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Outline
• brief intro to many-body localization (MBL) and context


• estimating the avalanche instability in microscopic models


• system-wide resonances in the finite-size MBL regime
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MBL Basics
• consider a highly-excited, 1D, spin-1/2 chain with short-

range interactions and static random disorder


ex:


• disorder inhibits hybridization of local degrees of freedom by 
putting processes that advance thermalization off resonance, 
results in local integrals of motion (“l-bits”)


• this localization can persist indefinitely at strong enough 
disorder
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MBL Basics

• emergent local integrals of 
motion


• system retains local memory of 
initial state and does not 
thermalize


• limited ~log(t) entanglement 
growth


• eigenstates are area-law 
entangled


• minimal level repulsion
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• system reaches thermal 
equilibrium


• ballistic entanglement 
growth


• eigenstates are volume-
law entangled


• level repulsion is 
abundant

MBL Thermal



MBL Crossover
• standard diagnostic of MBL: measure average amount of 

level repulsion between an eigenstate and its neighbors
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MBL Crossover
• attempts to finite-size scale this apparent 

crossover lead to critical exponents that violate 
a known bound (! ≥ 2) for an MBL phase 
transition


• little sign of convergence to a critical point in 
numerics


• known “avalanche” instability (next slide) we 
think is relevant at much larger sizes


• this crossover is distinct from the MBL phase 
transition, and is driven by many-body 
resonances, not avalanches

7

Chandran, Laumann, Oganesyan (2015)

Luitz, Laflorencie, Alet (2015)

Šuntajs, et al. (2020)

De Roeck, Huveneers (2017)

Gopalakrishnan et al. (2015)

Villalonga, Clark (2020)

Crowley, Chandran (2020)



Avalanches
• “avalanches” a proposed mechanism driving the asymptotic 

MBL phase transition in large systems


• inevitable rare thermal bubbles (weak local disorder) in random 
systems can have an outsized effect on thermalization


• condition for runaway growth of bubble


• where does this instability occur in microscopic models?
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Our Work
• we estimate the location of the avalanche instability in a microscopic 

model and find it to be at much higher disorder than the MBL crossover 

• we identify two additional well-separated “landmarks” deep in the 
finite-size MBL regime where certain rare system-wide resonance arise


• we explain why these features are so well separated in finite systems 
via a broad distribution of relevant matrix elements 
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<latexit sha1_base64="Ad0q+Dhvind7NiMGTJfyZq91dw8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsx0oS5L3bhQqGAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTKez0NYDgcM595B7TxBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFzP/c4TVZpF8sFMY+oLPJIsZAQbKz3eNW5RPLb5QbniVt0MaJV4OalAjuag/NUfRiQRVBrCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iyVWFDtp9nCM3RmlSEKI2WfNChTfydSLLSeisBOCmzGetmbi/95vcSEV37KZJwYKsniozDhyERofj0aMkWJ4VNLMFHM7orIGCtMjO2oZEvwlk9eJe1a1buo1u5rlXojr6MIJ3AK5+DBJdThBprQAgICnuEV3hzlvDjvzsditODkmWP4A+fzBwKwj+U=</latexit>

MBL phase

<latexit sha1_base64="2WrwQZhBcvvCJbtGC6Pfy66Ivjs=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkKiiuwUQBlBQxkk8pASKzqf18kp57N1twZFIZ9CQwFCtHwJHX/D5VFAwkgrjWZ2tbsTZlIY9LxvZ219Y3Nru7BT3N3bPzh0S0dNk+aaQ4OnMtXtkBmQQkEDBUpoZxpYEkpohcObqd96AG1Equ5xlEGQsL4SseAMrdRzS5EwqY5AU4MaVB8HPbfsVbwZ6CrxF6RMFqj33K9ulPI8AYVcMmM6vpdhMGYaBZcwKXZzAxnjQ9aHjqWKJWCC8ez0CT2zSkTjVNtSSGfq74kxS4wZJaHtTBgOzLI3Ff/zOjnGV8FYqCxHUHy+KM4lxZROc6CR0MBRjixhXAt7K+UDphlHm1bRhuAvv7xKmtWKf1Gp3lXLtetFHAVyQk7JOfHJJamRW1InDcLJI3kmr+TNeXJenHfnY9665ixmjskfOJ8/rTiURQ==</latexit>

disorder strength

<latexit sha1_base64="91rQ2ESWfThzgSfa8DwgE6jDWrg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGWIjYVCBPOByRH2NnPJkr29Y3dPCCH/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0fXMbz2h0jyWD2acoB/RgeQhZ9RY6fGudksUDniEvWLJLbtzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+YXT8mZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmb1P+lwhM2JsCWWK21sJG1JFmbEhFWwI3vLLq6RZKXsX5cp9pVStZXHk4QRO4Rw8uIQq3EAdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AHIVJBX</latexit>

