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Spin transfer in S-1/2 anisotropic Heisenberg (XXZ) chain
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drives dynamics correlates spins

symmetries

integrability

prototypical model (not exotic)
real-life realization e.g.: KCuF3, SrCuO2, …U(1) symmetry: conservation of Sz (charge)

SU(2) symmetry: conservation of S2 — at Δ=1, isotropic point

extensive set of conserved quantities: strongly impact dynamics



Spin transfer in S-1/2 anisotropic Heisenberg (XXZ) chain
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spin transfer across interface
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P (�)

full counting statistics

probability distribution: characterizes the spin-transfer processes

<latexit sha1_base64="QjINlaQFQTdl5PSdzk8AkyvZOQw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIigvmA5Ahzm71kyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVSdAzQSXrGm4EayTKIZRIFg7GN/M/PYTU5rH8sFMEuZHOJQ85BSNlTpZj6Igd9N+ueJW3TnIKvFyUoEcjX75qzeIaRoxaahArbuemxg/Q2U4FWxa6qWaJUjHOGRdSyVGTPvZ/N4pObPKgISxsiUNmau/JzKMtJ5Ege2M0Iz0sjcT//O6qQmv/YzLJDVM0sWiMBXExGT2PBlwxagRE0uQKm5vJXSECqmxEZVsCN7yy6ukdVH1atXa/WWlfpnHUYQTOIVz8OAK6nALDWgCBQHP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/sO6Ptw==</latexit>

L
<latexit sha1_base64="YwsG2fXhITX5zGz+Q23KV03xHls=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ilTtZjVJL7ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqISjYEb/nlVdK6qHq1au3uslK/zOMowgmcwjl4cAV1uIUGNIGBhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx+6DI+9</latexit>

R infinite temperature state
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Spin transport
naïve expectation for conserved quantities
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quantum quench protocol
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probe spin correlations from spin profile

<latexit sha1_base64="ovEYoKRSXxppjEt/TSfmPSCCjkY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02q1F6EghePFUxbaEPZbDft0s0m7G6EGvobvHhQxKs/yJv/xm2ag7Y+GHi8N8PMPD/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLqkohHsutjRTkT1NVMc9qNJcWhz2nHn9zO/c4jlYpF4kFPY+qFeCRYwAjWRnKfbi4vaoNyxa7aGdAqcXJSgRytQfmrP4xIElKhCcdK9Rw71l6KpWaE01mpnygaYzLBI9ozVOCQKi/Njp2hM6MMURBJU0KjTP09keJQqWnom84Q67Fa9ubif14v0UHDS5mIE00FWSwKEo50hOafoyGTlGg+NQQTycytiIyxxESbfEomBGf55VXSrlWderV+f1VpNvI4inACp3AODlxDE+6gBS4QYPAMr/BmCevFerc+Fq0FK585hj+wPn8AvYON+A==</latexit>

z = 3/2

superdiffusion with dynamical exponent:

Ljubotina et al., Nat. Comm 8 (2017); PRL 122 (2019)

key observation: (numerical evidence) charge across interface
<latexit sha1_base64="UrasJ4Qr6hKPdHsC/S//sCcZ48k="></latexit>

Q(t) =

Z t

0
d⌧ j(L/2, ⌧) / t1/z



Spin transport
naïve expectation for conserved quantities

<latexit sha1_base64="mloAQ2X/D1eM2GQa8/mggwDm5MY=">AAACCnicbVDLSgMxFM3UV62vUZduokUQhDIjUrsRCm5ctmAf0A7DnTTTRjOZIcmIpXTtxl9x40IRt36BO//GTNuFth4InHvOvdzcEyScKe0431ZuaXlldS2/XtjY3NresXf3mipOJaENEvNYtgNQlDNBG5ppTtuJpBAFnLaCu6vMb91TqVgsbvQwoV4EfcFCRkAbybcPuwlIzYD7Gtd9gU9xV0DAwX/At6a8xI5vF52SMwFeJO6MFNEMNd/+6vZikkZUaMJBqY7rJNobZWsIp+NCN1U0AXIHfdoxVEBElTeanDLGx0bp4TCW5gmNJ+rviRFESg2jwHRGoAdq3svE/7xOqsOKN2IiSTUVZLooTDnWMc5ywT0mKdF8aAgQycxfMRmABKJNegUTgjt/8iJpnpXccqlcPy9WK7M48ugAHaET5KILVEXXqIYaiKBH9Ixe0Zv1ZL1Y79bHtDVnzWb20R9Ynz+spJjw</latexit>

@tQn +rxjn = 0
<latexit sha1_base64="3CIblishEDyINqoUpLbEvZ2hLAI=">AAACH3icbVDLSgMxFM3UV62vUZdugkUQhDIjUrsRCoq4bME+YGYYMmnaxiaZIckIZeifuPFX3LhQRNz1b8y0XWj1wOUezrmX5J4oYVRpx5lahZXVtfWN4mZpa3tnd8/eP2irOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE42uc7/zSKSisbjX44QEHA0E7VOMtJFCu/oQCngFb0Ph+VnTnwTwDPoq5WHGJ/AmzIRpvkARQ7AZ8txkvVir0C47FWcG+Je4C1IGCzRC+8vvxTjlRGjMkFKe6yQ6yJDUFDMyKfmpIgnCIzQgnqECcaKCbHbfBJ4YpQf7sTQlNJypPzcyxJUa88hMcqSHatnLxf88L9X9WpBRkaSaCDx/qJ8yqGOYhwV7VBKs2dgQhCU1f4V4iCTC2kRaMiG4yyf/Je3zilutVJsX5XptEUcRHIFjcApccAnq4A40QAtg8ARewBt4t56tV+vD+pyPFqzFziH4BWv6DXUOoWI=</latexit>

jn = Fn[{Q}] +
X

m

DnmrQm + . . .

diffusionballistic

Anomalous diffusion

<latexit sha1_base64="mjHQ0j4JukLUIVey/1KSqElZyw8=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuYlJrH7uCG5cV7AOaWCbTaTt0JgkzN0IJ/Q03LhRx68+482+cthFU9MCFwzn3cu89QSy4Bsf5sFZW19Y3NnNb+e2d3b39wsFhW0eJoqxFIxGpbkA0EzxkLeAgWDdWjMhAsE4wuZr7nXumNI/CW5jGzJdkFPIhpwSM5HmaSwx3aen8YtYvFB277rj1yypeklo5I5U6dm1ngSLK0OwX3r1BRBPJQqCCaN1znRj8lCjgVLBZ3ks0iwmdkBHrGRoSybSfLm6e4VOjDPAwUqZCwAv1+0RKpNZTGZhOSWCsf3tz8S+vl8Cw5qc8jBNgIV0uGiYCQ4TnAeABV4yCmBpCqOLmVkzHRBEKJqa8CeHrU/w/aZdst2JXbsrFRjmLI4eO0Qk6Qy6qoga6Rk3UQhTF6AE9oWcrsR6tF+t12bpiZTNH6Aest0+uPZFy</latexit>

⇠ t2/3

<latexit sha1_base64="BLZxaExLW7AxE6/sa7fw6+iJOZg=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KolI9SIU9OCxgv2ANpTNdtIu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QTaiFg94DgBP2IDJULBGVqp3b0Fieza65XKbsWdgS4TLydlkqPeK311+zFPI1DIJTOm47kJ+hnTKLiESbGbGkgYH7EBdCxVLALjZ7N7J/TUKn0axtqWQjpTf09kLDJmHAW2M2I4NIveVPzP66QYXvmZUEmKoPh8UZhKijGdPk/7QgNHObaEcS3srZQPmWYcbURFG4K3+PIyaZ5XvGqlen9RrlXzOArkmJyQM+KRS1Ijd6ROGoQTSZ7JK3lzHp0X5935mLeuOPnMEfkD5/MHVfCPfQ==</latexit>

