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Spin transport in the XXZ chain

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>
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<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+ <latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�



Spin transport in the XXZ chain

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>
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<latexit sha1_base64="n7RSxPrGJHgU3GoS7yhlfVwCUcI="></latexit>
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<latexit sha1_base64="Iah34Fx3M9W/sP70r06lHDBgak4=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWkrLjBR1IxTduKzUXqCdDpk008ZmLiQZaRn6FG58FTcuFHEr7nwb03YW2vpD4Oc753ByfidkVEjD+NZSK6tr6xvpzczW9s7unr5/0BBBxDGp44AFvOUgQRj1SV1SyUgr5AR5DiNNZ3g9rTcfCBc08O/kOCSWh/o+dSlGUiFbL97nRnl4CSnM1boFewRr3aIdjwrmBBZnfkoKCcnbetYoGTPBZWMmJgsSVW39q9MLcOQRX2KGhGibRiitGHFJMSOTTCcSJER4iPqkrayPPCKseHbWBJ4o0oNuwNXzJZzR3xMx8oQYe47q9JAciMXaFP5Xa0fSvbBi6oeRJD6eL3IjBmUApxnBHuUESzZWBmFO1V8hHiCOsFRJZlQI5uLJy6ZxWjLPSuXbcrZylcSRBkfgGOSACc5BBdyAKqgDDB7BM3gFb9qT9qK9ax/z1pSWzByCP9I+fwCM8JtF</latexit>
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<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+ <latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�



Spin transport in the XXZ chain

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>
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<latexit sha1_base64="n7RSxPrGJHgU3GoS7yhlfVwCUcI="></latexit>

�(!) =

Z 1

0
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Z
dx(j(x, , t), j(0, 0))

<latexit sha1_base64="Iah34Fx3M9W/sP70r06lHDBgak4=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWkrLjBR1IxTduKzUXqCdDpk008ZmLiQZaRn6FG58FTcuFHEr7nwb03YW2vpD4Oc753ByfidkVEjD+NZSK6tr6xvpzczW9s7unr5/0BBBxDGp44AFvOUgQRj1SV1SyUgr5AR5DiNNZ3g9rTcfCBc08O/kOCSWh/o+dSlGUiFbL97nRnl4CSnM1boFewRr3aIdjwrmBBZnfkoKCcnbetYoGTPBZWMmJgsSVW39q9MLcOQRX2KGhGibRiitGHFJMSOTTCcSJER4iPqkrayPPCKseHbWBJ4o0oNuwNXzJZzR3xMx8oQYe47q9JAciMXaFP5Xa0fSvbBi6oeRJD6eL3IjBmUApxnBHuUESzZWBmFO1V8hHiCOsFRJZlQI5uLJy6ZxWjLPSuXbcrZylcSRBkfgGOSACc5BBdyAKqgDDB7BM3gFb9qT9qK9ax/z1pSWzByCP9I+fwCM8JtF</latexit>

j(x) = i(S+
x S�

x+1 � S�
x S+

x+1)

<latexit sha1_base64="CS2cFjEBSndg+HjZ96M1drjRe8c=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFFkqZkaJuhGI3LivaC7TTkknTNjSTGZKM2A59Aje+ihsXirh17c63MdPOQlt/CHz85xxOzu8GjEplWd/Gyura+sZmaiu9vbO7t28eHNalHwpMathnvmi6SBJGOakpqhhpBoIgz2Wk4Y4qcb1xT4SkPr9T44A4Hhpw2qcYKW11zWylE00m09xDQeXhJczddiZzLkAYs1Ww8jDfNTNW0ZoJLoOdQAYkqnbNr3bPx6FHuMIMSdmyrUA5ERKKYkam6XYoSYDwCA1ISyNHHpFONDtnCrPa6cG+L/TjCs7c3xMR8qQce67u9JAaysVabP5Xa4Wqf+FElAehIhzPF/VDBpUP42xgjwqCFRtrQFhQ/VeIh0ggrHSCaR2CvXjyMtRPi/ZZsXRTypSvkjhS4BicgBywwTkog2tQBTWAwSN4Bq/gzXgyXox342PeumIkM0fgj4zPH+pGmDI=</latexit>

Czz(x, t) = (Sz(x, t), Sz(0, 0))

<latexit sha1_base64="Dccv5+JY4B1GMeIKSrRz6i55wTQ=">AAACC3icbVDJSgNBEO1xjXGLevTSJAgRJMyEoB6DuXiMYBbITEJPTydp0rPQXSNJhty9+CtePCji1R/w5t/YWQ6a+KDg8V4VVfXcSHAFpvltrK1vbG5tp3bSu3v7B4eZo+O6CmNJWY2GIpRNlygmeMBqwEGwZiQZ8V3BGu6gMvUbD0wqHgb3MIqY45NewLucEtBSJ5O1eQDYG2IbD9tFXGkn4/EkP7yAc2wr7mNoFzuZnFkwZ8CrxFqQHFqg2sl82V5IY58FQAVRqmWZETgJkcCpYJO0HSsWETogPdbSNCA+U04y+2WCz7Ti4W4odenLZurviYT4So18V3f6BPpq2ZuK/3mtGLrXTsKDKAYW0PmibiwwhHgaDPa4ZBTESBNCJde3YtonklDQ8aV1CNbyy6ukXixYl4XSXSlXvlnEkUKnKIvyyEJXqIxuURXVEEWP6Bm9ojfjyXgx3o2PeeuasZg5QX9gfP4ARoyZTg==</latexit>Z
dx x2Czz(x, t) ⇠ t2

<latexit sha1_base64="V2nBF3OdGtUAGIny9RMwZOSCqmc=">AAACCnicbVDJSgNBEO1xjXEb9eilNQgRJMyEoB6DuXiMYBbITEJPp5M06VnorpEkQ85e/BUvHhTx6hd482/sLAdNfFDweK+KqnpeJLgCy/o2VlbX1jc2U1vp7Z3dvX3z4LCqwlhSVqGhCGXdI4oJHrAKcBCsHklGfE+wmtcvTfzaA5OKh8E9DCPm+qQb8A6nBLTUMk8cHgBuD7CDB808LjWT0WicHVzAOXYU9zHglpmxctYUeJnYc5JBc5Rb5pfTDmnsswCoIEo1bCsCNyESOBVsnHZixSJC+6TLGpoGxGfKTaavjPGZVtq4E0pd+rCp+nsiIb5SQ9/TnT6Bnlr0JuJ/XiOGzrWb8CCKgQV0tqgTCwwhnuSC21wyCmKoCaGS61sx7RFJKOj00joEe/HlZVLN5+zLXOGukCnezONIoWN0irLIRleoiG5RGVUQRY/oGb2iN+PJeDHejY9Z64oxnzlCf2B8/gBsZpjU</latexit>Z
dx x2Czz(x, t) ⇠ t

<latexit sha1_base64="VHLiOQTw6xE1NiRBdsAukxLM4to=">AAACD3icbVDJTgJBEO3BDXEb9eilI9FgYnCGEPVI5OIRE1kSBkhP00CHniXdNQaY8Ade/BUvHjTGq1dv/o3NclDwJZW8vFeVqnpuKLgCy/o2Eiura+sbyc3U1vbO7p65f1BRQSQpK9NABLLmEsUE91kZOAhWCyUjnitY1e0XJ371gUnFA/8ehiFreKTr8w6nBLTUMk8d7gNuD7CDB80cLjbj0WicGZzDGXYU9zA049zFaNwy01bWmgIvE3tO0miOUsv8ctoBjTzmAxVEqbpthdCIiQROBRunnEixkNA+6bK6pj7xmGrE03/G+EQrbdwJpC593VT9PRETT6mh5+pOj0BPLXoT8T+vHkHnuhFzP4yA+XS2qBMJDAGehIPbXDIKYqgJoZLrWzHtEUko6AhTOgR78eVlUsll7cts/i6fLtzM40iiI3SMMshGV6iAblEJlRFFj+gZvaI348l4Md6Nj1lrwpjPHKI/MD5/AIOHmxc=</latexit>Z
dx x2Czz(x, t) ⇠ t2/z

<latexit sha1_base64="yECwT5AjynuZlgkAUJ+kar7XSq4=">AAACC3icbVDLSsNAFJ3UV62vqEs3g0Wom5JIUZdFNy4r2Ac0oUwmt+3QmSTMTIQSunfjr7hxoYhbf8Cdf+O0DaKtBy6cOede5t4TJJwp7ThfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAWQRNzTSHTiKBiIBDOxhdT/32PUjF4uhOjxPwBRlErM8o0Ubq2ceeYgNBKl4sYEBOsXkK7IXA9Y/Ws8tO1ZkBLxM3J2WUo9GzP70wpqmASFNOlOq6TqL9jEjNKIdJyUsVJISOyAC6hkZEgPKz2S0TfGKUEPdjaSrSeKb+nsiIUGosAtMpiB6qRW8q/ud1U92/9DMWJamGiM4/6qcc6xhPg8Ehk0A1HxtCqGRmV0yHRBKqTXwlE4K7ePIyaZ1V3fNq7bZWrl/lcRTRETpGFeSiC1RHN6iBmoiiB/SEXtCr9Wg9W2/W+7y1YOUzh+gPrI9vpiaaLA==</latexit>

�(!) ⇠ �(!)
<latexit sha1_base64="Ml66LFhm1cMtTTlmRz9YUI5S61c=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVgSpBFTBWsDAWiT6kJlQ3rtNatZPIdpCqqD/Awq+wMIAQKzsbf4P7GKDlSJbOPedeXd8TJJwp7TjfVm5peWV1Lb9e2Njc2t6xd/caKk4loXUS81i2AlCUs4jWNdOcthJJQQScNoPB9dhvPlCpWBzd6WFCfQG9iIWMgDZSxz7yFOsJKHmxoD04waYUeFrcZ6ce8KQPo45ddMrOBHiRuDNSRDPUOvaX141JKmikCQel2q6TaD8DqRnhdFTwUkUTIAPo0bahEQiq/GxyzQgfG6WLw1iaF2k8UX9PZCCUGorAdArQfTXvjcX/vHaqw0s/Y1GSahqR6aIw5VjHeBwN7jJJieZDQ4BIZv6KSR8kEG0CLJgQ3PmTF0njrOyelyu3lWL1ahZHHh2gQ1RCLrpAVXSDaqiOCHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QPUpZtu</latexit>

�(!) ⇠ !�↵ <latexit sha1_base64="dMlCJOA8q0uYrjHYxi6MKyxbCmQ=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhNmFXgloGbSwjmAdklzA7mU2GzGOZmRXCktLGX7GxUMTWT7Dzb5wkW2jigQtnzrmXufdECaPaeN63U1hZXVvfKG6WtrZ3dvfc/YOWlqnCpIklk6oTIU0YFaRpqGGkkyiCeMRIOxrdTP32A1GaSnFvxgkJORoIGlOMjJV67nGg6YCjSiA5GaAzaJ8cZoHiEEuhzaTnlr2qNwNcJn5OyiBHo+d+BX2JU06EwQxp3fW9xIQZUoZiRialINUkQXiEBqRrqUCc6DCbHTKBp1bpw1gqW8LAmfp7IkNc6zGPbCdHZqgXvan4n9dNTXwVZlQkqSECzz+KUwaNhNNUYJ8qgg0bW4KwonZXiIdIIWxsdiUbgr948jJpnVf9i2rtrlauX+dxFMEROAEV4INLUAe3oAGaAINH8AxewZvz5Lw4787HvLXg5DOH4A+czx8e1Jls</latexit>

�(!) ⇠ const

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+ <latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�

Ballistic Super (sub)-diffusive Diffusive



Spin transport in the XXZ chain

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>
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<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0

<latexit sha1_base64="cBDvpsdz+PAIuYw0qGJ/ip1AKyw=">AAACHXicbVBNaxsxENUmaeM6Tesmx15ETMEhYHaDaXIpmKSHHh2oE4PXmFnt2BGRVos0GzCL/0gv/Su59NBQcuil9N9E/oAmdh8MPN6bYWZekivpKAz/BhubWy9ebldeVXde7755W3u3d+lMYQV2hVHG9hJwqGSGXZKksJdbBJ0ovEpuzmf+1S1aJ032lSY5DjSMMzmSAshLw1ordnKsoREbjWM45J94rIGuBajy85THKSr6Zx7xWKWG3LBWD5vhHHydREtSZ0t0hrXfcWpEoTEjocC5fhTmNCjBkhQKp9W4cJiDuIEx9j3NQKMblPPvpvyDV1I+MtZXRnyuPp0oQTs30YnvnJ3uVr2Z+D+vX9DodFDKLC8IM7FYNCoUJ8NnUfFUWhSkJp6AsNLfysU1WBDkA636EKLVl9fJ5XEz+thsXbTq7bNlHBX2nh2wBovYCWuzL6zDukywb+yO/WT3wffgR/AreFi0bgTLmX32DMGfR4sioPc=</latexit>

�(!) = D�(!) + . . .
<latexit sha1_base64="j/bVFYrSBAhtoHLACrUao3fgHgA=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VoNyWRom6EohuXFewDmhAm09t06EwSZiZCCf0GN/6KGxeKuHXlzr9x+hC09cCFwzn3cu89QcKZ0rb9ZeVWVtfWN/Kbha3tnd294v5BS8WppNCkMY9lJyAKOIugqZnm0EkkEBFwaAfD64nfvgepWBzd6VECniBhxPqMEm0kv1hxFQsFKbuxgJBU8CWeCX7mSoElhOMfyy+W7Ko9BV4mzpyU0BwNv/jp9mKaCog05USprmMn2suI1IxyGBfcVEFC6JCE0DU0IgKUl01fGuMTo/RwP5amIo2n6u+JjAilRiIwnYLogVr0JuJ/XjfV/QsvY1GSaojobFE/5VjHeJIP7jEJVPORIYRKZm7FdEAkodqkWDAhOIsvL5PWadU5q9Zua6X61TyOPDpCx6iMHHSO6ugGNVATUfSAntALerUerWfrzXqfteas+cwh+gPr4xvm7p0B</latexit>

�(!) = �reg(!)
<latexit sha1_base64="abqkenxkbYdBf1R8x9jfjLQyu/k=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARWsQ6o0XdCEU3gpsK9gKdWjJpOg1NJkOSEcrQZ3Djq7hxoYhbV+58G9N2Fmr9IfDxn3M4Ob8fMaq043xZmbn5hcWl7HJuZXVtfcPe3KorEUtMalgwIZs+UoTRkNQ01Yw0I0kQ9xlp+IPLcb1xT6SiIrzVw4i0OQpC2qMYaWN17KKnaMBRwROcBKgIz+E1nPJdcuAeHo/gPvRYV2jVsfNOyZkIzoKbQh6kqnbsT68rcMxJqDFDSrVcJ9LtBElNMSOjnBcrEiE8QAFpGQwRJ6qdTE4awT3jdGFPSPNCDSfuz4kEcaWG3DedHOm++lsbm//VWrHunbUTGkaxJiGeLurFDGoBx/nALpUEazY0gLCk5q8Q95FEWJsUcyYE9+/Js1A/KrknpfJNOV+5SOPIgh2wCwrABaegAq5AFdQABg/gCbyAV+vRerberPdpa8ZKZ7bBL1kf3+2Bm8E=</latexit>

�(!) = K!�1/3 + . . .

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+ <latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�



KPZ dynamics at the isotropic point

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>

H =
X

j

~Sj · ~Sj+1 + (�� 1)Sz
j S

z
j+1 + h

X

j

S
z
j

<latexit sha1_base64="uCZdXvN2KYO0BRYgA+I55UYJDfQ="></latexit>

Czz(x, t) ! �

t2/3
fKPZ(�x/t

2/3)

<latexit sha1_base64="VQNxR6qC4fbJgE6B6h1g43l2JIE=">AAACD3icbVDJTgJBEO1xRdxGPXrpSDSYGJxBoh6JXDxiIkvClp6mgQ49S7prDDDhD7z4K148aIxXr978GxuYg4IvqeTlvapU1XMCwRVY1rextLyyurae2Ehubm3v7Jp7+2Xlh5KyEvWFL6sOUUxwj5WAg2DVQDLiOoJVnH5h4lcemFTc9+5hGLCGS7oe73BKQEst86TOPcDtAR40s7jQjEajcXpwBqcY47riLoZmlDu/GLfMlJWxpsCLxI5JCsUotsyvetunocs8oIIoVbOtABoRkcCpYONkPVQsILRPuqymqUdcphrR9J8xPtZKG3d8qUtfN1V/T0TEVWroOrrTJdBT895E/M+rhdC5bkTcC0JgHp0t6oQCg48n4eA2l4yCGGpCqOT6Vkx7RBIKOsKkDsGef3mRlLMZ+zKTu8ul8jdxHAl0iI5QGtnoCuXRLSqiEqLoET2jV/RmPBkvxrvxMWtdMuKZA/QHxucPv2Oalg==</latexit>Z
dxx2Czz(x, t) ⇠ t4/3

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+ <latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�



KPZ dynamics at the isotropic point

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>

H =
X

j

~Sj · ~Sj+1 + (�� 1)Sz
j S

z
j+1 + h

X

j

S
z
j

<latexit sha1_base64="XDmgbOEx4bhKfNIy5A9LAt6P/eA="></latexit>

hSz(x, t)Sz(0, 0)i ! t�2/3fKPZ(�x/t
2/3x)

<latexit sha1_base64="FfQM2bZ8JVQtC8qn2jwRWx0Lv6E="></latexit>

@th(x, t) + ↵(@xh)
2 +D@2

xh+ ⌘ = 0

<latexit sha1_base64="m7j554v40wVDNRSxxnVa6NTQrgw="></latexit>

h@xh(x, t)@xh(0, 0)i ! t�2/3fKPZ(2
p
2↵ x/t2/3x)

<latexit sha1_base64="NofFbMcUrXngLVxC1K/RAKuU/ZE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCEVCVUJqoCxgoWxCPqQmhA5rtNadR6yHdQSdWbhV1gYQIiVL2Djb3DSDNByJEvnnnOvru9xI0aFNIxvrbCwuLS8Ulwtra1vbG7p2zstEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHl6nfvidc0DC4leOI2D7qB9SjGEklOfo+tCLEJUXMGcFBZXQsjyC0BPXhzd1DVjp62agaGeA8MXNSBjkajv5l9UIc+ySQmCEhuqYRSTtJt2BGJiUrFiRCeIj6pKtogHwi7CQ7ZQIPldKDXsjVCyTM1N8TCfKFGPuu6vSRHIhZLxX/87qx9M7thAZRLEmAp4u8mEEZwjQX2KOcYMnGiiDMqforxAPEEZYqvZIKwZw9eZ60TqrmabV2XSvXL/I4imAPHIAKMMEZqIMr0ABNgMEjeAav4E170l60d+1j2lrQ8pld8Afa5w9cB5jI</latexit>

@xh(x, t) ⇠ Sz(x, t)

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+ <latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�

<latexit sha1_base64="yAcUhlseI9slujP87Ut9bgYguow=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQQcquFPVY9OKxgv2AdinZNNvGZpMlmRXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBbHgBlz328mtrK6tb+Q3C1vbO7t7xf2DplGJpqxBlVC6HRDDBJesARwEa8eakSgQrBWMbqZ+65Fpw5W8h3HM/IgMJA85JWCl5rD8dAanvWLJrbgz4GXiZaSEMtR7xa9uX9EkYhKoIMZ0PDcGPyUaOBVsUugmhsWEjsiAdSyVJGLGT2fXTvCJVfo4VNqWBDxTf0+kJDJmHAW2MyIwNIveVPzP6yQQXvkpl3ECTNL5ojARGBSevo77XDMKYmwJoZrbWzEdEk0o2IAKNgRv8eVl0jyveBeV6l21VLvO4sijI3SMyshDl6iGblEdNRBFD+gZvaI3RzkvzrvzMW/NOdnMIfoD5/MHsZyOkA==</latexit>

h(x, t)



Non-linear fluctuating hydrodynamics

<latexit sha1_base64="VNu5ptrcvjVxbbM0b7mUKbColxU=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSBExLArQb0IQS8eI5gHJMsyO5kkY2YfmekVw5Kv8OKvePGgiFfx5t84mwTRxIKGoqqb7i4vElyBZX0Zc/MLi0vLmZXs6tr6xqa5tV1VYSwpq9BQhLLuEcUED1gFOAhWjyQjvidYzetdpn7tjknFw+AGBhFzfNIJeJtTAlpyzaNmRCRwIlzAfZfjQ/wj3ONbl+f7btKkrRCGB+fYcs2cVbBGwLPEnpAcmqDsmp/NVkhjnwVABVGqYVsROEm6gQo2zDZjxSJCe6TDGpoGxGfKSUZvDfG+Vlq4HUpdAeCR+nsiIb5SA9/TnT6Brpr2UvE/rxFD+8xJeBDFwAI6XtSOBYYQpxnhFpeMghhoQqjk+lZMu0QSCjrJrA7Bnn55llSPC/ZJoXhdzJUuJnFk0C7aQ3lko1NUQleojCqIogf0hF7Qq/FoPBtvxvu4dc6YzOygPzA+vgG3hJ50</latexit>

