMEfOJ8/7P6RnA==</latexit>⇢x2,t

<latexit sha1_base64="EZljNLZnf13ZpjVNf4Mh3zp6uEI=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4kJKoqMeiF48V7Ac0IWy2m3bpZjfsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O0vLK6tr66WN8ubW9s5uZW+/ZVSmKWtSJZTuRMQwwSVrAgfBOqlmJIkEa0fD24nffmTacCUfYJSyICF9yWNOCVjJ9/VAhflTeH4K47BSdWvuFHiReAWpogKNsPLl9xTNEiaBCmJM13NTCHKigVPBxmU/MywldEj6rGupJAkzQT69eYyPrdLDsdK2JOCp+nsiJ4kxoySynQmBgZn3JuJ/XjeD+DrIuUwzYJLOFsWZwKDwJADc45pRECNLCNXc3orpgGhCwcZUtiF48y8vktZZzbusufcX1fpNEUcJHaIjdII8dIXq6A41UBNRlKJn9IrenMx5cd6dj1nrklPMHKA/cD5/AO6FkZ0=</latexit>⇢x3,t
<latexit sha1_base64="uB+CNymHGId0OeScbBfsKF5rORQ=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5RERD0WvXisYD+gCWGz3bRLN7thdyKW0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRangBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGZpqxFlVC6GxHDBJesBRwE66aakSQSrBONbqd+55Fpw5V8gHHKgoQMJI85JWAl39dDFeZPoTyDSVituXV3BrxMvILUUIFmWP3y+4pmCZNABTGm57kpBDnRwKlgk4qfGZYSOiID1rNUkoSZIJ/dPMEnVunjWGlbEvBM/T2Rk8SYcRLZzoTA0Cx6U/E/r5dBfB3kXKYZMEnni+JMYFB4GgDuc80oiLElhGpub8V0SDShYGOq2BC8xZeXSfu87l3W3fuLWuOmiKOMjtAxOkUeukINdIeaqIUoStEzekVvTua8OO/Ox7y15BQzh+gPnM8fSLGR2A==</latexit>⇢xn,t

<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)

HYDRODYNAMICS

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0

b) Local relaxation (irreversibility)
<latexit sha1_base64="AlW9B/+S591dXizEon+OHxLVxXE="></latexit>

⇢̃x0,t0 / e��l(x0,t0)Ql�@x0�
l(x0,t0)

R
dy (y�x0) ql(y)

<latexit sha1_base64="ggX9gWy61uOFEv0+P5Cc/BptihU="></latexit>

hjihydrox0,t0 = lim
t!1

h
Tr(⇢̃x0,t0j(x0, t)) expressed in terms of hydrodynamic variables

i



HYDRODYNAMICS

<latexit sha1_base64="XedeewIS2HC1Ze9hZI0QQUGtyzE="></latexit>

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

Hydrodynamic 
variables

<latexit sha1_base64="Ilbof2eHxoA2TVSdBUgBOi6hNEo=">AAACEXicbVDLSgMxFM3UV62vqks3wSJUkDJTRN0IRTcuK9gHdErJpGkbmslMkztiGfoLbvwVNy4UcevOnX9jOp2Fth64cHLOveTe44WCa7DtbyuztLyyupZdz21sbm3v5Hf36jqIFGU1GohANT2imeCS1YCDYM1QMeJ7gjW84fXUb9wzpXkg72AcsrZP+pL3OCVgpE6+GLsAeDTp8OLDCRzjS+wKIvuC4VEquSp5d/IFu2QnwIvESUkBpah28l9uN6CRzyRQQbRuOXYI7Zgo4FSwSc6NNAsJHZI+axkqic90O04umuAjo3RxL1CmJOBE/T0RE1/rse+ZTp/AQM97U/E/rxVB76IdcxlGwCSdfdSLBIYAT+PBXa4YBTE2hFDFza6YDogiFEyIOROCM3/yIqmXS85ZqXx7WqhcpXFk0QE6REXkoHNUQTeoimqIokf0jF7Rm/VkvVjv1sesNWOlM/voD6zPH2l4nCM=</latexit>

qi(x, t) = hqi(x, t)i

<latexit sha1_base64="PI3NZIbttqHuLPWibGhW4fUsaxA="></latexit>

⇢̃x0,t0 / e��l(x0,t0)Ql�@x0�
l(x0,t0)

R
dy (y�x0) ql(y)

Expand in each fluid cell

Compute hydrodynamic values of 
currents in the large time limit  
(local relaxation: irreversibility)

Express in terms of 
hydrodynamic variables



<latexit sha1_base64="PI3NZIbttqHuLPWibGhW4fUsaxA="></latexit>

⇢̃x0,t0 / e��l(x0,t0)Ql�@x0�
l(x0,t0)

R
dy (y�x0) ql(y)

HYDRODYNAMIC EXPANSION

Expand in each fluid cell
<latexit sha1_base64="KW9oUqavW3wlYjLhVThCwu8okdQ="></latexit>

hqi(0, t)i⇢̃x0=0,t0=0 = hqii � @x�
k

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

<latexit sha1_base64="yyqKxEIjLejMVPJzaBlpqyGauL0="></latexit>

qi = hqii+ t @x�
k(Jk, qi)

<latexit sha1_base64="c8W69+Xyxs4qcdubHe9o6DQVYc8="></latexit>

hji(0, t)i⇢̃x0=0,t0=0 = hjii � @x�
k

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

<latexit sha1_base64="bNSMYQOsc6eYD1cqvid7ySLgy5o="></latexit>

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

(Jk, ql) + . . .

Express in terms of 
hydrodynamic variables



<latexit sha1_base64="ZV/u9X3n2aZbuzcsqYifbfRiG/I="></latexit>

hji(0, t)i⇢̃ = ji +
@x�k

2

Z
dy

Z t

�t
ds

⇣
jk(y, s), ji(0, 0)�

�hjii
�hqli

ql(0, 0)
⌘

HYDRODYNAMIC EXPANSION

<latexit sha1_base64="PI3NZIbttqHuLPWibGhW4fUsaxA="></latexit>

⇢̃x0,t0 / e��l(x0,t0)Ql�@x0�
l(x0,t0)

R
dy (y�x0) ql(y)