MBL regime

<latexit sha1_base64="v4hp5J3q6VBcY2XtfRuutf6R/1U=">AAAB8XicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGoTDNpYWEQwF0yWMDuZTYbMzi4zs8Ky5C1sLBTR0gextxHfxsml0MQfBj7+/xzmnOPHnCntON9Wbml5ZXUtv25vbG5t7xR29xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IeX47x5T6VikbjVaUy9EPcFCxjB2lh316iCOkwEOu0Wik7JmQgtgjuD4vmHXYnfvuxat/DZ6UUkCanQhGOl2q4Tay/DUjPC6cjuJIrGmAxxn7YNChxS5WWTiUfoyDg9FETSPKHRxP3dkeFQqTT0TWWI9UDNZ2Pzv6yd6ODMy5iIE00FmX4UJBzpCI3XRz0mKdE8NYCJZGZWRAZYYqLNkWxzBHd+5UVolEvuSal84xarFzBVHg7gEI7BhVOowhXUoA4EBDzAEzxbynq0XqzXaWnOmvXswx9Z7z/u7ZNy</latexit>

L = 1

<latexit sha1_base64="y5UpM8AKDwZruLycJvyEglExqb8=">AAAB+nicbVC7TsNAEDyHVwgvB0qaEzESVWSnAMoIGgqKIJGHlFjR+XJOTjmfrbs1KDL5FBoKEKLlS+j4Gy6JC0iYajSzq52dIBFcg+t+W4W19Y3NreJ2aWd3b//ALh+2dJwqypo0FrHqBEQzwSVrAgfBOoliJAoEawfj65nffmBK81jewyRhfkSGkoecEjBS3y6HXHJg2Ll1cKywA07frrhVdw68SrycVFCORt/+6g1imkZMAhVE667nJuBnRAGngk1LvVSzhNAxGbKuoZJETPvZPPoUnxplgENzOowl4Ln6eyMjkdaTKDCTEYGRXvZm4n9eN4Xw0s+4TFJgki4OhanAEONZD3jAFaMgJoYQqrjJiumIKELBtFUyJXjLL6+SVq3qnVdrd7VK/Sqvo4iO0Qk6Qx66QHV0gxqoiSh6RM/oFb1ZT9aL9W59LEYLVr5zhP7A+vwB01KSag==</latexit>

finite L or t

<latexit sha1_base64="hi0QCboW/KJKNmXlqq6keJPpuqc=">AAACAnicbVC7TsNAEDyHVwgvAxWisUiQqCI7BVBG0FBQBIk8pNiyzpdzcsr5obt1RGRZNPwKDQUI0fIVdPwN58QFJIy00mhmV7s7XsyZBNP81korq2vrG+XNytb2zu6evn/QkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX+d+d0KFZFF4D9OYOgEehsxnBIOSXP2oZgcYRgTz9DZzbaAPkOIJGWU1V6+adXMGY5lYBamiAi1X/7IHEUkCGgLhWMq+ZcbgpFgAI5xmFTuRNMZkjIe0r2iIAyqddPZCZpwqZWD4kVAVgjFTf0+kOJByGniqM79XLnq5+J/XT8C/dFIWxgnQkMwX+Qk3IDLyPIwBE5QAnyqCiWDqVoOMsMAEVGoVFYK1+PIy6TTq1nm9cdeoNq+KOMroGJ2gM2ShC9REN6iF2oigR/SMXtGb9qS9aO/ax7y1pBUzh+gPtM8fiR2Xhg==</latexit>

Lavch

<latexit sha1_base64="X46N8k9IJE3QGZABRBX+GApl0eQ=">AAACAXicbVC7TsNAEDyHVwgvAw0SjUWCRBXZKYAygoaCIkjkIcWWdb6ck1POD92tgcgyDb9CQwFCtPwFHX/DOXEBCSOtNJrZ1e6OF3MmwTS/tdLS8srqWnm9srG5tb2j7+51ZJQIQtsk4pHoeVhSzkLaBgac9mJBceBx2vXGl7nfvaNCsii8hUlMnQAPQ+YzgkFJrn5QswMMI4J5ep25NtAHSOW9yGquXjXr5hTGIrEKUkUFWq7+ZQ8ikgQ0BMKxlH3LjMFJsQBGOM0qdiJpjMkYD2lf0RAHVDrp9IPMOFbKwPAjoSoEY6r+nkhxIOUk8FRnfq6c93LxP6+fgH/upCyME6AhmS3yE25AZORxGAMmKAE+UQQTwdStBhlhgQmo0CoqBGv+5UXSadSt03rjplFtXhRxlNEhOkInyEJnqImuUAu1EUGP6Bm9ojftSXvR3rWPWWtJK2b20R9onz/wi5c2</latexit>

Lswr

<latexit sha1_base64="XDWKUAJ97nukQDDluw4S8iZ5kuY=">AAACAHicbVC7TsNAEDyHVwgvAwUFjUWCRBXZKYAygoaCIkjkIcWWdb5cklPOZ+tujYgsN/wKDQUI0fIZdPwN58QFJIy00mhmV7s7QcyZAtv+Nkorq2vrG+XNytb2zu6euX/QUVEiCW2TiEeyF2BFORO0DQw47cWS4jDgtBtMrnO/+0ClYpG4h2lMvRCPBBsygkFLvnlUc0MMY4J5epv5LtBHSMNRVvPNql23Z7CWiVOQKirQ8s0vdxCRJKQCCMdK9R07Bi/FEhjhNKu4iaIxJhM8on1NBQ6p8tLZA5l1qpWBNYykLgHWTP09keJQqWkY6M78WrXo5eJ/Xj+B4aWXMhEnQAWZLxom3ILIytOwBkxSAnyqCSaS6VstMsYSE9CZVXQIzuLLy6TTqDvn9cZdo9q8KuIoo2N0gs6Qgy5QE92gFmojgjL0jF7Rm/FkvBjvxse8tWQUM4foD4zPH/OUlqQ=</latexit>