� = 1
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<latexit sha1_base64="s4JOgbYordB7oZ5IGd446c7meH8=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mV0noRCl7EUwX7Ae1Ssmm2DU2yS5IVytK/4MWDIl79Q978N6bbPWjrg4HHezPMzAtizrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ShShbRLxSPUCrClnkrYNM5z2YkWxCDjtBtPbhd99okqzSD6aWUx9gceShYxgk0n3N+6wXHGrbga0TrycVCBHa1j+GowikggqDeFY677nxsZPsTKMcDovDRJNY0ymeEz7lkosqPbT7NY5urDKCIWRsiUNytTfEykWWs9EYDsFNhO96i3E/7x+YsJrP2UyTgyVZLkoTDgyEVo8jkZMUWL4zBJMFLO3IjLBChNj4ynZELzVl9dJ56rq1av1h1qlWcvjKMIZnMMleNCAJtxBC9pAYALP8ApvjnBenHfnY9lacPKZU/gD5/MHZd6Nyg==</latexit>

tJ = 0

<latexit sha1_base64="9J430eFJ7ShuRAZqvxc6l+xwNRU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV6EgBfxFME8IFnC7GQ2GTO7s8z0CiHkH7x4UMSr/+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdOoVDPeYEoq3Q6o4VLEvIECJW8nmtMokLwVjG5mfuuJayNU/IDjhPsRHcQiFIyilZp4d11x3V6x5JbdOcgq8TJSggz1XvGr21csjXiMTFJjOp6boD+hGgWTfFropoYnlI3ogHcsjWnEjT+ZXzslZ1bpk1BpWzGSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuGVPxFxkiKP2WJRmEqCisxeJ32hOUM5toQyLeythA2ppgxtQAUbgrf88ippVspetVy9vyjVLrI48nACp3AOHlxCDW6hDg1g8AjP8ApvjnJenHfnY9Gac7KZY/gD5/MHRtWOQA==</latexit>

tJ = 200
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<latexit sha1_base64="fdfhBU9d6KK7q2sNJfhPT4h7O4A="></latexit>

⇢ =
1

(1 + µ2)L

L/2O

i=1

✓
1 + µ 0
0 1� µ

◆ LO

i=L/2+1

✓
1� µ 0
0 1 + µ

◆
quantum quench protocol

<latexit sha1_base64="vDdFFGijlcWyfJ3/7T6+WhZG/gg="></latexit>

hSz(x, t)Sz(0, 0)i = � lim
µ!0

1

µ
�xS

z

probe spin correlations from spin profile

<latexit sha1_base64="ovEYoKRSXxppjEt/TSfmPSCCjkY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02q1F6EghePFUxbaEPZbDft0s0m7G6EGvobvHhQxKs/yJv/xm2ag7Y+GHi8N8PMPD/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLqkohHsutjRTkT1NVMc9qNJcWhz2nHn9zO/c4jlYpF4kFPY+qFeCRYwAjWRnKfbi4vaoNyxa7aGdAqcXJSgRytQfmrP4xIElKhCcdK9Rw71l6KpWaE01mpnygaYzLBI9ozVOCQKi/Njp2hM6MMURBJU0KjTP09keJQqWnom84Q67Fa9ubif14v0UHDS5mIE00FWSwKEo50hOafoyGTlGg+NQQTycytiIyxxESbfEomBGf55VXSrlWderV+f1VpNvI4inACp3AODlxDE+6gBS4QYPAMr/BmCevFerc+Fq0FK585hj+wPn8AvYON+A==</latexit>

z = 3/2

superdiffusion with dynamical exponent:

Ljubotina et al., Nat. Comm 8 (2017); PRL 122 (2019)

key observation: (numerical evidence) charge across interface
<latexit sha1_base64="UrasJ4Qr6hKPdHsC/S//sCcZ48k="></latexit>

Q(t) =

Z t

0
d⌧ j(L/2, ⌧) / t1/z



Spin transport regimes: S-1/2 XXZ chain

<latexit sha1_base64="/6jCc4A9Gmnt2M9fzuQ2hsNtSgY=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVmMct4MVjBPOAZAmzk0kyZmZ2mZkVwpJ/8OJBEa/+jzf/xkmygooWNBRV3XR3hTFn2njeh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6dXC79xTpVkkb80spoHAY8lGjGBjpXZfM4HMoFjy3Lrn1y+raEVq5YxU6sh3vSVKkKE5KL73hxFJBJWGcKx1z/diE6RYGUY4nRf6iaYxJlM8pj1LJRZUB+ny2jk6s8oQjSJlSxq0VL9PpFhoPROh7RTYTPRvbyH+5fUSM6oFKZNxYqgkq0WjhCMTocXraMgUJYbPLMFEMXsrIhOsMDE2oIIN4etT9D9pX7h+xa3clEuNchZHHk7gFM7Bhyo04Bqa0AICd/AAT/DsRM6j8+K8rlpzTjZzDD/gvH0C12iPTA==</latexit>⇠ t

<latexit sha1_base64="sZ9bcRG0SH8endlsgVN3guxHKSg=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KolI9SIU9OCxgv2ANpTNdtIu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QTaiFg94DgBP2IDJULBGVqp3b0Fieza7ZXKbsWdgS4TLydlkqPeK311+zFPI1DIJTOm47kJ+hnTKLiESbGbGkgYH7EBdCxVLALjZ7N7J/TUKn0axtqWQjpTf09kLDJmHAW2M2I4NIveVPzP66QYXvmZUEmKoPh8UZhKijGdPk/7QgNHObaEcS3srZQPmWYcbURFG4K3+PIyaZ5XvGqlen9RrlXzOArkmJyQM+KRS1Ijd6ROGoQTSZ7JK3lzHp0X5935mLeuOPnMEfkD5/MHVGyPfA==</latexit>

� = 0

<latexit sha1_base64="mjHQ0j4JukLUIVey/1KSqElZyw8=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuYlJrH7uCG5cV7AOaWCbTaTt0JgkzN0IJ/Q03LhRx68+482+cthFU9MCFwzn3cu89QSy4Bsf5sFZW19Y3NnNb+e2d3b39wsFhW0eJoqxFIxGpbkA0EzxkLeAgWDdWjMhAsE4wuZr7nXumNI/CW5jGzJdkFPIhpwSM5HmaSwx3aen8YtYvFB277rj1yypeklo5I5U6dm1ngSLK0OwX3r1BRBPJQqCCaN1znRj8lCjgVLBZ3ks0iwmdkBHrGRoSybSfLm6e4VOjDPAwUqZCwAv1+0RKpNZTGZhOSWCsf3tz8S+vl8Cw5qc8jBNgIV0uGiYCQ4TnAeABV4yCmBpCqOLmVkzHRBEKJqa8CeHrU/w/aZdst2JXbsrFRjmLI4eO0Qk6Qy6qoga6Rk3UQhTF6AE9oWcrsR6tF+t12bpiZTNH6Aest0+uPZFy</latexit>

⇠ t2/3

<latexit sha1_base64="BLZxaExLW7AxE6/sa7fw6+iJOZg=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KolI9SIU9OCxgv2ANpTNdtIu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QTaiFg94DgBP2IDJULBGVqp3b0Fieza65XKbsWdgS4TLydlkqPeK311+zFPI1DIJTOm47kJ+hnTKLiESbGbGkgYH7EBdCxVLALjZ7N7J/TUKn0axtqWQjpTf09kLDJmHAW2M2I4NIveVPzP66QYXvmZUEmKoPh8UZhKijGdPk/7QgNHObaEcS3srZQPmWYcbURFG4K3+PIyaZ5XvGqlen9RrlXzOArkmJyQM+KRS1Ijd6ROGoQTSZ7JK3lzHp0X5935mLeuOPnMEfkD5/MHVfCPfQ==</latexit>

� = 1

<latexit sha1_base64="1gagpMc6hiW4lNSL3UO18UZUwck=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZNS+9gV3LisYB/QxDKZTtuhM0mYuRFK6G+4caGIW3/GnX/jtI2gogcuHM65l3vvCWLBNTjOh5VbW9/Y3MpvF3Z29/YPiodHHR0lirI2jUSkegHRTPCQtYGDYL1YMSIDwbrB9Grhd++Z0jwKb2EWM1+ScchHnBIwkudpLjHcpe5FeT4olhy74biNyxpekXolI9UGdm1niRLK0BoU371hRBPJQqCCaN13nRj8lCjgVLB5wUs0iwmdkjHrGxoSybSfLm+e4zOjDPEoUqZCwEv1+0RKpNYzGZhOSWCif3sL8S+vn8Co7qc8jBNgIV0tGiUCQ4QXAeAhV4yCmBlCqOLmVkwnRBEKJqaCCeHrU/w/6ZRtt2pXbyqlZiWLI49O0Ck6Ry6qoSa6Ri3URhTF6AE9oWcrsR6tF+t11Zqzsplj9APW2yerMZFw</latexit>

⇠ t1/2

<latexit sha1_base64="r3mDh0SytMKdqhhZ7O4YrNrEINk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGiV6EgB48RjAPSJYwO+lNhszOrjOzQgj5CS8eFPHq73jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RYqd29RWHodaVXLLlldw6ySryMlCBDvVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/N4pObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU145U+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVNCtlr1qu3l+UatUsjjycwCmcgweXUIM7qEMDGAh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AVd0j34=</latexit>

� = 2



Experimental evidence

cold atoms setup

Wei et al., Science 376 (2022)

neutron scattering

Schiele et al., Nat. Phys 17 (2021)

quantum simulators

Rosenberg et al., Science 384 (2024)