HYDRODYNAMIC EXPANSION

<latexit sha1_base64="4sBzkZnmZloWj3zQrM3j2eKk2dk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqMeiF48V7Ac0IWy2m3bpZhN2J0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YSq4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1UmmKOvQRCSqHxLNBJesAxwE66eKkTgUrBdObmd+75EpzRP5AHnK/JiMJI84JWCkwK57gsdBAdiDBHtcRpBPA7vhNJ058CpxS9JAJdqB/eUNE5rFTAIVROuB66TgF0QBp4JNa16mWUrohIzYwFBJYqb9Yn78FJ8aZYijRJmSgOfq74mCxFrncWg6YwJjvezNxP+8QQbRtV9wmWbAJF0sijKBzaOzJPCQK0ZB5IYQqri5FdMxUYSCyatmQnCXX14l3fOme9l07i8arZsyjio6RifoDLnoCrXQHWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4AyFCU3A==</latexit>

lim
t!1

<latexit sha1_base64="J3yDCS4JrRnN8IEaRDKzwaQtT6w="></latexit>

@tqi + @x
h
ji +

1

2
@x�

kLk,i

i
= 0

<latexit sha1_base64="lYuFBmOk1XPT/45jzuTvjp1Jonc="></latexit>

Ci,k@x�
k = �@xqi

Onsager 
matrix

Local relaxation

Euler 
current



<latexit sha1_base64="Iub/jQUKMINwt8XSqXmw1d7B/bo="></latexit>

qi(x, t) =

Z
d✓⇢p(✓;x, t)hi(✓)

<latexit sha1_base64="J3yDCS4JrRnN8IEaRDKzwaQtT6w="></latexit>

@tqi + @x
h
ji +

1

2
@x�

kLk,i

i
= 0

INTEGRABLE MODELS: QUASIPARTICLE BASIS

<latexit sha1_base64="MnGM7srXTfdRAJL7sdSo6hDit0k=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbRVU2KqBuh6MZlBfuAJoTJdNIOnUyGmYlQQsCNv+LGhSJu/Ql3/o3TNgutHrhwOOde7r0nFIwq7ThfVmlhcWl5pbxaWVvf2Nyyt3faKkklJi2csER2Q6QIo5y0NNWMdIUkKA4Z6YSj64nfuSdS0YTf6bEgfowGnEYUI22kwN7j8BJ6kUQ48+QwCUSejY5O6p6geWBXnZozBfxL3IJUQYFmYH96/QSnMeEaM6RUz3WE9jMkNcWM5BUvVUQgPEID0jOUo5goP5v+kMNDo/RhlEhTXMOp+nMiQ7FS4zg0nTHSQzXvTcT/vF6qows/o1ykmnA8WxSlDOoETgKBfSoJ1mxsCMKSmlshHiITiDaxVUwI7vzLf0m7XnPPavXb02rjqoijDPbBATgGLjgHDXADmqAFMHgAT+AFvFqP1rP1Zr3PWktWMbMLfsH6+AYHX5cl</latexit>

n =
⇢p

k0/2⇡

quasiparticle 
density

quasiparticle 
filling



<latexit sha1_base64="Iub/jQUKMINwt8XSqXmw1d7B/bo="></latexit>

qi(x, t) =

Z
d✓⇢p(✓;x, t)hi(✓)

<latexit sha1_base64="PEl/RzEuJxoNh4YNlzWfjjzDHls="></latexit>

ji(x, t) =

Z
d✓⇢p(✓;x, t)v

e↵(✓;x, t)hi(✓)

<latexit sha1_base64="wawXECs7V1NWHQoUDkasKnSq6yg="></latexit>

hdr = (1� Tn)�1 · h = h+ Tnh+ (Tn)2h+ (Tn)3h+ . . .

<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T

<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T

<latexit sha1_base64="CnQRFa1ivu/TMp9wOL4cRussm3I=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdV9z6Vbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+xT4zd</latexit>

T

<latexit sha1_base64="WOqkVdN/PcS6AmBrlXHYBK6x0RY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaWDbbabt0Nwm7m0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqlGwSNsGG4EthOFVIYCW+Hobua3xqg0j6NHM0kwkHQQ8T5n1FjJHz9lvpIkpAqn3XLFrbpzkFXi5aQCOerd8pffi1kqMTJMUK07npuYIKPKcCZwWvJTjQllIzrAjqURlaiDbH7zlJxZpUf6sbIVGTJXf09kVGo9kaHtlNQM9bI3E//zOqnp3wQZj5LUYMQWi/qpICYmswBIjytkRkwsoUxxeythQ6ooMzamkg3BW355lTQvqt5V1X24rNRu8ziKcAKncA4eXEMN7qEODWCQwDO8wpuTOi/Ou/OxaC04+cwx/IHz+QMXdZG4</latexit>

vbare

<latexit sha1_base64="byqLCCd08/0X+Mtd0W0IhuYp0Lk=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSNcxOZpMh81hmegNhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6Om1amhrEG10KYdEcsEV6wBHARrJ4YRGQnWikZ3M781ZsZyrR5hkrBQkoHiMacEnNQZP2VdIzGL42mvXPGr/hx4lQQ5qaAc9V75q9vXNJVMARXE2k7gJxBmxACngk1L3dSyhNARGbCOo4pIZsNsfvIUnzmlj2NtXCnAc/X3REaktRMZuU5JYGiXvZn4n9dJIb4JM66SFJiii0VxKjBoPPsf97lhFMTEEUINd7diOiSGUHAplVwIwfLLq6R5UQ2uqv7DZaV2m8dRRCfoFJ2jAF2jGrpHddRAFGn0jF7Rmwfei/fufSxaC14+c4z+wPv8AU8NkUU=</latexit>

ve↵

<latexit sha1_base64="J3yDCS4JrRnN8IEaRDKzwaQtT6w="></latexit>

@tqi + @x
h
ji +

1

2
@x�

kLk,i

i
= 0

INTEGRABLE MODELS: GHD

Effective 
velocity

<latexit sha1_base64="MnGM7srXTfdRAJL7sdSo6hDit0k=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbRVU2KqBuh6MZlBfuAJoTJdNIOnUyGmYlQQsCNv+LGhSJu/Ql3/o3TNgutHrhwOOde7r0nFIwq7ThfVmlhcWl5pbxaWVvf2Nyyt3faKkklJi2csER2Q6QIo5y0NNWMdIUkKA4Z6YSj64nfuSdS0YTf6bEgfowGnEYUI22kwN7j8BJ6kUQ48+QwCUSejY5O6p6geWBXnZozBfxL3IJUQYFmYH96/QSnMeEaM6RUz3WE9jMkNcWM5BUvVUQgPEID0jOUo5goP5v+kMNDo/RhlEhTXMOp+nMiQ7FS4zg0nTHSQzXvTcT/vF6qows/o1ykmnA8WxSlDOoETgKBfSoJ1mxsCMKSmlshHiITiDaxVUwI7vzLf0m7XnPPavXb02rjqoijDPbBATgGLjgHDXADmqAFMHgAT+AFvFqP1rP1Zr3PWktWMbMLfsH6+AYHX5cl</latexit>