Lmg
<latexit sha1_base64="pobkNhO/BV6Jg28UFh6R5tnSu6w=">AAAB+HicbVA9T8MwFHwpX6V8NMDIYtEiMVVJB2CsYGFgKBItldooclynteo4ke0glai/hIUBhFj5KWz8G5w2A7ScZOl0957e+YKEM6Ud59sqra1vbG6Vtys7u3v7VfvgsKviVBLaITGPZS/AinImaEczzWkvkRRHAacPweQ69x8eqVQsFvd6mlAvwiPBQkawNpJvV+uDCOsxwTy7nfmy7ts1p+HMgVaJW5AaFGj79tdgGJM0okITjpXqu06ivQxLzQins8ogVTTBZIJHtG+owBFVXjYPPkOnRhmiMJbmCY3m6u+NDEdKTaPATOYp1bKXi/95/VSHl17GRJJqKsjiUJhypGOUt4CGTFKi+dQQTCQzWREZY4mJNl1VTAnu8pdXSbfZcM8bzbtmrXVV1FGGYziBM3DhAlpwA23oAIEUnuEV3qwn68V6tz4WoyWr2DmCP7A+fwBI95LZ</latexit>

Lr

system becomes stable to avalanches

crossover into the finite-size MBL regime

the minimum gap in the spectrum 
loses repulsion 

no system-wide resonances remain



Model
• Floquet circuit


• diagonalized Haar random one-
site gates


• one two-site gate per bond in a 
random order


• open boundaries


• Floquet is preferable because no 
dependence on energy density


• " is the disorder strength

11

<latexit sha1_base64="99v4F/RqbsthJU/09zlQmfxXyCk=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6sI6I8XHruDGjVDBPqAzlEyaaUMzmZBkxDJ24a+4caGIW3/DnX9j2s5CWw9cOJxzL/feEwhGlXacbyu3sLi0vJJfLaytb2xu2ds7DRUnEpM6jlksWwFShFFO6ppqRlpCEhQFjDSDwdXYb94TqWjM7/RQED9CPU5DipE2Usfe88iDKMFjCm86FJ5ADzHRR0cdu+iUnQngPHEzUgQZah37y+vGOIkI15ghpdquI7SfIqkpZmRU8BJFBMID1CNtQzmKiPLTyf0jeGiULgxjaYprOFF/T6QoUmoYBaYzQrqvZr2x+J/XTnR44aeUi0QTjqeLwoRBHcNxGLBLJcGaDQ1BWFJzK8R9JBHWJrKCCcGdfXmeNE7L7lm5clspVi+zOPJgHxyAEnDBOaiCa1ADdYDBI3gGr+DNerJerHfrY9qas7KZXfAH1ucPJISUPQ==</latexit>

exp(�iMi/↵)

GUE



Crossover into Finite-Size 
MBL Regime

12

<latexit sha1_base64="99v4F/RqbsthJU/09zlQmfxXyCk=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6sI6I8XHruDGjVDBPqAzlEyaaUMzmZBkxDJ24a+4caGIW3/DnX9j2s5CWw9cOJxzL/feEwhGlXacbyu3sLi0vJJfLaytb2xu2ds7DRUnEpM6jlksWwFShFFO6ppqRlpCEhQFjDSDwdXYb94TqWjM7/RQED9CPU5DipE2Usfe88iDKMFjCm86FJ5ADzHRR0cdu+iUnQngPHEzUgQZah37y+vGOIkI15ghpdquI7SfIqkpZmRU8BJFBMID1CNtQzmKiPLTyf0jeGiULgxjaYprOFF/T6QoUmoYBaYzQrqvZr2x+J/XTnR44aeUi0QTjqeLwoRBHcNxGLBLJcGaDQ1BWFJzK8R9JBHWJrKCCcGdfXmeNE7L7lm5clspVi+zOPJgHxyAEnDBOaiCa1ADdYDBI3gGr+DNerJerHfrY9qas7KZXfAH1ucPJISUPQ==</latexit>

exp(�iMi/↵)

GUE
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L = 14
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<latexit sha1_base64="KJ+yy3bzlLclbku8263pIXGlhgY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseCF48V7Ac0oUy2m3bpZrPsbool9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5keRMG8/7dkobm1vbO+Xdyt7+weGRe3zS1mmmCG2RlKeqG4GmnAnaMsxw2pWKQhJx2onGd3O/M6FKs1Q8mqmkYQJDwWJGwFip77oBcDkCHICUKn3C9b5b9WreAnid+AWpogLNvvsVDFKSJVQYwkHrnu9JE+agDCOczipBpqkEMoYh7VkqIKE6zBeXz/CFVQY4TpUtYfBC/T2RQ6L1NIlsZwJmpFe9ufif18tMfBvmTMjMUEGWi+KMY5PieQx4wBQlhk8tAaKYvRWTESggxoZVsSH4qy+vk/ZVza/Xrh+uq41GEUcZnaFzdIl8dIMa6B41UQsRNEHP6BW9Obnz4rw7H8vWklPMnKI/cD5/AM7YkyA=</latexit>