Tennant Bloch Google Quantum AI / Prosen



Kardar-Parisi-Zhang (KPZ) universality class

describe interface growth of classical processes

coffee stains tumor cell

• burning paper, 
• fire spread in a forest 
• ice on a windscreen 
• polymerization 
• traffic 
• …

stochastic non-linear differential equation

𝛿-correlated noise
diffusion non-linear

<latexit sha1_base64="c/ZfjbMTsv9GzbwGLHv44xiJ5Ks=">AAACKXicbVDLSgMxFM34rPVVdekmWARFKDNFqguFgi5cVrCt0NbhTpo6oZkHyR1pKf0dN/6KGwVF3fojZtoqvg4ETs659yb3eLEUGm371Zqanpmdm88sZBeXlldWc2vrNR0livEqi2SkLj3QXIqQV1Gg5Jex4hB4kte97knq12+40iIKL7Af81YA16HoCAZoJDdXbsagUIB0kfr0mJ5+3q+Kbs+ne7QpzbA20J2vwh71d6+KqcURqJvL2wV7BPqXOBOSJxNU3Nxjsx2xJOAhMglaNxw7xtYgHc4kH2abieYxsC5c84ahIQRctwajTYd02yht2omUOSHSkfq9YwCB1v3AM5UBoK9/e6n4n9dIsHPYGogwTpCHbPxQJ5EUI5rGRttCcYaybwgwJcxfKfNBAUMTbtaE4Pxe+S+pFQtOqVA638+XjyZxZMgm2SI7xCEHpEzOSIVUCSO35J48kWfrznqwXqy3cemUNenZID9gvX8AEFSknw==</latexit>

@th = D@2
xh+ �(@xh)

2 + ⌘

i.i.d. waiting times

• linear growth speed 
• lack of spatial correlations

i.i.d. waiting times

• linear growth speed 
• height correlated transversally 

over long distances

time : space : fluctuations

3 : 2 : 1
scaling like

Gaussian fluctuations
<latexit sha1_base64="HeU/ojElQPGbI/6nBhsXSms+z6A=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhosTdIDHHgBePEcwDsmuYnUySITO7y0yvGJbcvPgrXjwo4tVf8ObfOHkcNLGgoajqprvLjwTXYNvfVmppeWV1Lb2e2djc2t7J7u7VdRgrymo0FKFq+kQzwQNWAw6CNSPFiPQFa/iDq7HfuGdK8zC4hWHEPEl6Ae9ySsBI7exhP/9wBifY1VxiwKfY7REpCYa7xDkvjtrZnF2wJ8CLxJmRHJqh2s5+uZ2QxpIFQAXRuuXYEXgJUcCpYKOMG2sWETogPdYyNCCSaS+Z/DHCx0bp4G6oTAWAJ+rviYRIrYfSN52SQF/Pe2PxP68VQ7fsJTyIYmABnS7qxgJDiMeh4A5XjIIYGkKo4uZWTPtEEQomuowJwZl/eZHUiwWnVCjdXOQq5VkcaXSAjlAeOegSVdA1qqIaougRPaNX9GY9WS/Wu/UxbU1Zs5l99AfW5w+wwpdI</latexit>

h(x, t) ⇠ t+ �t1/2
Tracy-Widom fluctuations

<latexit sha1_base64="P4y7x12NTeAGhdW68VYovN9RCFY=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVpc6o1C4LgrisYB/Q1iGTpm1oMjMkd8Qy9Dvc+CtuXCjiTtz4N6YPQVsPhJyccy839/iR4Boc58uam19YXFpOraRX19Y3Nu2t7YoOY0VZmYYiVDWfaCZ4wMrAQbBapBiRvmBVv3cx9Kt3TGkeBjfQj1hTkk7A25wSMJJnu93s/REc4IbmEjc6REriORjw4c8jcY9PBxhux/el53p2xsk5I+BZ4k5IBk1Q8uyPRiuksWQBUEG0rrtOBM2EKOBUsEG6EWsWEdojHVY3NCCS6WYyWm2A943Swu1QmRMAHqm/OxIite5L31RKAl097Q3F/7x6DO1CM+FBFAML6HhQOxYYQjzMCbe4YhRE3xBCFTd/xbRLFKFg0kybENzplWdJ5STn5nP567NMsTCJI4V20R7KIhedoyK6QiVURhQ9oCf0gl6tR+vZerPex6Vz1qRnB/2B9fkNZhSd9Q==</latexit>

h(x, t) ⇠ �0t+ �1/3t
1/3F1

Corwin NAMS 63 (2016)



describe interface growth of classical processes

coffee stains tumor cell

• burning paper, 
• fire spread in a forest 
• ice on a windscreen 
• polymerization 
• traffic 
• …

stochastic non-linear differential equation

𝛿-correlated noise
diffusion non-linear

<latexit sha1_base64="c/ZfjbMTsv9GzbwGLHv44xiJ5Ks=">AAACKXicbVDLSgMxFM34rPVVdekmWARFKDNFqguFgi5cVrCt0NbhTpo6oZkHyR1pKf0dN/6KGwVF3fojZtoqvg4ETs659yb3eLEUGm371Zqanpmdm88sZBeXlldWc2vrNR0livEqi2SkLj3QXIqQV1Gg5Jex4hB4kte97knq12+40iIKL7Af81YA16HoCAZoJDdXbsagUIB0kfr0mJ5+3q+Kbs+ne7QpzbA20J2vwh71d6+KqcURqJvL2wV7BPqXOBOSJxNU3Nxjsx2xJOAhMglaNxw7xtYgHc4kH2abieYxsC5c84ahIQRctwajTYd02yht2omUOSHSkfq9YwCB1v3AM5UBoK9/e6n4n9dIsHPYGogwTpCHbPxQJ5EUI5rGRttCcYaybwgwJcxfKfNBAUMTbtaE4Pxe+S+pFQtOqVA638+XjyZxZMgm2SI7xCEHpEzOSIVUCSO35J48kWfrznqwXqy3cemUNenZID9gvX8AEFSknw==</latexit>

@th = D@2
xh+ �(@xh)

2 + ⌘

i.i.d. waiting times

• linear growth speed 
• lack of spatial correlations

i.i.d. waiting times

• linear growth speed 
• height correlated transversally 

over long distances

time : space : fluctuations

3 : 2 : 1
scaling like

Gaussian fluctuations
<latexit sha1_base64="HeU/ojElQPGbI/6nBhsXSms+z6A=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhosTdIDHHgBePEcwDsmuYnUySITO7y0yvGJbcvPgrXjwo4tVf8ObfOHkcNLGgoajqprvLjwTXYNvfVmppeWV1Lb2e2djc2t7J7u7VdRgrymo0FKFq+kQzwQNWAw6CNSPFiPQFa/iDq7HfuGdK8zC4hWHEPEl6Ae9ySsBI7exhP/9wBifY1VxiwKfY7REpCYa7xDkvjtrZnF2wJ8CLxJmRHJqh2s5+uZ2QxpIFQAXRuuXYEXgJUcCpYKOMG2sWETogPdYyNCCSaS+Z/DHCx0bp4G6oTAWAJ+rviYRIrYfSN52SQF/Pe2PxP68VQ7fsJTyIYmABnS7qxgJDiMeh4A5XjIIYGkKo4uZWTPtEEQomuowJwZl/eZHUiwWnVCjdXOQq5VkcaXSAjlAeOegSVdA1qqIaougRPaNX9GY9WS/Wu/UxbU1Zs5l99AfW5w+wwpdI</latexit>

h(x, t) ⇠ t+ �t1/2
Tracy-Widom fluctuations

<latexit sha1_base64="P4y7x12NTeAGhdW68VYovN9RCFY=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVpc6o1C4LgrisYB/Q1iGTpm1oMjMkd8Qy9Dvc+CtuXCjiTtz4N6YPQVsPhJyccy839/iR4Boc58uam19YXFpOraRX19Y3Nu2t7YoOY0VZmYYiVDWfaCZ4wMrAQbBapBiRvmBVv3cx9Kt3TGkeBjfQj1hTkk7A25wSMJJnu93s/REc4IbmEjc6REriORjw4c8jcY9PBxhux/el53p2xsk5I+BZ4k5IBk1Q8uyPRiuksWQBUEG0rrtOBM2EKOBUsEG6EWsWEdojHVY3NCCS6WYyWm2A943Swu1QmRMAHqm/OxIite5L31RKAl097Q3F/7x6DO1CM+FBFAML6HhQOxYYQjzMCbe4YhRE3xBCFTd/xbRLFKFg0kybENzplWdJ5STn5nP567NMsTCJI4V20R7KIhedoyK6QiVURhQ9oCf0gl6tR+vZerPex6Vz1qRnB/2B9fkNZhSd9Q==</latexit>

h(x, t) ⇠ �0t+ �1/3t
1/3F1

Corwin NAMS 63 (2016)

Kardar-Parisi-Zhang (KPZ) universality class



Why is anomalous transport 
in quantum spin chains surprising?