n =
⇢p

k0/2⇡

quasiparticle 
density

quasiparticle 
filling

dressing



<latexit sha1_base64="WFy9vCCsHH24OuBJw8LdofkJvsU=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdSMW68KFiwr2AU0Ik8mkHTJ5MDMRSsjnuPFX3Igo0q1f4jQNqK0HBs6ccy/33uMmjAppGBOtsrS8srpWXa9tbG5t7+i7e10RpxyTDo5ZzPsuEoTRiHQklYz0E05Q6DLSc4PW1O89Ei5oHD3IcULsEA0j6lOMpJIc/coKkRz5HAXZXe5kNMjhJRw5FFrYiyWEP/ZNPvsIH7ZKd+QEjl43GkYBuEjMktRBibajv1lejNOQRBIzJMTANBJpZ4hLihnJa1YqSIJwgIZkoGiEQiLsrDg0h0dK8aAfc/UiCQv1d0eGQiHGoasqi1Xnvan4nzdIpX9hZzRKUkkiPBvkpwzKGE5Tgx7lBEs2VgRhTtWuEI8QR1iqbGsqBHP+5EXSPWmYZw3j/rTevC7jqIIDcAiOgQnOQRPcgjboAAyewAt4Bx/as/aqfWqTWWlFK3v2wR9oX99ERaYS</latexit>

Lik = hi ·DC · hk

<latexit sha1_base64="EN0n03QWv7Do9TRQ1R6NdD2RuQQ="></latexit>

DC = (1� nT )�1 ·
�✓1,✓2

R
d↵D(✓1,↵)� D(✓1, ✓2)

k0(✓1)k0(✓2)
· (1� Tn)�1

INTEGRABLE MODELS: GHD

<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="9gAB9KzZ1ywvzo8yhDw/sWSDdr0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApZ2PLQ==</latexit>

✓

<latexit sha1_base64="kRWL69JoIKi+36u7yyA7PAtDVGo="></latexit>

@t⇢p + @x
�
ve↵⇢p

�
=

1

2
@x(D · @x⇢p)

De Nardis, Bernard, Doyon, 2018

De Nardis, Bernard, Doyon, 2019

Gopalakrishnan, et al, 2018

Gopalakrishnan, Vasseur, 2019Diffusive 
spreadings

fluctuating 
effective 
velocity: 

quasiparticle 
diffusion

quasiparticle 
current



INHOMOGENEOUS HAMILTONIANS

<latexit sha1_base64="4FKk/Uz3qdy0F0f75Ay+qp29vm0=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlypBCFgqVbB0LBJ9SE0bOa7bWnWcYDvQKuo3sPArLAwgxMrExt/gtBmg5UiWj865V/fe44WMSmVZ30ZmZXVtfSO7mdva3tndM/cPGjKIBCZ1HLBAtDwkCaOc1BVVjLRCQZDvMdL0RteJ37wnQtKA36pJSDo+GnDapxgpLblmsQrL0JGR78a0bE+7HDqUK9gbQwfChy4tjIvwzk0+18xbJWsGuEzslORBipprfjm9AEc+4QozJGXbtkLViZFQFDMyzTmRJCHCIzQgbU058onsxLOTpvBEKz3YD4R+ep+Z+rsjRr6UE9/TlT5SQ7noJeJ/XjtS/ctOTHkYKcLxfFA/YlAFMMkH9qggWLGJJggLqneFeIgEwkqnmNMh2IsnL5PGack+L1k3Z/nKVRpHFhyBY1AANrgAFVAFNVAHGDyCZ/AK3own48V4Nz7mpRkj7TkEf2B8/gBaXZti</latexit>

H =
nX

i=1

Z
dx w

i(x)qi(x)

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0
<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)

<latexit sha1_base64="zWXLYoZg+TURO9jTg96QzXkqlpg="></latexit>

ĤLL =

Z
dx

h~2@x †(x)@x (x)

2m
+ c  

†(x) †(x) (x) (x)
i
+

Z
dxV (x) †(x) (x)

<latexit sha1_base64="JW5VvIY2wCjSZlbScG4qaW1ifjA="></latexit>

H =
X

j,�

c
†
j+1,�cj,� + h.c.+ U

X

j

nj,"nj,# +
X

j,�

�j,�nj,�



INHOMOGENEOUS HAMILTONIANS

<latexit sha1_base64="4FKk/Uz3qdy0F0f75Ay+qp29vm0=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlypBCFgqVbB0LBJ9SE0bOa7bWnWcYDvQKuo3sPArLAwgxMrExt/gtBmg5UiWj865V/fe44WMSmVZ30ZmZXVtfSO7mdva3tndM/cPGjKIBCZ1HLBAtDwkCaOc1BVVjLRCQZDvMdL0RteJ37wnQtKA36pJSDo+GnDapxgpLblmsQrL0JGR78a0bE+7HDqUK9gbQwfChy4tjIvwzk0+18xbJWsGuEzslORBipprfjm9AEc+4QozJGXbtkLViZFQFDMyzTmRJCHCIzQgbU058onsxLOTpvBEKz3YD4R+ep+Z+rsjRr6UE9/TlT5SQ7noJeJ/XjtS/ctOTHkYKcLxfFA/YlAFMMkH9qggWLGJJggLqneFeIgEwkqnmNMh2IsnL5PGack+L1k3Z/nKVRpHFhyBY1AANrgAFVAFNVAHGDyCZ/AK3own48V4Nz7mpRkj7TkEf2B8/gBaXZti</latexit>

H =
nX

i=1

Z
dx w

i(x)qi(x)

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0
<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)

<latexit sha1_base64="zWXLYoZg+TURO9jTg96QzXkqlpg="></latexit>

ĤLL =

Z
dx

h~2@x †(x)@x (x)

2m
+ c  

†(x) †(x) (x) (x)
i
+

Z
dxV (x) †(x) (x)

<latexit sha1_base64="JW5VvIY2wCjSZlbScG4qaW1ifjA="></latexit>

H =
X

j,�

c
†
j+1,�cj,� + h.c.+ U

X

j

nj,"nj,# +
X

j,�

�j,�nj,�

thermalisation?