↵ ⇡ 6



Estimating the Avalanche 
Threshold

• model large thermal bubble by 
coupling the system to an “infinite” 
bath at one end


• the system always thermalizes


• the slowest mode of the Floquet 
super operator represents the 
decay of an l-bit at the far end of 
the chain


• at avalanche threshold, slowest 
decay rate scales like 

13

<latexit sha1_base64="qCr4RlqCe2xzbRfCIkvxeyfLS/0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sIyI0VdFlzooosK9gGdsWTSTBuazIQkI5ShbvwVNy4UcetfuPNvTNtZaOuBwOGce7k5JxCMKu0431ZuaXlldS2/XtjY3NresXf3mipOJCYNHLNYtgOkCKMRaWiqGWkLSRAPGGkFw6uJ33ogUtE4utMjQXyO+hENKUbaSF37wLtGnKNS7QR6QsZCx7Byn57Wxl276JSdKeAicTNSBBnqXfvL68U44STSmCGlOq4jtJ8iqSlmZFzwEkUEwkPUJx1DI8SJ8tNpgjE8NkoPhrE0L9Jwqv7eSBFXasQDM8mRHqh5byL+53USHV76KY1EokmEZ4fChEGTc1IH7FFJsGYjQxCW1PwV4gGSCGtTWsGU4M5HXiTNs7J7Xq7cVorValZHHhyCI1ACLrgAVXAD6qABMHgEz+AVvFlP1ov1bn3MRnNWtrMP/sD6/AGqPpXB</latexit>

�(L) / 4�L
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• slowest mode can be found 
perturbatively when dissipation is 
weak [Sels 2021]


• threshold for these sizes at


• in standard random-field Heisenberg 
model threshold at W > 20


• there is a wide finite-size MBL regime 
between the conventional MBL 
crossover and the avalanche instability

14

Estimating the Avalanche 
Threshold

<latexit sha1_base64="sldf2VFzZQzEjry69NhSvRUw6oo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/ThJwYvHCrYW0lAm2227dJMNuxuhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53C2vrG5lZxu7Szu7d/UD48amuZKspaVAqpOiFqJnjMWoYbwTqJYhiFgj2G49uZ//jElOYyfjCThAURDmM+4BSNlfwuimSE5IbULnrlilt15yCrxMtJBXI0e+Wvbl/SNGKxoQK19j03MUGGynAq2LTUTTVLkI5xyHxLY4yYDrL5yVNyZpU+GUhlKzZkrv6eyDDSehKFtjNCM9LL3kz8z/NTM7gOMh4nqWExXSwapIIYSWb/kz5XjBoxsQSp4vZWQkeokBqbUsmG4C2/vEratap3Wa3f1yuNRh5HEU7gFM7BgytowB00oQUUJDzDK7w5xnlx3p2PRWvByWeO4Q+czx+vV5A2</latexit>

↵ > 25



Many-Body Resonances
• MBL crossover and avalanche instability are two well 

separated landmarks


• we define two other landmarks that probe the onset of 
rare system-wide many-body resonances in finite-size 
MBL systems

15

<latexit sha1_base64="PwkJpVuU0I9zMASjnQixALB1faI=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUakm0scREPhK4kL1lDjbs7Z27eyTkwu+wsdAYW3+Mnf/GBa5Q8CWTvLw3szvzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O/PUGleSwfzTRBP6JDyUPOqLGSb0aoIipIMrJv9MsVt+ouQNaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOBs1Iv1ZhQNqZD7FoqaYTazxZLz8iFVQYkjJUtachC/T2R0UjraRTYzoiakV715uJ/Xjc14Y2fcZmkBiVbfhSmgpiYzBMgA66QGTG1hDLF7a6EjaiizNicSjYEb/XkddKqVb2rau2hVqnf5nEU4QzO4RI8uIY63EMDmsDgCZ7hFd6cifPivDsfy9aCk8+cwh84nz/OdpIf</latexit>

thermal phase
<latexit sha1_base64="Ad0q+Dhvind7NiMGTJfyZq91dw8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsx0oS5L3bhQqGAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTKez0NYDgcM595B7TxBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFzP/c4TVZpF8sFMY+oLPJIsZAQbKz3eNW5RPLb5QbniVt0MaJV4OalAjuag/NUfRiQRVBrCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iyVWFDtp9nCM3RmlSEKI2WfNChTfydSLLSeisBOCmzGetmbi/95vcSEV37KZJwYKsniozDhyERofj0aMkWJ4VNLMFHM7orIGCtMjO2oZEvwlk9eJe1a1buo1u5rlXojr6MIJ3AK5+DBJdThBprQAgICnuEV3hzlvDjvzsditODkmWP4A+fzBwKwj+U=</latexit>