concept of universality in processes far from equilibrium

classical systems

robust (universal) feature

quantum systems

“fragile” i.e., it depends on microscopic details:

integrability

non-abelian symmetry — e.g. SU(2)

Wei et al., Science 376 (2022)

KPZ processes: preferred direction in time



<latexit sha1_base64="sc1U70wQ4Wbl76wOwiPMZBWxx9U="></latexit>

P (�) =
1

(2S + 1)L

X

s,s0

� (⌃s0 � ⌃s � �)
��hs0|e�ıHt|si

��2

full counting statistics

transferred spin
spin in config. s’ and s

Higher-order correlation functions
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mean variance skewness kurtosis

<latexit sha1_base64="mnFoSliNHU4P23+TlSBtZ24m5xo=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BD3qMYB6SLKF3MpsMmdldZmaFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TRVmdxiJWrQA1EzxidcONYK1EMZSBYM1geDP1m09MaR5HD2aUMF9iP+Ihp2is9FgrdW5RSjzrFopu2Z2BLBMvI0XIUOsWvjq9mKaSRYYK1LrtuYnxx6gMp4JN8p1UswTpEPusbWmEkml/PDt4Qk6t0iNhrGxFhszU3xNjlFqPZGA7JZqBXvSm4n9eOzXhlT/mUZIaFtH5ojAVxMRk+j3pccWoESNLkCpubyV0gAqpsRnlbQje4svLpHFe9irlyv1FsXqdxZGDYziBEnhwCVW4gxrUgYKEZ3iFN0c5L8678zFvXXGymSP4A+fzB8I3j78=</latexit> P
(�

)

<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�



<latexit sha1_base64="NLLAbjbcPsNNYg1iMKm/uthDPdI="></latexit>

U
t =

X

�

X

↵

⇤�↵O
A
�↵ ⌦O

B
�̄↵ =

X

�

O�,

Quantum trajectories

Schmidt decomposition of the time-evolution operator

Monte Carlo sampling:

...
<latexit sha1_base64="CIcgb7MVF7nbVpPdeH6JVPXM4Ac=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kRMuAjYVFAuYDkiPsbeaSNXt7x+6eEEJ+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeONPuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbSuyl61XG1USrVKFkcezuAcLsGDa6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwCi5YzN</latexit>

L

<latexit sha1_base64="2AsFStB3vI6iZKayJPkckEGai7M=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWakVJeFbtwoFe0D2mHIpJk2NMkMSaZQhvkTNy4UceufuPNvzLSz0NYDgcM593JPThAzqrTjfFuljc2t7Z3ybmVv/+DwyD4+6aookZh0cMQi2Q+QIowK0tFUM9KPJUE8YKQXTFu535sRqWgknvQ8Jh5HY0FDipE2km/b93465EhPJE/vWo9Z5ttVp+YsANeJW5AqKND27a/hKMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Uly6SZ/DCKCMYRtI8oeFC/b2RIq7UnAdmMg+pVr1c/M8bJDq88VIq4kQTgZeHwoRBHcG8BjiikmDN5oYgLKnJCvEESYS1KatiSnBXv7xOulc1t1FrPNSrzXpRRxmcgXNwCVxwDZrgFrRBB2AwA8/gFbxZqfVivVsfy9GSVeycgj+wPn8AstKTrQ==</latexit>

NMCS

• access directly full counting statistics
• MPS bond dimension grows exponentially — short timescales

Valli et al., in preparation

<latexit sha1_base64="B3ypmN9ZTBunO1eebF229EsZPO0="></latexit>

G(�, t) =
1

(2S + 1)L
hR(�, t)R†(�⇤, 0)i

<latexit sha1_base64="KOrIlva8mSzCrF2RRKJgQ7b+v50="></latexit>

R(�) = e�ı�⌃ =
Y

j<L/2

e�ı�Sz
j

Generating function

MPO representation of spin on one side of the interface

<latexit sha1_base64="OZfLTpu1rKnnQR9+5dE35OT58qc="></latexit>

n(t) =
@n

@�n
logG(�, t)

����
�=0

<latexit sha1_base64="BtXOYV/YTr/3hDjm7BtQM1MCoWk=">AAACFnicbVDLSgMxFM3UV62vqks3wSJU0DIjUrssCOqygn1Ap5RM5rYNzWSGJCOUoV/hxl9x40IRt+LOvzFtZ2FbDwROzrmH5B4v4kxp2/6xMiura+sb2c3c1vbO7l5+/6ChwlhSqNOQh7LlEQWcCahrpjm0Igkk8Dg0veH1xG8+glQsFA96FEEnIH3BeowSbaRu/tyNhQ/Sk4RC4vKwj2+LLjd5n5zp03E3uZm75gt2yZ4CLxMnJQWUotbNf7t+SOMAhKacKNV27Eh3EiI1oxzGOTdWEBE6JH1oGypIAKqTTNca4xOj+LgXSnOExlP1byIhgVKjwDOTAdEDtehNxP+8dqx7lU7CRBRrEHT2UC/mWId40hH2mQSq+cgQQiUzf8V0QExF2jSZMyU4iysvk8ZFySmXyveXhWolrSOLjtAxKiIHXaEqukM1VEcUPaEX9IberWfr1fqwPmejGSvNHKI5WF+/Zoie2w==</latexit>

logG(�, t)| {z }
F (�,t)

evaluate cumulants:

<latexit sha1_base64="XphydO7ZL1kKh9vwWBG/Gxeefvg="></latexit>

F�(�, t) = �
1X

k=1

1

2k!
�2keı2k�2k(t)

truncated Taylor expansion

• MPO bond dimension grows slowly — unprecedentedly-long timescales
• access full counting statistics indirectly through moments/cumulants

...

(moments)

<latexit sha1_base64="w+V1O0Zz7vPppnA4QaBitEvH/dI=">AAACH3icbVDLSgMxFM34tr6qLt0Ei1A3ZaZIdSOILnThooJ9QGcc7qRpG01mhiQjlLF/4sZfceNCEXHn35iOs9DWA4HDOecmuSeIOVPatr+smdm5+YXFpeXCyura+kZxc6upokQS2iARj2Q7AEU5C2lDM81pO5YURMBpK7g7G/uteyoVi8JrPYypJ6Afsh4joI3kF2t1/7bsnoMQsI+PsasS4acu8HgAI/zgXpqbumCULJHrDzdVv1iyK3YGPE2cnJRQjrpf/HS7EUkEDTXhoFTHsWPtpSA1I5yOCm6iaAzkDvq0Y2gIgiovzfYb4T2jdHEvkuaEGmfq74kUhFJDEZikAD1Qk95Y/M/rJLp35KUsjBNNQ/LzUC/hWEd4XBbuMkmJ5kNDgEhm/orJACQQbSotmBKcyZWnSbNacWqV2tVB6eQ0r2MJ7aBdVEYOOkQn6ALVUQMR9Iie0St6s56sF+vd+viJzlj5zDb6A+vrG1uTop8=</latexit>

Pj(�) =
X

↵

|⇤�↵|2

<latexit sha1_base64="F5FITU/G3Z7t71Dh9M8XMQfm9y0=">AAACJ3icbVDLSgMxFM34rPVVdekmWATdlBkRdaOIblxWcNpCp5RM5rYGM5khuSOUsX/jxl9xI6iILv0T0wei1gOBwznncnNPmEph0HU/nKnpmdm5+cJCcXFpeWW1tLZeM0mmOfg8kYluhMyAFAp8FCihkWpgcSihHt6cD/z6LWgjEnWFvRRaMesq0RGcoZXapZO7IDViB3cDzVRXAj2mQaYi0KFmHHKfBjxK0FC/386xT0dp9zvdLpXdijsEnSTemJTJGNV26TmIEp7FoJBLZkzTc1Ns5Uyj4BL6xSAzkDJ+w7rQtFSxGEwrH97Zp9tWiWgn0fYppEP150TOYmN6cWiTMcNr89cbiP95zQw7R61cqDRDUHy0qJNJigkdlEYjoYGj7FnCuBb2r5RfM9sQ2mqLtgTv78mTpLZX8Q4qB5f75dOzcR0Fskm2yA7xyCE5JRekSnzCyT15JC/k1Xlwnpw3530UnXLGMxvkF5zPL3mdpbQ=</latexit>

| (t)i = U · · ·U| {z }
t

| (0)i

<latexit sha1_base64="vEKfjuuCfJGgOPp1y666NmIJUHY=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMiFQ3QtGFLivYC3TGIZOmbWiSGZKMUIa+ghtfxY0LRdy6c+fbmHZmoa0HQj7+/xyS84cxo0o7zrdVWFpeWV0rrpc2Nre2d+zdvZaKEolJE0cskp0QKcKoIE1NNSOdWBLEQ0ba4ehq6rcfiFQ0End6HBOfo4GgfYqRNlJgVzyeBAJeQE8lPEi9a8Q5msDsvhewUcnwOLDLTtWZFVwEN4cyyKsR2F9eL8IJJ0JjhpTquk6s/RRJTTEjk5KXKBIjPEID0jUoECfKT2cbTeCRUXqwH0lzhIYz9fdEirhSYx6aTo70UM17U/E/r5vo/rmfUhEnmgicPdRPGNQRnMYDe1QSrNnYAMKSmr9CPEQSYW1CLJkQ3PmVF6F1UnVr1drtabl+mcdRBAfgEFSAC85AHdyABmgCDB7BM3gFb9aT9WK9Wx9Za8HKZ/bBn7I+fwCaT5xA</latexit>