INHOMOGENEOUS HAMILTONIANS

Doyon, Yoshimura, 2017 Euler scale

<latexit sha1_base64="4FKk/Uz3qdy0F0f75Ay+qp29vm0=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlypBCFgqVbB0LBJ9SE0bOa7bWnWcYDvQKuo3sPArLAwgxMrExt/gtBmg5UiWj865V/fe44WMSmVZ30ZmZXVtfSO7mdva3tndM/cPGjKIBCZ1HLBAtDwkCaOc1BVVjLRCQZDvMdL0RteJ37wnQtKA36pJSDo+GnDapxgpLblmsQrL0JGR78a0bE+7HDqUK9gbQwfChy4tjIvwzk0+18xbJWsGuEzslORBipprfjm9AEc+4QozJGXbtkLViZFQFDMyzTmRJCHCIzQgbU058onsxLOTpvBEKz3YD4R+ep+Z+rsjRr6UE9/TlT5SQ7noJeJ/XjtS/ctOTHkYKcLxfFA/YlAFMMkH9qggWLGJJggLqneFeIgEwkqnmNMh2IsnL5PGack+L1k3Z/nKVRpHFhyBY1AANrgAFVAFNVAHGDyCZ/AK3own48V4Nz7mpRkj7TkEf2B8/gBaXZti</latexit>

H =
nX

i=1

Z
dx w

i(x)qi(x)

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0
<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)

<latexit sha1_base64="WBRxXsYtk8Viorru+9MZTP/2YaI="></latexit>

@t⇢p + @x
�
ve↵w ⇢p

�
+ @✓

�
ae↵f ⇢p

�
= 0

<latexit sha1_base64="XZPSwKKVstdyVb4MnTzRmYBG1Gs="></latexit>

ve↵w (✓;x, t) =
wi(x)(h0

i)
dr(✓;x, t)

k0(✓;x, t)
<latexit sha1_base64="DLK1dwLmTh1N9VAZVh8vtgK+67g="></latexit>

ae↵f (✓;x, t) =
fi(x)(hi)dr(✓;x, t)

k0(✓;x, t)

Caux et al, 2018

Schemmer, Bouchoule, et al, 2018

Cao, Bulchandani, Moore, 2018

Scopa, Calabrese, Piroli, 2021



INHOMOGENEOUS HAMILTONIANS

Doyon, Yoshimura, 2017 Euler scale

<latexit sha1_base64="4FKk/Uz3qdy0F0f75Ay+qp29vm0=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlypBCFgqVbB0LBJ9SE0bOa7bWnWcYDvQKuo3sPArLAwgxMrExt/gtBmg5UiWj865V/fe44WMSmVZ30ZmZXVtfSO7mdva3tndM/cPGjKIBCZ1HLBAtDwkCaOc1BVVjLRCQZDvMdL0RteJ37wnQtKA36pJSDo+GnDapxgpLblmsQrL0JGR78a0bE+7HDqUK9gbQwfChy4tjIvwzk0+18xbJWsGuEzslORBipprfjm9AEc+4QozJGXbtkLViZFQFDMyzTmRJCHCIzQgbU058onsxLOTpvBEKz3YD4R+ep+Z+rsjRr6UE9/TlT5SQ7noJeJ/XjtS/ctOTHkYKcLxfFA/YlAFMMkH9qggWLGJJggLqneFeIgEwkqnmNMh2IsnL5PGack+L1k3Z/nKVRpHFhyBY1AANrgAFVAFNVAHGDyCZ/AK3own48V4Nz7mpRkj7TkEf2B8/gBaXZti</latexit>

H =
nX

i=1

Z
dx w

i(x)qi(x)

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0
<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)

<latexit sha1_base64="WBRxXsYtk8Viorru+9MZTP/2YaI="></latexit>

@t⇢p + @x
�
ve↵w ⇢p

�
+ @✓

�
ae↵f ⇢p

�
= 0

<latexit sha1_base64="XZPSwKKVstdyVb4MnTzRmYBG1Gs="></latexit>

ve↵w (✓;x, t) =
wi(x)(h0

i)
dr(✓;x, t)

k0(✓;x, t)
<latexit sha1_base64="DLK1dwLmTh1N9VAZVh8vtgK+67g="></latexit>

ae↵f (✓;x, t) =
fi(x)(hi)dr(✓;x, t)

k0(✓;x, t)

Caux et al, 2018

Schemmer, Bouchoule, et al, 2018

Cao, Bulchandani, Moore, 2018

Scopa, Calabrese, Piroli, 2021

Diffusive corrections?



<latexit sha1_base64="PP3fwT/2mcHA5DACsAdM8cuZol0="></latexit>

H = w
i(x0)Qi � fi(x0)

Z
dx(x� x0)qi(x) + . . .

INHOMOGENEOUS HAMILTONIANS

<latexit sha1_base64="dLjptG6/B0EyMTtqg3G0kAc4L14=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaEDbbTbt2sxt2N2IJ/Q9ePCji1f/jzX/jps1BWx8MPN6bYWZemHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1jJVhLaI5FJ1Q6wpZ4K2DDOcdhNFcRxy2gnHN7nfeaRKMynuzSShfoyHgkWMYGOldpA9Be40qNbcujsDWiZeQWpQoBlUv/oDSdKYCkM41rrnuYnxM6wMI5xOK/1U0wSTMR7SnqUCx1T72ezaKTqxygBFUtkSBs3U3xMZjrWexKHtjLEZ6UUvF//zeqmJrvyMiSQ1VJD5oijlyEiUv44GTFFi+MQSTBSztyIywgoTYwOq2BC8xZeXSfus7l3U3bvzWuO6iKMMR3AMp+DBJTTgFprQAgIP8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCHWI8Z</latexit>x0

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x

<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="+Z1B54ZbKcad3mTpmZvTSsZIM/k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJiLoRim5cVrAPaGOYTCbt0EkmzEysJRQ3/oobF4q49Svc+TdO2iy09cAwh3Pu5d57vJhRqSzr2ygsLC4trxRXS2vrG5tb5vZOU/JEYNLAnHHR9pAkjEakoahipB0LgkKPkZY3uMr81j0RkvLoVo1i4oSoF9GAYqS05Jp7XY8zX45C/aXDMbyAwztaeXCtI9csW1VrAjhP7JyUQY66a351fY6TkEQKMyRlx7Zi5aRIKIoZGZe6iSQxwgPUIx1NIxQS6aSTE8bwUCs+DLjQL1Jwov7uSFEosy11ZYhUX856mfif10lUcO6kNIoTRSI8HRQkDCoOszygTwXBio00QVhQvSvEfSQQVjq1kg7Bnj15njSPq/Zp1bo5Kdcu8ziKYB8cgAqwwRmogWtQBw2AwSN4Bq/gzXgyXox342NaWjDynl3wB8bnD13Ylr8=</latexit>

w = wi(x0)

<latexit sha1_base64="c8zXr8EjEWEhhiHcCWXO53n95Nc="></latexit>

f = �@wi(x)