MBL phase

<latexit sha1_base64="2WrwQZhBcvvCJbtGC6Pfy66Ivjs=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkKiiuwUQBlBQxkk8pASKzqf18kp57N1twZFIZ9CQwFCtHwJHX/D5VFAwkgrjWZ2tbsTZlIY9LxvZ219Y3Nru7BT3N3bPzh0S0dNk+aaQ4OnMtXtkBmQQkEDBUpoZxpYEkpohcObqd96AG1Equ5xlEGQsL4SseAMrdRzS5EwqY5AU4MaVB8HPbfsVbwZ6CrxF6RMFqj33K9ulPI8AYVcMmM6vpdhMGYaBZcwKXZzAxnjQ9aHjqWKJWCC8ez0CT2zSkTjVNtSSGfq74kxS4wZJaHtTBgOzLI3Ff/zOjnGV8FYqCxHUHy+KM4lxZROc6CR0MBRjixhXAt7K+UDphlHm1bRhuAvv7xKmtWKf1Gp3lXLtetFHAVyQk7JOfHJJamRW1InDcLJI3kmr+TNeXJenHfnY9665ixmjskfOJ8/rTiURQ==</latexit>

disorder strength

<latexit sha1_base64="91rQ2ESWfThzgSfa8DwgE6jDWrg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGWIjYVCBPOByRH2NnPJkr29Y3dPCCH/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0fXMbz2h0jyWD2acoB/RgeQhZ9RY6fGudksUDniEvWLJLbtzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+YXT8mZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmb1P+lwhM2JsCWWK21sJG1JFmbEhFWwI3vLLq6RZKXsX5cp9pVStZXHk4QRO4Rw8uIQq3EAdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AHIVJBX</latexit>

MBL regime

<latexit sha1_base64="v4hp5J3q6VBcY2XtfRuutf6R/1U=">AAAB8XicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGoTDNpYWEQwF0yWMDuZTYbMzi4zs8Ky5C1sLBTR0gextxHfxsml0MQfBj7+/xzmnOPHnCntON9Wbml5ZXUtv25vbG5t7xR29xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IeX47x5T6VikbjVaUy9EPcFCxjB2lh316iCOkwEOu0Wik7JmQgtgjuD4vmHXYnfvuxat/DZ6UUkCanQhGOl2q4Tay/DUjPC6cjuJIrGmAxxn7YNChxS5WWTiUfoyDg9FETSPKHRxP3dkeFQqTT0TWWI9UDNZ2Pzv6yd6ODMy5iIE00FmX4UJBzpCI3XRz0mKdE8NYCJZGZWRAZYYqLNkWxzBHd+5UVolEvuSal84xarFzBVHg7gEI7BhVOowhXUoA4EBDzAEzxbynq0XqzXaWnOmvXswx9Z7z/u7ZNy</latexit>

L = 1

<latexit sha1_base64="y5UpM8AKDwZruLycJvyEglExqb8=">AAAB+nicbVC7TsNAEDyHVwgvB0qaEzESVWSnAMoIGgqKIJGHlFjR+XJOTjmfrbs1KDL5FBoKEKLlS+j4Gy6JC0iYajSzq52dIBFcg+t+W4W19Y3NreJ2aWd3b//ALh+2dJwqypo0FrHqBEQzwSVrAgfBOoliJAoEawfj65nffmBK81jewyRhfkSGkoecEjBS3y6HXHJg2Ll1cKywA07frrhVdw68SrycVFCORt/+6g1imkZMAhVE667nJuBnRAGngk1LvVSzhNAxGbKuoZJETPvZPPoUnxplgENzOowl4Ln6eyMjkdaTKDCTEYGRXvZm4n9eN4Xw0s+4TFJgki4OhanAEONZD3jAFaMgJoYQqrjJiumIKELBtFUyJXjLL6+SVq3qnVdrd7VK/Sqvo4iO0Qk6Qx66QHV0gxqoiSh6RM/oFb1ZT9aL9W59LEYLVr5zhP7A+vwB01KSag==</latexit>

finite L or t

<latexit sha1_base64="hi0QCboW/KJKNmXlqq6keJPpuqc=">AAACAnicbVC7TsNAEDyHVwgvAxWisUiQqCI7BVBG0FBQBIk8pNiyzpdzcsr5obt1RGRZNPwKDQUI0fIVdPwN58QFJIy00mhmV7s7XsyZBNP81korq2vrG+XNytb2zu6evn/QkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX+d+d0KFZFF4D9OYOgEehsxnBIOSXP2oZgcYRgTz9DZzbaAPkOIJGWU1V6+adXMGY5lYBamiAi1X/7IHEUkCGgLhWMq+ZcbgpFgAI5xmFTuRNMZkjIe0r2iIAyqddPZCZpwqZWD4kVAVgjFTf0+kOJByGniqM79XLnq5+J/XT8C/dFIWxgnQkMwX+Qk3IDLyPIwBE5QAnyqCiWDqVoOMsMAEVGoVFYK1+PIy6TTq1nm9cdeoNq+KOMroGJ2gM2ShC9REN6iF2oigR/SMXtGb9qS9aO/ax7y1pBUzh+gPtM8fiR2Xhg==</latexit>