µn =
X

�

�nP (�)



<latexit sha1_base64="/vB/DBB8GQfbSU3aIp/Gdk/YIis=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4MVjBfuBTSib7aZdursJuxshhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTm5nfveJKs1i+WCyhAYCjySLGMHGSo++SG98JiOTDao1t+7OgVaJV5AaFGgNql/+MCapoNIQjrXue25ighwrwwin04qfappgMsEj2rdUYkF1kM8vnqIzqwxRFCtb0qC5+nsix0LrTIS2U2Az1sveTPzP66cmug5yJpPUUEkWi6KUIxOj2ftoyBQlhmeWYKKYvRWRMVaYGBtSxYbgLb+8SjoXda9Rb9xf1pqNIo4ynMApnIMHV9CEO2hBGwhIeIZXeHO08+K8Ox+L1pJTzBzDHzifP5/HkN4=</latexit>µ = 1 <latexit sha1_base64="MY1Co+2lb4dHCAOA5PIHEPcRcic=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwIvHCG4SSJYwO5lNhszMLvMQwpJv8OJBEa9+kDf/xkmyB40WNBRV3XR3xRln2vj+l1daW9/Y3CpvV3Z29/YPqodHbZ1aRWhIUp6qbow15UzS0DDDaTdTFIuY0048uZ37nUeqNEvlg5lmNBJ4JFnCCDZOCvvC3viDas2v+wugvyQoSA0KtAbVz/4wJVZQaQjHWvcCPzNRjpVhhNNZpW81zTCZ4BHtOSqxoDrKF8fO0JlThihJlStp0EL9OZFjofVUxK5TYDPWq95c/M/rWZNcRzmTmTVUkuWixHJkUjT/HA2ZosTwqSOYKOZuRWSMFSbG5VNxIQSrL/8l7Yt60Kg37i9rzUYRRxlO4BTOIYAraMIdtCAEAgye4AVePek9e2/e+7K15BUzx/AL3sc3TyKOVg==</latexit>

µ = 0

Google experiment
Sycamore is a transmon superconducting quantum processor

<latexit sha1_base64="6+gSjrM5viP7kfQkIZxzRYrJMkw="></latexit>

fSim(✓,�) =

0

BB@

e�ı�/2 0 0 0
0 cos(✓) ı sin(✓) 0
0 ı sin(✓) cos(✓) 0
0 0 0 e�ı�/2

1

CCA

<latexit sha1_base64="3Q5QD8/ieW4ZR7voIAKrbETC8jc="></latexit>

U =
Y

j2even

fSimj(✓,�)
Y

j2odd

fSimj(✓,�)

KPZ universality expected for
<latexit sha1_base64="tgcQyI6hDmm7s7NSrjk3dMInvX8=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXpHosePFYwX5Au5Rsmm1Dk82SZC1l7U/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dHbvm4pWWqCG0SyaXqhFhTzmLaNMxw2kkUxSLktB2Ob+d++5EqzWT8YKYJDQQexixiBBsr9d1yT6Sop9hwZLBScoK8vlvxqt4CaJ34OalAjkbf/eoNJEkFjQ3hWOuu7yUmyLAyjHA6K/VSTRNMxnhIu5bGWFAdZIvTZ+jcKgMUSWUrNmih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZi5PU0JgsF0UpR0aieQ5owBQlhk8twUQxeysiI6wwMTatkg3BX315nbQuq36tWru/qtTreRxFOIUzuAAfrqEOd9CAJhCYwDO8wpvz5Lw4787HsrXg5DMn8AfO5w/FG5Ox</latexit>

µ ! 0

<latexit sha1_base64="MY1Co+2lb4dHCAOA5PIHEPcRcic=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwIvHCG4SSJYwO5lNhszMLvMQwpJv8OJBEa9+kDf/xkmyB40WNBRV3XR3xRln2vj+l1daW9/Y3CpvV3Z29/YPqodHbZ1aRWhIUp6qbow15UzS0DDDaTdTFIuY0048uZ37nUeqNEvlg5lmNBJ4JFnCCDZOCvvC3viDas2v+wugvyQoSA0KtAbVz/4wJVZQaQjHWvcCPzNRjpVhhNNZpW81zTCZ4BHtOSqxoDrKF8fO0JlThihJlStp0EL9OZFjofVUxK5TYDPWq95c/M/rWZNcRzmTmTVUkuWixHJkUjT/HA2ZosTwqSOYKOZuRWSMFSbG5VNxIQSrL/8l7Yt60Kg37i9rzUYRRxlO4BTOIYAraMIdtCAEAgye4AVePek9e2/e+7K15BUzx/AL3sc3TyKOVg==</latexit>

µ = 0 zero skewness
 (symmetric distribution)
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Transport regimes: integrable S-1/2 XXZ chain 
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easy-plane — XX limit
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Gaussian

CLL
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2

�tJ=� QT

�tJ=1 QGF
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<latexit sha1_base64="m/MvHvEH/wHLZdDrX9QcL0STYG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBeQ+Msw==</latexit>

0
<latexit sha1_base64="m/MvHvEH/wHLZdDrX9QcL0STYG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBeQ+Msw==</latexit>

0

<latexit sha1_base64="q6vklAGUC/DhV37p36vSn1X1Gcs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u6vK41aHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP0+zjcw=</latexit>⇡

<latexit sha1_base64="GjLBHYoJ+QqQdLpX3/UGt01uE9o=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPAi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84m+xBEwsaiqpuuruihDNjff/b29jc2t7ZLe2V9w8Oj44rJ6cdo1JNaJsornQvwoZyJmnbMstpL9EUi4jTbjS9y/3uE9WGKfloZwkNBR5LFjOCbS7VBwkbVqp+zV8ArZOgIFUo0BpWvgYjRVJBpSUcG9MP/MSGGdaWEU7n5UFqaILJFI9p31GJBTVhtrh1ji6dMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/ZhRCsvrxOOvVa0Kg1Hq6rzUYRRwnO4QKuIIAbaMI9tKANBCbwDK/w5gnvxXv3PpatG14xcwZ/4H3+AMD5jgg=</latexit>

2⇡

<latexit sha1_base64="MfM+JHauJk549RBYobUMrihFMfo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU92VunosePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtWq9hF1c9csVt+rOgVaJl5MK5Gj0y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpiW6CjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheMsvr5LWZdXzq/59rVL38ziKcAKncA4eXEMd7qABTSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8weofY6C</latexit>

4⇡/5

<latexit sha1_base64="uL/3Z2QSWgfxbJJwwutMt1EAjZQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBepOMtA==</latexit>

1

<latexit sha1_base64="EcZVpRMWBzo7kSfSz6kWQdsWl6A=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF/FUwX5IG8pms2mX7iZhdyKU0l/hxYMiXv053vw3btsctPXBwOO9GWbmBakUBl332ymsrW9sbhW3Szu7e/sH5cOjlkkyzXiTJTLRnYAaLkXMmyhQ8k6qOVWB5O1gdDPz209cG5HEDzhOua/oIBaRYBSt9NgLuURK8K5frrhVdw6ySrycVCBHo1/+6oUJyxSPkUlqTNdzU/QnVKNgkk9LvczwlLIRHfCupTFV3PiT+cFTcmaVkESJthUjmau/JyZUGTNWge1UFIdm2ZuJ/3ndDKNrfyLiNEMes8WiKJMEEzL7noRCc4ZybAllWthbCRtSTRnajEo2BG/55VXSuqh6tWrt/rJSr+VxFOEETuEcPLiCOtxCA5rAQMEzvMKbo50X5935WLQWnHzmGP7A+fwBWM6QFw==</latexit> �t
J

<latexit sha1_base64="IPftJWk0Yb4Kmo5Raofeb+ADWLM=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokItVlQRfiqoK9QBPKZDJph04mYeZEqKFP4saFIm59FHe+jZO2C239YeDjP+dwzvxBKrgGx/m2SmvrG5tb5e3Kzu7eftU+OOzoJFOUtWkiEtULiGaCS9YGDoL1UsVIHAjWDcbXRb37yJTmiXyAScr8mAwljzglYKyBXfVCJoBguPNuChjYNafuzIRXwV1ADS3UGthfXpjQLGYSqCBa910nBT8nCjgVbFrxMs1SQsdkyPoGJYmZ9vPZ4VN8apwQR4kyTwKeub8nchJrPYkD0xkTGOnlWmH+V+tnEF35OZdpBkzS+aIoExgSXKSAQ64YBTExQKji5lZMR0QRCiarignBXf7yKnTO626j3ri/qDUbizjK6BidoDPkokvURLeohdqIogw9o1f0Zj1ZL9a79TFvLVmLmSP0R9bnDzmrkso=</latexit>