@x

���
x=x0

local perturbation to the Hamiltonian

<latexit sha1_base64="4FKk/Uz3qdy0F0f75Ay+qp29vm0=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlypBCFgqVbB0LBJ9SE0bOa7bWnWcYDvQKuo3sPArLAwgxMrExt/gtBmg5UiWj865V/fe44WMSmVZ30ZmZXVtfSO7mdva3tndM/cPGjKIBCZ1HLBAtDwkCaOc1BVVjLRCQZDvMdL0RteJ37wnQtKA36pJSDo+GnDapxgpLblmsQrL0JGR78a0bE+7HDqUK9gbQwfChy4tjIvwzk0+18xbJWsGuEzslORBipprfjm9AEc+4QozJGXbtkLViZFQFDMyzTmRJCHCIzQgbU058onsxLOTpvBEKz3YD4R+ep+Z+rsjRr6UE9/TlT5SQ7noJeJ/XjtS/ctOTHkYKcLxfFA/YlAFMMkH9qggWLGJJggLqneFeIgEwkqnmNMh2IsnL5PGack+L1k3Z/nKVRpHFhyBY1AANrgAFVAFNVAHGDyCZ/AK3own48V4Nz7mpRkj7TkEf2B8/gBaXZti</latexit>

H =
nX

i=1

Z
dx w

i(x)qi(x)

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0
<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)



<latexit sha1_base64="PP3fwT/2mcHA5DACsAdM8cuZol0="></latexit>

H = w
i(x0)Qi � fi(x0)

Z
dx(x� x0)qi(x) + . . .

INHOMOGENEOUS HAMILTONIANS

<latexit sha1_base64="dLjptG6/B0EyMTtqg3G0kAc4L14=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaEDbbTbt2sxt2N2IJ/Q9ePCji1f/jzX/jps1BWx8MPN6bYWZemHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1jJVhLaI5FJ1Q6wpZ4K2DDOcdhNFcRxy2gnHN7nfeaRKMynuzSShfoyHgkWMYGOldpA9Be40qNbcujsDWiZeQWpQoBlUv/oDSdKYCkM41rrnuYnxM6wMI5xOK/1U0wSTMR7SnqUCx1T72ezaKTqxygBFUtkSBs3U3xMZjrWexKHtjLEZ6UUvF//zeqmJrvyMiSQ1VJD5oijlyEiUv44GTFFi+MQSTBSztyIywgoTYwOq2BC8xZeXSfus7l3U3bvzWuO6iKMMR3AMp+DBJTTgFprQAgIP8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwCHWI8Z</latexit>x0

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x

<latexit sha1_base64="Pr5aPgXpcw4NaU2PSo9hhymmHUg=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4c+M/Q==</latexit>

t

<latexit sha1_base64="+Z1B54ZbKcad3mTpmZvTSsZIM/k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJiLoRim5cVrAPaGOYTCbt0EkmzEysJRQ3/oobF4q49Svc+TdO2iy09cAwh3Pu5d57vJhRqSzr2ygsLC4trxRXS2vrG5tb5vZOU/JEYNLAnHHR9pAkjEakoahipB0LgkKPkZY3uMr81j0RkvLoVo1i4oSoF9GAYqS05Jp7XY8zX45C/aXDMbyAwztaeXCtI9csW1VrAjhP7JyUQY66a351fY6TkEQKMyRlx7Zi5aRIKIoZGZe6iSQxwgPUIx1NIxQS6aSTE8bwUCs+DLjQL1Jwov7uSFEosy11ZYhUX856mfif10lUcO6kNIoTRSI8HRQkDCoOszygTwXBio00QVhQvSvEfSQQVjq1kg7Bnj15njSPq/Zp1bo5Kdcu8ziKYB8cgAqwwRmogWtQBw2AwSN4Bq/gzXgyXox342NaWjDynl3wB8bnD13Ylr8=</latexit>

w = wi(x0)

<latexit sha1_base64="c8zXr8EjEWEhhiHcCWXO53n95Nc="></latexit>

f = �@wi(x)

@x

���
x=x0

<latexit sha1_base64="ovSTfIcYisWQk8hhfJnVnQQxkcM="></latexit>

o(0, t) = o(0,wt)� i

Z t

0
ds

Z
dx x fi(0) [qi(x,ws), o(0,wt)] + . . .

local perturbation to the Hamiltonian

1st order perturbation theory

<latexit sha1_base64="4FKk/Uz3qdy0F0f75Ay+qp29vm0=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqlypBCFgqVbB0LBJ9SE0bOa7bWnWcYDvQKuo3sPArLAwgxMrExt/gtBmg5UiWj865V/fe44WMSmVZ30ZmZXVtfSO7mdva3tndM/cPGjKIBCZ1HLBAtDwkCaOc1BVVjLRCQZDvMdL0RteJ37wnQtKA36pJSDo+GnDapxgpLblmsQrL0JGR78a0bE+7HDqUK9gbQwfChy4tjIvwzk0+18xbJWsGuEzslORBipprfjm9AEc+4QozJGXbtkLViZFQFDMyzTmRJCHCIzQgbU058onsxLOTpvBEKz3YD4R+ep+Z+rsjRr6UE9/TlT5SQ7noJeJ/XjtS/ctOTHkYKcLxfFA/YlAFMMkH9qggWLGJJggLqneFeIgEwkqnmNMh2IsnL5PGack+L1k3Z/nKVRpHFhyBY1AANrgAFVAFNVAHGDyCZ/AK3own48V4Nz7mpRkj7TkEf2B8/gBaXZti</latexit>

H =
nX

i=1

Z
dx w

i(x)qi(x)

<latexit sha1_base64="iL3AkiHQOMMReNkNswMlg1Np+4I=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHoRil48tmA/YLuUbJptY7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOR3dTv/3EtOFKPsA4YUFMBpJHnBKwku83evys0XsMbtxeueJW3RnwMvFyUkE56r3yV7evaBozCVQQY3zPTSDIiAZOBZuUuqlhCaEjMmC+pZLEzATZ7OQJPrFKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3l+CtF1kHGZpMAknS+KUoFB4en/uM81oyDGlhCqub0V0yHRhIJNqWRD8BZfXiat86p3WXUbF5XabR5HER2hY3SKPHSFauge1VETUaTQM3pFbw44L8678zFvLTj5zCH6A+fzBwpGkHE=</latexit>

[Qi, Qj ] = 0
<latexit sha1_base64="qHuFLeJ1D+VgMsqBGCcAYhi6AMg=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JRNSNUHTjsgX7gCaEyWTSDp08nJlIS+nGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HTzmTyrK+jaXlldW19cJGcXNre2fX3NtvyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05bfv534rUcqJEviezVMqRvhbsxCRrDSkmceorrH0DVyWKxQMEAOevBYeXDqmSWrYk2BFomdkxLkqHnmlxMkJItorAjHUnZsK1XuCAvFCKfjopNJmmLSx13a0TTGEZXuaPrAGJ1oJUBhInTpO6bq74kRjqQcRr7ujLDqyXlvIv7ndTIVXrkjFqeZojGZLQozjlSCJmmggAlKFB9qgolg+lZEelhgonRmRR2CPf/yImmeVeyLilU/L1Vv8jgKcATHUAYbLqEKd1CDBhAYwzO8wpvxZLwY78bHrHXJyGcO4A+Mzx+xyZSN</latexit>