@tqi + @xji(q·) = 0

<latexit sha1_base64="kbF4GkK2+cVvFSwATjnPupX2v3A="></latexit>

ji(q·) = Aj
i �qj +

1

2
Gkl

i �qk�ql



Experimental realisations



Hydrodynamic (thermodynamic) description

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>

H =
X

j

~Sj · ~Sj+1 + (�� 1)Sz
j S

z
j+1 + h

X

j

S
z
j

<latexit sha1_base64="Db/pB1lx39XGzsE+sY9Zju1Vxoc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21oNolJVilL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0M/Vbj1QbJsW9HSsaJnggWMwItk5qd1OFtZZPvXLFr/ozoGUS5KQCOeq98le3L0maUGEJx8Z0Al/ZMMPaMsLppNRNDVWYjPCAdhwVOKEmzGb3TtCJU/ooltqVsGim/p7IcGLMOIlcZ4Lt0Cx6U/E/r5Pa+CrMmFCppYLMF8UpR1ai6fOozzQllo8dwUQzdysiQ6wxsS6ikgshWHx5mTTPqsFF9fzuvFK7zuMowhEcwykEcAk1uIU6NIAAh2d4hTfvwXvx3r2PeWvBy2cO4Q+8zx9xVpA/</latexit>

"
<latexit sha1_base64="bZsbyfOgHjq2ZyJbSOWi+BgRBVI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirosunFZwT6gDWUymbRDJ5kwc6OUUDf+ihsXirj1L9z5N07bCNp64MKZc+5l7j1+IrgGx/myCkvLK6trxfXSxubW9o69u9fUMlWUNagUUrV9opngMWsAB8HaiWIk8gVr+cOrid+6Y0pzGd/CKGFeRPoxDzklYKSefdBNE6KUvMddEUjQ+Ofds8tOxZkCLxI3J2WUo96zP7uBpGnEYqCCaN1xnQS8jCjgVLBxqZtqlhA6JH3WMTQmEdNeNr1gjI+NEuBQKlMx4Kn6eyIjkdajyDedEYGBnvcm4n9eJ4Xwwst4nKTAYjr7KEwFBoknceCAK0ZBjAwhVHGzK6YDoggFE1rJhODOn7xImqcV96xSvamWa5d5HEV0iI7QCXLROaqha1RHDUTRA3pCL+jVerSerTfrfdZasPKZffQH1sc3+mmXPg==</latexit>

" . . . "
<latexit sha1_base64="a3GGo8mwiFGL5oZdTyML6qkbQ1s=">AAACEXicdVC7TsMwFHXKq5RXgJHFokLqVCWoAsYKFsYi0YfURJXjOK1VJ47sG1BV9RdY+BUWBhBiZWPjb3DbDNDCka50fM698r0nSAXX4DhfVmFldW19o7hZ2tre2d2z9w9aWmaKsiaVQqpOQDQTPGFN4CBYJ1WMxIFg7WB4NfXbd0xpLpNbGKXMj0k/4RGnBIzUsytelhKl5D32RChB4//ePbvsVJ0Z8DJxc1JGORo9+9MLJc1ilgAVROuu66Tgj4kCTgWblLxMs5TQIemzrqEJiZn2x7OLJvjEKCGOpDKVAJ6pPyfGJNZ6FAemMyYw0IveVPzL62YQXfhjnqQZsITOP4oygUHiaTw45IpRECNDCFXc7IrpgChCwYRYMiG4iycvk9Zp1T2r1m5q5fplHkcRHaFjVEEuOkd1dI0aqIkoekBP6AW9Wo/Ws/Vmvc9bC1Y+c4h+wfr4BnGPngw=</latexit>

" . . . " . . . "

<latexit sha1_base64="beKmA1V9emcYrEBttxlu44Tplhk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lIUS9C0YvHCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPBjfX9b6+wtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH47uZ335i2vBYPdpJwgJJhopHnBLrpLbsY3SDcL9c8av+HGiV4JxUIEejX/7qDWKaSqYsFcSYLvYTG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn83Ck6c8oARbF2pSyaq78nMiKNmcjQdUpiR2bZm4n/ed3URtdBxlWSWqboYlGUCmRjNPsdDbhm1IqJI4Rq7m5FdEQ0odYlVHIh4OWXV0nrooovq7WHWqV+m8dRhBM4hXPAcAV1uIcGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx+ePY50</latexit>

m1 = 1

<latexit sha1_base64="d2pfNuLnUXk8PI1Err5BAh2Y3B8=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld1S1ItQ9OKxgv2AdinZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwkRwYz3vG62tb2xubRd2irt7+weHpaPjlolTTVmTxiLWnZAYJrhiTcutYJ1EMyJDwdrh+G7mt5+YNjxWj3aSsECSoeIRp8Q6qS37VXyDq/1S2at4c+BV4uekDDka/dJXbxDTVDJlqSDGdH0vsUFGtOVUsGmxlxqWEDomQ9Z1VBHJTJDNz53ic6cMcBRrV8riufp7IiPSmIkMXackdmSWvZn4n9dNbXQdZFwlqWWKLhZFqcA2xrPf8YBrRq2YOEKo5u5WTEdEE2pdQkUXgr/88ippVSv+ZaX2UCvXb/M4CnAKZ3ABPlxBHe6hAU2gMIZneIU3lKAX9I4+Fq1rKJ85gT9Anz+hSY52</latexit>

m2 = 2

<latexit sha1_base64="+UT6RPBcm9soDD8MeecREJvnhYM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9m1Rb0IRS8eK7htoV1KNs22oUl2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdju9mfvuJKs1i+WgmCQ0EHkoWMYKNldqiX0M3qNYvV9yqOwdaJV5OKpCj2S9/9QYxSQWVhnCsdddzExNkWBlGOJ2WeqmmCSZjPKRdSyUWVAfZ/NwpOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3nd1ETXQcZkkhoqyWJRlHJkYjT7HQ2YosTwiSWYKGZvRWSEFSbGJlSyIXjLL6+S1kXVu6zWH+qVxm0eRxFO4BTOwYMraMA9NMEHAmN4hld4cxLnxXl3PhatBSefOYY/cD5/AKRVjng=</latexit>

m3 = 3

<latexit sha1_base64="1GLMohFP1mzSA0ehysKQn+6u9XA=">AAACNXicdZC7TsMwFIadcivlFmBksaiQmKoEIWCsYGFgKBK9SE1UOY7TWnXsyHaoqtCXYuE9mGBgACFWXgG3zQAtPZKlT/9/ju3zBwmjSjvOq1VYWl5ZXSuulzY2t7Z37N29hhKpxKSOBROyFSBFGOWkrqlmpJVIguKAkWbQvxr7zXsiFRX8Tg8T4seoy2lEMdJG6tg3D9ALxYAjKcUALmKPhUKrhTb0JOJdRjp22ak4k4Lz4OZQBnnVOvazuQWnMeEaM6RU23US7WdIaooZGZW8VJEE4T7qkrZBjmKi/Gyy9QgeGSWEkZDmcA0n6u+JDMVKDePAdMZI99SsNxb/89qpji78jPIk1YTj6UNRyqAWcBwhDKkkWLOhAYQlNX+FuIckwtoEXTIhuLMrz0PjpOKeVU5vT8vVyzyOIjgAh+AYuOAcVME1qIE6wOARvIB38GE9WW/Wp/U1bS1Y+cw++FPW9w8SUKw6</latexit>

| ### . . . ##i
<latexit sha1_base64="UWlbEPKwXywGk8jgkllL/UW33Ag=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoiRb0IRS8eK9gPaELZbCft0s0m7G4KJe3Bv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbK6tr6xWdgqbu/s7u3bB4cNFaeSQp3GPJatgCjgTEBdM82hlUggUcChGQzupn5zCFKxWDzqUQJ+RHqChYwSbaSOfYxv8BhnnozwkNAJ9iQRPQ4du+SUnRnwMnFzUkI5ah37y+vGNI1AaMqJUm3XSbSfEakZ5TApeqmChNAB6UHbUEEiUH42u3+Cz4zSxWEsTQmNZ+rviYxESo2iwHRGRPfVojcV//PaqQ6v/YyJJNUg6HxRmHKsYzwNA3eZBKr5yBBCJTO3YtonklBtIiuaENzFl5dJ46LsXpYrD5VS9TaPo4BO0Ck6Ry66QlV0j2qojigao2f0it6sJ+vFerc+5q0rVj5zhP7A+vwBhHiVKw==</latexit>

= |vaci

<latexit sha1_base64="6AzwqAaY7dLyA33e0wsOaYcjkC0=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqpexKUY9FLx4r2A/oriWbZruh2WRJZpVS+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MBXcgOt+Oyura+sbm4Wt4vbO7t5+6eCwZVSmKWtSJZTuhMQwwSVrAgfBOqlmJAkFa4fDm6nffmTacCXvYZSyICEDySNOCVjpwdex6pmKDzEDctYrld2qOwNeJl5OyihHo1f68vuKZgmTQAUxpuu5KQRjooFTwSZFPzMsJXRIBqxrqSQJM8F4dvUEn1qljyOlbUnAM/X3xJgkxoyS0HYmBGKz6E3F/7xuBtFVMOYyzYBJOl8UZQKDwtMIcJ9rRkGMLCFUc3srpjHRhIINqmhD8BZfXiat86p3Ua3d1cr16zyOAjpGJ6iCPHSJ6ugWNVATUaTRM3pFb86T8+K8Ox/z1hUnnzlCf+B8/gAjUpJJ</latexit>

⇢s(✓)
<latexit sha1_base64="jrc0plGczAnLdnBP8KnTfIUpino=">AAAB/nicbVDJSgNBEO1xjXEbFU9eGoMQL2FGgnoMevEYwSyQiaGnU5M06VnorgmEIeCvePGgiFe/w5t/Y2c5aOKDgsd7VVTV8xMpNDrOt7Wyura+sZnbym/v7O7t2weHdR2nikONxzJWTZ9pkCKCGgqU0EwUsNCX0PAHtxO/MQSlRRw94CiBdsh6kQgEZ2ikjn087OjHzFMhhSAYFz3sA7Lzjl1wSs4UdJm4c1Igc1Q79pfXjXkaQoRcMq1brpNgO2MKBZcwznuphoTxAetBy9CIhaDb2fT8MT0zSpcGsTIVIZ2qvycyFmo9Cn3TGTLs60VvIv7ntVIMrtuZiJIUIeKzRUEqKcZ0kgXtCgUc5cgQxpUwt1LeZ4pxNInlTQju4svLpH5Rci9L5ftyoXIzjyNHTsgpKRKXXJEKuSNVUiOcZOSZvJI368l6sd6tj1nrijWfOSJ/YH3+AOV2lXM=</latexit>

ve↵s (✓)
<latexit sha1_base64="OWSTACwkoyZ8hbrHvXh6f1Wqsw0=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAI8RJ2JajHoBePEcwDkhhmJ73JkJndZaZXCEvAX/HiQRGvfoc3/8bJ46CJBQ1FVTfdXX4shUHX/XYyK6tr6xvZzdzW9s7uXn7/oG6iRHOo8UhGuukzA1KEUEOBEpqxBqZ8CQ1/eDPxG4+gjYjCexzF0FGsH4pAcIZW6uaP1EPa1opCEIy7ptjGASA76+YLbsmdgi4Tb04KZI5qN//V7kU8URAil8yYlufG2EmZRsEljHPtxEDM+JD1oWVpyBSYTjo9f0xPrdKjQaRthUin6u+JlCljRsq3nYrhwCx6E/E/r5VgcNVJRRgnCCGfLQoSSTGikyxoT2jgKEeWMK6FvZXyAdOMo00sZ0PwFl9eJvXzkndRKt+VC5XreRxZckxOSJF45JJUyC2pkhrhJCXP5JW8OU/Oi/PufMxaM8585pD8gfP5A9aulWo=</latexit>

me↵
s (✓)

<latexit sha1_base64="FwB+tJRLhYl1ZmD3Kq8r/wB1mww=">AAACPHicbZA7TwJBFIXv4gvxtWppM5GYWJFdY9SSaGOJUR4JEDI7zMKE2dnNzKyEbPhhNv4IOysbC42xtXaAjSBwkkm+nHtv7tzjRZwp7TivVmZldW19I7uZ29re2d2z9w8qKowloWUS8lDWPKwoZ4KWNdOc1iJJceBxWvV6N6N69ZFKxULxoAcRbQa4I5jPCNbGatn3qNEO+wJLGfYRasTRhP5gxlraNzWn2LLzTsEZCy2Cm0IeUpVa9osZJnFAhSYcK1V3nUg3Eyw1I5wOc41Y0QiTHu7QukGBA6qayfj4IToxThv5oTRPaDR2ZycSHCg1CDzTGWDdVfO1kbmsVo+1f9VMmIhiTQWZLPJjjnSIRkmiNpOUaD4wgIlk5q+IdLHERJu8cyYEd/7kRaicFdyLwvndeb54ncaRhSM4hlNw4RKKcAslKAOBJ3iDD/i0nq1368v6nrRmrHTmEP7J+vkFPiGv/g==</latexit>

#"""#"##
<latexit sha1_base64="7xigJ/ytkWBU3ScFC1rKKy6pXow=">AAACPHicdZA7SwNBFIXvxleMr1VLm8EgWIVdEbUM2lhGNA9IljA7mU2GzM4uM7OGsOSH2fgj7KxsLBSxtXaSLKhJPDDwce693LnHjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8b1+j2VikXiTg9j6oW4K1jACNbGatu3rSTGUkYD9AOdaCBmPPQPLrTbdtEpOROheXAzKEKmStt+MjtJElKhCcdKNV0n1l6KpWaE01GhlSgaY9LHXdo0KHBIlZdOjh+hI+N0UBBJ84RGE/f3RIpDpYahbzpDrHtqtjY2F9WaiQ4uvJSJONFUkOmiIOFIR2icJOowSYnmQwOYSGb+ikgPS0y0ybtgQnBnT56H2knJPSud3pwWy5dZHHk4gEM4BhfOoQzXUIEqEHiAF3iDd+vRerU+rM9pa87KZvbhj6yvb57XrkU=</latexit>

""#"""""



The ballistic regime 

<latexit sha1_base64="CbCsgaDY/Iu6rCtqX1ypVhMo/jY=">AAACL3icbVDLSgMxFM34rPVVdekmWISKUGZE1I0gKuJSwWqhU8qd9HYamswMSUYoQ//Ijb/SjYgibv0L04f4qAcCh3Pu5eacIBFcG9d9dqamZ2bn5nML+cWl5ZXVwtr6rY5TxbDCYhGragAaBY+wYrgRWE0UggwE3gWds4F/d49K8zi6Md0E6xLCiLc4A2OlRuHC1zyUUPJjiSHs0GPqSzBtBiI771G/icJ8m7t0NN3IfCWpwrD3ZTUKRbfsDkEniTcmRTLGVaPQ95sxSyVGhgnQuua5ialnoAxnAnt5P9WYAOtAiDVLI5Co69kwb49uW6VJW7GyLzJ0qP7cyEBq3ZWBnRyE0X+9gfifV0tN66ie8ShJDUZsdKiVCmpiOiiPNrlCZkTXEmCK279S1gYFzNiK87YE72/kSXK7V/YOyvvX+8WT03EdObJJtkiJeOSQnJBLckUqhJEH0icv5NV5dJ6cN+d9NDrljHc2yC84H5+jkKg8</latexit>

�(!) = D�(!) + �reg(!)

<latexit sha1_base64="5xOhtTLzV4SCVMOysqukMtA5JTI="></latexit>

D =
X

s

Z
dk(✓)ns(✓)(1� ns(✓))(v

e↵
s (✓)mdr

s (✓))2

Prosen, 2011
Ilievski, De Nardis, 2017

De Nardis, Doyon, Medenjak, Panfil, 2021

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0

<latexit sha1_base64="wyo2pG3S8mbKbUth+vs/gKpyzAE=">AAACGHicbZC7TsMwFIadcivlFmBksaiQylKSqgLGChbGItGL1KSR4zqtVTuJbKdSFeUxWHgVFgYQYu3G2+C2GaDlSJY//f85ss/vx4xKZVnfRmFjc2t7p7hb2ts/ODwyj0/aMkoEJi0csUh0fSQJoyFpKaoY6caCIO4z0vHH93O/MyFC0ih8UtOYuBwNQxpQjJSWPPPKkZRDRybck9ARo0hflUk/dQSHJAgyyJc8EJknL/s1zyxbVWtRcB3sHMogr6ZnzpxBhBNOQoUZkrJnW7FyUyQUxYxkJSeRJEZ4jIakpzFEnEg3XSyWwQutDGAQCX1CBRfq74kUcSmn3NedHKmRXPXm4n9eL1HBrZvSME4UCfHyoSBhUEVwnhIcUEGwYlMNCAuq/wrxCAmElc6ypEOwV1deh3atal9X64/1cuMuj6MIzsA5qAAb3IAGeABN0AIYPINX8A4+jBfjzfg0vpatBSOfOQV/ypj9ANphn6g=</latexit>

⇠
X

s

⇢s(v
e↵mdr

s )2

Zotos, 1999

<latexit sha1_base64="cPpgfME+bjv8mt3MDYTsZrru/0c=">AAACA3icbVDLSsNAFJ34rPUVdaebwSKkUEoiRV0W3bisYB/QhjKZTNppJ5MwM5GWUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jxYxKZdvfxsrq2vrGZm4rv72zu7dvHhw2ZJQITOo4YpFoeUgSRjmpK6oYacWCoNBjpOkNb6Z+84EISSN+r8YxcUPU4zSgGCktdc3jDuUK+iNoDaxRSRVLcGDZJbtYhLBrFuyyPQNcJk5GCiBDrWt+dfwIJyHhCjMkZduxY+WmSCiKGZnkO4kkMcJD1CNtTTkKiXTT2Q8TeKYVHwaR0KUvmqm/J1IUSjkOPd0ZItWXi95U/M9rJyq4clPK40QRjueLgoRBFcFpINCngmDFxpogLKi+FeI+EggrHVteh+AsvrxMGudl56JcuasUqtdZHDlwAk6BBRxwCargFtRAHWDwCJ7BK3gznowX4934mLeuGNnMEfgD4/MH3nWUcg==</latexit>Z
dx(j(x, t), j(0, 0))

<latexit sha1_base64="YHKvu3tkluKhUeXq3IeRR2y11YA="></latexit>

!
X

k,l

Z
dx(j(x, t), Qk)C

�1
k,l (Ql, j(0, 0)) = BC�1B



<latexit sha1_base64="FwB+tJRLhYl1ZmD3Kq8r/wB1mww=">AAACPHicbZA7TwJBFIXv4gvxtWppM5GYWJFdY9SSaGOJUR4JEDI7zMKE2dnNzKyEbPhhNv4IOysbC42xtXaAjSBwkkm+nHtv7tzjRZwp7TivVmZldW19I7uZ29re2d2z9w8qKowloWUS8lDWPKwoZ4KWNdOc1iJJceBxWvV6N6N69ZFKxULxoAcRbQa4I5jPCNbGatn3qNEO+wJLGfYRasTRhP5gxlraNzWn2LLzTsEZCy2Cm0IeUpVa9osZJnFAhSYcK1V3nUg3Eyw1I5wOc41Y0QiTHu7QukGBA6qayfj4IToxThv5oTRPaDR2ZycSHCg1CDzTGWDdVfO1kbmsVo+1f9VMmIhiTQWZLPJjjnSIRkmiNpOUaD4wgIlk5q+IdLHERJu8cyYEd/7kRaicFdyLwvndeb54ncaRhSM4hlNw4RKKcAslKAOBJ3iDD/i0nq1368v6nrRmrHTmEP7J+vkFPiGv/g==</latexit>

#"""#"##

The regime Delta >= 1

<latexit sha1_base64="7xigJ/ytkWBU3ScFC1rKKy6pXow=">AAACPHicdZA7SwNBFIXvxleMr1VLm8EgWIVdEbUM2lhGNA9IljA7mU2GzM4uM7OGsOSH2fgj7KxsLBSxtXaSLKhJPDDwce693LnHjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8b1+j2VikXiTg9j6oW4K1jACNbGatu3rSTGUkYD9AOdaCBmPPQPLrTbdtEpOROheXAzKEKmStt+MjtJElKhCcdKNV0n1l6KpWaE01GhlSgaY9LHXdo0KHBIlZdOjh+hI+N0UBBJ84RGE/f3RIpDpYahbzpDrHtqtjY2F9WaiQ4uvJSJONFUkOmiIOFIR2icJOowSYnmQwOYSGb+ikgPS0y0ybtgQnBnT56H2knJPSud3pwWy5dZHHk4gEM4BhfOoQzXUIEqEHiAF3iDd+vRerU+rM9pa87KZvbhj6yvb57XrkU=</latexit>