�tJ�

<latexit sha1_base64="q6vklAGUC/DhV37p36vSn1X1Gcs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u6vK41aHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP0+zjcw=</latexit>⇡
<latexit sha1_base64="GjLBHYoJ+QqQdLpX3/UGt01uE9o=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPAi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84m+xBEwsaiqpuuruihDNjff/b29jc2t7ZLe2V9w8Oj44rJ6cdo1JNaJsornQvwoZyJmnbMstpL9EUi4jTbjS9y/3uE9WGKfloZwkNBR5LFjOCbS7VBwkbVqp+zV8ArZOgIFUo0BpWvgYjRVJBpSUcG9MP/MSGGdaWEU7n5UFqaILJFI9p31GJBTVhtrh1ji6dMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/ZhRCsvrxOOvVa0Kg1Hq6rzUYRRwnO4QKuIIAbaMI9tKANBCbwDK/w5gnvxXv3PpatG14xcwZ/4H3+AMD5jgg=</latexit>

2⇡

cumulants

standardized moments

<latexit sha1_base64="ADCzDSlJJFzYZsyXL421uRgV+1I=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITCUpqDBWsDAWiT6kJkSO67RW7cSyHaQqysKvsDCAECufwcbf4LYZoOVIVzo6517de08oGFXacb6tpeWV1bX10kZ5c2t7Z9fe22+rJJWYtHDCEtkNkSKMxqSlqWakKyRBPGSkE45uJn7nkUhFk/hejwXxORrENKIYaSMF9qE3QkKgIKvl0FOUQ/2Q1c7O88CuOFVnCrhI3IJUQIFmYH95/QSnnMQaM6RUz3WE9jMkNcWM5GUvVUQgPEID0jM0RpwoP5s+kMMTo/RhlEhTsYZT9fdEhrhSYx6aTo70UM17E/E/r5fq6MrPaCxSTWI8WxSlDOoETtKAfSoJ1mxsCMKSmlshHiKJsDaZlU0I7vzLi6Rdq7r1av3uotK4LuIogSNwDE6BCy5BA9yCJmgBDHLwDF7Bm/VkvVjv1sesdckqZg7AH1ifP6nsldE=</latexit>

2 ⇠ t2/3
<latexit sha1_base64="EEWfEAOW9jskTMMrv9xR05YD2LQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCUpUt0IRTcuK9gHtCFMppN26GQyzEyEEOqvuHGhiFs/xJ1/46TNQlsPXDiccy/33hMIRpV2nG+rtLa+sblV3q7s7O7tH9iHR10VJxKTDo5ZLPsBUoRRTjqaakb6QhIUBYz0gult7vceiVQ05g86FcSL0JjTkGKkjeTb1eEUCYH8rMHP3Rm8hk6l4ts1p+7MAVeJW5AaKND27a/hKMZJRLjGDCk1cB2hvQxJTTEjs8owUUQgPEVjMjCUo4goL5sfP4OnRhnBMJamuIZz9fdEhiKl0igwnRHSE7Xs5eJ/3iDR4ZWXUS4STTheLAoTBnUM8yTgiEqCNUsNQVhScyvEEyQR1iavPAR3+eVV0m3U3Wa9eX9Ra90UcZTBMTgBZ8AFl6AF7kAbdAAGKXgGr+DNerJerHfrY9FasoqZKvgD6/MH1DmS8Q==</latexit>

2n+1 = 0

<latexit sha1_base64="J14ZdD5d4rHSb7Pd0Ri5/FtIci0="></latexit>

�4 ! 0? OR ! const.?
<latexit sha1_base64="iUOKWN/4YcU356nYeWI3njQ8mFA=">AAAB+nicbVBNSwMxEM36WevXVo9egkUQhLJbpHoRil48VrAf0C5lNk3b0CS7JFmlrP0pXjwo4tVf4s1/Y9ruQVsfDDzem2FmXhhzpo3nfTsrq2vrG5u5rfz2zu7evls4aOgoUYTWScQj1QpBU84krRtmOG3FioIIOW2Go5up33ygSrNI3ptxTAMBA8n6jICxUtctdAYgBHTTsjzzJ/gKe1236JW8GfAy8TNSRBlqXfer04tIIqg0hIPWbd+LTZCCMoxwOsl3Ek1jICMY0LalEgTVQTo7fYJPrNLD/UjZkgbP1N8TKQitxyK0nQLMUC96U/E/r52Y/mWQMhknhkoyX9RPODYRnuaAe0xRYvjYEiCK2VsxGYICYmxaeRuCv/jyMmmUS36lVLk7L1avszhy6Agdo1PkowtURbeohuqIoEf0jF7Rm/PkvDjvzse8dcXJZg7RHzifP1EWkr8=</latexit>

�2n+1 = 0

Floquet dynamical exponent

<latexit sha1_base64="A7K2Qah6kAaZU1nLsVKeJx7B+ec=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvHisaD+gDWWznbRLN5uwuxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MOME/YgOJA85o8ZK90/XXq9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5PmecWrVqp3F+VaLY+jAMdwAmfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8A3fuNiQ==</latexit>

z = 1

<latexit sha1_base64="MgsWTV/SS9+U2p4cyNZWh1bgKik=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE81d0q1YtQ8OKxgtsW2qVk02wbms0uSVaoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFySCa+M432hldW19Y7OwVdze2d3bLx0cNnWcKso8GotYtQOimeCSeYYbwdqJYiQKBGsFo9up33pkSvNYPphxwvyIDCQPOSXGSt7TzcV5tVcqOxVnBrxM3JyUIUejV/rq9mOaRkwaKojWHddJjJ8RZTgVbFLsppolhI7IgHUslSRi2s9mx07wqVX6OIyVLWnwTP09kZFI63EU2M6ImKFe9Kbif14nNeG1n3GZpIZJOl8UpgKbGE8/x32uGDVibAmhittbMR0SRaix+RRtCO7iy8ukWa24tUrt/rJcr+dxFOAYTuAMXLiCOtxBAzygwOEZXuENSfSC3tHHvHUF5TNH8Afo8we/644A</latexit>

z = 3/2
<latexit sha1_base64="0qQllB1FhDB7wOIpRojY7NV0XRw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV6EgBePEc0DkiXMTnqTIbOzy8ysEEM+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW4+oNI/lgxkn6Ed0IHnIGTVWun+6rvSKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZnzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2N+lzhcyIsSWUKW5vJWxIFWXGplOwIXjLL6+SZqXsVcvVu4tSrZbFkYcTOIVz8OASanALdWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f33+Nig==</latexit>

z = 2weakly negative kurtosis?

<latexit sha1_base64="6+gSjrM5viP7kfQkIZxzRYrJMkw="></latexit>

fSim(✓,�) =

0

BB@

e�ı�/2 0 0 0
0 cos(✓) ı sin(✓) 0
0 ı sin(✓) cos(✓) 0
0 0 0 e�ı�/2

1

CCA

<latexit sha1_base64="PSNcdQmPF58clj8ICk+e+7zUa6k=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDsR2M4A==</latexit>

S

<latexit sha1_base64="XJZrKsOGDlOVzY53I3U4axbkABs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGFfkEbymY7adduNmF3I5TQX+DFgyJe/Une/Ddu2xy09cHA470ZZuYFieDauO63s7G5tb2zW9gr7h8cHh2XTk7bOk4VwxaLRay6AdUouMSW4UZgN1FIo0BgJ5jcz/3OEyrNY9k00wT9iI4kDzmjxkqN5qBUdivuAmSdeDkpQ476oPTVH8YsjVAaJqjWPc9NjJ9RZTgTOCv2U40JZRM6wp6lkkao/Wxx6IxcWmVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE975GZdJalCy5aIwFcTEZP41GXKFzIipJZQpbm8lbEwVZcZmU7QheKsvr5P2dcWrVqqNm3KtlsdRgHO4gCvw4BZq8AB1aAEDhGd4hTfn0Xlx3p2PZeuGk8+cwR84nz+yoYzh</latexit>

T
<latexit sha1_base64="e0nZEErBEfCAoGLVG0Da9D3kZQ8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjwIp5asB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxn2/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1mXFq1aqjatyrZbHUYBTOIML8OAaanAHdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/o3mM1w==</latexit>

J
<latexit sha1_base64="lO3r8QFtIujgKg3BWL8Zhrhy14I=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6kUoeBFPFewHNKFsNpt26WYTdidKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpAKrsFxvq2V1bX1jc3SVnl7Z3dv364ctHWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo+up33lgSvNE3sM4ZX5MBpJHnBIwUt+ueCETQDDgW3yFvXTI+3bVqTkz4GXiFqSKCjT79pcXJjSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+ez0CT4xSoijRJmSgGfq74mcxFqP48B0xgSGetGbiv95vQyiSz/nMs2ASTpfFGUCQ4KnOeCQK0ZBjA0hVHFzK6ZDoggFk1bZhOAuvrxM2mc1t16r351XG40ijhI6QsfoFLnoAjXQDWqiFqLoET2jV/RmPVkv1rv1MW9dsYqZQ/QH1ucPe3GS3A==</latexit>

�tJ = �

Floquet time evolution

limit of Google

Valli et al., in preparation



Thank you for your attention!