Qi =

Z
dx qi(x)

evolution 
respect to local 

Hamiltonian



<latexit sha1_base64="jUDWGUBTWXspuJfXZk653DVGTMg=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VosZRERN0IRTcuW7APSEOYTCftmMnDmYm0hH6DG3/FjQtF3Lpy5984abPQ1gMXDufcO3PvcSJGhdT1by23tLyyupZfL2xsbm3vFHf32iKMOSYtHLKQdx0kCKMBaUkqGelGnCDfYaTjeNep33kgXNAwuJXjiFg+GgTUpRhJJdnFCoVm0/aq8N6m5VHFgsewFyEuKWL2CN7ZiVelE2Vc6naxpNf0KeAiMTJSAhkadvGr1w9x7JNAYoaEMA09klaSPo4ZmRR6sSARwh4aEFPRAPlEWMn0pAk8UkofuiFXFUg4VX9PJMgXYuw7qtNHcijmvVT8zzNj6V5YCQ2iWJIAzz5yYwZlCNN8YJ9ygiUbK4Iwp2pXiIeIIyxVigUVgjF/8iJpn9SMs5rePC3Vr7I48uAAHIIyMMA5qIMb0AAtgMEjeAav4E170l60d+1j1prTspl98Afa5w+lQZuW</latexit>

i[Qk, qi(x)] + @xjk,i(x) = 0

EXTENDED SPACE OF CURRENTS

<latexit sha1_base64="rwSpC91Qrv3xjOrEoWcNauB6hjg=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwUUqiom6EohuXFewD2jRMJpN2zOTBzEQoIR/ixl9x40IRNy4E/8ZJm0VtPTDMmXPPZe49TsyokIbxo5WWlldW18rrlY3Nre0dfXevLaKEY9LCEYt410GCMBqSlqSSkW7MCQocRjqOf5PXO4+ECxqF93IcEytAw5B6FCOpJFs/fbDTvhMxV4wDdaUoq80+nSyDVxANfKh8fo1m0BlQW68adWMCuEjMglRBgaatf/XdCCcBCSVmSIieacTSShGXFDOSVfqJIDHCPhqSnqIhCoiw0slyGTxSigu9iKsTSjhRZztSFIh8WuUMkByJ+Vou/lfrJdK7tFIaxokkIZ5+5CUMygjmSUGXcoIlGyuCMKdqVohHiCMsVZ4VFYI5v/IiaZ/UzfO6cXdWbVwXcZTBATgEx8AEF6ABbkETtAAGT+AFvIF37Vl71T60z6m1pBU9++APtO9fnbGiRQ==</latexit>

ja,b = akjk,ib
i

<latexit sha1_base64="w6mk+XFKGMXrErQLw/ucqvCZqr4="></latexit>

L[a, b; o] =

Z 1

�1
ds (Ja,b(sw), o)C

Extended Onsager coefficients

Currents of charge respect to the 
flow of any charge

<latexit sha1_base64="Wlyjj3lQeWIp7ZuX9d6CtBKypDs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfVY9OKxgv2AdinZNNvGZpM1yYpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rUeqNJPizoxj6kd4IFjICDZWaj70WPnptFcsuRV3BrRMvIyUIEO9V/zq9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7aezayfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dJTHjpp0zEiaGCzBeFCUdGounrqM8UJYaPLcFEMXsrIkOsMDE2oIINwVt8eZk0qxXvvFK9PSvVrrI48nAEx1AGDy6gBjdQhwYQuIdneIU3RzovzrvzMW/NOdnMIfyB8/kD/BSOvw==</latexit>

qi(x)

<latexit sha1_base64="EAQZXUn1wP+FDJ2N7oyql0lrHos=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbAbRD0GvXhMwDwgWcPsZJIMmZ1dZnqFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpv5rSeujYjUA05i7od0qMRAMIpW6vLH9EIQJPWeN+0VS27ZnYOsEi8jJchQ6xW/uv2IJSFXyCQ1puO5Mfop1SiY5NNCNzE8pmxMh7xjqaIhN346v3lKzqzSJ4NI21JI5urviZSGxkzCwHaGFEdm2ZuJ/3mdBAc3fipUnCBXbLFokEiCEZkFQPpCc4ZyYgllWthbCRtRTRnamAo2BG/55VXSrJS9q3Klflmq3mZx5OEETuEcPLiGKtxDDRrAIIZneIU3J3FenHfnY9Gac7KZY/gD5/MHx+GQ3w==</latexit>

e�itQ1

<latexit sha1_base64="XzPrwMvkI8NMvLyeNUz+ktllux4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbAbRD0GvXhMwDwgWcPspDcZMju7zMwKYclvePGgiFd/xpt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipi4/ZBSeG1HuVSa9YcsvuDGSVeAtSggVqveJXtx+zNEJpmKBadzw3MX5GleFM4KTQTTUmlI3oADuWShqh9rPZzRNyZpU+CWNlSxoyU39PZDTSehwFtjOiZqiXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk2kApM8VMiPGllCmuL2VsCFVlBkbU8GG4C2/vEqalbJ3Va7UL0vV20UceTiBUzgHD66hCvdQgwYwSOAZXuHNSZ0X5935mLfmnMXMMfyB8/kDyWaQ4A==</latexit>

e�itQ2

<latexit sha1_base64="3ENv7CFqa1SuY1VCkhoMeqSIGMY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbAbRD0GvXhMwDwgWcPspDcZMju7zMwKYclvePGgiFd/xpt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipi4/ZBSeG1HujSa9YcsvuDGSVeAtSggVqveJXtx+zNEJpmKBadzw3MX5GleFM4KTQTTUmlI3oADuWShqh9rPZzRNyZpU+CWNlSxoyU39PZDTSehwFtjOiZqiXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk2kApM8VMiPGllCmuL2VsCFVlBkbU8GG4C2/vEqalbJ3Va7UL0vV20UceTiBUzgHD66hCvdQgwYwSOAZXuHNSZ0X5935mLfmnMXMMfyB8/kDIBKRGQ==</latexit>