Lavch

<latexit sha1_base64="X46N8k9IJE3QGZABRBX+GApl0eQ=">AAACAXicbVC7TsNAEDyHVwgvAw0SjUWCRBXZKYAygoaCIkjkIcWWdb6ck1POD92tgcgyDb9CQwFCtPwFHX/DOXEBCSOtNJrZ1e6OF3MmwTS/tdLS8srqWnm9srG5tb2j7+51ZJQIQtsk4pHoeVhSzkLaBgac9mJBceBx2vXGl7nfvaNCsii8hUlMnQAPQ+YzgkFJrn5QswMMI4J5ep25NtAHSOW9yGquXjXr5hTGIrEKUkUFWq7+ZQ8ikgQ0BMKxlH3LjMFJsQBGOM0qdiJpjMkYD2lf0RAHVDrp9IPMOFbKwPAjoSoEY6r+nkhxIOUk8FRnfq6c93LxP6+fgH/upCyME6AhmS3yE25AZORxGAMmKAE+UQQTwdStBhlhgQmo0CoqBGv+5UXSadSt03rjplFtXhRxlNEhOkInyEJnqImuUAu1EUGP6Bm9ojftSXvR3rWPWWtJK2b20R9onz/wi5c2</latexit>

Lswr

<latexit sha1_base64="XDWKUAJ97nukQDDluw4S8iZ5kuY=">AAACAHicbVC7TsNAEDyHVwgvAwUFjUWCRBXZKYAygoaCIkjkIcWWdb5cklPOZ+tujYgsN/wKDQUI0fIZdPwN58QFJIy00mhmV7s7QcyZAtv+Nkorq2vrG+XNytb2zu6euX/QUVEiCW2TiEeyF2BFORO0DQw47cWS4jDgtBtMrnO/+0ClYpG4h2lMvRCPBBsygkFLvnlUc0MMY4J5epv5LtBHSMNRVvPNql23Z7CWiVOQKirQ8s0vdxCRJKQCCMdK9R07Bi/FEhjhNKu4iaIxJhM8on1NBQ6p8tLZA5l1qpWBNYykLgHWTP09keJQqWkY6M78WrXo5eJ/Xj+B4aWXMhEnQAWZLxom3ILIytOwBkxSAnyqCSaS6VstMsYSE9CZVXQIzuLLy6TTqDvn9cZdo9q8KuIoo2N0gs6Qgy5QE92gFmojgjL0jF7Rm/FkvBjvxse8tWQUM4foD4zPH/OUlqQ=</latexit>

Lmg
<latexit sha1_base64="pobkNhO/BV6Jg28UFh6R5tnSu6w=">AAAB+HicbVA9T8MwFHwpX6V8NMDIYtEiMVVJB2CsYGFgKBItldooclynteo4ke0glai/hIUBhFj5KWz8G5w2A7ScZOl0957e+YKEM6Ud59sqra1vbG6Vtys7u3v7VfvgsKviVBLaITGPZS/AinImaEczzWkvkRRHAacPweQ69x8eqVQsFvd6mlAvwiPBQkawNpJvV+uDCOsxwTy7nfmy7ts1p+HMgVaJW5AaFGj79tdgGJM0okITjpXqu06ivQxLzQins8ogVTTBZIJHtG+owBFVXjYPPkOnRhmiMJbmCY3m6u+NDEdKTaPATOYp1bKXi/95/VSHl17GRJJqKsjiUJhypGOUt4CGTFKi+dQQTCQzWREZY4mJNl1VTAnu8pdXSbfZcM8bzbtmrXVV1FGGYziBM3DhAlpwA23oAIEUnuEV3qwn68V6tz4WoyWr2DmCP7A+fwBI95LZ</latexit>

Lr



Minimum Gap
• if no level repulsion, expected minimum gap in the 

Floquet spectrum is 2#/4L


• detect onset of enough level repulsion to deviate from this 
expectation
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System-Wide Resonances
• detect the presence of cat-like eigenstates with system-wide 

resonance involving both end spins


• find the eigenstate with the most mutual information between the 
two end spins


• this is well beyond the minimum gap landmark

17

10°11

10°8

10°5

10°2

m
ed

(m
a
x

n
I
1

,L
)

Floquet circuit XXX chain

101

Æ

10°2

10°1

m
ed

(m
a
x

n
S

m
in

)

L

6

8

10

12

14

100 101

W

L

10

12

14

16

10°11

10°8

10°5

10°2

m
ed

(m
a
x

n
I
1

,L
)

Floquet circuit XXX chain

101

Æ

10°2

10°1

m
ed

(m
a
x

n
S

m
in

)

L

6

8

10

12

14

100 101

W

L

10

12

14

16

<latexit sha1_base64="O1n16WWRRl0VTZzJdKDF2MRZ23w=">AAACCnicbVBNS8MwGE7n15xfVY9eokMQ1NHKUC/CwIuCh4nuA7Y60izdwtK0JKkwSs9e/CtePCji1V/gzX9j2vWgzgdCnvd53pfkfdyQUaks68sozMzOzS8UF0tLyyura+b6RlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ug89Vv3REga8Fs1DonjowGnHsVIaalnbl/exfbBVQLP4I1mCdxPb10fZrV2embZqlgZ4DSxc1IGOeo987PbD3DkE64wQ1J2bCtUToyEopiRpNSNJAkRHqEB6WjKkU+kE2erJHBXK33oBUIfrmCm/pyIkS/l2Hd1p4/UUP71UvE/rxMp79SJKQ8jRTiePORFDKoAprnAPhUEKzbWBGFB9V8hHiKBsNLplXQI9t+Vp0nzqGIfV6rX1XKtlsdRBFtgB+wBG5yAGrgAddAAGDyAJ/ACXo1H49l4M94nrQUjn9kEv2B8fAOs6Ze6</latexit>