Take-home
XXZ chain: superdiffusion with KPZ-like dynamical exponent:

• integrability 
• non-abelian symmetry

nature of fluctuations unclear

full counting statistics through cumulants
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comparison vs. Google experiment

skewness and kurtosis seem incompatible with KPZ

NEW MPO METHOD
limit of Google

unprecedentedly-long time scale

Valli et al., in preparation
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generating function — XX limit

<latexit sha1_base64="JhjpkNQ4tVsghLECM6St8uJe7Bs=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WevEiVLS20F1KNs22oUl2SbJCWfo3vHhQxKt/xpv/xmy7B20dCAwz7/EmEyacaeO6305pbX1jc6u8XdnZ3ds/qB4ePeo4VYR2SMxj1QuxppxJ2jHMcNpLFMUi5LQbTlq5332iSrNYPphpQgOBR5JFjGBjJd8X2IyVyG5b97NBtebW3TnQKvEKUoMC7UH1yx/GJBVUGsKx1n3PTUyQYWUY4XRW8VNNE0wmeET7lkosqA6yeeYZOrPKEEWxsk8aNFd/b2RYaD0VoZ3MM+plLxf/8/qpia6DjMkkNVSSxaEo5cjEKC8ADZmixPCpJZgoZrMiMsYKE2NrqtgSvOUvr5LHi7rXqDfuLmtNt6ijDCdwCufgwRU04Qba0AECCTzDK7w5qfPivDsfi9GSU+wcwx84nz8S0pGr</latexit>

MCS
<latexit sha1_base64="CQxYn5+vSIFWR9OEasS9bO8nDY4=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WBPXYgrWF7lKyabYNTbJLkhXK0r/hxYMiXv0z3vw3Zts9aOtAYJh5jzeZMOFMG9f9dkpr6xubW+Xtys7u3v5B9fDoUcepIrRDYh6rXog15UzSjmGG016iKBYhp91wcpP73SeqNIvlg5kmNBB4JFnECDZW8n2BzViJrH13OxtUa27dnQOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iCbZ56hM6sMURQr+6RBc/X3RoaF1lMR2sk8o172cvE/r5+a6DrImExSQyVZHIpSjkyM8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKnm8qHuNeqN9WWu6RR1lOIFTOAcPrqAJ99CCDhBI4Ble4c1JnRfn3flYjJacYucY/sD5/AELRZGm</latexit>

QGF

<latexit sha1_base64="uXzbcuQC8BxBLlYmgCXJj2bJ0lk=">AAACDXicbVDLSsNAFJ34rPUVdelmsAqualKkuiy4cVnBPqCJZTKZtEMnD2ZulBr6A278FTcuFHHr3p1/47SNoK0HBg7nnMude7xEcAWW9WUsLC4tr6wW1orrG5tb2+bOblPFqaSsQWMRy7ZHFBM8Yg3gIFg7kYyEnmAtb3Ax9lu3TCoeR9cwTJgbkl7EA04JaKlrHjpCh32CHcl7fSBSxnf4R4ObzD6p3I+6ZskqWxPgeWLnpIRy1Lvmp+PHNA1ZBFQQpTq2lYCbEQmcCjYqOqliCaED0mMdTSMSMuVmk2tG+EgrPg5iqV8EeKL+nshIqNQw9HQyJNBXs95Y/M/rpBCcuxmPkhRYRKeLglRgiPG4GuxzySiIoSaESq7/immfSEJBF1jUJdizJ8+TZqVsV8vVq9NSrZLXUUD76AAdIxudoRq6RHXUQBQ9oCf0gl6NR+PZeDPep9EFI5/ZQ39gfHwD3gKbYw==</latexit>

� ! �t1/2z
scaling counting field

Integrable quantum spin chain <latexit sha1_base64="PmKT0KaWfrnX0H2+DM+XAEvVPfQ=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4qrtFqgeFghePFd220C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKllqgj1ieRStUOsKWeC+oYZTtuJojgOOW2Fo9up33qiSjMpHs04oUGMB4JFjGBjJf/hxjuv9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrX7i3L9Oo+jAMdwAmfgwSXU4Q4a4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w9/843T</latexit>
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Valli et al., preprint (soon)

QGF: low bond dimension sufficient whereas MCS breaks down at
<latexit sha1_base64="OrLCSsGbnK7dGIva5YgNEserGVE=">AAACCXicbVBNS8NAEN34WetX1KOXxSJUkJIUqV6EghcvQgX7AW0Jm822XbqbhN2JWEKvXvwrXjwo4tV/4M1/46btQVsfDDzem2Fmnh8LrsFxvq2l5ZXVtfXcRn5za3tn197bb+goUZTVaSQi1fKJZoKHrA4cBGvFihHpC9b0h1eZ37xnSvMovINRzLqS9EPe45SAkTwbg5d2JIGBkqkkD+MxvsRQvDntBEwAwXDi2QWn5EyAF4k7IwU0Q82zvzpBRBPJQqCCaN12nRi6KVHAqWDjfCfRLCZ0SPqsbWhIJNPddPLJGB8bJcC9SJkKAU/U3xMpkVqPpG86s6P1vJeJ/3ntBHoX3ZSHcQIspNNFvURgiHAWCw64YhTEyBBCFTe3YjogilAw4eVNCO78y4ukUS65lVLl9qxQLc/iyKFDdISKyEXnqIquUQ3VEUWP6Bm9ojfryXqx3q2PaeuSNZs5QH9gff4AilyZiQ==</latexit>

tmax = t(M, �t)



<latexit sha1_base64="JhjpkNQ4tVsghLECM6St8uJe7Bs=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WevEiVLS20F1KNs22oUl2SbJCWfo3vHhQxKt/xpv/xmy7B20dCAwz7/EmEyacaeO6305pbX1jc6u8XdnZ3ds/qB4ePeo4VYR2SMxj1QuxppxJ2jHMcNpLFMUi5LQbTlq5332iSrNYPphpQgOBR5JFjGBjJd8X2IyVyG5b97NBtebW3TnQKvEKUoMC7UH1yx/GJBVUGsKx1n3PTUyQYWUY4XRW8VNNE0wmeET7lkosqA6yeeYZOrPKEEWxsk8aNFd/b2RYaD0VoZ3MM+plLxf/8/qpia6DjMkkNVSSxaEo5cjEKC8ADZmixPCpJZgoZrMiMsYKE2NrqtgSvOUvr5LHi7rXqDfuLmtNt6ijDCdwCufgwRU04Qba0AECCTzDK7w5qfPivDsfi9GSU+wcwx84nz8S0pGr</latexit>

MCS
<latexit sha1_base64="CQxYn5+vSIFWR9OEasS9bO8nDY4=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WBPXYgrWF7lKyabYNTbJLkhXK0r/hxYMiXv0z3vw3Zts9aOtAYJh5jzeZMOFMG9f9dkpr6xubW+Xtys7u3v5B9fDoUcepIrRDYh6rXog15UzSjmGG016iKBYhp91wcpP73SeqNIvlg5kmNBB4JFnECDZW8n2BzViJrH13OxtUa27dnQOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iCbZ56hM6sMURQr+6RBc/X3RoaF1lMR2sk8o172cvE/r5+a6DrImExSQyVZHIpSjkyM8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKnm8qHuNeqN9WWu6RR1lOIFTOAcPrqAJ99CCDhBI4Ble4c1JnRfn3flYjJacYucY/sD5/AELRZGm</latexit>
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converges to Gaussian distribution