e�itQk



DIFFUSIVE HYDRODYNAMICS IN INHOMOGENOUS 
HAMILTONIANS

<latexit sha1_base64="w6mk+XFKGMXrErQLw/ucqvCZqr4="></latexit>

L[a, b; o] =

Z 1

�1
ds (Ja,b(sw), o)C

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

@x�

<latexit sha1_base64="aOppwsga9ZKPtSNVOgL2XZk9O5U=">AAACAnicbVBNS8NAEJ3Ur1q/op7ES7AInkoioh6LXjxWsLXQhLLZbtqlm92wuxFKCF78K148KOLVX+HNf+OmzUFbB5Z9vDfDvHlhwqjSrvttVZaWV1bXquu1jc2t7R17d6+jRCoxaWPBhOyGSBFGOWlrqhnpJpKgOGTkPhxfF/r9A5GKCn6nJwkJYjTkNKIYaUP17QM/FGygJrH5Mj9GehRJNM6iPO/bdbfhTstZBF4J6lBWq29/+QOB05hwjRlSque5iQ4yJDXFjOQ1P1UkQXiMhqRnIEcxUUE2PSF3jg0zcCIhzePambK/JzIUq8Kl6SxMqnmtIP/TeqmOLoOM8iTVhOPZoihljhZOkYczoJJgzSYGICyp8ergEZIIa5NazYTgzZ+8CDqnDe+84d6e1ZtXZRxVOIQjOAEPLqAJN9CCNmB4hGd4hTfryXqx3q2PWWvFKmf24U9Znz+m/Jg9</latexit>

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

�

<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])



<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])

DIFFUSIVE HYDRODYNAMICS IN INHOMOGENOUS 
HAMILTONIANS

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

@x�

<latexit sha1_base64="aOppwsga9ZKPtSNVOgL2XZk9O5U=">AAACAnicbVBNS8NAEJ3Ur1q/op7ES7AInkoioh6LXjxWsLXQhLLZbtqlm92wuxFKCF78K148KOLVX+HNf+OmzUFbB5Z9vDfDvHlhwqjSrvttVZaWV1bXquu1jc2t7R17d6+jRCoxaWPBhOyGSBFGOWlrqhnpJpKgOGTkPhxfF/r9A5GKCn6nJwkJYjTkNKIYaUP17QM/FGygJrH5Mj9GehRJNM6iPO/bdbfhTstZBF4J6lBWq29/+QOB05hwjRlSque5iQ4yJDXFjOQ1P1UkQXiMhqRnIEcxUUE2PSF3jg0zcCIhzePambK/JzIUq8Kl6SxMqnmtIP/TeqmOLoOM8iTVhOPZoihljhZOkYczoJJgzSYGICyp8ergEZIIa5NazYTgzZ+8CDqnDe+84d6e1ZtXZRxVOIQjOAEPLqAJN9CCNmB4hGd4hTfryXqx3q2PWWvFKmf24U9Znz+m/Jg9</latexit>

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

�

current of 
local 

Hamiltonian

accelleration

its diffusive 
spreading due to 
spatial unbalance 

its diffusive 
spreading due to 
spatial unbalance 

its diffusive 
spreading due to 

forces 

its diffusive 
spreading due to 

forces 

<latexit sha1_base64="w6mk+XFKGMXrErQLw/ucqvCZqr4="></latexit>

L[a, b; o] =

Z 1

�1
ds (Ja,b(sw), o)C



<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])

INHOMOGENEOUS HAMILTONIANS

Self-conserved charge

<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])

<latexit sha1_base64="hgA3S4rCgCsTuFvOl/840lHnSbw="></latexit>

H = w̄
i
Qi +

Z
dxw

0(x)q0(x) jk,0 conserved



<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])

INHOMOGENEOUS HAMILTONIANS

Self-conserved charge

<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])

Ultra-local charge
<latexit sha1_base64="FTAHpiVqZfP29YXlts1auOyjGx8="></latexit>

H = w̄
i
Qi +

Z
dxw

0(x)q0(x) j0,i conserved

<latexit sha1_base64="hgA3S4rCgCsTuFvOl/840lHnSbw="></latexit>

H = w̄
i
Qi +

Z
dxw

0(x)q0(x) jk,0 conserved

<latexit sha1_base64="cYYXajbTmCtPjKsdgfbLrbGqq70="></latexit>

@tqi + @xjw̄,i +
1

2
@x (L[w̄, @x�; jw̄,i] + L[�, f; jw̄,i])

= ji,f +
1

2
(L[w̄, @x�; ji,f] + L[�, f; ji,f])

<latexit sha1_base64="71BRyfmei85U2jNtfk6+Da36Vhc=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoIGUiom6EohuXLdgHpCFMppN26GQSZyZiDf0SNy4UceunuPNvnLZZaOuBC4dz7uXee4KEM6UR+raWlldW19YLG8XNre2dkr2711JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLyZ+O0HKhWLxZ0eJdSLcF+wkBGsjeTbJbfhoxN47w8rj8feFfLtMqqiKeAicXJSBjnqvv3V7cUkjajQhGOlXAcl2suw1IxwOi52U0UTTIa4T11DBY6o8rLp4WN4ZJQeDGNpSmg4VX9PZDhSahQFpjPCeqDmvYn4n+emOrz0MiaSVFNBZovClEMdw0kKsMckJZqPDMFEMnMrJAMsMdEmq6IJwZl/eZG0TqvOeRU1zsq16zyOAjgAh6ACHHABauAW1EETEJCCZ/AK3qwn68V6tz5mrUtWPrMP/sD6/AFfbZGb</latexit>

[Q0, qk(x)] = 0



<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])

<latexit sha1_base64="srE9ikhHP6QdKCNHHSAfH2lirks="></latexit>

@tS =
1

2

Z 1

�1
dx

⇣
L[w, @x�; jw,@x�] + L[�, f; jw,@x�] + L[w, @x�; j�,f] + L[�, f; j�,f]

⌘

ENTROPY INCREASE AND THERMALISATION

<latexit sha1_base64="Qd1imqmftQ/tTKrzJQalqplxudc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt2k427G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqhg0mhVTtgGoUPMaG4UZgO1FIo0BgKxjdTP3WEyrNZXxvxgn6ER3EPOSMGis1uwN8JG6vXHGr7gxkmXg5qUCOeq/81e1LlkYYGyao1h3PTYyfUWU4EzgpdVONCWUjOsCOpTGNUPvZ7NoJObFKn4RS2YoNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMeJ6nBmM0XhakgRpLp66TPFTIjxpZQpri9lbAhVZQZG1DJhuAtvrxMmmdV76Lq3p1Xatd5HEU4gmM4BQ8uoQa3UIcGMHiAZ3iFN0c6L8678zFvLTj5zCH8gfP5A9VxjqQ=</latexit>� 0



<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])