I1,L = S1 + SL � S1,L



“Undoing” Resonances
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<latexit sha1_base64="18t1XkRsIB9sanzMssPUOFHKXfY=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQXMLePEYwTwgWULvpDcZMju7zMwGwpo/8eJBEa/+iTf/xsnjoIkFDUVVN91dYSq4Np737RQ2Nre2d4q7pb39g8Mj9/ikqZNMMWywRCSqHYJGwSU2DDcC26lCiEOBrXB0N/NbY1SaJ/LRTFIMYhhIHnEGxko9132iXRDpEGhXgRwI7Lllr+LNQdeJvyRlskS95351+wnLYpSGCdC643upCXJQhjOB01I305gCG8EAO5ZKiFEH+fzyKb2wSp9GibIlDZ2rvydyiLWexKHtjMEM9ao3E//zOpmJboOcyzQzKNliUZQJahI6i4H2uUJmxMQSYIrbWykbggJmbFglG4K/+vI6aV5V/OtK9eG6XKsu4yiSM3JOLolPbkiN3JM6aRBGxuSZvJI3J3denHfnY9FacJYzp+QPnM8fA8CTQQ==</latexit>

|�i

<latexit sha1_base64="u4q4+MyM6xjqRnr59nMtZ8blRSY=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBDS3gBePEcwDkhBmJ51kyOzsMjMrxDVf4sWDIl79FG/+jZNkD5pY0FBUddPdFcSCa+N5305uY3Nreye/W9jbPzgsukfHTR0limGDRSJS7YBqFFxiw3AjsB0rpGEgsBVMbuZ+6wGV5pG8N9MYeyEdST7kjBor9d3iE+kGaCjpKipHAvtuySt7C5B14mekBBnqfferO4hYEqI0TFCtO74Xm15KleFM4KzQTTTGlE3oCDuWShqi7qWLw2fk3CoDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif14nMcPrXsplnBiUbLlomAhiIjJPgQy4QmbE1BLKFLe3EjamijJjsyrYEPzVl9dJ87LsV8rVu0qpVs3iyMMpnMEF+HAFNbiFOjSAQQLP8ApvzqPz4rw7H8vWnJPNnMAfOJ8/N/aSzQ==</latexit>

�

<latexit sha1_base64="o2+sZA9CRcYNCYWuCsM9GJUUT1Y=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUHsrePFYwX5AG8pmu2mW7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpOFaFdEvNYDQKsKWeSdg0znA4SRbEIOO0Hs7vc7z9RpVksH808ob7AU8lCRrDJpVESsXG15tbdJdAm8QpSgwKdcfVrNIlJKqg0hGOth56bGD/DyjDC6aIySjVNMJnhKR1aKrGg2s+Wty7QlVUmKIyVLWnQUv09kWGh9VwEtlNgE+l1Lxf/84apCW/9jMkkNVSS1aIw5cjEKH8cTZiixPC5JZgoZm9FJMIKE2PjqdgQvPWXN0nvpu416q2HRq3dKuIowwVcwjV40IQ23EMHukAggmd4hTdHOC/Ou/Oxai05xcw5/IHz+QMUs45C</latexit>

✓

<latexit sha1_base64="KFW7tGqvyHMx5YOwUytRguwwB8s=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoL0VvHisYD+gDWWznbRrN5uwOxFK6H/w4kERr/4fb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qyu1+zgGZINyxa26C9B14uWkQnI0B+Wv/jDmaQQKuWTG9Dw3QT9jGgWXMCv1UwMJ4xM2gp6likVg/Gxx7YxeWGVIw1jbUkgX6u+JjEXGTKPAdkYMx2bVm4v/eb0Uwxs/EypJERRfLgpTSTGm89fpUGjgKKeWMK6FvZXyMdOMow2oZEPwVl9eJ+2rqler1u9rlUY9j6NIzsg5uSQeuSYNckeapEU4eSTP5JW8ObHz4rw7H8vWgpPPnJI/cD5/AKUijys=</latexit>

|ai

<latexit sha1_base64="0PY8ossgt4n8oHhTZQ0qz68KZSo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWsB/ShjLZbtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57UemNI/lvZkkzI9wKHnIKRorPTxhT6EcCtYvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+bHzwlZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeG1n3GZpIZJulgUpoKYmMy+JwOuGDViYglSxe2thI5QITU2o5INwVt+eZW0LqreZbV2d1mp1/I4inACp3AOHlxBHW6hAU2gEMEzvMKbo5wX5935WLQWnHzmGP7A+fwBAf6QiQ==</latexit>

|bi

<latexit sha1_base64="3Z76+VcUcG8vN5d5AOGO1lDi7ek=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkSleSzvzSRBP6JDyUPOqLHSw1PQU1QOBfbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mB0/JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGbfkwFXyIyYWEKZ4vZWwkZUUWZsRiUbgrf88ippXVS9y2rt7rJSr+VxFOEETuEcPLiCOtxCA5rAIIJneIU3RzkvzrvzsWgtOPnMMfyB8/kDA4mQig==</latexit>

eigenstates

most localized 
superpositions



• distribution of matrix elements is very 
broad


• minimum gap landmark is sensitive to 
the typical matrix element


• the number of system-wide resonances 
is sensitive to the mean matrix element


• this explains the large separation 
between the min. gap and system-wide 
resonances landmarks