""#"""""

<latexit sha1_base64="pSTTcYTMwKdIrvZHp7ng+5gZhzk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq6dHqm/65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9Wa/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8Aa5wjzY=</latexit>⇢s
<latexit sha1_base64="tJPmvvXcsB1pAY2cUKTpWpGEPl8=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAcka5id9CZDZnbXmdlAWPIdXjwo4tWP8ebfOHkcNLGgoajqprsrSATXxnW/ndza+sbmVn67sLO7t39QPDxq6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB4O/WbI1Sax9GDGSfoS9qPeMgZNVbyR139mHWUJBiGk26x5JbdGcgq8RakBAvUusWvTi9mqcTIMEG1bntuYvyMKsOZwEmhk2pMKBvSPrYtjahE7WezoyfkzCo9EsbKVmTITP09kVGp9VgGtlNSM9DL3lT8z2unJrz2Mx4lqcGIzReFqSAmJtMESI8rZEaMLaFMcXsrYQOqKDM2p4INwVt+eZU0LsreZblyXylVbxZx5OEETuEcPLiCKtxBDerA4Ame4RXenJHz4rw7H/PWnLOYOYY/cD5/AOIdki8=</latexit>

ve↵s

<latexit sha1_base64="aRH8OydRKu9X++gLhCFzUrw9Pnc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohePFewHtEvJptk2NMmGJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZOkmtAmSXiiOxE2lDNJm5ZZTjtKUywiTtvR+G7mt5+oNiyRj3aiaCjwULKYEWyd1BZ9g26Q6ZcrftWfA62SICcVyNHol796g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJufO0VnThmgONGupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+DrMmFSppZIsFsUpRzZBs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmldVIPLau2hVqnf5nEU4QRO4RwCuII63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wdnZI74</latexit>ms = s

<latexit sha1_base64="mfsoCM49FEZa1805wqtZaRC69gs=">AAACDnicbZC7TsMwFIadcivlVmBksagqMVUJqoCxgoWxCHqRmjRyHKe1ajuR7SCVqE/AwquwMIAQKzMbb4ObdoCWX7L06T/n6Pj8QcKo0rb9bRVWVtfWN4qbpa3tnd298v5BW8WpxKSFYxbLboAUYVSQlqaakW4iCeIBI51gdDWtd+6JVDQWd3qcEI+jgaARxUgbyy9XeT9zJYehnPgKuopy6DIkBozA2/4DdGXOfrli1+xccBmcOVTAXE2//OWGMU45ERozpFTPsRPtZUhqihmZlNxUkQThERqQnkGBOFFelp8zgVXjhDCKpXlCw9z9PZEhrtSYB6aTIz1Ui7Wp+V+tl+rowsuoSFJNBJ4tilIGdQyn2cCQSoI1GxtAWFLzV4iHSCKsTYIlE4KzePIytE9rzlmtflOvNC7ncRTBETgGJ8AB56ABrkETtAAGj+AZvII368l6sd6tj1lrwZrPHII/sj5/AKs7m+A=</latexit>

mdr
s ⇠ hSzi

<latexit sha1_base64="m1EqdbGGf9PYP2p1pnPeLME+/vM=">AAACOHicbZBLSwMxFIXv1Fetr1GXboJFcFVmpKjLoht3VrAPaIeSSTNtaCYzJBlLKf1ZbvwZ7sSNC0Xc+gtM20G00wuBj3NySO7xY86UdpwXK7eyura+kd8sbG3v7O7Z+wd1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiD66nfeKBSsUjc61FMvRD3BAsYwdpIHfu2ncRYymiI2t1oKLL4a2dhWaBjF52SMxuUBTeFIqRT7djPJkySkApNOFaq5Tqx9sZYakY4nRTaiaIxJgPcoy2DAodUeePZ4hN0YpQuCiJpjtBopv5NjHGo1Cj0zc0Q675a9KbiMq+V6ODSGzMRJ5oKMn8oSDjSEZq2iLpMUqL5yAAmkpm/ItLHEhNtui6YEtzFlbNQPyu556XyXblYuUrryMMRHMMpuHABFbiBKtSAwCO8wjt8WE/Wm/Vpfc2v5qw0cwj/xvr+AaV2r1Y=</latexit>

"##"""##

<latexit sha1_base64="NGzqyQy05ogRq8NTiG5AOUe8QXs=">AAACOnicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunHZgr1AG8pkOmmHTiZhZmIpoc/lxqdw58KNC0Xc+gBO26C19YeBj/+cw5nz+zFnSjvOs5VbWV1b38hvFra2d3b37P2DuooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8wc2k3rinUrFI3OlRTL0Q9wQLGMHaWB27itrdaCiwlNEQoXYSz2jO/PWWYa7rBzt20Sk5U6FlcDMoQqZKx34ywyQJqdCEY6VarhNrL8VSM8LpuNBOFI0xGeAebRkUOKTKS6enj9GJcbooiKR5QqOpOz+R4lCpUeibzhDrvlqsTcz/aq1EB1deykScaCrIbFGQcKQjNMkRdZmkRPORAUwkM39FpI8lJtqkXTAhuIsnL0P9rORelM6r58XydRZHHo7gGE7BhUsowy1UoAYEHuAF3uDderRerQ/rc9aas7KZQ/gj6+sbaPevqg==</latexit>

#"#"""##

<latexit sha1_base64="7Q7LpzdIqILk3i+lMh3Sv1a0HGw=">AAACO3icjZA7SwNBFIXvxleMr1VLm8EgWIVdEbUM2lhGMQ9IljA7mU2GzM4uM7OGsOR/2fgn7GxsLBSxtXeSLEQTCy8MfJxzL3fu8WPOlHacZyu3tLyyupZfL2xsbm3v2Lt7NRUlktAqiXgkGz5WlDNBq5ppThuxpDj0Oa37/auxX7+nUrFI3OlhTL0QdwULGMHaSG37FrU60UBgKaMBQq0kntIM/uvOsG0XnZIzKbQIbgZFyKrStp/MMElCKjThWKmm68TaS7HUjHA6KrQSRWNM+rhLmwYFDqny0sntI3RklA4KImme0Gii/pxIcajUMPRNZ4h1T817Y/Evr5no4MJLmYgTTQWZLgoSjnSExkGiDpOUaD40gIlk5q+I9LDERJu4CyYEd/7kRaidlNyz0unNabF8mcWRhwM4hGNw4RzKcA0VqAKBB3iBN3i3Hq1X68P6nLbmrGxmH36V9fUN072v1A==</latexit>

#""#""##

<latexit sha1_base64="FwB+tJRLhYl1ZmD3Kq8r/wB1mww=">AAACPHicbZA7TwJBFIXv4gvxtWppM5GYWJFdY9SSaGOJUR4JEDI7zMKE2dnNzKyEbPhhNv4IOysbC42xtXaAjSBwkkm+nHtv7tzjRZwp7TivVmZldW19I7uZ29re2d2z9w8qKowloWUS8lDWPKwoZ4KWNdOc1iJJceBxWvV6N6N69ZFKxULxoAcRbQa4I5jPCNbGatn3qNEO+wJLGfYRasTRhP5gxlraNzWn2LLzTsEZCy2Cm0IeUpVa9osZJnFAhSYcK1V3nUg3Eyw1I5wOc41Y0QiTHu7QukGBA6qayfj4IToxThv5oTRPaDR2ZycSHCg1CDzTGWDdVfO1kbmsVo+1f9VMmIhiTQWZLPJjjnSIRkmiNpOUaD4wgIlk5q+IdLHERJu8cyYEd/7kRaicFdyLwvndeb54ncaRhSM4hlNw4RKKcAslKAOBJ3iDD/i0nq1368v6nrRmrHTmEP7J+vkFPiGv/g==</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="Y5LNDTDHlbTo2UMzA4W3GM7Zf+s=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIXiyJFPVY9OKxgv2ANobNdtMu3WzC7qZQQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3dsv2weHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Ho9uZ3x5TqVgsHvQkoV6EB4KFjGBtJN8uj32FeopFSD1m5+7UtytO1ZkDrRI3JxXI0fDtr14/JmlEhSYcK9V1nUR7GZaaEU6npV6qaILJCA9o11CBI6q8bH74FJ0apY/CWJoSGs3V3xMZjpSaRIHpjLAeqmVvJv7ndVMdXnsZE0mqqSCLRWHKkY7RLAXUZ5ISzSeGYCKZuRWRIZaYaJNVyYTgLr+8SloXVfeyWruvVeo3eRxFOIYTOAMXrqAOd9CAJhBI4Rle4c16sl6sd+tj0Vqw8pkj+APr8wfqdJKe</latexit>

vs ⇠ s�1 <latexit sha1_base64="8ol0xTGxaGFXJz6bf0wD4pjFMcI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCF0siRT0WvXisYD+gjWGz3bZLN5uwuymEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxrczvz2hUrFIPOg0pl6Ih4INGMHaSL5dnvgK9RQLEX3MzhFBaop8u+JUnTnQKnFzUoEcDd/+6vUjkoRUaMKxUl3XibWXYakZ4XRa6iWKxpiM8ZB2DRU4pMrL5sdP0alR+mgQSVNCo7n6eyLDoVJpGJjOEOuRWvZm4n9eN9GDay9jIk40FWSxaJBwpCM0SwL1maRE89QQTCQztyIywhITbfIqmRDc5ZdXSeui6l5Wa/e1Sv0mj6MIx3ACZ+DCFdThDhrQBAIpPMMrvFlP1ov1bn0sWgtWPlOGP7A+fwALXZO9</latexit>

vs ⇠ e�cs

<latexit sha1_base64="WjfhIFlwCxZHtx2EOjMGfR2j6rQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ1IPHCvYD0lA22027dJMNuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Hbqt564NkIljzhKeRDTfiIiwShaye/ccYmUXBOPdMsVt+rOQJaJl5MK5Kh3y1+dnmJZzBNkkhrje26KwZhqFEzySamTGZ5SNqR97lua0JibYDw7eUJOrNIjkdK2EiQz9ffEmMbGjOLQdsYUB2bRm4r/eX6G0VUwFkmaIU/YfFGUSYKKTP8nPaE5QzmyhDIt7K2EDaimDG1KJRuCt/jyMmmeVb2L6vnDeaV2k8dRhCM4hlPw4BJqcA91aAADBc/wCm8OOi/Ou/Mxby04+cwh/IHz+QNhkJAF</latexit>

� = 1
<latexit sha1_base64="4ImxJ6UxABM6Y5AEEm67p8FBRfE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMU9eCxgv2ANJTNdtMu3WTD7kQopT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJ36rSeujVDJI45SHsS0n4hIMIpW8jt3XCIl18Qj3XLFrbozkGXi5aQCOerd8lenp1gW8wSZpMb4nptiMKYaBZN8UupkhqeUDWmf+5YmNOYmGM9OnpATq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdBWMRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tSyYbgLb68TJpnVe+iev5wXqnd5HEU4QiO4RQ8uIQa3EMdGsBAwTO8wpuDzovz7nzMWwtOPnMIf+B8/gBjF5AG</latexit>

� > 1

<latexit sha1_base64="5xUlrI4w0/VGQC7xwJew1+gduww=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpJoUZdFNy4r2Ac0MUymk3bozCTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt1VaWV1b3yhvVra2d3b37P1qR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wfDP1u49EKhqLez1JiM/RUNCIYqSNFNhVT47iQEFPUQ7VQ3Z6ngd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dns9hweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qoys/oyJJNRF4vihKGdQxnAYBB1QSrNnEEIQlNbdCPEISYW3iqpgQ3MWXl0nnrO5e1Bt3jVrzuoijDA7BETgBLrgETXALWqANMHgCz+AVvFm59WK9Wx/z1pJVzByAP7A+fwA7PJPt</latexit>

⇢s ⇠ s�3
<latexit sha1_base64="5xUlrI4w0/VGQC7xwJew1+gduww=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpJoUZdFNy4r2Ac0MUymk3bozCTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt1VaWV1b3yhvVra2d3b37P1qR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wfDP1u49EKhqLez1JiM/RUNCIYqSNFNhVT47iQEFPUQ7VQ3Z6ngd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dns9hweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qoys/oyJJNRF4vihKGdQxnAYBB1QSrNnEEIQlNbdCPEISYW3iqpgQ3MWXl0nnrO5e1Bt3jVrzuoijDA7BETgBLrgETXALWqANMHgCz+AVvFm59WK9Wx/z1pJVzByAP7A+fwA7PJPt</latexit>

⇢s ⇠ s�3

<latexit sha1_base64="PGygBr/1lQIBUxDMReTyBTTTvsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq6X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBYwI3a</latexit>gs



Screening of magnetisation 

<latexit sha1_base64="BURP4nKiEa9DD35toQA+gul62P4="></latexit>Z
dx(j(x, t), j(0, 0)) ' (j,Qk)[C

�1]kl(Ql(t), j) = (j,Qk)[C
�1]kle

�t/⌧l(Ql, j)

<latexit sha1_base64="gzaMzFboXg9QjGaMBSpgZD8KdWI="></latexit>
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<latexit sha1_base64="m1EqdbGGf9PYP2p1pnPeLME+/vM=">AAACOHicbZBLSwMxFIXv1Fetr1GXboJFcFVmpKjLoht3VrAPaIeSSTNtaCYzJBlLKf1ZbvwZ7sSNC0Xc+gtM20G00wuBj3NySO7xY86UdpwXK7eyura+kd8sbG3v7O7Z+wd1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiD66nfeKBSsUjc61FMvRD3BAsYwdpIHfu2ncRYymiI2t1oKLL4a2dhWaBjF52SMxuUBTeFIqRT7djPJkySkApNOFaq5Tqx9sZYakY4nRTaiaIxJgPcoy2DAodUeePZ4hN0YpQuCiJpjtBopv5NjHGo1Cj0zc0Q675a9KbiMq+V6ODSGzMRJ5oKMn8oSDjSEZq2iLpMUqL5yAAmkpm/ItLHEhNtui6YEtzFlbNQPyu556XyXblYuUrryMMRHMMpuHABFbiBKtSAwCO8wjt8WE/Wm/Vpfc2v5qw0cwj/xvr+AaV2r1Y=</latexit>

"##"""##

<latexit sha1_base64="NGzqyQy05ogRq8NTiG5AOUe8QXs=">AAACOnicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunHZgr1AG8pkOmmHTiZhZmIpoc/lxqdw58KNC0Xc+gBO26C19YeBj/+cw5nz+zFnSjvOs5VbWV1b38hvFra2d3b37P2DuooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8wc2k3rinUrFI3OlRTL0Q9wQLGMHaWB27itrdaCiwlNEQoXYSz2jO/PWWYa7rBzt20Sk5U6FlcDMoQqZKx34ywyQJqdCEY6VarhNrL8VSM8LpuNBOFI0xGeAebRkUOKTKS6enj9GJcbooiKR5QqOpOz+R4lCpUeibzhDrvlqsTcz/aq1EB1deykScaCrIbFGQcKQjNMkRdZmkRPORAUwkM39FpI8lJtqkXTAhuIsnL0P9rORelM6r58XydRZHHo7gGE7BhUsowy1UoAYEHuAF3uDderRerQ/rc9aas7KZQ/gj6+sbaPevqg==</latexit>

#"#"""##

<latexit sha1_base64="7Q7LpzdIqILk3i+lMh3Sv1a0HGw=">AAACO3icjZA7SwNBFIXvxleMr1VLm8EgWIVdEbUM2lhGMQ9IljA7mU2GzM4uM7OGsOR/2fgn7GxsLBSxtXeSLEQTCy8MfJxzL3fu8WPOlHacZyu3tLyyupZfL2xsbm3v2Lt7NRUlktAqiXgkGz5WlDNBq5ppThuxpDj0Oa37/auxX7+nUrFI3OlhTL0QdwULGMHaSG37FrU60UBgKaMBQq0kntIM/uvOsG0XnZIzKbQIbgZFyKrStp/MMElCKjThWKmm68TaS7HUjHA6KrQSRWNM+rhLmwYFDqny0sntI3RklA4KImme0Gii/pxIcajUMPRNZ4h1T817Y/Evr5no4MJLmYgTTQWZLgoSjnSExkGiDpOUaD40gIlk5q+I9LDERJu4CyYEd/7kRaidlNyz0unNabF8mcWRhwM4hGNw4RzKcA0VqAKBB3iBN3i3Hq1X68P6nLbmrGxmH36V9fUN072v1A==</latexit>

#""#""##

<latexit sha1_base64="FwB+tJRLhYl1ZmD3Kq8r/wB1mww=">AAACPHicbZA7TwJBFIXv4gvxtWppM5GYWJFdY9SSaGOJUR4JEDI7zMKE2dnNzKyEbPhhNv4IOysbC42xtXaAjSBwkkm+nHtv7tzjRZwp7TivVmZldW19I7uZ29re2d2z9w8qKowloWUS8lDWPKwoZ4KWNdOc1iJJceBxWvV6N6N69ZFKxULxoAcRbQa4I5jPCNbGatn3qNEO+wJLGfYRasTRhP5gxlraNzWn2LLzTsEZCy2Cm0IeUpVa9osZJnFAhSYcK1V3nUg3Eyw1I5wOc41Y0QiTHu7QukGBA6qayfj4IToxThv5oTRPaDR2ZycSHCg1CDzTGWDdVfO1kbmsVo+1f9VMmIhiTQWZLPJjjnSIRkmiNpOUaD4wgIlk5q+IdLHERJu8cyYEd/7kRaicFdyLwvndeb54ncaRhSM4hlNw4RKKcAslKAOBJ3iDD/i0nq1368v6nrRmrHTmEP7J+vkFPiGv/g==</latexit>

#"""#"##

<latexit sha1_base64="2aNWcRE9g41g095NzqsF8020img=">AAACGXicbVDLSgMxFM34rPU16tJNsIiuyowUdSVFNy4r2Ad0hiGTZtrQTDIkmUIZ5jfc+CtuXCjiUlf+jWk7oLYeuHByzr3k3hMmjCrtOF/W0vLK6tp6aaO8ubW9s2vv7beUSCUmTSyYkJ0QKcIoJ01NNSOdRBIUh4y0w+HNxG+PiFRU8Hs9Togfoz6nEcVIGymwHU+jNFDQUzSGXiQRztw8GwUq/3l5ciCCTJ1cqTyHgV1xqs4UcJG4BamAAo3A/vB6Aqcx4RozpFTXdRLtZ0hqihnJy16qSILwEPVJ11COYqL8bHpZDo+N0oORkKa4hlP190SGYqXGcWg6Y6QHat6biP953VRHl35GeZJqwvHsoyhlUAs4iQn2qCRYs7EhCEtqdoV4gEwg2oRZNiG48ycvktZZ1T2v1u5qlfp1EUcJHIIjcApccAHq4BY0QBNg8ACewAt4tR6tZ+vNep+1LlnFzAH4A+vzGwXToPI=</latexit>

⌧s ⇠
1

vs

1

⇢s0>s

<latexit sha1_base64="5xUlrI4w0/VGQC7xwJew1+gduww=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpJoUZdFNy4r2Ac0MUymk3bozCTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt1VaWV1b3yhvVra2d3b37P1qR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wfDP1u49EKhqLez1JiM/RUNCIYqSNFNhVT47iQEFPUQ7VQ3Z6ngd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dns9hweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qoys/oyJJNRF4vihKGdQxnAYBB1QSrNnEEIQlNbdCPEISYW3iqpgQ3MWXl0nnrO5e1Bt3jVrzuoijDA7BETgBLrgETXALWqANMHgCz+AVvFm59WK9Wx/z1pJVzByAP7A+fwA7PJPt</latexit>

⇢s ⇠ s�3

<latexit sha1_base64="KMFO7XL1o+lNtAkQ1pjUeugqTVw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqBeh6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q66VH2DMbX2OBeueJVvRnwMvFzUoEc9V75q9uPaSqZslQQYzq+l9ggI9pyKtik1E0NSwgdkQHrOKqIZCbIZgdP8IlT+jiKtStl8Uz9PZERacxYhq5TEjs0i95U/M/rpDa6CjKuktQyReeLolRgG+Pp97jPNaNWjB0hVHN3K6ZDogm1LqOSC8FffHmZNM+q/kX1/P68UrvJ4yjCERzDKfhwCTW4gzo0gIKEZ3iFN6TRC3pHH/PWAspnDuEP0OcPFmOPTA==</latexit>ms = s



Screening of magnetisation 

<latexit sha1_base64="BURP4nKiEa9DD35toQA+gul62P4="></latexit>Z
dx(j(x, t), j(0, 0)) ' (j,Qk)[C

