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What are  TNS?

A general state of the N-
body Hilbert space has 

exponentially many 
coefficients

A TNS has only a 
polynomial number 

of parameters

N-legged 
tensor

|�� =
�

ij

ci1...iN |i1 . . . iN �

• TNS = Tensor Network States

dN

poly(N)
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e.g. thermal equilibrium

time evolution: unitary and non-unitary
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Hartmann et al, PRL 2009

long-time properties: slowest operators
Kim et al, PRE 2015

TNS: mixed states & evolution



FOCUS: MBL dynamical scenario

interactions + strong disorder ⇒ localizing regime

absence of thermalization Basko, Aleiner, Altshuler, Ann. Phys. 2006
Gornyi, Mirlin, Polyakov, PRL 2005
Altman, Vosk, Ann.Rev.CM 2015
Nandkishore, Huse, Ann.Rev.CM 2015



FOCUS: MBL dynamical scenario

interactions + strong disorder ⇒ localizing regime

absence of thermalization Basko, Aleiner, Altshuler, Ann. Phys. 2006
Gornyi, Mirlin, Polyakov, PRL 2005
Altman, Vosk, Ann.Rev.CM 2015
Nandkishore, Huse, Ann.Rev.CM 2015

success stories TNS + MBL Znidaric, Prosen, Prelovsek, PRB 2008
Gogolin, Müller, Eisert, PRL 2011
Bardarson, Pollmann, Moore, PRL 2012
Bauer, Nayak, JStatMech 2013; 
Chandran et al PRB 2015; Pollmann et 
al PRB 2016; Khemani et al PRL 2016; 
Pekker PRB 2017; Wahl et al 2017…



FOCUS: MBL dynamical scenario

interactions + strong disorder ⇒ localizing regime

absence of thermalization Basko, Aleiner, Altshuler, Ann. Phys. 2006
Gornyi, Mirlin, Polyakov, PRL 2005
Altman, Vosk, Ann.Rev.CM 2015
Nandkishore, Huse, Ann.Rev.CM 2015

here: some quantum information + TN perspectives

success stories TNS + MBL Znidaric, Prosen, Prelovsek, PRB 2008
Gogolin, Müller, Eisert, PRL 2011
Bardarson, Pollmann, Moore, PRL 2012
Bauer, Nayak, JStatMech 2013; 
Chandran et al PRB 2015; Pollmann et 
al PRB 2016; Khemani et al PRL 2016; 
Pekker PRB 2017; Wahl et al 2017…



Some questions we are asking



propagation of correlations 

Some questions we are asking



propagation of correlations 

quantum memory features

Some questions we are asking



propagation of correlations 

quantum memory features

simulability with MPO

Some questions we are asking

dynamics of 
mixed states



propagation of correlations 

quantum memory features

simulability with MPO

Some questions we are asking

local conserved quantities

dynamics of 
mixed states

Hamiltonian 
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J=0 ⇒ non-interacting XY
Anderson localized for h>0

J=1 ⇒ shows MBL for h~3-3.5

initial states
mixed states at high T
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different for mixed states 
I(left Lc sites : rest)
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propagation of correlations

upper bounded 

I(� : N � �) = S(�) + S(N � �)� S(N) � L0 = 1

exact calculation possible in the non-interacting and l-bit 
models

yet shows difference between many-body and single 
particle localized
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non-interacting case: localization h>0

asymptotic value of mutual information
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quantify potential as quantum memory

recovery fidelity

channel|�� |���C D

preparing 
the state

evolution and 
tracing out N-l recovery

how well we can recover a qubit state
determined by distinguishability of orthogonal pairs |X±�

|Z±�
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exponentially localized⌧ [i]z

[H, ⌧ [i]z ] = 0

see also Chandran et at. PRB 2015

truncated support → expect 
exponentially small
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ALMOST CONSERVED QUANTITIES & MBL
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averaging over disorder
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constructive method

analyze weight of components with different support
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efficient! → simple 
projector on MPO



composition of slow operators: how local?

M = 40single realization

landscape of terms with fixed range
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composition of slow operators: how local?

M = 40single realization

almost TI

decaying fast

landscape of terms with fixed range

and much more information 
in the statistics!
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Statistics of small commutators

Well described by Extreme Value Theory
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Fréchet: polynomial tails



Statistics of small commutators

N. Pancotti et al PRB 97, 094206 (2018)

-1 -0.5 0 0.5 1
0

0.2

0.4

0.6

0.8

1

1.2

1.4

-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4
0

500

1000

1500

EVT
when is there a limit, 

it is of the form

G⇣(y) = exp

h
�(1 + ⇣y)�

1
⇣

i

<latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit>

rescaled and 
centeredGEV

CDF for extrema
three subfamilies

⇣ > 0
<latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit>

Fréchet: polynomial tails
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⇣ = 0
<latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit>

Gumbel: exponential tails
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when is there a limit, 

it is of the form

G⇣(y) = exp

h
�(1 + ⇣y)�

1
⇣

i

<latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit>

rescaled and 
centeredGEV

CDF for extrema
three subfamilies

⇣ > 0
<latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit>

Fréchet: polynomial tails

⇣ < 0
<latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit><latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit><latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit><latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit>

Weibull: bounded light tails

G0(y) ! exp [� exp(�y)]
<latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit><latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit><latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit><latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit>

⇣ = 0
<latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit>

Gumbel: exponential tails
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EVT rare regions affect the distribution of commutators

higher effective disordered
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T =
1p
⇤

⇠ e`/2⇠

<latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit><latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit><latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit><latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit>

p(T ) / T�2⇠| ln c|�1
<latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit>

Fréchet distribution
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survival rate (probability of extremely large values)
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survival rate (probability of extremely large values)
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