<latexit sha1_base64="uXzbcuQC8BxBLlYmgCXJj2bJ0lk=">AAACDXicbVDLSsNAFJ34rPUVdelmsAqualKkuiy4cVnBPqCJZTKZtEMnD2ZulBr6A278FTcuFHHr3p1/47SNoK0HBg7nnMude7xEcAWW9WUsLC4tr6wW1orrG5tb2+bOblPFqaSsQWMRy7ZHFBM8Yg3gIFg7kYyEnmAtb3Ax9lu3TCoeR9cwTJgbkl7EA04JaKlrHjpCh32CHcl7fSBSxnf4R4ObzD6p3I+6ZskqWxPgeWLnpIRy1Lvmp+PHNA1ZBFQQpTq2lYCbEQmcCjYqOqliCaED0mMdTSMSMuVmk2tG+EgrPg5iqV8EeKL+nshIqNQw9HQyJNBXs95Y/M/rpBCcuxmPkhRYRKeLglRgiPG4GuxzySiIoSaESq7/immfSEJBF1jUJdizJ8+TZqVsV8vVq9NSrZLXUUD76AAdIxudoRq6RHXUQBQ9oCf0gl6NR+PZeDPep9EFI5/ZQ39gfHwD3gKbYw==</latexit>

� ! �t1/2z
scaling counting field

generating function — XX limit
Integrable quantum spin chain <latexit sha1_base64="PmKT0KaWfrnX0H2+DM+XAEvVPfQ=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4qrtFqgeFghePFd220C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKllqgj1ieRStUOsKWeC+oYZTtuJojgOOW2Fo9up33qiSjMpHs04oUGMB4JFjGBjJf/hxjuv9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrX7i3L9Oo+jAMdwAmfgwSXU4Q4a4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w9/843T</latexit>
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quantum trajectories simulations 
degrade at longer timescales

<latexit sha1_base64="+mDh0tKlR8Qq+CF2pMvbPH1tmc4=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4KknR6rLgRlxVsA9oQphMJ+3QmcwwM5GW0I0bf8WNC0Xc+g/u/BuTtkJ9HbhwOOde7r0nlIxq4zgf1sLi0vLKamGtuL6xubVt7+w2tUgUJg0smFDtEGnCaEwahhpG2lIRxENGWuHgIvdbt0RpKuIbM5LE56gX04hiZDIpsA9MkHocmb7iKUfD8fgKekhKJYawchrYJbfsTACdX+TLKoEZ6oH97nUFTjiJDWZI647rSOOnSBmKGRkXvUQTifAA9UgnozHiRPvp5IsxPMqULoyEyio2cKLOT6SIaz3iYdaZH6x/ern4l9dJTHTupzSWiSExni6KEgaNgHkksEsVwYaNMoKwotmtEPeRQthkwRXnQ/ifNCtlt1quXp+UapVZHAWwDw7BMXDBGaiBS1AHDYDBHXgAT+DZurcerRfrddq6YM1m9sA3WG+fmMeYlA==</latexit>

tmaxJ ⇡ 25

Valli et al., preprint (soon)



<latexit sha1_base64="JhjpkNQ4tVsghLECM6St8uJe7Bs=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WevEiVLS20F1KNs22oUl2SbJCWfo3vHhQxKt/xpv/xmy7B20dCAwz7/EmEyacaeO6305pbX1jc6u8XdnZ3ds/qB4ePeo4VYR2SMxj1QuxppxJ2jHMcNpLFMUi5LQbTlq5332iSrNYPphpQgOBR5JFjGBjJd8X2IyVyG5b97NBtebW3TnQKvEKUoMC7UH1yx/GJBVUGsKx1n3PTUyQYWUY4XRW8VNNE0wmeET7lkosqA6yeeYZOrPKEEWxsk8aNFd/b2RYaD0VoZ3MM+plLxf/8/qpia6DjMkkNVSSxaEo5cjEKC8ADZmixPCpJZgoZrMiMsYKE2NrqtgSvOUvr5LHi7rXqDfuLmtNt6ijDCdwCufgwRU04Qba0AECCTzDK7w5qfPivDsfi9GSU+wcwx84nz8S0pGr</latexit>

MCS

<latexit sha1_base64="uXzbcuQC8BxBLlYmgCXJj2bJ0lk=">AAACDXicbVDLSsNAFJ34rPUVdelmsAqualKkuiy4cVnBPqCJZTKZtEMnD2ZulBr6A278FTcuFHHr3p1/47SNoK0HBg7nnMude7xEcAWW9WUsLC4tr6wW1orrG5tb2+bOblPFqaSsQWMRy7ZHFBM8Yg3gIFg7kYyEnmAtb3Ax9lu3TCoeR9cwTJgbkl7EA04JaKlrHjpCh32CHcl7fSBSxnf4R4ObzD6p3I+6ZskqWxPgeWLnpIRy1Lvmp+PHNA1ZBFQQpTq2lYCbEQmcCjYqOqliCaED0mMdTSMSMuVmk2tG+EgrPg5iqV8EeKL+nshIqNQw9HQyJNBXs95Y/M/rpBCcuxmPkhRYRKeLglRgiPG4GuxzySiIoSaESq7/immfSEJBF1jUJdizJ8+TZqVsV8vVq9NSrZLXUUD76AAdIxudoRq6RHXUQBQ9oCf0gl6NR+PZeDPep9EFI5/ZQ39gfHwD3gKbYw==</latexit>

� ! �t1/2z
scaling counting field

KPZ exponent

generating function — XXZ isotropic point
Integrable quantum spin chain <latexit sha1_base64="PmKT0KaWfrnX0H2+DM+XAEvVPfQ=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4qrtFqgeFghePFd220C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKllqgj1ieRStUOsKWeC+oYZTtuJojgOOW2Fo9up33qiSjMpHs04oUGMB4JFjGBjJf/hxjuv9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrX7i3L9Oo+jAMdwAmfgwSXU4Q4a4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w9/843T</latexit>
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Valli et al., preprint (soon)



Integrable quantum spin chain <latexit sha1_base64="PmKT0KaWfrnX0H2+DM+XAEvVPfQ=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4qrtFqgeFghePFd220C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKllqgj1ieRStUOsKWeC+oYZTtuJojgOOW2Fo9up33qiSjMpHs04oUGMB4JFjGBjJf/hxjuv9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrX7i3L9Oo+jAMdwAmfgwSXU4Q4a4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w9/843T</latexit>

S = 1/2
higher-order cumulants

central moments:
<latexit sha1_base64="C6Amyb/D+iB4Y3AseYXt1TDq69k=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFc1aRI7bLgxmUF+4Amhsl00g6dmYSZiRBD/RU3LhRx64e482+ctllo64ELh3Pu5d57woRRpR3n21pb39jc2i7tlHf39g8O7aPjropTiUkHxyyW/RApwqggHU01I/1EEsRDRnrh5Hrm9x6IVDQWdzpLiM/RSNCIYqSNFNgVj6eBgJ6iHOr7XFzUH6eBXXVqzhxwlbgFqYIC7cD+8oYxTjkRGjOk1MB1Eu3nSGqKGZmWvVSRBOEJGpGBoQJxovx8fvwUnhllCKNYmhIaztXfEzniSmU8NJ0c6bFa9mbif94g1VHTz6lIUk0EXiyKUgZ1DGdJwCGVBGuWGYKwpOZWiMdIIqxNXmUTgrv88irp1mtuo9a4vay2mkUcJXACTsE5cMEVaIEb0AYdgEEGnsEreLOerBfr3fpYtK5ZxUwF/IH1+QMjBpRt</latexit>
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<latexit sha1_base64="UTJdJJxkfDYgoE9Cqy+GHhBsTS0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRFqseCF48V7Ae0oUy2m3bpZrPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O4WNza3tneJuaW//4PCofHzS1kmqCG2RhCeqG6KmnAnaMsxw2pWKYhxy2gknt3O/80SVZol4MFNJgxhHgkWMoLFStz9BKXFQG5QrXtVbwF0nfk4qkKM5KH/1hwlJYyoM4ah1z/ekCTJUhhFOZ6V+qqlEMsER7VkqMKY6yBb3ztwLqwzdKFG2hHEX6u+JDGOtp3FoO2M0Y73qzcX/vF5qopsgY0KmhgqyXBSl3DWJO3/eHTJFieFTS5AoZm91yRgVEmMjKtkQ/NWX10m7VvXr1fr9VaVRy+MowhmcwyX4cA0NuIMmtIAAh2d4hTfn0Xlx3p2PZWvByWdO4Q+czx+/0I+/</latexit>2
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Non-integrable quantum spin chain
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d log t
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log 2(t)

⌘
dynamical exponent

resilient KPZ-like scaling

transient

ballistic-to-diffusive crossover

numerics suggests near-integrability

Fibonacci-ratio 
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3/5
MCS breakdown

Popkov et al., PNAS 112 (2015)
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Kardar-Parisi-Zhang (KPZ) universality class

describe interface growth of of classical processes

coffee stains tumor cell

• burning paper, 
• fire spread in a forest 
• ice on a windscreen 
• polymerization 
• traffic 
• …

stochastic non-linear differential equation

𝛿-correlated noise
diffusion non-linear
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@th = D@2
xh+ �(@xh)

2 + ⌘

Corwin NAMS 63 (2016)
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height field  
fluctuations

transverse correlations