�1]kl(Ql(t), j) = (j,Qk)[C
�1]kle

�t/⌧l(Ql, j)

<latexit sha1_base64="gzaMzFboXg9QjGaMBSpgZD8KdWI="></latexit>
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<latexit sha1_base64="m1EqdbGGf9PYP2p1pnPeLME+/vM=">AAACOHicbZBLSwMxFIXv1Fetr1GXboJFcFVmpKjLoht3VrAPaIeSSTNtaCYzJBlLKf1ZbvwZ7sSNC0Xc+gtM20G00wuBj3NySO7xY86UdpwXK7eyura+kd8sbG3v7O7Z+wd1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiD66nfeKBSsUjc61FMvRD3BAsYwdpIHfu2ncRYymiI2t1oKLL4a2dhWaBjF52SMxuUBTeFIqRT7djPJkySkApNOFaq5Tqx9sZYakY4nRTaiaIxJgPcoy2DAodUeePZ4hN0YpQuCiJpjtBopv5NjHGo1Cj0zc0Q675a9KbiMq+V6ODSGzMRJ5oKMn8oSDjSEZq2iLpMUqL5yAAmkpm/ItLHEhNtui6YEtzFlbNQPyu556XyXblYuUrryMMRHMMpuHABFbiBKtSAwCO8wjt8WE/Wm/Vpfc2v5qw0cwj/xvr+AaV2r1Y=</latexit>

"##"""##

<latexit sha1_base64="NGzqyQy05ogRq8NTiG5AOUe8QXs=">AAACOnicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunHZgr1AG8pkOmmHTiZhZmIpoc/lxqdw58KNC0Xc+gBO26C19YeBj/+cw5nz+zFnSjvOs5VbWV1b38hvFra2d3b37P2DuooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8wc2k3rinUrFI3OlRTL0Q9wQLGMHaWB27itrdaCiwlNEQoXYSz2jO/PWWYa7rBzt20Sk5U6FlcDMoQqZKx34ywyQJqdCEY6VarhNrL8VSM8LpuNBOFI0xGeAebRkUOKTKS6enj9GJcbooiKR5QqOpOz+R4lCpUeibzhDrvlqsTcz/aq1EB1deykScaCrIbFGQcKQjNMkRdZmkRPORAUwkM39FpI8lJtqkXTAhuIsnL0P9rORelM6r58XydRZHHo7gGE7BhUsowy1UoAYEHuAF3uDderRerQ/rc9aas7KZQ/gj6+sbaPevqg==</latexit>

#"#"""##

<latexit sha1_base64="7Q7LpzdIqILk3i+lMh3Sv1a0HGw=">AAACO3icjZA7SwNBFIXvxleMr1VLm8EgWIVdEbUM2lhGMQ9IljA7mU2GzM4uM7OGsOR/2fgn7GxsLBSxtXeSLEQTCy8MfJxzL3fu8WPOlHacZyu3tLyyupZfL2xsbm3v2Lt7NRUlktAqiXgkGz5WlDNBq5ppThuxpDj0Oa37/auxX7+nUrFI3OlhTL0QdwULGMHaSG37FrU60UBgKaMBQq0kntIM/uvOsG0XnZIzKbQIbgZFyKrStp/MMElCKjThWKmm68TaS7HUjHA6KrQSRWNM+rhLmwYFDqny0sntI3RklA4KImme0Gii/pxIcajUMPRNZ4h1T817Y/Evr5no4MJLmYgTTQWZLgoSjnSExkGiDpOUaD40gIlk5q+I9LDERJu4CyYEd/7kRaidlNyz0unNabF8mcWRhwM4hGNw4RzKcA0VqAKBB3iBN3i3Hq1X68P6nLbmrGxmH36V9fUN072v1A==</latexit>

#""#""##

<latexit sha1_base64="FwB+tJRLhYl1ZmD3Kq8r/wB1mww=">AAACPHicbZA7TwJBFIXv4gvxtWppM5GYWJFdY9SSaGOJUR4JEDI7zMKE2dnNzKyEbPhhNv4IOysbC42xtXaAjSBwkkm+nHtv7tzjRZwp7TivVmZldW19I7uZ29re2d2z9w8qKowloWUS8lDWPKwoZ4KWNdOc1iJJceBxWvV6N6N69ZFKxULxoAcRbQa4I5jPCNbGatn3qNEO+wJLGfYRasTRhP5gxlraNzWn2LLzTsEZCy2Cm0IeUpVa9osZJnFAhSYcK1V3nUg3Eyw1I5wOc41Y0QiTHu7QukGBA6qayfj4IToxThv5oTRPaDR2ZycSHCg1CDzTGWDdVfO1kbmsVo+1f9VMmIhiTQWZLPJjjnSIRkmiNpOUaD4wgIlk5q+IdLHERJu8cyYEd/7kRaicFdyLwvndeb54ncaRhSM4hlNw4RKKcAslKAOBJ3iDD/i0nq1368v6nrRmrHTmEP7J+vkFPiGv/g==</latexit>

#"""#"##

<latexit sha1_base64="2aNWcRE9g41g095NzqsF8020img=">AAACGXicbVDLSgMxFM34rPU16tJNsIiuyowUdSVFNy4r2Ad0hiGTZtrQTDIkmUIZ5jfc+CtuXCjiUlf+jWk7oLYeuHByzr3k3hMmjCrtOF/W0vLK6tp6aaO8ubW9s2vv7beUSCUmTSyYkJ0QKcIoJ01NNSOdRBIUh4y0w+HNxG+PiFRU8Hs9Togfoz6nEcVIGymwHU+jNFDQUzSGXiQRztw8GwUq/3l5ciCCTJ1cqTyHgV1xqs4UcJG4BamAAo3A/vB6Aqcx4RozpFTXdRLtZ0hqihnJy16qSILwEPVJ11COYqL8bHpZDo+N0oORkKa4hlP190SGYqXGcWg6Y6QHat6biP953VRHl35GeZJqwvHsoyhlUAs4iQn2qCRYs7EhCEtqdoV4gEwg2oRZNiG48ycvktZZ1T2v1u5qlfp1EUcJHIIjcApccAHq4BY0QBNg8ACewAt4tR6tZ+vNep+1LlnFzAH4A+vzGwXToPI=</latexit>

⌧s ⇠
1

vs

1

⇢s0>s

<latexit sha1_base64="5xUlrI4w0/VGQC7xwJew1+gduww=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpJoUZdFNy4r2Ac0MUymk3bozCTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt1VaWV1b3yhvVra2d3b37P1qR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wfDP1u49EKhqLez1JiM/RUNCIYqSNFNhVT47iQEFPUQ7VQ3Z6ngd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dns9hweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qoys/oyJJNRF4vihKGdQxnAYBB1QSrNnEEIQlNbdCPEISYW3iqpgQ3MWXl0nnrO5e1Bt3jVrzuoijDA7BETgBLrgETXALWqANMHgCz+AVvFm59WK9Wx/z1pJVzByAP7A+fwA7PJPt</latexit>

⇢s ⇠ s�3

<latexit sha1_base64="KMFO7XL1o+lNtAkQ1pjUeugqTVw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqBeh6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q66VH2DMbX2OBeueJVvRnwMvFzUoEc9V75q9uPaSqZslQQYzq+l9ggI9pyKtik1E0NSwgdkQHrOKqIZCbIZgdP8IlT+jiKtStl8Uz9PZERacxYhq5TEjs0i95U/M/rpDa6CjKuktQyReeLolRgG+Pp97jPNaNWjB0hVHN3K6ZDogm1LqOSC8FffHmZNM+q/kX1/P68UrvJ4yjCERzDKfhwCTW4gzo0gIKEZ3iFN6TRC3pHH/PWAspnDuEP0OcPFmOPTA==</latexit>ms = s

<latexit sha1_base64="Y5LNDTDHlbTo2UMzA4W3GM7Zf+s=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIXiyJFPVY9OKxgv2ANobNdtMu3WzC7qZQQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3dsv2weHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Ho9uZ3x5TqVgsHvQkoV6EB4KFjGBtJN8uj32FeopFSD1m5+7UtytO1ZkDrRI3JxXI0fDtr14/JmlEhSYcK9V1nUR7GZaaEU6npV6qaILJCA9o11CBI6q8bH74FJ0apY/CWJoSGs3V3xMZjpSaRIHpjLAeqmVvJv7ndVMdXnsZE0mqqSCLRWHKkY7RLAXUZ5ISzSeGYCKZuRWRIZaYaJNVyYTgLr+8SloXVfeyWruvVeo3eRxFOIYTOAMXrqAOd9CAJhBI4Rle4c16sl6sd+tj0Vqw8pkj+APr8wfqdJKe</latexit>

vs ⇠ s�1

<latexit sha1_base64="axSgf4nY4rLL7hLN+zj23rIMURM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVRIt6rLoxmUF+4Amhsl00g6dmYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM0aV9rxvZ2V1bX1js7RV3t7Z3au4+wdtlRqJSQunLJXdGCnCqCAtTTUj3UwSxGNGOvHoZup3HolUNBX3epyRkKOBoAnFSFspciuBRiZSMFCUQ/VwHrlVr+bNAJeJX5AqKNCM3K+gn2LDidCYIaV6vpfpMEdSU8zIpBwYRTKER2hAepYKxIkK89nhE3hilT5MUmlLaDhTf0/kiCs15rHt5EgP1aI3Ff/zekYnV2FORWY0EXi+KDEM6hROU4B9KgnWbGwJwpLaWyEeIomwtlmVbQj+4svLpH1W8y9q9bt6tXFdxFECR+AYnAIfXIIGuAVN0AIYGPAMXsGb8+S8OO/Ox7x1xSlmDsEfOJ8//5+Sqw==</latexit>

⌧s ⇠ s3

<latexit sha1_base64="8ol0xTGxaGFXJz6bf0wD4pjFMcI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCF0siRT0WvXisYD+gjWGz3bZLN5uwuymEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxrczvz2hUrFIPOg0pl6Ih4INGMHaSL5dnvgK9RQLEX3MzhFBaop8u+JUnTnQKnFzUoEcDd/+6vUjkoRUaMKxUl3XibWXYakZ4XRa6iWKxpiM8ZB2DRU4pMrL5sdP0alR+mgQSVNCo7n6eyLDoVJpGJjOEOuRWvZm4n9eN9GDay9jIk40FWSxaJBwpCM0SwL1maRE89QQTCQztyIywhITbfIqmRDc5ZdXSeui6l5Wa/e1Sv0mj6MIx3ACZ+DCFdThDhrQBAIpPMMrvFlP1ov1bn0sWgtWPlOGP7A+fwALXZO9</latexit>

vs ⇠ e�cs

<latexit sha1_base64="3fkwm2kMoT3LU2+dFXwOEXCQRLQ=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoVUBkoCFTBWsDAWiT6kJlSO67RWbSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlSJbOPedeXd8TxIwq7TjfVm5peWV1Lb9e2Njc2t6xd/eaKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD64nfeiBS0Ujc6VFMfI76goYUI22krl30FO1zBMtexEkfHUFTczgr7tNj9+Rs3LVLTsWZAi4SNyMlkKHetb+8XoQTToTGDCnVcZ1Y+ymSmmJGxgUvUSRGeIj6pGOoQJwoP53eMoaHRunBMJLmCQ2n6u+JFHGlRjwwnRzpgZr3JuJ/XifR4aWfUhEnmgg8WxQmDOoIToKBPSoJ1mxkCMKSmr9CPEASYW3iK5gQ3PmTF0nztOKeV6q31VLtKosjDw5AEZSBCy5ADdyAOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwDcCpmr</latexit>

�(!) ⇠ !�1/3 <latexit sha1_base64="rjAKojwJ7xdBVzOK8xHk0qJuVX4=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDEJuxKUMugjWUE84BsDLOT2c2QeSwzs0JYUtr4KzYWitj6CXb+jZNkC008MHDuOfdy554wYVQbz/t2lpZXVtfWCxvFza3tnV13b7+pZaowaWDJpGqHSBNGBWkYahhpJ4ogHjLSCofXE7/1QJSmUtyZUUK6HMWCRhQjY6WeexRoGnMEy4HkJEan0NYczor7zBv33JJX8aaAi8TPSQnkqPfcr6AvccqJMJghrTu+l5huhpShmJFxMUg1SRAeoph0LBWIE93NpoeM4YlV+jCSyj5h4FT9PZEhrvWIh7aTIzPQ895E/M/rpCa67GZUJKkhAs8WRSmDRsJJKrBPFcGGjSxBWFH7V4gHSCFsbHZFG4I/f/IiaZ5V/PNK9bZaql3lcRTAITgGZeCDC1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6x1yclnDsAfOJ8/cR6Y/Q==</latexit>

�(!) ⇠ !0

<latexit sha1_base64="WjfhIFlwCxZHtx2EOjMGfR2j6rQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ1IPHCvYD0lA22027dJMNuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Hbqt564NkIljzhKeRDTfiIiwShaye/ccYmUXBOPdMsVt+rOQJaJl5MK5Kh3y1+dnmJZzBNkkhrje26KwZhqFEzySamTGZ5SNqR97lua0JibYDw7eUJOrNIjkdK2EiQz9ffEmMbGjOLQdsYUB2bRm4r/eX6G0VUwFkmaIU/YfFGUSYKKTP8nPaE5QzmyhDIt7K2EDaimDG1KJRuCt/jyMmmeVb2L6vnDeaV2k8dRhCM4hlPw4BJqcA91aAADBc/wCm8OOi/Ou/Mxby04+cwh/IHz+QNhkJAF</latexit>

� = 1
<latexit sha1_base64="4ImxJ6UxABM6Y5AEEm67p8FBRfE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMU9eCxgv2ANJTNdtMu3WTD7kQopT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJ36rSeujVDJI45SHsS0n4hIMIpW8jt3XCIl18Qj3XLFrbozkGXi5aQCOerd8lenp1gW8wSZpMb4nptiMKYaBZN8UupkhqeUDWmf+5YmNOYmGM9OnpATq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdBWMRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tSyYbgLb68TJpnVe+iev5wXqnd5HEU4QiO4RQ8uIQa3EMdGsBAwTO8wpuDzovz7nzMWwtOPnMIf+B8/gBjF5AG</latexit>

� > 1

<latexit sha1_base64="axSgf4nY4rLL7hLN+zj23rIMURM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVRIt6rLoxmUF+4Amhsl00g6dmYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM0aV9rxvZ2V1bX1js7RV3t7Z3au4+wdtlRqJSQunLJXdGCnCqCAtTTUj3UwSxGNGOvHoZup3HolUNBX3epyRkKOBoAnFSFspciuBRiZSMFCUQ/VwHrlVr+bNAJeJX5AqKNCM3K+gn2LDidCYIaV6vpfpMEdSU8zIpBwYRTKER2hAepYKxIkK89nhE3hilT5MUmlLaDhTf0/kiCs15rHt5EgP1aI3Ff/zekYnV2FORWY0EXi+KDEM6hROU4B9KgnWbGwJwpLaWyEeIomwtlmVbQj+4svLpH1W8y9q9bt6tXFdxFECR+AYnAIfXIIGuAVN0AIYGPAMXsGb8+S8OO/Ox7x1xSlmDsEfOJ8//5+Sqw==</latexit>

⌧s ⇠ s3



Screening of magnetisation 

<latexit sha1_base64="BURP4nKiEa9DD35toQA+gul62P4="></latexit>Z
dx(j(x, t), j(0, 0)) ' (j,Qk)[C

�1]kl(Ql(t), j) = (j,Qk)[C
�1]kle

�t/⌧l(Ql, j)

<latexit sha1_base64="gzaMzFboXg9QjGaMBSpgZD8KdWI="></latexit>

�(!) '
X

s

Z
dte�i!t⇢s(v

e↵
s ms)

2e�t/⌧s

<latexit sha1_base64="m1EqdbGGf9PYP2p1pnPeLME+/vM=">AAACOHicbZBLSwMxFIXv1Fetr1GXboJFcFVmpKjLoht3VrAPaIeSSTNtaCYzJBlLKf1ZbvwZ7sSNC0Xc+gtM20G00wuBj3NySO7xY86UdpwXK7eyura+kd8sbG3v7O7Z+wd1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiD66nfeKBSsUjc61FMvRD3BAsYwdpIHfu2ncRYymiI2t1oKLL4a2dhWaBjF52SMxuUBTeFIqRT7djPJkySkApNOFaq5Tqx9sZYakY4nRTaiaIxJgPcoy2DAodUeePZ4hN0YpQuCiJpjtBopv5NjHGo1Cj0zc0Q675a9KbiMq+V6ODSGzMRJ5oKMn8oSDjSEZq2iLpMUqL5yAAmkpm/ItLHEhNtui6YEtzFlbNQPyu556XyXblYuUrryMMRHMMpuHABFbiBKtSAwCO8wjt8WE/Wm/Vpfc2v5qw0cwj/xvr+AaV2r1Y=</latexit>

"##"""##

<latexit sha1_base64="NGzqyQy05ogRq8NTiG5AOUe8QXs=">AAACOnicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunHZgr1AG8pkOmmHTiZhZmIpoc/lxqdw58KNC0Xc+gBO26C19YeBj/+cw5nz+zFnSjvOs5VbWV1b38hvFra2d3b37P2DuooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8wc2k3rinUrFI3OlRTL0Q9wQLGMHaWB27itrdaCiwlNEQoXYSz2jO/PWWYa7rBzt20Sk5U6FlcDMoQqZKx34ywyQJqdCEY6VarhNrL8VSM8LpuNBOFI0xGeAebRkUOKTKS6enj9GJcbooiKR5QqOpOz+R4lCpUeibzhDrvlqsTcz/aq1EB1deykScaCrIbFGQcKQjNMkRdZmkRPORAUwkM39FpI8lJtqkXTAhuIsnL0P9rORelM6r58XydRZHHo7gGE7BhUsowy1UoAYEHuAF3uDderRerQ/rc9aas7KZQ/gj6+sbaPevqg==</latexit>

#"#"""##

<latexit sha1_base64="7Q7LpzdIqILk3i+lMh3Sv1a0HGw=">AAACO3icjZA7SwNBFIXvxleMr1VLm8EgWIVdEbUM2lhGMQ9IljA7mU2GzM4uM7OGsOR/2fgn7GxsLBSxtXeSLEQTCy8MfJxzL3fu8WPOlHacZyu3tLyyupZfL2xsbm3v2Lt7NRUlktAqiXgkGz5WlDNBq5ppThuxpDj0Oa37/auxX7+nUrFI3OlhTL0QdwULGMHaSG37FrU60UBgKaMBQq0kntIM/uvOsG0XnZIzKbQIbgZFyKrStp/MMElCKjThWKmm68TaS7HUjHA6KrQSRWNM+rhLmwYFDqny0sntI3RklA4KImme0Gii/pxIcajUMPRNZ4h1T817Y/Evr5no4MJLmYgTTQWZLgoSjnSExkGiDpOUaD40gIlk5q+I9LDERJu4CyYEd/7kRaidlNyz0unNabF8mcWRhwM4hGNw4RzKcA0VqAKBB3iBN3i3Hq1X68P6nLbmrGxmH36V9fUN072v1A==</latexit>

#""#""##

<latexit sha1_base64="FwB+tJRLhYl1ZmD3Kq8r/wB1mww=">AAACPHicbZA7TwJBFIXv4gvxtWppM5GYWJFdY9SSaGOJUR4JEDI7zMKE2dnNzKyEbPhhNv4IOysbC42xtXaAjSBwkkm+nHtv7tzjRZwp7TivVmZldW19I7uZ29re2d2z9w8qKowloWUS8lDWPKwoZ4KWNdOc1iJJceBxWvV6N6N69ZFKxULxoAcRbQa4I5jPCNbGatn3qNEO+wJLGfYRasTRhP5gxlraNzWn2LLzTsEZCy2Cm0IeUpVa9osZJnFAhSYcK1V3nUg3Eyw1I5wOc41Y0QiTHu7QukGBA6qayfj4IToxThv5oTRPaDR2ZycSHCg1CDzTGWDdVfO1kbmsVo+1f9VMmIhiTQWZLPJjjnSIRkmiNpOUaD4wgIlk5q+IdLHERJu8cyYEd/7kRaicFdyLwvndeb54ncaRhSM4hlNw4RKKcAslKAOBJ3iDD/i0nq1368v6nrRmrHTmEP7J+vkFPiGv/g==</latexit>