ENTROPY INCREASE AND THERMALISATION

<latexit sha1_base64="VMhsTVHgQsQbizB9i8yPLcCuK6E="></latexit>

�(x) = �(w(x)� µ0(x)e0 � µ1e1)
Stationary entropy states

ultra-local  
& self-conserved

ultra-local 

<latexit sha1_base64="srE9ikhHP6QdKCNHHSAfH2lirks="></latexit>

@tS =
1

2

Z 1

�1
dx

⇣
L[w, @x�; jw,@x�] + L[�, f; jw,@x�] + L[w, @x�; j�,f] + L[�, f; j�,f]

⌘
<latexit sha1_base64="Qd1imqmftQ/tTKrzJQalqplxudc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt2k427G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqhg0mhVTtgGoUPMaG4UZgO1FIo0BgKxjdTP3WEyrNZXxvxgn6ER3EPOSMGis1uwN8JG6vXHGr7gxkmXg5qUCOeq/81e1LlkYYGyao1h3PTYyfUWU4EzgpdVONCWUjOsCOpTGNUPvZ7NoJObFKn4RS2YoNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMeJ6nBmM0XhakgRpLp66TPFTIjxpZQpri9lbAhVZQZG1DJhuAtvrxMmmdV76Lq3p1Xatd5HEU4gmM4BQ8uoQa3UIcGMHiAZ3iFN0c6L8678zFvLTj5zCH8gfP5A9VxjqQ=</latexit>� 0



<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])

ENTROPY INCREASE AND THERMALISATION

<latexit sha1_base64="VMhsTVHgQsQbizB9i8yPLcCuK6E="></latexit>

�(x) = �(w(x)� µ0(x)e0 � µ1e1)
Stationary entropy states

ultra-local  
& self-conserved

ultra-local 

Stationary states
<latexit sha1_base64="b+JjfLLMaAhpc/6qMwuKLlpRmIE="></latexit>

@xjw,i = ji,f ! µ0(x) = const

<latexit sha1_base64="srE9ikhHP6QdKCNHHSAfH2lirks="></latexit>

@tS =
1

2

Z 1

�1
dx

⇣
L[w, @x�; jw,@x�] + L[�, f; jw,@x�] + L[w, @x�; j�,f] + L[�, f; j�,f]

⌘
<latexit sha1_base64="Qd1imqmftQ/tTKrzJQalqplxudc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt2k427G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqhg0mhVTtgGoUPMaG4UZgO1FIo0BgKxjdTP3WEyrNZXxvxgn6ER3EPOSMGis1uwN8JG6vXHGr7gxkmXg5qUCOeq/81e1LlkYYGyao1h3PTYyfUWU4EzgpdVONCWUjOsCOpTGNUPvZ7NoJObFKn4RS2YoNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMeJ6nBmM0XhakgRpLp66TPFTIjxpZQpri9lbAhVZQZG1DJhuAtvrxMmmdV76Lq3p1Xatd5HEU4gmM4BQ8uoQa3UIcGMHiAZ3iFN0c6L8678zFvLTj5zCH8gfP5A9VxjqQ=</latexit>� 0



INTEGRABLE SYSTEMS: QUASIPARTICLE BASIS
<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])

<latexit sha1_base64="TQCYz4sBiXPupYQTTVJTO5FU2SM="></latexit>

@t⇢p + @x
�
ve↵w ⇢p

�
+ @✓

�
ae↵f ⇢p

�
=

1

2
@x(D · @x⇢p) +

1

2
@x(Df · @✓⇢p) +

1

2
@✓(Df · @x⇢p) +

1

2
@✓(Df2 · @✓⇢p)

diffusion in real and momentum space

acceleration

<latexit sha1_base64="DVyMmNTovSfFDKLlVV/FmPPK9r4="></latexit>

�in = (1� Tn) · @in

nf(n)

convective 
flow



<latexit sha1_base64="zWXLYoZg+TURO9jTg96QzXkqlpg="></latexit>

ĤLL =

Z
dx

h~2@x †(x)@x (x)

2m
+ c  

†(x) †(x) (x) (x)
i
+

Z
dxV (x) †(x) (x)

THERMALISATION OF A 1-D BOSE GAS

<latexit sha1_base64="p54UYd7r6EuWzL22s6PPAucrbb0="></latexit>

@t⇢p + @x
�
ve↵⇢p

�
� V 0@✓⇢p =

1

2
@x(D · @x⇢p)

Density in Galileian systems  
is a self-conserved & ultra-local 

charge

<latexit sha1_base64="TQCYz4sBiXPupYQTTVJTO5FU2SM="></latexit>

@t⇢p + @x
�
ve↵w ⇢p

�
+ @✓

�
ae↵f ⇢p

�
=

1

2
@x(D · @x⇢p) +

1

2
@x(Df · @✓⇢p) +

1

2
@✓(Df · @x⇢p) +

1

2
@✓(Df2 · @✓⇢p)



V (x)

<latexit sha1_base64="3X3I3TKSdEiz68b0abVYuAgjKU8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044uc39ziNVmsXywUwTGgg8kixiBBsr+e3a00V5UKm6dXcOtEq8glShQGtQ+eoPY5IKKg3hWOue5yYmyLAyjHA6K/dTTRNMJnhEe5ZKLKgOsvmxM3RulSGKYmVLGjRXf09kWGg9FaHtFNiM9bKXi/95vdRE10HGZJIaKsliUZRyZGKUf46GTFFi+NQSTBSztyIyxgoTY/PJQ/CWX14l7cu616g37hvV5k0RRwlO4Qxq4MEVNOEOWuADAQbP8ApvjnRenHfnY9G65hQzJ/AHzucPi2aN3A==</latexit>

L

<latexit sha1_base64="+MhbbLUr44SkL/KALuo4vISj3hI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPIzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJe2Lqler1pq1Sv06j6MIJ3AK5+DBJdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6XPjNc=</latexit>

THERMALISATION OF A 1-D BOSE GAS
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Approach to thermalisation is on 
diffusive time-scales
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Euler transient 
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thermalisation 
t ~ L^2
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THERMALISATION OF A 1-D BOSE GAS

Thermalisation 
 in a trap

Bastianello, De Luca, Doyon, De Nardis,  2020
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THERMALISATION IN THE TODA GAS



CONCLUSIONS AND WORK IN PROGRESS

Inhomogeneous Hamiltonians lead to thermal 
stationary states

The diffusive terms in the hydrodynamics are 
responsible for thermalisation  

(on the time scales necessary for diffusion) 

Going to higher orders in the hydrodynamic 
expansion?

Different types of thermalisation depending on 
type of external fields?

A precise understanding of hydrodynamic 
expansion

A precise understanding of diffusive 
hydrodynamics for inhomogeneous 

Hamiltonians