#"""#"##

<latexit sha1_base64="2aNWcRE9g41g095NzqsF8020img=">AAACGXicbVDLSgMxFM34rPU16tJNsIiuyowUdSVFNy4r2Ad0hiGTZtrQTDIkmUIZ5jfc+CtuXCjiUlf+jWk7oLYeuHByzr3k3hMmjCrtOF/W0vLK6tp6aaO8ubW9s2vv7beUSCUmTSyYkJ0QKcIoJ01NNSOdRBIUh4y0w+HNxG+PiFRU8Hs9Togfoz6nEcVIGymwHU+jNFDQUzSGXiQRztw8GwUq/3l5ciCCTJ1cqTyHgV1xqs4UcJG4BamAAo3A/vB6Aqcx4RozpFTXdRLtZ0hqihnJy16qSILwEPVJ11COYqL8bHpZDo+N0oORkKa4hlP190SGYqXGcWg6Y6QHat6biP953VRHl35GeZJqwvHsoyhlUAs4iQn2qCRYs7EhCEtqdoV4gEwg2oRZNiG48ycvktZZ1T2v1u5qlfp1EUcJHIIjcApccAHq4BY0QBNg8ACewAt4tR6tZ+vNep+1LlnFzAH4A+vzGwXToPI=</latexit>

⌧s ⇠
1

vs

1

⇢s0>s

<latexit sha1_base64="5xUlrI4w0/VGQC7xwJew1+gduww=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpJoUZdFNy4r2Ac0MUymk3bozCTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt1VaWV1b3yhvVra2d3b37P1qR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wfDP1u49EKhqLez1JiM/RUNCIYqSNFNhVT47iQEFPUQ7VQ3Z6ngd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dns9hweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qoys/oyJJNRF4vihKGdQxnAYBB1QSrNnEEIQlNbdCPEISYW3iqpgQ3MWXl0nnrO5e1Bt3jVrzuoijDA7BETgBLrgETXALWqANMHgCz+AVvFm59WK9Wx/z1pJVzByAP7A+fwA7PJPt</latexit>

⇢s ⇠ s�3

<latexit sha1_base64="KMFO7XL1o+lNtAkQ1pjUeugqTVw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqBeh6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q66VH2DMbX2OBeueJVvRnwMvFzUoEc9V75q9uPaSqZslQQYzq+l9ggI9pyKtik1E0NSwgdkQHrOKqIZCbIZgdP8IlT+jiKtStl8Uz9PZERacxYhq5TEjs0i95U/M/rpDa6CjKuktQyReeLolRgG+Pp97jPNaNWjB0hVHN3K6ZDogm1LqOSC8FffHmZNM+q/kX1/P68UrvJ4yjCERzDKfhwCTW4gzo0gIKEZ3iFN6TRC3pHH/PWAspnDuEP0OcPFmOPTA==</latexit>ms = s

<latexit sha1_base64="Y5LNDTDHlbTo2UMzA4W3GM7Zf+s=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIXiyJFPVY9OKxgv2ANobNdtMu3WzC7qZQQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3dsv2weHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Ho9uZ3x5TqVgsHvQkoV6EB4KFjGBtJN8uj32FeopFSD1m5+7UtytO1ZkDrRI3JxXI0fDtr14/JmlEhSYcK9V1nUR7GZaaEU6npV6qaILJCA9o11CBI6q8bH74FJ0apY/CWJoSGs3V3xMZjpSaRIHpjLAeqmVvJv7ndVMdXnsZE0mqqSCLRWHKkY7RLAXUZ5ISzSeGYCKZuRWRIZaYaJNVyYTgLr+8SloXVfeyWruvVeo3eRxFOIYTOAMXrqAOd9CAJhBI4Rle4c16sl6sd+tj0Vqw8pkj+APr8wfqdJKe</latexit>

vs ⇠ s�1

<latexit sha1_base64="axSgf4nY4rLL7hLN+zj23rIMURM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVRIt6rLoxmUF+4Amhsl00g6dmYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM0aV9rxvZ2V1bX1js7RV3t7Z3au4+wdtlRqJSQunLJXdGCnCqCAtTTUj3UwSxGNGOvHoZup3HolUNBX3epyRkKOBoAnFSFspciuBRiZSMFCUQ/VwHrlVr+bNAJeJX5AqKNCM3K+gn2LDidCYIaV6vpfpMEdSU8zIpBwYRTKER2hAepYKxIkK89nhE3hilT5MUmlLaDhTf0/kiCs15rHt5EgP1aI3Ff/zekYnV2FORWY0EXi+KDEM6hROU4B9KgnWbGwJwpLaWyEeIomwtlmVbQj+4svLpH1W8y9q9bt6tXFdxFECR+AYnAIfXIIGuAVN0AIYGPAMXsGb8+S8OO/Ox7x1xSlmDsEfOJ8//5+Sqw==</latexit>

⌧s ⇠ s3

<latexit sha1_base64="8ol0xTGxaGFXJz6bf0wD4pjFMcI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCF0siRT0WvXisYD+gjWGz3bZLN5uwuymEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxrczvz2hUrFIPOg0pl6Ih4INGMHaSL5dnvgK9RQLEX3MzhFBaop8u+JUnTnQKnFzUoEcDd/+6vUjkoRUaMKxUl3XibWXYakZ4XRa6iWKxpiM8ZB2DRU4pMrL5sdP0alR+mgQSVNCo7n6eyLDoVJpGJjOEOuRWvZm4n9eN9GDay9jIk40FWSxaJBwpCM0SwL1maRE89QQTCQztyIywhITbfIqmRDc5ZdXSeui6l5Wa/e1Sv0mj6MIx3ACZ+DCFdThDhrQBAIpPMMrvFlP1ov1bn0sWgtWPlOGP7A+fwALXZO9</latexit>

vs ⇠ e�cs

<latexit sha1_base64="3fkwm2kMoT3LU2+dFXwOEXCQRLQ=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoVUBkoCFTBWsDAWiT6kJlSO67RWbSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlSJbOPedeXd8TxIwq7TjfVm5peWV1Lb9e2Njc2t6xd/eaKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXD64nfeiBS0Ujc6VFMfI76goYUI22krl30FO1zBMtexEkfHUFTczgr7tNj9+Rs3LVLTsWZAi4SNyMlkKHetb+8XoQTToTGDCnVcZ1Y+ymSmmJGxgUvUSRGeIj6pGOoQJwoP53eMoaHRunBMJLmCQ2n6u+JFHGlRjwwnRzpgZr3JuJ/XifR4aWfUhEnmgg8WxQmDOoIToKBPSoJ1mxkCMKSmr9CPEASYW3iK5gQ3PmTF0nztOKeV6q31VLtKosjDw5AEZSBCy5ADdyAOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwDcCpmr</latexit>

�(!) ⇠ !�1/3 <latexit sha1_base64="rjAKojwJ7xdBVzOK8xHk0qJuVX4=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDEJuxKUMugjWUE84BsDLOT2c2QeSwzs0JYUtr4KzYWitj6CXb+jZNkC008MHDuOfdy554wYVQbz/t2lpZXVtfWCxvFza3tnV13b7+pZaowaWDJpGqHSBNGBWkYahhpJ4ogHjLSCofXE7/1QJSmUtyZUUK6HMWCRhQjY6WeexRoGnMEy4HkJEan0NYczor7zBv33JJX8aaAi8TPSQnkqPfcr6AvccqJMJghrTu+l5huhpShmJFxMUg1SRAeoph0LBWIE93NpoeM4YlV+jCSyj5h4FT9PZEhrvWIh7aTIzPQ895E/M/rpCa67GZUJKkhAs8WRSmDRsJJKrBPFcGGjSxBWFH7V4gHSCFsbHZFG4I/f/IiaZ5V/PNK9bZaql3lcRTAITgGZeCDC1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6x1yclnDsAfOJ8/cR6Y/Q==</latexit>

�(!) ⇠ !0

<latexit sha1_base64="WjfhIFlwCxZHtx2EOjMGfR2j6rQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ1IPHCvYD0lA22027dJMNuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Hbqt564NkIljzhKeRDTfiIiwShaye/ccYmUXBOPdMsVt+rOQJaJl5MK5Kh3y1+dnmJZzBNkkhrje26KwZhqFEzySamTGZ5SNqR97lua0JibYDw7eUJOrNIjkdK2EiQz9ffEmMbGjOLQdsYUB2bRm4r/eX6G0VUwFkmaIU/YfFGUSYKKTP8nPaE5QzmyhDIt7K2EDaimDG1KJRuCt/jyMmmeVb2L6vnDeaV2k8dRhCM4hlPw4BJqcA91aAADBc/wCm8OOi/Ou/Mxby04+cwh/IHz+QNhkJAF</latexit>

� = 1
<latexit sha1_base64="4ImxJ6UxABM6Y5AEEm67p8FBRfE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMU9eCxgv2ANJTNdtMu3WTD7kQopT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJ36rSeujVDJI45SHsS0n4hIMIpW8jt3XCIl18Qj3XLFrbozkGXi5aQCOerd8lenp1gW8wSZpMb4nptiMKYaBZN8UupkhqeUDWmf+5YmNOYmGM9OnpATq/RIpLStBMlM/T0xprExozi0nTHFgVn0puJ/np9hdBWMRZJmyBM2XxRlkqAi0/9JT2jOUI4soUwLeythA6opQ5tSyYbgLb68TJpnVe+iev5wXqnd5HEU4QiO4RQ8uIQa3EMdGsBAwTO8wpuDzovz7nzMWwtOPnMIf+B8/gBjF5AG</latexit>

� > 1

<latexit sha1_base64="axSgf4nY4rLL7hLN+zj23rIMURM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVRIt6rLoxmUF+4Amhsl00g6dmYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM0aV9rxvZ2V1bX1js7RV3t7Z3au4+wdtlRqJSQunLJXdGCnCqCAtTTUj3UwSxGNGOvHoZup3HolUNBX3epyRkKOBoAnFSFspciuBRiZSMFCUQ/VwHrlVr+bNAJeJX5AqKNCM3K+gn2LDidCYIaV6vpfpMEdSU8zIpBwYRTKER2hAepYKxIkK89nhE3hilT5MUmlLaDhTf0/kiCs15rHt5EgP1aI3Ff/zekYnV2FORWY0EXi+KDEM6hROU4B9KgnWbGwJwpLaWyEeIomwtlmVbQj+4svLpH1W8y9q9bt6tXFdxFECR+AYnAIfXIIGuAVN0AIYGPAMXsGb8+S8OO/Ox7x1xSlmDsEfOJ8//5+Sqw==</latexit>

⌧s ⇠ s3

<latexit sha1_base64="xDwx25v5o1WnL95su/ZWHi5iSc8="></latexit>

D =
X

s

⇢s(1� ns)|ve↵s | lim
hSzi!0

(mdr/hSzi)2

De Nardis, Bernard, Doyon, 2019



Large quasiparticles and solitons gases

<latexit sha1_base64="xDwx25v5o1WnL95su/ZWHi5iSc8="></latexit>

D =
X

s

⇢s(1� ns)|ve↵s | lim
hSzi!0

(mdr/hSzi)2
<latexit sha1_base64="5ISSsYVDnOPf138CtAH9osKBTbc=">AAACIHicbVBNS8NAEN34WetX1KOXxSJ4KokW9SKIXjxWsFpo0rDZbtrF3STsbMQS8lO8+Fe8eFBEb/pr3NYctPXBwNv3ZtiZF6aCg3acT2tmdm5+YbGyVF1eWV1btzc2ryHJFGUtmohEtUMCTPCYtTTXgrVTxYgMBbsJb89H/s0dU8CT+EoPU+ZL0o95xCnRRgrsoxMPMhkA9iJFaO4WOXQPil+vAkO3gT3gEkOQY09JLMl9Edg1p+6MgaeJW5IaKtEM7A+vl9BMslhTQQA6rpNqPydKcypYUfUyYCmht6TPOobGRDLw8/GBBd41Sg9HiTIVazxWf0/kRAIMZWg6JdEDmPRG4n9eJ9PRsZ/zOM00i+nPR1EmsE7wKC3c44pRLYaGEKq42RXTATHZaJNp1YTgTp48Ta736+5hvXHZqJ2elXFU0DbaQXvIRUfoFF2gJmohih7QE3pBr9aj9Wy9We8/rTNWObOF/sD6+gZZeKMY</latexit>

=
X

s

1

s3
1

s
s4 ⇠ smax



Large quasiparticles and solitons gases

<latexit sha1_base64="xDwx25v5o1WnL95su/ZWHi5iSc8="></latexit>

D =
X

s

⇢s(1� ns)|ve↵s | lim
hSzi!0

(mdr/hSzi)2
<latexit sha1_base64="5ISSsYVDnOPf138CtAH9osKBTbc=">AAACIHicbVBNS8NAEN34WetX1KOXxSJ4KokW9SKIXjxWsFpo0rDZbtrF3STsbMQS8lO8+Fe8eFBEb/pr3NYctPXBwNv3ZtiZF6aCg3acT2tmdm5+YbGyVF1eWV1btzc2ryHJFGUtmohEtUMCTPCYtTTXgrVTxYgMBbsJb89H/s0dU8CT+EoPU+ZL0o95xCnRRgrsoxMPMhkA9iJFaO4WOXQPil+vAkO3gT3gEkOQY09JLMl9Edg1p+6MgaeJW5IaKtEM7A+vl9BMslhTQQA6rpNqPydKcypYUfUyYCmht6TPOobGRDLw8/GBBd41Sg9HiTIVazxWf0/kRAIMZWg6JdEDmPRG4n9eJ9PRsZ/zOM00i+nPR1EmsE7wKC3c44pRLYaGEKq42RXTATHZaJNp1YTgTp48Ta736+5hvXHZqJ2elXFU0DbaQXvIRUfoFF2gJmohih7QE3pBr9aj9Wy9We8/rTNWObOF/sD6+gZZeKMY</latexit>

=
X

s

1

s3
1

s
s4 ⇠ smax

+ + + + +
+

+

++
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<latexit sha1_base64="9VaXUgQYznnzAjPs/q5d8D4Hndw=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkpSBV0W3QhuKtgHNiFMJpN26MwkzEyEErPwV9y4UMStv+HOv3HSZqGtBwYO557LPXOChBKpbPvbqCwtr6yuVddrG5tb2zvm7l5XxqlAuINiGot+ACWmhOOOIorifiIwZAHFvWB8Vcx7D1hIEvM7NUmwx+CQk4ggqLTkmwcu1eYQ+pnLoBoJlt207/PcN+t2w57CWiROSeqgRNs3v9wwRinDXCEKpRw4dqK8DApFEMV5zU0lTiAawyEeaMohw9LLpvlz61groRXFQj+urKn6eyODTMoJC7SzCCnnZ4X432yQqujCywhPUoU5mh2KUmqp2CrKsEIiMFJ0oglEguisFhpBAZHSldV0Cc78lxdJt9lwThvN27N667KsowoOwRE4AQ44By1wDdqgAxB4BM/gFbwZT8aL8W58zKwVo9zZB39gfP4AjFyWcQ==</latexit>

h

@t~S = ~S ⇥ @2
x
~S

<latexit sha1_base64="h0Qbzq+03jIqh5CFV6kraaOH5Q0=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWaqYDdC0Y3LivYBnXHIpGkbmnmQ3CmWob/ixl9x40KR7sSfMX1YtPVC4HDOuffmHj8WXIFlfRqZldW19Y3sZm5re2d3z9w/qKkokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zu967Her3PpOJReA+DmLkB6YS8zSkBTXlmyYmJBE6EB9jpM5reDfHlHDnAA6bw3PP4UPzRPDNvFaxJ4WVgz0AezarimSOnFdEkYCFQQZRq2lYMbjqeTAUb5pxEsZjQHumwpoYh0ZvddHLhEJ9opoXbkdQvBDxhf3ekJFBqEPjaGRDoqkVtTP6nNRNol9yUh3ECLKTTRe1EYIjwOC7c4pJREAMNCJVc/xXTLpGEgg41p0OwF09eBrViwT4rFG/P8+WrWRxZdISO0Smy0QUqoxtUQVVE0RN6QW/o3Xg2Xo0PYzS1ZoxZzyH6U8bXN67do9U=</latexit>

H =
X

n

~̂
Sn · ~̂Sn+1

<latexit sha1_base64="v/3MQZYFV/83p7q9geoi1FLEZPM=">AAACHXicbVDLSgMxFM34rPVVdekmWARBKDO1oBuh6KbLivYBnaFk0rQNzWSG5E6hDPMjbvwVNy4UceFG/BvTdhbaeuDCyTn3knuPHwmuwba/rZXVtfWNzdxWfntnd2+/cHDY1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWPbqd+a8yU5qF8gEnEvIAMJO9zSsBI3UKlhq+xq+OgK7E7ZjRxhwSS+zSdvmkvhAU1kedO2i0U7ZI9A14mTkaKKEO9W/h0eyGNAyaBCqJ1x7Ej8BKigFPB0rwbaxYROiID1jFUkoBpL5ldl+JTo/RwP1SmJOCZ+nsiIYHWk8A3nQGBoV70puJ/XieG/pWXcBnFwCSdf9SPBYYQT6PCPa4YBTExhFDFza6YDokiFEygeROCs3jyMmmWS85FqXxXKVZvsjhy6BidoDPkoEtURTVURw1E0SN6Rq/ozXqyXqx362PeumJlM0foD6yvH4ZUojo=</latexit>

1/h
<latexit sha1_base64="Q6Wh+AnNV8FQ9WVeyuHotj2pxjw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9eOfDXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPYzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AGrMY1k</latexit>

Ts,s0(✓) ! T giant
⇠,⇠0 (u) =

1

⇡
log

4u2 + (⇠ + ⇠0)2

4u2 + (⇠ � ⇠0)2

<latexit sha1_base64="H9jwkdXb8uxxKJXwtmmWM3d0Kis="></latexit>

De Nardis, Gopalakrishnan,  
Ilievski, Vasseur, 2020

<latexit sha1_base64="MeuAHBblFyp/CJsCxSmw5EmyDFE="></latexit>

D(t) = 25/3D4/3
classical�

2/3 t1/3 + . . .

<latexit sha1_base64="DMRGmXR1DI5T2m/NEGyqTKmDJHs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbp0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTju5nfeeLaiEQ94iTlfkwjJULBKFqpY0g/iog3qNbcujsHWSVeQWpQoDmofvWHCctirpBJakzPc1P0c6pRMMmnlX5meErZmEa8Z6miMTd+Pj93Ss6sMiRhom0pJHP190ROY2MmcWA7Y4ojs+zNxP+8XobhjZ8LlWbIFVssCjNJMCGz38lQaM5QTiyhTAt7K2EjqilDm1DFhuAtv7xK2hd176p++XBZa9wWcZThBE7hHDy4hgbcQxNawGAMz/AKb07qvDjvzseiteQUM8fwB87nDzUWjtc=</latexit>

s � 1



Large quasiparticles and solitons gases

<latexit sha1_base64="MeuAHBblFyp/CJsCxSmw5EmyDFE="></latexit>

D(t) = 25/3D4/3
classical�

2/3 t1/3 + . . .

<latexit sha1_base64="V7pM03UHj+ZZ+0CGcOLpXlh03Rw="></latexit>

Dclassical =

Z 1

0
d⇠

Z 1

�1
duD(⇠, u) = 5⇡/27

Ts,s0(✓) ! T giant
⇠,⇠0 (u) =

1

⇡
log

4u2 + (⇠ + ⇠0)2

4u2 + (⇠ � ⇠0)2

<latexit sha1_base64="H9jwkdXb8uxxKJXwtmmWM3d0Kis="></latexit>



Large quasiparticles as Goldstone modes

+ + + + +
+

+
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<latexit sha1_base64="9VaXUgQYznnzAjPs/q5d8D4Hndw=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkpSBV0W3QhuKtgHNiFMJpN26MwkzEyEErPwV9y4UMStv+HOv3HSZqGtBwYO557LPXOChBKpbPvbqCwtr6yuVddrG5tb2zvm7l5XxqlAuINiGot+ACWmhOOOIorifiIwZAHFvWB8Vcx7D1hIEvM7NUmwx+CQk4ggqLTkmwcu1eYQ+pnLoBoJlt207/PcN+t2w57CWiROSeqgRNs3v9wwRinDXCEKpRw4dqK8DApFEMV5zU0lTiAawyEeaMohw9LLpvlz61groRXFQj+urKn6eyODTMoJC7SzCCnnZ4X432yQqujCywhPUoU5mh2KUmqp2CrKsEIiMFJ0oglEguisFhpBAZHSldV0Cc78lxdJt9lwThvN27N667KsowoOwRE4AQ44By1wDdqgAxB4BM/gFbwZT8aL8W58zKwVo9zZB39gfP4AjFyWcQ==</latexit>

h

@t~S = ~S ⇥ @2
x
~S

<latexit sha1_base64="h0Qbzq+03jIqh5CFV6kraaOH5Q0=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWaqYDdC0Y3LivYBnXHIpGkbmnmQ3CmWob/ixl9x40KR7sSfMX1YtPVC4HDOuffmHj8WXIFlfRqZldW19Y3sZm5re2d3z9w/qKkokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zu967Her3PpOJReA+DmLkB6YS8zSkBTXlmyYmJBE6EB9jpM5reDfHlHDnAA6bw3PP4UPzRPDNvFaxJ4WVgz0AezarimSOnFdEkYCFQQZRq2lYMbjqeTAUb5pxEsZjQHumwpoYh0ZvddHLhEJ9opoXbkdQvBDxhf3ekJFBqEPjaGRDoqkVtTP6nNRNol9yUh3ECLKTTRe1EYIjwOC7c4pJREAMNCJVc/xXTLpGEgg41p0OwF09eBrViwT4rFG/P8+WrWRxZdISO0Smy0QUqoxtUQVVE0RN6QW/o3Xg2Xo0PYzS1ZoxZzyH6U8bXN67do9U=</latexit>

H =
X

n

~̂
Sn · ~̂Sn+1

<latexit sha1_base64="v/3MQZYFV/83p7q9geoi1FLEZPM=">AAACHXicbVDLSgMxFM34rPVVdekmWARBKDO1oBuh6KbLivYBnaFk0rQNzWSG5E6hDPMjbvwVNy4UceFG/BvTdhbaeuDCyTn3knuPHwmuwba/rZXVtfWNzdxWfntnd2+/cHDY1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWPbqd+a8yU5qF8gEnEvIAMJO9zSsBI3UKlhq+xq+OgK7E7ZjRxhwSS+zSdvmkvhAU1kedO2i0U7ZI9A14mTkaKKEO9W/h0eyGNAyaBCqJ1x7Ej8BKigFPB0rwbaxYROiID1jFUkoBpL5ldl+JTo/RwP1SmJOCZ+nsiIYHWk8A3nQGBoV70puJ/XieG/pWXcBnFwCSdf9SPBYYQT6PCPa4YBTExhFDFza6YDokiFEygeROCs3jyMmmWS85FqXxXKVZvsjhy6BidoDPkoEtURTVURw1E0SN6Rq/ozXqyXqx362PeumJlM0foD6yvH4ZUojo=</latexit>

1/h
<latexit sha1_base64="Q6Wh+AnNV8FQ9WVeyuHotj2pxjw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9eOfDXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPYzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AGrMY1k</latexit>

<latexit sha1_base64="qf8k7CWwJnv5z2hmVsKNYD8f59w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbSbt0swm7G6WE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6fyK9csWtujOQZeLlpAI56r3yV7cfszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aUTcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU145WdcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07JhuAtvrxMmmdV76J6fndeqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDz2NjS4=</latexit>w

<latexit sha1_base64="BBxFaAjljdBWAt5k9HvkBU1dmyc=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdwNQS2DNpYRzAOya5idzCZD5rHMzEZCTOGv2FgoYutv2Pk3TpItNPHAhcM593LvPVHCqDae9+0sLa+srq3nNvKbW9s7u+7efl3LVGFSw5JJ1YyQJowKUjPUMNJMFEE8YqQR9a8nfmNAlKZS3JlhQkKOuoLGFCNjpbZ7GAyQIommTAoYaMqhf/ZwX2q7Ba/oTQEXiZ+RAshQbbtfQUfilBNhMENat3wvMeEIKUMxI+N8kGqSINxHXdKyVCBOdDia3j+GJ1bpwFgqW8LAqfp7YoS41kMe2U6OTE/PexPxP6+VmvgyHFGRpIYIPFsUpwwaCSdhwA5VBBs2tARhRe2tEPeQQtjYyPI2BH/+5UVSLxX982L5tlyoXGVx5MAROAanwAcXoAJuQBXUAAaP4Bm8gjfnyXlx3p2PWeuSk80cgD9wPn8AD5yVew==</latexit>

" ⇠ 1/w2

<latexit sha1_base64="nZzXm29FB5n1wGdOCoH5qOBp16A=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6LXjxWsB/YLiWbZtvQJLskWaUs/RdePCji1X/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn57UeqNIvkvZnE1Bd4KFnICDZWehijnmYCeWdP/XLFrboZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7OLp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j4aMEWJ4RNLMFHM3orICCtMjA2pZEPwFl9eJq3zqndRrd3VKvXrPI4iHMExnIIHl1CHW2hAEwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP1W0kA4=</latexit>

k ⇠ 1/w

<latexit sha1_base64="6PfmypyDV4cPTP/DEunng6fGOug=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiCXcNQY9ELx4xkY8IG9ItXWhou5u2iyEb/oUXDxrj1X/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup35rTFVmkXywUxi6gs8kCxkBBsrPY5RVzOBvIunXrHklt050CrxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqsaDaT+cXT9GZVfoojJQtadBc/T2RYqH1RAS2U2Az1MveTPzP6yQmvPZTJuPEUEkWi8KEIxOh2fuozxQlhk8swUQxeysiQ6wwMTakgg3BW355lTQvy161XLmvlGo3WRx5OIFTOAcPrqAGd1CHBhCQ8Ayv8OZo58V5dz4WrTknmzmGP3A+fwBmw5AZ</latexit>

v ⇠ 1/w



Large quasiparticles as Goldstone modes
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<latexit sha1_base64="9VaXUgQYznnzAjPs/q5d8D4Hndw=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkpSBV0W3QhuKtgHNiFMJpN26MwkzEyEErPwV9y4UMStv+HOv3HSZqGtBwYO557LPXOChBKpbPvbqCwtr6yuVddrG5tb2zvm7l5XxqlAuINiGot+ACWmhOOOIorifiIwZAHFvWB8Vcx7D1hIEvM7NUmwx+CQk4ggqLTkmwcu1eYQ+pnLoBoJlt207/PcN+t2w57CWiROSeqgRNs3v9wwRinDXCEKpRw4dqK8DApFEMV5zU0lTiAawyEeaMohw9LLpvlz61groRXFQj+urKn6eyODTMoJC7SzCCnnZ4X432yQqujCywhPUoU5mh2KUmqp2CrKsEIiMFJ0oglEguisFhpBAZHSldV0Cc78lxdJt9lwThvN27N667KsowoOwRE4AQ44By1wDdqgAxB4BM/gFbwZT8aL8W58zKwVo9zZB39gfP4AjFyWcQ==</latexit>

h

@t~S = ~S ⇥ @2
x
~S

<latexit sha1_base64="h0Qbzq+03jIqh5CFV6kraaOH5Q0=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWaqYDdC0Y3LivYBnXHIpGkbmnmQ3CmWob/ixl9x40KR7sSfMX1YtPVC4HDOuffmHj8WXIFlfRqZldW19Y3sZm5re2d3z9w/qKkokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zu967Her3PpOJReA+DmLkB6YS8zSkBTXlmyYmJBE6EB9jpM5reDfHlHDnAA6bw3PP4UPzRPDNvFaxJ4WVgz0AezarimSOnFdEkYCFQQZRq2lYMbjqeTAUb5pxEsZjQHumwpoYh0ZvddHLhEJ9opoXbkdQvBDxhf3ekJFBqEPjaGRDoqkVtTP6nNRNol9yUh3ECLKTTRe1EYIjwOC7c4pJREAMNCJVc/xXTLpGEgg41p0OwF09eBrViwT4rFG/P8+WrWRxZdISO0Smy0QUqoxtUQVVE0RN6QW/o3Xg2Xo0PYzS1ZoxZzyH6U8bXN67do9U=</latexit>

H =
X

n

~̂
Sn · ~̂Sn+1

<latexit sha1_base64="v/3MQZYFV/83p7q9geoi1FLEZPM=">AAACHXicbVDLSgMxFM34rPVVdekmWARBKDO1oBuh6KbLivYBnaFk0rQNzWSG5E6hDPMjbvwVNy4UceFG/BvTdhbaeuDCyTn3knuPHwmuwba/rZXVtfWNzdxWfntnd2+/cHDY1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWPbqd+a8yU5qF8gEnEvIAMJO9zSsBI3UKlhq+xq+OgK7E7ZjRxhwSS+zSdvmkvhAU1kedO2i0U7ZI9A14mTkaKKEO9W/h0eyGNAyaBCqJ1x7Ej8BKigFPB0rwbaxYROiID1jFUkoBpL5ldl+JTo/RwP1SmJOCZ+nsiIYHWk8A3nQGBoV70puJ/XieG/pWXcBnFwCSdf9SPBYYQT6PCPa4YBTExhFDFza6YDokiFEygeROCs3jyMmmWS85FqXxXKVZvsjhy6BidoDPkoEtURTVURw1E0SN6Rq/ozXqyXqx362PeumJlM0foD6yvH4ZUojo=</latexit>

1/h
<latexit sha1_base64="Q6Wh+AnNV8FQ9WVeyuHotj2pxjw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9eOfDXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPYzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AGrMY1k</latexit>

<latexit sha1_base64="qf8k7CWwJnv5z2hmVsKNYD8f59w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbSbt0swm7G6WE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6fyK9csWtujOQZeLlpAI56r3yV7cfszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aUTcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU145WdcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07JhuAtvrxMmmdV76J6fndeqV3ncRThCI7hFDy4hBrcQh0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDz2NjS4=</latexit>w

<latexit sha1_base64="BBxFaAjljdBWAt5k9HvkBU1dmyc=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdwNQS2DNpYRzAOya5idzCZD5rHMzEZCTOGv2FgoYutv2Pk3TpItNPHAhcM593LvPVHCqDae9+0sLa+srq3nNvKbW9s7u+7efl3LVGFSw5JJ1YyQJowKUjPUMNJMFEE8YqQR9a8nfmNAlKZS3JlhQkKOuoLGFCNjpbZ7GAyQIommTAoYaMqhf/ZwX2q7Ba/oTQEXiZ+RAshQbbtfQUfilBNhMENat3wvMeEIKUMxI+N8kGqSINxHXdKyVCBOdDia3j+GJ1bpwFgqW8LAqfp7YoS41kMe2U6OTE/PexPxP6+VmvgyHFGRpIYIPFsUpwwaCSdhwA5VBBs2tARhRe2tEPeQQtjYyPI2BH/+5UVSLxX982L5tlyoXGVx5MAROAanwAcXoAJuQBXUAAaP4Bm8gjfnyXlx3p2PWeuSk80cgD9wPn8AD5yVew==</latexit>

" ⇠ 1/w2

<latexit sha1_base64="nZzXm29FB5n1wGdOCoH5qOBp16A=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6LXjxWsB/YLiWbZtvQJLskWaUs/RdePCji1X/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn57UeqNIvkvZnE1Bd4KFnICDZWehijnmYCeWdP/XLFrboZ0DLxclKBHI1++as3iEgiqDSEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqsaDaT7OLp+jEKgMURsqWNChTf0+kWGg9EYHtFNiM9KI3E//zuokJr/yUyTgxVJL5ojDhyERo9j4aMEWJ4RNLMFHM3orICCtMjA2pZEPwFl9eJq3zqndRrd3VKvXrPI4iHMExnIIHl1CHW2hAEwhIeIZXeHO08+K8Ox/z1oKTzxzCHzifP1W0kA4=</latexit>

k ⇠ 1/w

<latexit sha1_base64="6PfmypyDV4cPTP/DEunng6fGOug=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiCXcNQY9ELx4xkY8IG9ItXWhou5u2iyEb/oUXDxrj1X/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup35rTFVmkXywUxi6gs8kCxkBBsrPY5RVzOBvIunXrHklt050CrxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqsaDaT+cXT9GZVfoojJQtadBc/T2RYqH1RAS2U2Az1MveTPzP6yQmvPZTJuPEUEkWi8KEIxOh2fuozxQlhk8swUQxeysiQ6wwMTakgg3BW355lTQvy161XLmvlGo3WRx5OIFTOAcPrqAGd1CHBhCQ8Ayv8OZo58V5dz4WrTknmzmGP3A+fwBmw5AZ</latexit>

v ⇠ 1/w



KPZ fluctuations? 

<latexit sha1_base64="3mIsWfg/4CBonugMZ6dxWsd0ypQ=">AAACCnicbVDLTgIxFO3gC/E16tJNlRggMWTGEHVJdOMSE3kkDJJOKVDpdCbtHRNCWLvxV9y40Bi3foE7/8YOsFDwJDc5Pefe9N7jR4JrcJxvK7W0vLK6ll7PbGxube/Yu3s1HcaKsioNRagaPtFMcMmqwEGwRqQYCXzB6v7gKvHrD0xpHspbGEasFZCe5F1OCRipbR96XELbuQOMO5DD93nnBHIF7Gke4H7yKLTtrFN0JsCLxJ2RLJqh0ra/vE5I44BJoIJo3XSdCFojooBTwcYZL9YsInRAeqxpqCQB063R5JQxPjZKB3dDZUoCnqi/J0Yk0HoY+KYzINDX814i/uc1Y+hetEZcRjEwSacfdWOBIcRJLrjDFaMghoYQqrjZFdM+UYSCSS9jQnDnT14ktdOie1Ys3ZSy5ctZHGl0gI5QHrnoHJXRNaqgKqLoET2jV/RmPVkv1rv1MW1NWbOZffQH1ucPYUaXhQ==</latexit>Z t

0
dt0j(0, t0) ⇠ h(0, t)

<latexit sha1_base64="XDmgbOEx4bhKfNIy5A9LAt6P/eA="></latexit>

hSz(x, t)Sz(0, 0)i ! t�2/3fKPZ(�x/t
2/3x)

<latexit sha1_base64="NofFbMcUrXngLVxC1K/RAKuU/ZE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCEVCVUJqoCxgoWxCPqQmhA5rtNadR6yHdQSdWbhV1gYQIiVL2Djb3DSDNByJEvnnnOvru9xI0aFNIxvrbCwuLS8Ulwtra1vbG7p2zstEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHl6nfvidc0DC4leOI2D7qB9SjGEklOfo+tCLEJUXMGcFBZXQsjyC0BPXhzd1DVjp62agaGeA8MXNSBjkajv5l9UIc+ySQmCEhuqYRSTtJt2BGJiUrFiRCeIj6pKtogHwi7CQ7ZQIPldKDXsjVCyTM1N8TCfKFGPuu6vSRHIhZLxX/87qx9M7thAZRLEmAp4u8mEEZwjQX2KOcYMnGiiDMqforxAPEEZYqvZIKwZw9eZ60TqrmabV2XSvXL/I4imAPHIAKMMEZqIMr0ABNgMEjeAav4E170l60d+1j2lrQ8pld8Afa5w9cB5jI</latexit>

@xh(x, t) ⇠ Sz(x, t)



Beyond integrability

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0

<latexit sha1_base64="akRW0HGebBuuJyfCi/pDCnD3GxM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCIJREiroRim66rGDbYBvCZDpph85MwsxEqKH4K25cKOLW/3Dn3zhts9DWAxcO59zLvfeECaNKO863VVhaXlldK66XNja3tnfs3b2WilOJSRPHLJZeiBRhVJCmppoRL5EE8ZCRdji8mfjtByIVjcWdHiXE56gvaEQx0kYK7IM6vIL1IOtKDj3vHo7hKWwFdtmpOFPAReLmpAxyNAL7q9uLccqJ0JghpTquk2g/Q1JTzMi41E0VSRAeoj7pGCoQJ8rPpteP4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq69DMqklQTgWeLopRBHcNJFLBHJcGajQxBWFJzK8QDJBHWJrCSCcGdf3mRtM4q7nmlelst167zOIrgEByBE+CCC1ADddAATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPNsmTJg==</latexit>

H = HXXZ + V



Beyond integrability

<latexit sha1_base64="cBDvpsdz+PAIuYw0qGJ/ip1AKyw=">AAACHXicbVBNaxsxENUmaeM6Tesmx15ETMEhYHaDaXIpmKSHHh2oE4PXmFnt2BGRVos0GzCL/0gv/Su59NBQcuil9N9E/oAmdh8MPN6bYWZekivpKAz/BhubWy9ebldeVXde7755W3u3d+lMYQV2hVHG9hJwqGSGXZKksJdbBJ0ovEpuzmf+1S1aJ032lSY5DjSMMzmSAshLw1ordnKsoREbjWM45J94rIGuBajy85THKSr6Zx7xWKWG3LBWD5vhHHydREtSZ0t0hrXfcWpEoTEjocC5fhTmNCjBkhQKp9W4cJiDuIEx9j3NQKMblPPvpvyDV1I+MtZXRnyuPp0oQTs30YnvnJ3uVr2Z+D+vX9DodFDKLC8IM7FYNCoUJ8NnUfFUWhSkJp6AsNLfysU1WBDkA636EKLVl9fJ5XEz+thsXbTq7bNlHBX2nh2wBovYCWuzL6zDukywb+yO/WT3wffgR/AreFi0bgTLmX32DMGfR4sioPc=</latexit>

�(!) = D�(!) + . . .
<latexit sha1_base64="ffdd4cGPxQC8oHt7BVlSBTvvEF8=">AAACD3icbZBNS8MwGMdTX+d8q3r0EhyKIIx2DPU49OJxgnuBtY40S7uwJC1JKozSb+DFr+LFgyJevXrz25htPejmAyE//v/nIXn+QcKo0o7zbS0tr6yurZc2yptb2zu79t5+W8WpxKSFYxbLboAUYVSQlqaakW4iCeIBI51gdD3xOw9EKhqLOz1OiM9RJGhIMdJG6tsnno6hF0qEMy9CnKO8uO9r8Ax6MSeRwbxvV5yqMy24CG4BFVBUs29/eYMYp5wIjRlSquc6ifYzJDXFjORlL1UkQXiEItIzKBAnys+m++Tw2CgDGMbSHKHhVP09kSGu1JgHppMjPVTz3kT8z+ulOrz0MyqSVBOBZw+FKYMmg0k4cEAlwZqNDSAsqfkrxENkwtEmwrIJwZ1feRHatap7Xq3f1iuNqyKOEjgER+AUuOACNMANaIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8Keszx86p5wl</latexit>

! �

�2 + !2

<latexit sha1_base64="m4obRANaGCM0uQQxaQ1wi9u0eyo="></latexit>

�(!) '
X

s

Z
dte�i!t⇢s(v

e↵
s ms)

2e�t/�

Friedman, Gopalakrishnan, Vasseur, 2020

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0

<latexit sha1_base64="akRW0HGebBuuJyfCi/pDCnD3GxM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCIJREiroRim66rGDbYBvCZDpph85MwsxEqKH4K25cKOLW/3Dn3zhts9DWAxcO59zLvfeECaNKO863VVhaXlldK66XNja3tnfs3b2WilOJSRPHLJZeiBRhVJCmppoRL5EE8ZCRdji8mfjtByIVjcWdHiXE56gvaEQx0kYK7IM6vIL1IOtKDj3vHo7hKWwFdtmpOFPAReLmpAxyNAL7q9uLccqJ0JghpTquk2g/Q1JTzMi41E0VSRAeoj7pGCoQJ8rPpteP4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq69DMqklQTgWeLopRBHcNJFLBHJcGajQxBWFJzK8QDJBHWJrCSCcGdf3mRtM4q7nmlelst167zOIrgEByBE+CCC1ADddAATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPNsmTJg==</latexit>

H = HXXZ + V



Beyond integrability

<latexit sha1_base64="M1sBKfOVVEVRIg4r5GkecdfuG6Y="></latexit>

H =
X

j

~Sj · ~Sj+1 + (�� 1)Sz
j S

z
j+1 + h

X

j

S
z
j

<latexit sha1_base64="bPa8n/SSkzf8YRR3UnrinXsf5ro=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4Zw0e6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTQvKt5lpXpfLddu8jgKcAwncAYeXEEN7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+APn8wdxmo1C</latexit>

+V

<latexit sha1_base64="jaEYAD1eDBg7MXi9Gw2MV49RtSA="></latexit>

H =
X

i

S
x
i S

x
i+1 + S

y
i S

y
i+1 +

p
�⌘i(t)S

z
i

<latexit sha1_base64="5j3G6dYsJQ8+zJY3SCkRA36MIRU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWRom6Eoi5cVrAPaEqZTCft0JkkzEyEGoK/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbhaXlldW14nppY3Nre8fe3WuqKJGENkjEI9n2saKchbShmea0HUuKhc9pyx9dT/zWA5WKReG9Hse0K/AgZAEjWBupZx/coEvkBRKT1M1Sb4CFwFnPLjsVZwq0SNyclCFHvWd/ef2IJIKGmnCsVMd1Yt1NsdSMcJqVvETRGJMRHtCOoSEWVHXT6fUZOjZKHwWRNBVqNFV/T6RYKDUWvukUWA/VvDcR//M6iQ4uuikL40TTkMwWBQlHOkKTKFCfSUo0HxuCiWTmVkSG2EShTWAlE4I7//IiaZ5W3LNK9a5arl3lcRThEI7gBFw4hxrcQh0aQOARnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCZ9JS1</latexit>

D =
1

�

<latexit sha1_base64="QKLy6sQ4ZLLruUeTV7QbzVQ+zUI=">AAACEnicbVDLSgMxFM34rPVVdekmWARFrDOlqBuh6MZlBfuAtgx30rQNTTJDkhFK6Te48VfcuFDErSt3/o3pdBbaeiBw7jn3cnNPEHGmjet+OwuLS8srq5m17PrG5tZ2bme3psNYEVolIQ9VIwBNOZO0apjhtBEpCiLgtB4MbiZ+/YEqzUJ5b4YRbQvoSdZlBIyV/NxxKwJlGHDfYOkPML7Cp7jVAyEgqU/S4qzo5/JuwU2A54mXkjxKUfFzX61OSGJBpSEctG56bmTao8k6wuk424o1jYAMoEeblkoQVLdHyUljfGiVDu6Gyj5pcKL+nhiB0HooAtspwPT1rDcR//OaseletkdMRrGhkkwXdWOOTYgn+eAOU5QYPrQEiGL2r5j0QQExNsWsDcGbPXme1IoF77xQuivly9dpHBm0jw7QEfLQBSqjW1RBVUTQI3pGr+jNeXJenHfnY9q64KQze+gPnM8fo8Wbjg==</latexit>

@tnk = ��nk + �/2

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0



Beyond integrability: Heisenberg point

<latexit sha1_base64="mutZv/3X5WG3RwM53M1pjHYBCsc="></latexit>
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De Nardis, Gopalakrishnan, Vasseur, Ware, 2021

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0



Beyond integrability: Heisenberg point

<latexit sha1_base64="mutZv/3X5WG3RwM53M1pjHYBCsc="></latexit>
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<latexit sha1_base64="efm/mMhOGtlzmNucJh5ZiFiBOPk=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KUoh6LXjxWsB/QpmGz3bRLd5OwuxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpR3n2ypsbG5t7xR3S3v7B4dH9nG5reJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gcjv3O49UKhZHD3qaUE/gUcRCRrA2km+XUV/jdND2FeorJpAa1Hy74lSdBdA6cXNSgRxN3/7qD2OSChppwrFSPddJtJdhqRnhdFbqp4ommEzwiPYMjbCgyssWt8/QuVGGKIylqUijhfp7IsNCqakITKfAeqxWvbn4n9dLdXjtZSxKUk0jslwUphzpGM2DQEMmKdF8aggmkplbERljiYk2cZVMCO7qy+ukXau6l9X6fb3SuMnjKMIpnMEFuHAFDbiDJrSAwBM8wyu8WTPrxXq3PpatBSufOYE/sD5/ALxyk5w=</latexit>

⌧Vs ⇠ s2

<latexit sha1_base64="qym+zullrhZTaahe53Q+Pzlbg/I=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeiF48V7Ac0adhsN+3S3STsTsQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBVcg+N8W6W19Y3NrfJ2ZWd3b//APqy2dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Tj25nfeWRK8yR+gEnKfEmGMY84JWCkwK5iD0jWbwcae5pLrPtOYNecujMHXiVuQWqoQDOwv7xBQjPJYqCCaN1znRT8nCjgVLBpxcs0SwkdkyHrGRoTybSfz2+f4lOjDHCUKFMx4Ln6eyInUuuJDE2nJDDSy95M/M/rZRBd+zmP0wxYTBeLokxgSPAsCDzgilEQE0MIVdzciumIKELBxFUxIbjLL6+S9nndvaxf3F/UGjdFHGV0jE7QGXLRFWqgO9RELUTRE3pGr+jNmlov1rv1sWgtWcXMEfoD6/MHuWqTmg==</latexit>

⌧Vs ⇠ s0

<latexit sha1_base64="3IxE8EbTGwW7ooyB798xazIWPws=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhNmFXgloGbSwjmAdklzA7mWyGzGOZmRXCktLGX7GxUMTWT7Dzb5wkW2jigQtnzrmXufdECaPaeN63U1hZXVvfKG6WtrZ3dvfc/YOWlqnCpIklk6oTIU0YFaRpqGGkkyiCeMRIOxrdTP32A1GaSnFvxgkJOYoFHVCMjJV67nGgacxRJZCcxOgM2ieHAZMxnCs9t+xVvRngMvFzUgY5Gj33K+hLnHIiDGZI667vJSbMkDIUMzIpBakmCcIjFJOupQJxosNsdsgEnlqlDwdS2RIGztTfExniWo95ZDs5MkO96E3F/7xuagZXYUZFkhoi8PyjQcqgkXCaCuxTRbBhY0sQVtTuCvEQKYSNza5kQ/AXT14mrfOqf1Gt3dXK9es8jiI4AiegAnxwCergFjRAE2DwCJ7BK3hznpwX5935mLcWnHzmEPyB8/kDmbKZFQ==</latexit>

�(!) ⇠ log!

<latexit sha1_base64="Q2ppTyGWPJT5IbNUacfxOILlULk=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSDEJuxKUMugjWUE84DsGmYns8mQeSwzs0JY0tj4KzYWitj6D3b+jZNkC008MHDuOfdy554oYVQbz/t2lpZXVtfWCxvFza3tnV13b7+pZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSiobXE7/1QJSmUtyZUUJCjvqCxhQjY6WuexRo2ueoHEhO+ugU2pLDWXHvdd2SV/GmgIvEz0kJ5Kh33a+gJ3HKiTCYIa07vpeYMEPKUMzIuBikmiQID1GfdCwViBMdZtMrxvDEKj0YS2WfMHCq/p7IENd6xCPbyZEZ6HlvIv7ndVITX4YZFUlqiMCzRXHKoJFwEgnsUUWwYSNLEFbU/hXiAVIIGxtc0Ybgz5+8SJpnFf+8Ur2tlmpXeRwFcAiOQRn44ALUwA2ogwbA4BE8g1fw5jw5L8678zFrXXLymQPwB87nDz7Gl8c=</latexit>

�(!) ⇠ !0

<latexit sha1_base64="Hd/FROs0KZ2n3QQau+PTEG1Xu9A=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLiHokevGI0RUS2JBu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHrVMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDPz209UaSbFg5kkNIjxULCIEWys5N/71fp5v1xxa+4caJV4OalAjla//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKnms17yLWuOuUWle53EU4QROoQoeXEITbqEFPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCO+o3g</latexit>

SU(2)

<latexit sha1_base64="EtQOPFRXi6r+24Y8zoOPAbQBonc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd27qjceGtXmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/pZI2C</latexit>

U(1)

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0

De Nardis, Gopalakrishnan, Vasseur, Ware, 2021

<latexit sha1_base64="nZpAdyQx9oHyxKENj1Zl/F/eb1U="></latexit>

H = HXXX +
p
�

X

j

⌘j(t)S
z
j

<latexit sha1_base64="VOHEURvevoVzJDiExlzX6tqICxs="></latexit>

H = HXXX +
p
�

X

j

⌘j(t)hj,j+1

<latexit sha1_base64="Hd/FROs0KZ2n3QQau+PTEG1Xu9A=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLiHokevGI0RUS2JBu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHrVMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDPz209UaSbFg5kkNIjxULCIEWys5N/71fp5v1xxa+4caJV4OalAjla//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKnms17yLWuOuUWle53EU4QROoQoeXEITbqEFPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCO+o3g</latexit>

SU(2)

<latexit sha1_base64="EtQOPFRXi6r+24Y8zoOPAbQBonc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd27qjceGtXmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/pZI2C</latexit>

U(1)



Beyond integrability: Heisenberg point

<latexit sha1_base64="Hd/FROs0KZ2n3QQau+PTEG1Xu9A=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLiHokevGI0RUS2JBu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHrVMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDPz209UaSbFg5kkNIjxULCIEWys5N/71fp5v1xxa+4caJV4OalAjla//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKnms17yLWuOuUWle53EU4QROoQoeXEITbqEFPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCO+o3g</latexit>

SU(2)
<latexit sha1_base64="EtQOPFRXi6r+24Y8zoOPAbQBonc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd27qjceGtXmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/pZI2C</latexit>

U(1)

<latexit sha1_base64="KP0nhfzSZqif8CbJU6TqvV9D1hU="></latexit>

D(t) =
1

2
@t

X

x

x2hSx(t)S0(0)i



Beyond integrability: large Delta regime

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0

<latexit sha1_base64="aqoXzodhQL3zhdrw4Ji2Wtvg6KM=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqpexKUY9FLx4r2A/oriWbzm5Dk+ySZJVS+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOVMG9f9dlZW19Y3Ngtbxe2d3b390sFhSyeZotCkCU9UJyQaOJPQNMxw6KQKiAg5tMPhzdRvP4LSLJH3ZpRCIEgsWcQoMVZ68DWLBan4iYCYnPVKZbfqzoCXiZeTMsrR6JW+/H5CMwHSUE607npuaoIxUYZRDpOin2lICR2SGLqWSiJAB+PZ1RN8apU+jhJlSxo8U39PjInQeiRC2ymIGehFbyr+53UzE10FYybTzICk80VRxrFJ8DQC3GcKqOEjSwhVzN6K6YAoQo0NqmhD8BZfXiat86p3Ua3d1cr16zyOAjpGJ6iCPHSJ6ugWNVATUaTQM3pFb86T8+K8Ox/z1hUnnzlCf+B8/gAADJIy</latexit>

�(!)

<latexit sha1_base64="17xQ3sjfLLzNwur+JCgWDUGbZjk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSalqMeiHjxWsB/QxDLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoRRpV3321pZXVvf2CxsFbd3dvdK9v5BS8WpxKSJYxbLTgiKMCpIU1PNSCeRBHjISDscXU/99iORisbiXo8TEnAYCBpRDNpIPbvkD4BzOPNvCNPwUO3ZZbfizuAsEy8nZZSj0bO//H6MU06ExgyU6npuooMMpKaYkUnRTxVJAI9gQLqGCuBEBdns8IlzYpS+E8XSlNDOTP09kQFXasxD08lBD9WiNxX/87qpji6DjIok1UTg+aIoZY6OnWkKTp9KgjUbGwJYUnOrg4cgAWuTVdGE4C2+vExa1Yp3Xqnd1cr1qzyOAjpCx+gUeegC1dEtaqAmwihFz+gVvVlP1ov1bn3MW1esfOYQ/YH1+QMDQZKu</latexit>

�/�2 <latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="9px9UHYmiH53b/jHU61g3kR4ILQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6rGoB48V7Ac0oWy2k3bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMadf9tkpr6xubW+Xtys7u3v6BfXjUUkkmKTZpwhPZCYlCzgQ2NdMcO6lEEocc2+Hobua3xygVS8STnqQYxGQgWMQo0Ubq2bYfSUJzb5r798g1mfbsqltz53BWiVeQKhRo9Owvv5/QLEahKSdKdT031UFOpGaU47TiZwpTQkdkgF1DBYlRBfn88qlzZpS+EyXSlNDOXP09kZNYqUkcms6Y6KFa9mbif14309FNkDORZhoFXSyKMu7oxJnF4PSZRKr5xBBCJTO3OnRITBTahFUxIXjLL6+S1kXNu6pdPl5W67dFHGU4gVM4Bw+uoQ4P0IAmUBjDM7zCm5VbL9a79bFoLVnFzDH8gfX5A6zxk7M=</latexit>

1

�

<latexit sha1_base64="DG2xzlKYBSGANlkCmHyaiLAx90s=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkx+PJA==</latexit>!

�/�2
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IntegrableSubdiffusived.c. limit

�(!) ⇠
p

!/�

<latexit sha1_base64="OytM2K4wlv6urSKGGlPocC/E6ys=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEhlKQkqgrGChbFI9CE1UXXjuqlVOwm2g1RF/QUWfoWFAYRY2dj4G9w2A7QcydbxOffq+p4g4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+p4lQS2iAxj2U7AEU5i2hDM81pO5EURMBpKxheT/zWA5WKxdGdHiXUFxBGrM8IaCN17bKnWCig7MWChnCCzVOY617qbCadeiEIAeOuXXIqzhR4kbg5KaEc9a795fVikgoaacJBqY7rJNrPQGpGOB0XvVTRBMgQQtoxNAJBlZ9NNxrjY6P0cD+W5kQaT9XfHRkIpUYiMJUC9EDNexPxP6+T6v6ln7EoSTWNyGxQP+VYx3gSD+4xSYnmI0OASGb+iskAJBBtQiyaENz5lRdJ86ziVivnt9VS7SqPo4AO0REqIxddoBq6QXXUQAQ9omf0it6sJ+vFerc+ZqVLVt5zgP7A+vwBVpmdXA==</latexit>

<latexit sha1_base64="jDutA7QzgvgFeXU+9R9bJ2iNPcc="></latexit>

H = HXXZ +
p
�

X

j

⌘j(t)S
z
j



Sub-diffusive dynamics 

<latexit sha1_base64="tckzvmbWl+MUYrTnqUwTkJtdKKM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rLoxmUF+4Cmlslk0g6dSeLMTaGEfIAbf8WNC0Xc+gHu/BunbRbaemDgcM653LnHiwXXYNvfVmFldW19o7hZ2tre2d0r7x+0dJQoypo0EpHqeEQzwUPWBA6CdWLFiPQEa3uj66nfHjOleRTewSRmPUkGIQ84JWCkfrkyvk9dJbGvcIZdzSV2A0Vo6mSpqx8UpJBlJmVX7RnwMnFyUkE5Gv3yl+tHNJEsBCqI1l3HjqGXEgWcCpaV3ESzmNARGbCuoSGRTPfS2TEZPjGKj4NImRcCnqm/J1IitZ5IzyQlgaFe9Kbif143geCyl/IwToCFdL4oSASGCE+bwT5XjIKYGEKo4uavmA6JKQNMfyVTgrN48jJpnVWd82rttlapX+V1FNEROkanyEEXqI5uUAM1EUWP6Bm9ojfryXqx3q2PebRg5TOH6A+szx8xNpu/</latexit>

vdr ⇠ 1p
t

<latexit sha1_base64="KP0nhfzSZqif8CbJU6TqvV9D1hU="></latexit>

D(t) =
1

2
@t

X

x

x2hSx(t)S0(0)i

<latexit sha1_base64="xDwx25v5o1WnL95su/ZWHi5iSc8="></latexit>

D =
X

s

⇢s(1� ns)|ve↵s | lim
hSzi!0

(mdr/hSzi)2

<latexit sha1_base64="hwdChwPbZ2Q7kKuYkeqcf5Of8ds=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBXNREiroRim5cVrAPaGOYTCft0JkkzEyUEvspblwo4tYvceffOH0stPXAhcM593LvPUHCmdKO823llpZXVtfy64WNza3tHbu421BxKgmtk5jHshVgRTmLaF0zzWkrkRSLgNNmMLge+80HKhWLozs9TKgncC9iISNYG8m3i9p374/RJULuSaeHhcC+XXLKzgRokbgzUoIZar791enGJBU00oRjpdquk2gvw1Izwumo0EkVTTAZ4B5tGxphQZWXTU4foUOjdFEYS1ORRhP190SGhVJDEZhOgXVfzXtj8T+vnerwwstYlKSaRmS6KEw50jEa54C6TFKi+dAQTCQztyLSxxITbdIqmBDc+ZcXSeO07J6VK7eVUvVqFkce9uEAjsCFc6jCDdSgDgQe4Rle4c16sl6sd+tj2pqzZjN78AfW5w+PApJG</latexit>

t⇤1 = 1/�

<latexit sha1_base64="9lEyntzij2Wg0F6PG+5rTbx549E=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI4iHOhKBehKAePEYwC2SjptNJmnTPDN01Qgjx4q948aCIV//Cm39jZzlo9EHB470qqur5kRQGXffLSSwsLi2vJFdTa+sbm1vp7Z2yCWPNeImFMtRVHwyXIuAlFCh5NdIclC95xe9fjf3KPddGhMEdDiLeUNANREcwQCu10nvYyjWP6QWl9WsuEZq5k3oXlIJWOuNm3QnoX+LNSIbMUGylP+vtkMWKB8gkGFPz3AgbQ9AomOSjVD02PALWhy6vWRqA4qYxnHwwoodWadNOqG0FSCfqz4khKGMGyredCrBn5r2x+J9Xi7Fz3hiKIIqRB2y6qBNLiiEdx0HbQnOGcmAJMC3srZT1QANDG1rKhuDNv/yXlHNZ7zSbv81nCpezOJJknxyQI+KRM1IgN6RISoSRB/JEXsir8+g8O2/O+7Q14cxmdskvOB/fwvyVMg==</latexit>

t⇤2 = �2/�
<latexit sha1_base64="BRyt7mhOoDQ/CBHbJfacjM3srX0=">AAACOHichZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunFnBXuBNpTJdNIOnUzCzMRSQh/LjY/hTty4UMStT+C0zaK2BQ8MfPzn/Jw5vx9zprTjvFq5ldW19Y38ZmFre2d3z94/qKkokYRWScQj2fCxopwJWtVMc9qIJcWhz2nd79+M+/VHKhWLxIMextQLcVewgBGsjdS271qdaCCwlNEAzWIS/w/LnG276JScSaFFcDMoQlaVtv1izCQJqdCEY6WarhNrL8VSM8LpqNBKFI0x6eMubRoUOKTKSyeHj9CJUTooiKR5QqOJOutIcajUMPTNZIh1T833xuKyXjPRwZWXMhEnmgoyXRQkHOkIjVNEHSYp0XxoABPJzF8R6WGJiTZZF0wI7vzJi1A7K7kXpfP782L5OosjD0dwDKfgwiWU4RYqUAUCT/AGH/BpPVvv1pf1PR3NWZnnEP6U9fMLphyvVg==</latexit>

##""""##
<latexit sha1_base64="uDOGcTWviGw5RTlPqiSH5LB2Yvs=">AAACOXicdZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunFZwV6gDWUynbRDJ5MwM7GU0Ndy41u4E9y4UMStL+C0DVjb+sPAx3/O4cz5/ZgzpR3nxcqtrK6tb+Q3C1vbO7t79v5BTUWJJLRKIh7Jho8V5UzQqmaa00YsKQ59Tut+/2Zcrz9QqVgk7vUwpl6Iu4IFjGBtrLZdaXWigcBSRgM0i0n8L/x2LTPbdtEpOROhRXAzKEKmStt+NsMkCanQhGOlmq4Tay/FUjPC6ajQShSNMenjLm0aFDikyksnl4/QiXE6KIikeUKjiTs7keJQqWHom84Q656ar43NZbVmooMrL2UiTjQVZLooSDjSERrHiDpMUqL50AAmkpm/ItLDEhNtwi6YENz5kxehdlZyL0rnd+fF8nUWRx6O4BhOwYVLKMMtVKAKBB7hFd7hw3qy3qxP62vamrOymUP4I+v7Bxa+r4A=</latexit>

##"""#"#<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>! <latexit sha1_base64="uDOGcTWviGw5RTlPqiSH5LB2Yvs=">AAACOXicdZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunFZwV6gDWUynbRDJ5MwM7GU0Ndy41u4E9y4UMStL+C0DVjb+sPAx3/O4cz5/ZgzpR3nxcqtrK6tb+Q3C1vbO7t79v5BTUWJJLRKIh7Jho8V5UzQqmaa00YsKQ59Tut+/2Zcrz9QqVgk7vUwpl6Iu4IFjGBtrLZdaXWigcBSRgM0i0n8L/x2LTPbdtEpOROhRXAzKEKmStt+NsMkCanQhGOlmq4Tay/FUjPC6ajQShSNMenjLm0aFDikyksnl4/QiXE6KIikeUKjiTs7keJQqWHom84Q656ar43NZbVmooMrL2UiTjQVZLooSDjSERrHiDpMUqL50AAmkpm/ItLDEhNtwi6YENz5kxehdlZyL0rnd+fF8nUWRx6O4BhOwYVLKMMtVKAKBB7hFd7hw3qy3qxP62vamrOymUP4I+v7Bxa+r4A=</latexit>

##"""#"#<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>!
<latexit sha1_base64="LxlFi3UiDsX/nKzA2RyxEqGeJ+E=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZLUY9FPXisYD9gu5Zsmm1Ds8mSzApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2ObqZ++4lpw5V8gHHCgpgMJI84JWAlv3vLBJDH7Lw66ZXKbsWdAS8TLydllKPRK311+4qmMZNABTHG99wEgoxo4FSwSbGbGpYQOiID5lsqScxMkM1OnuBTq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif56cQXQUZl0kKTNL5oigVGBSe/o/7XDMKYmwJoZrbWzEdEk0o2JSKNgRv8eVl0qpWvItK7b5Wrl/ncRTQMTpBZ8hDl6iO7lADNRFFCj2jV/TmgPPivDsf89YVJ585Qn/gfP4AwYiQ7A==</latexit>

��2
<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="vQcYqlrlD+SnylPNEHUzQZcw1d4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIXqxJKeqxqAePFewHtLFstpt26W4SdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2Fmnh9zprTjfFu5ldW19Y38ZmFre2e3aO/tN1WUSEIbJOKRbPtYUc5C2tBMc9qOJcXC57Tlj66nfuuRSsWi8F6PY+oJPAhZwAjWRurZxRvUVUwg/ZCeumeVSc8uOWVnBrRM3IyUIEO9Z391+xFJBA014VipjuvE2kux1IxwOil0E0VjTEZ4QDuGhlhQ5aWzwyfo2Ch9FETSVKjRTP09kWKh1Fj4plNgPVSL3lT8z+skOrj0UhbGiaYhmS8KEo50hKYpoD6TlGg+NgQTycytiAyxxESbrAomBHfx5WXSrJTd83L1rlqqXWVx5OEQjuAEXLiAGtxCHRpAIIFneIU368l6sd6tj3lrzspmDuAPrM8f75+R/A==</latexit>

D ⇠ t�1/2

<latexit sha1_base64="bzllT9DBhTDm3SnPrZaGYGQphlw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInmoiRT0W7cFjBfsBTSib7aZdutmE3YlQQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6uwtr6xuVXcLu3s7u2X7YPDto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gfDvzO49MaR7LB5gkzI/IUPKQUwJG6tvlBvY0j7B77jWYANK3K07VmQOvEjcnFZSj2be/vEFM04hJoIJo3XOdBPyMKOBUsGnJSzVLCB2TIesZKknEtJ/ND5/iU6MMcBgrUxLwXP09kZFI60kUmM6IwEgvezPxP6+XQnjtZ1wmKTBJF4vCVGCI8SwFPOCKURATQwhV3NyK6YgoQsFkVTIhuMsvr5L2RdW9rNbua5X6TR5HER2jE3SGXHSF6ugONVELUZSiZ/SK3qwn68V6tz4WrQUrnzlCf2B9/gAZzJIZ</latexit>

D ⇠ 1/�

<latexit sha1_base64="aqoXzodhQL3zhdrw4Ji2Wtvg6KM=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqpexKUY9FLx4r2A/oriWbzm5Dk+ySZJVS+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8 y8MOVMG9f9dlZW19Y3Ngtbxe2d3b390sFhSyeZotCkCU9UJyQaOJPQNMxw6KQKiAg5tMPhzdRvP4LSLJH3ZpRCIEgsWcQoMVZ68DWLBan4iYCYnPVKZbfqzoCXiZeTMsrR6JW+/H5CMwHSUE607npuaoIxUYZRDpOin2lICR2SGLqWSiJAB+PZ1RN8apU+jhJlSxo8U39PjInQeiRC2ymIGehFbyr+53UzE10FYybTzICk80VRxrFJ8DQC3GcKqOEjSwhVzN6K6YAoQo0NqmhD8BZfXiat86p3Ua3d1cr16zyOAjpGJ6iCPHSJ6ugWNVATUaTQM3pFb86T8+K8Ox/z1hUnnzlCf+B8/gAADJIy</latexit>

�(!)

<latexit sha1_base64="17xQ3sjfLLzNwur+JCgWDUGbZjk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSalqMeiHjxWsB/QxDLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoRRpV3321pZXVvf2CxsFbd3dvdK9v5BS8WpxKSJYxbLTgiKMCpIU1PNSCeRBHjISDscXU/99iORisbiXo8TEnAYCBpRDNpIPbvkD4BzOPNvCNPwUO3ZZbfizuAsEy8nZZSj0bO//H6MU06ExgyU6npuooMMpKaYkUnRTxVJAI9gQLqGCuBEBdns8IlzYpS+E8XSlNDOTP09kQFXasxD08lBD9WiNxX/87qpji6DjIok1UTg+aIoZY6OnWkKTp9KgjUbGwJYUnOrg4cgAWuTVdGE4C2+vExa1Yp3Xqnd1cr1qzyOAjpCx+gUeegC1dEtaqAmwihFz+gVvVlP1ov1bn3MW1esfOYQ/YH1+QMDQZKu</latexit>

�/�2 <latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="9px9UHYmiH53b/jHU61g3kR4ILQ=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6rGoB48V7Ac0oWy2k3bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMadf9tkpr6xubW+Xtys7u3v6BfXjUUkkmKTZpwhPZCYlCzgQ2NdMcO6lEEocc2+Hobua3xygVS8STnqQYxGQgWMQo0Ubq2bYfSUJzb5r798g1mfbsqltz53BWiVeQKhRo9Owvv5/QLEahKSdKdT031UFOpGaU47TiZwpTQkdkgF1DBYlRBfn88qlzZpS+EyXSlNDOXP09kZNYqUkcms6Y6KFa9mbif14309FNkDORZhoFXSyKMu7oxJnF4PSZRKr5xBBCJTO3OnRITBTahFUxIXjLL6+S1kXNu6pdPl5W67dFHGU4gVM4Bw+uoQ4P0IAmUBjDM7zCm5VbL9a79bFoLVnFzDH8gfX5A6zxk7M=</latexit>

1

�

<latexit sha1_base64="DG2xzlKYBSGANlkCmHyaiLAx90s=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkx+PJA==</latexit>!

�/�2
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<latexit sha1_base64="OytM2K4wlv6urSKGGlPocC/E6ys=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEhlKQkqgrGChbFI9CE1UXXjuqlVOwm2g1RF/QUWfoWFAYRY2dj4G9w2A7QcydbxOffq+p4g4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+p4lQS2iAxj2U7AEU5i2hDM81pO5EURMBpKxheT/zWA5WKxdGdHiXUFxBGrM8IaCN17bKnWCig7MWChnCCzVOY617qbCadeiEIAeOuXXIqzhR4kbg5KaEc9a795fVikgoaacJBqY7rJNrPQGpGOB0XvVTRBMgQQtoxNAJBlZ9NNxrjY6P0cD+W5kQaT9XfHRkIpUYiMJUC9EDNexPxP6+T6v6ln7EoSTWNyGxQP+VYx3gSD+4xSYnmI0OASGb+iskAJBBtQiyaENz5lRdJ86ziVivnt9VS7SqPo4AO0REqIxddoBq6QXXUQAQ9omf0it6sJ+vFerc+ZqVLVt5zgP7A+vwBVpmdXA==</latexit>



Beyond integrability: large Delta regime

Singh,  Ware, Vasseur, Friedman, 2021

<latexit sha1_base64="m1EqdbGGf9PYP2p1pnPeLME+/vM=">AAACOHicbZBLSwMxFIXv1Fetr1GXboJFcFVmpKjLoht3VrAPaIeSSTNtaCYzJBlLKf1ZbvwZ7sSNC0Xc+gtM20G00wuBj3NySO7xY86UdpwXK7eyura+kd8sbG3v7O7Z+wd1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiD66nfeKBSsUjc61FMvRD3BAsYwdpIHfu2ncRYymiI2t1oKLL4a2dhWaBjF52SMxuUBTeFIqRT7djPJkySkApNOFaq5Tqx9sZYakY4nRTaiaIxJgPcoy2DAodUeePZ4hN0YpQuCiJpjtBopv5NjHGo1Cj0zc0Q675a9KbiMq+V6ODSGzMRJ5oKMn8oSDjSEZq2iLpMUqL5yAAmkpm/ItLHEhNtui6YEtzFlbNQPyu556XyXblYuUrryMMRHMMpuHABFbiBKtSAwCO8wjt8WE/Wm/Vpfc2v5qw0cwj/xvr+AaV2r1Y=</latexit>

"##"""##

<latexit sha1_base64="NGzqyQy05ogRq8NTiG5AOUe8QXs=">AAACOnicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLosunHZgr1AG8pkOmmHTiZhZmIpoc/lxqdw58KNC0Xc+gBO26C19YeBj/+cw5nz+zFnSjvOs5VbWV1b38hvFra2d3b37P2DuooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8wc2k3rinUrFI3OlRTL0Q9wQLGMHaWB27itrdaCiwlNEQoXYSz2jO/PWWYa7rBzt20Sk5U6FlcDMoQqZKx34ywyQJqdCEY6VarhNrL8VSM8LpuNBOFI0xGeAebRkUOKTKS6enj9GJcbooiKR5QqOpOz+R4lCpUeibzhDrvlqsTcz/aq1EB1deykScaCrIbFGQcKQjNMkRdZmkRPORAUwkM39FpI8lJtqkXTAhuIsnL0P9rORelM6r58XydRZHHo7gGE7BhUsowy1UoAYEHuAF3uDderRerQ/rc9aas7KZQ/gj6+sbaPevqg==</latexit>

#"#"""##

<latexit sha1_base64="7Q7LpzdIqILk3i+lMh3Sv1a0HGw=">AAACO3icjZA7SwNBFIXvxleMr1VLm8EgWIVdEbUM2lhGMQ9IljA7mU2GzM4uM7OGsOR/2fgn7GxsLBSxtXeSLEQTCy8MfJxzL3fu8WPOlHacZyu3tLyyupZfL2xsbm3v2Lt7NRUlktAqiXgkGz5WlDNBq5ppThuxpDj0Oa37/auxX7+nUrFI3OlhTL0QdwULGMHaSG37FrU60UBgKaMBQq0kntIM/uvOsG0XnZIzKbQIbgZFyKrStp/MMElCKjThWKmm68TaS7HUjHA6KrQSRWNM+rhLmwYFDqny0sntI3RklA4KImme0Gii/pxIcajUMPRNZ4h1T817Y/Evr5no4MJLmYgTTQWZLgoSjnSExkGiDpOUaD40gIlk5q+I9LDERJu4CyYEd/7kRaidlNyz0unNabF8mcWRhwM4hGNw4RzKcA0VqAKBB3iBN3i3Hq1X68P6nLbmrGxmH36V9fUN072v1A==</latexit>

#""#""##

<latexit sha1_base64="FwB+tJRLhYl1ZmD3Kq8r/wB1mww=">AAACPHicbZA7TwJBFIXv4gvxtWppM5GYWJFdY9SSaGOJUR4JEDI7zMKE2dnNzKyEbPhhNv4IOysbC42xtXaAjSBwkkm+nHtv7tzjRZwp7TivVmZldW19I7uZ29re2d2z9w8qKowloWUS8lDWPKwoZ4KWNdOc1iJJceBxWvV6N6N69ZFKxULxoAcRbQa4I5jPCNbGatn3qNEO+wJLGfYRasTRhP5gxlraNzWn2LLzTsEZCy2Cm0IeUpVa9osZJnFAhSYcK1V3nUg3Eyw1I5wOc41Y0QiTHu7QukGBA6qayfj4IToxThv5oTRPaDR2ZycSHCg1CDzTGWDdVfO1kbmsVo+1f9VMmIhiTQWZLPJjjnSIRkmiNpOUaD4wgIlk5q+IdLHERJu8cyYEd/7kRaicFdyLwvndeb54ncaRhSM4hlNw4RKKcAslKAOBJ3iDD/i0nq1368v6nrRmrHTmEP7J+vkFPiGv/g==</latexit>

#"""#"##



XNOR gates

Singh,  Ware, Vasseur, Friedman, 2021



Importance of magnon conservation

<latexit sha1_base64="t/hHPmEgk2phPM9UNlB+E1wJOfU=">AAAB/3icbVA9SwNBEN2L3/ErKtjYLAZBLMKdiFqKWlhGMCaQi2FvM0mW7O2du3NiOFP4V2wsFLH1b9j5b9zEKzTxwcDjvRlm5gWxFAZd98vJTU3PzM7NL+QXl5ZXVgtr69cmSjSHCo9kpGsBMyCFggoKlFCLNbAwkFANemdDv3oH2ohIXWE/hkbIOkq0BWdopWZhE5v7N3vUV3BLfbiPqX8OElmzUHRL7gh0kngZKZIM5Wbh029FPAlBIZfMmLrnxthImUbBJQzyfmIgZrzHOlC3VLEQTCMd3T+gO1Zp0XakbSmkI/X3RMpCY/phYDtDhl0z7g3F/7x6gu3jRipUnCAo/rOonUiKER2GQVtCA0fZt4RxLeytlHeZZhxtZHkbgjf+8iS53i95h6WDy4PiyWkWxzzZIttkl3jkiJyQC1ImFcLJA3kiL+TVeXSenTfn/ac152QzG+QPnI9vWEuVDA==</latexit>

t⇤2 6= exp�

<latexit sha1_base64="XA90n4avJ0EKtWsT1HSf1N5mJNQ="></latexit>

H =
X
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~Sj · ~Sj+1 + (�� 1)Sz
j S

z
j+1 +
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�⌘j(t)S
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j

 Abanin, De Roeck, Ho, Huveneers, 2017



Adding noise to spin: sub-diffusion

<latexit sha1_base64="RLkhsfP2y9peXjpAByxl9ohqIZg=">AAACBHicbVC7TgJBFJ3FF+Jr1ZJmIjHBQtxFopZEKSwxkUfCrmR2GGDC7CMzd03IhsLGX7Gx0BhbP8LOv3GALRQ9ySQn59ybO+d4keAKLOvLyCwtr6yuZddzG5tb2zvm7l5ThbGkrEFDEcq2RxQTPGAN4CBYO5KM+J5gLW90NfVb90wqHga3MI6Y65NBwPucEtBS18zXinCEHQixo7iPnRoTQO6S49OT8qRrFqySNQP+S+yUFFCKetf8dHohjX0WABVEqY5tReAmRAKngk1yTqxYROiIDFhH04D4TLnJLMQEH2qlh/uh1C8APFN/biTEV2rse3rSJzBUi95U/M/rxNC/cBMeRDGwgM4P9WOBdeZpI7jHJaMgxpoQKrn+K6ZDIgkF3VtOl2AvRv5LmuWSfVaq3FQK1cu0jizKowNURDY6R1V0jeqogSh6QE/oBb0aj8az8Wa8z0czRrqzj37B+PgG/sOWbA==</latexit>

D(t) !⇠ ��3/2

<latexit sha1_base64="uea9sQfTKbMMB+crGAQ3lB10Nw4=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQooe4G4J6DHoRTxHMA7KbZXYySYbMPpjpFUIIXvwVLx4U8epXePNvnCR70MSChqKqm+4uPxZcgWV9G5ml5ZXVtex6bmNza3vH3N2rqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPrid+44FJxaPwHoYxcwPSC3mXUwJa8swD8Oz2KXYUD7B9VnA6TADBtyftkmfmraI1BV4kdkryKEXVM7+cTkSTgIVABVGqZVsxuCMigVPBxjknUSwmdEB6rKVpSAKm3NH0hTE+1koHdyOpKwQ8VX9PjEig1DDwdWdAoK/mvYn4n9dKoHvpjngYJ8BCOlvUTQSGCE/ywB0uGQUx1IRQyfWtmPaJJBR0ajkdgj3/8iKpl4r2ebF8V85XrtI4sugQHaECstEFqqAbVEU1RNEjekav6M14Ml6Md+Nj1pox0pl99AfG5w/hupUw</latexit>

t⇤1 ⇠ 1/(�J)2

<latexit sha1_base64="HuTx8SvRA2RjVMKPvfbZfM3xQWc=">AAACCXicbZC7SgNBFIZn4y3G26qlzWAQokXcjUEtg1qIVQRzgWyyzM5OkiGzF2bOCiGktfFVbCwUsfUN7HwbJ8kWGv1h4OM/53Dm/F4suALL+jIyC4tLyyvZ1dza+sbmlrm9U1dRIimr0UhEsukRxQQPWQ04CNaMJSOBJ1jDG1xO6o17JhWPwjsYxqwdkF7Iu5wS0JZrYnBLnSPsKB5g54oJIJ2T44LjTwjfHHZKrpm3itZU+C/YKeRRqqprfjp+RJOAhUAFUaplWzG0R0QCp4KNc06iWEzogPRYS2NIAqbao+klY3ygHR93I6lfCHjq/pwYkUCpYeDpzoBAX83XJuZ/tVYC3fP2iIdxAiyks0XdRGCI8CQW7HPJKIihBkIl13/FtE8koaDDy+kQ7PmT/0K9VLRPi+Xbcr5ykcaRRXtoHxWQjc5QBV2jKqohih7QE3pBr8aj8Wy8Ge+z1oyRzuyiXzI+vgEwopgd</latexit>

t⇤2 ⇠ �3/(�J)2

<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>!
<latexit sha1_base64="TzKsugWosMfR/6F4YUns2ixGz+Q=">AAACPHicbZBLSwMxFIXv1Fetr1GXboJFcFVmRNRl0Y3LivYB7VAyaaYNzWSGJGMpQ3+YG3+EO1duXCji1rVpO1DbeiHwcU4OyT1+zJnSjvNq5VZW19Y38puFre2d3T17/6CmokQSWiURj2TDx4pyJmhVM81pI5YUhz6ndb9/M/brj1QqFokHPYypF+KuYAEjWBupbd+3OtFAYCmjAUKtJJ7SDGbusonmsjNu20Wn5EwGLYObQRGyqbTtF5MmSUiFJhwr1XSdWHsplpoRTkeFVqJojEkfd2nToMAhVV46WX6ETozSQUEkzREaTdS/iRSHSg1D39wMse6pRW8s/uc1Ex1ceSkTcaKpINOHgoQjHaFxk6jDJCWaDw1gIpn5KyI9LDHRpu+CKcFdXHkZamcl96J0fndeLF9ndeThCI7hFFy4hDLcQgWqQOAJ3uADPq1n6936sr6nV3NWljmEubF+fgFhYq/+</latexit>

#""#""##
<latexit sha1_base64="r3yb3BN8YLXbVWfWGUGoozMZC5I=">AAACQXicbZA7T8MwFIVvyquUV4CRxaJCYqoShICxgoWxSPQhtVHluE5r1XEi26Gqov41Fv4BGzsLAwixsuC2GdKWK1n6dO45sn38mDOlHefNKqytb2xuFbdLO7t7+wf24VFDRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wbrpvPlGpWCQe9TimXoj7ggWMYG2krt3q9KKRwFJGI4Q6STynVUB5X05e0PPctctOxZkNWgU3gzJkU+varyZOkpAKTThWqu06sfZSLDUjnE5KnUTRGJMh7tO2QYFDqrx01sAEnRmlh4JImiM0mqn5RIpDpcahb5wh1gO1vJuK/+3aiQ5uvJSJONFUkPlFQcKRjtC0TtRjkhLNxwYwkcy8FZEBlphoU3rJlOAuf3kVGhcV96py+XBZrt5mdRThBE7hHFy4hircQw3qQOAZ3uETvqwX68P6tn7m1oKVZY5hYazfP49FsNA=</latexit>

#"""#"##

<latexit sha1_base64="gdfBB4zd/mEnTUycVmp+zFlHY+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi3iqYD+gDWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpk4yxbDBEpGodkA1Ci6xYbgR2E4V0jgQ2AqGN1O/9YRK80Q+mFGKfkz7kkecUWOldjdEYSi565UrbtWdgSwTLycVyFHvlb+6YcKyGKVhgmrd8dzU+GOqDGcCJ6VupjGlbEj72LFU0hi1P57dOyEnVglJlChb0pCZ+ntiTGOtR3FgO2NqBnrRm4r/eZ3MRFf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERlWwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMBDzDK7w5j86L8+58zFsLTj5zCH/gfP4Ag/uPow==</latexit>

�J

<latexit sha1_base64="DJA3BjV+yTot/uTt29Lh0saJXUM="></latexit>

�2+2!3+1 ⇠ |P |2g(R) ⇠
���
�J

�

���
2 1

�



Conclusions

<latexit sha1_base64="jMcsCHrF8uu+9n3xyDtK67oTHzc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5gHJkuYnXSSIbOzy8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6GbqN59QaR7JBzOO0Q/pQPI+Z9RY6bFzi8JQcuWRbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76eziCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpu+THlfIjBhbQpni9lbChlRRZmxIBRuCt/jyMmmclb3zcuW+UqpeZ3Hk4QiO4RQ8uIAq3EEN6sBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AEJN4/b</latexit>

� = 1
<latexit sha1_base64="Ls79rCBZ3+pkJb+9qEiKEutbves=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLFSu3eHwlDSL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U4GXCEzYmIJZYrbWwkbUUWZsQmVbAje8surpHVR9S6rtYdapX6Tx1GEEziFc/DgCupwDw1oAoMxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP7sujy8=</latexit>

�
<latexit sha1_base64="EFHrnXHy+q7QwY84wfeLnqHyTaA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUA8eI5iHJEuYnUySIbOzy0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6Rkiu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEXCGT1Ji258bop1SjYJJPCp3E8JiyER3wtqWKhtz46ezgCTmxSo/0I21LIZmpvydSGhozDgPbGVIcmkVvKv7ntRPsX/qpUHGCXLH5on4iCUZk+j3pCc0ZyrEllGlhbyVsSDVlaDMq2BC8xZeXSeOs7J2XK/eVUvU6iyMPR3AMp+DBBVThDmpQBwYhPMMrvDnaeXHenY95a87JZg7hD5zPH69cj7A=</latexit>

� = 0

sub-diffusive 
(not-perturbative) 

KPZ (?)

enhanced  
diffusion or 

diffusion

away  
from  
XXZ

diffusion?

ballistic diffusive