19

“Undoing” Resonances
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Summary
• estimated avalanche threshold in microscopic model, 

found a wide gap between conventional crossover and 
where this instability appears to be


• supports the idea that observed crossover is very far 
away from asymptotic transition


• uncovered “landmarks” deep in the MBL regime where 
system-wide resonances arise, and understood these in 
terms of a broad distribution of associated matrix 
elements

20
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“Undoing” resonances



Landmarks drifting

24

<latexit sha1_base64="PwkJpVuU0I9zMASjnQixALB1faI=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUakm0scREPhK4kL1lDjbs7Z27eyTkwu+wsdAYW3+Mnf/GBa5Q8CWTvLw3szvzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O/PUGleSwfzTRBP6JDyUPOqLGSb0aoIipIMrJv9MsVt+ouQNaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOBs1Iv1ZhQNqZD7FoqaYTazxZLz8iFVQYkjJUtachC/T2R0UjraRTYzoiakV715uJ/Xjc14Y2fcZmkBiVbfhSmgpiYzBMgA66QGTG1hDLF7a6EjaiizNicSjYEb/XkddKqVb2rau2hVqnf5nEU4QzO4RI8uIY63EMDmsDgCZ7hFd6cifPivDsfy9aCk8+cwh84nz/OdpIf</latexit>

thermal phase
<latexit sha1_base64="Ad0q+Dhvind7NiMGTJfyZq91dw8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsx0oS5L3bhQqGAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTKez0NYDgcM595B7TxBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmFzP/c4TVZpF8sFMY+oLPJIsZAQbKz3eNW5RPLb5QbniVt0MaJV4OalAjuag/NUfRiQRVBrCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iyVWFDtp9nCM3RmlSEKI2WfNChTfydSLLSeisBOCmzGetmbi/95vcSEV37KZJwYKsniozDhyERofj0aMkWJ4VNLMFHM7orIGCtMjO2oZEvwlk9eJe1a1buo1u5rlXojr6MIJ3AK5+DBJdThBprQAgICnuEV3hzlvDjvzsditODkmWP4A+fzBwKwj+U=</latexit>

MBL phase

<latexit sha1_base64="2WrwQZhBcvvCJbtGC6Pfy66Ivjs=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkKiiuwUQBlBQxkk8pASKzqf18kp57N1twZFIZ9CQwFCtHwJHX/D5VFAwkgrjWZ2tbsTZlIY9LxvZ219Y3Nru7BT3N3bPzh0S0dNk+aaQ4OnMtXtkBmQQkEDBUpoZxpYEkpohcObqd96AG1Equ5xlEGQsL4SseAMrdRzS5EwqY5AU4MaVB8HPbfsVbwZ6CrxF6RMFqj33K9ulPI8AYVcMmM6vpdhMGYaBZcwKXZzAxnjQ9aHjqWKJWCC8ez0CT2zSkTjVNtSSGfq74kxS4wZJaHtTBgOzLI3Ff/zOjnGV8FYqCxHUHy+KM4lxZROc6CR0MBRjixhXAt7K+UDphlHm1bRhuAvv7xKmtWKf1Gp3lXLtetFHAVyQk7JOfHJJamRW1InDcLJI3kmr+TNeXJenHfnY9665ixmjskfOJ8/rTiURQ==</latexit>

disorder strength

<latexit sha1_base64="91rQ2ESWfThzgSfa8DwgE6jDWrg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGWIjYVCBPOByRH2NnPJkr29Y3dPCCH/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0fXMbz2h0jyWD2acoB/RgeQhZ9RY6fGudksUDniEvWLJLbtzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+YXT8mZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmb1P+lwhM2JsCWWK21sJG1JFmbEhFWwI3vLLq6RZKXsX5cp9pVStZXHk4QRO4Rw8uIQq3EAdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AHIVJBX</latexit>

MBL regime

<latexit sha1_base64="v4hp5J3q6VBcY2XtfRuutf6R/1U=">AAAB8XicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGoTDNpYWEQwF0yWMDuZTYbMzi4zs8Ky5C1sLBTR0gextxHfxsml0MQfBj7+/xzmnOPHnCntON9Wbml5ZXUtv25vbG5t7xR29xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IeX47x5T6VikbjVaUy9EPcFCxjB2lh316iCOkwEOu0Wik7JmQgtgjuD4vmHXYnfvuxat/DZ6UUkCanQhGOl2q4Tay/DUjPC6cjuJIrGmAxxn7YNChxS5WWTiUfoyDg9FETSPKHRxP3dkeFQqTT0TWWI9UDNZ2Pzv6yd6ODMy5iIE00FmX4UJBzpCI3XRz0mKdE8NYCJZGZWRAZYYqLNkWxzBHd+5UVolEvuSal84xarFzBVHg7gEI7BhVOowhXUoA4EBDzAEzxbynq0XqzXaWnOmvXswx9Z7z/u7ZNy</latexit>

L = 1

<latexit sha1_base64="y5UpM8AKDwZruLycJvyEglExqb8=">AAAB+nicbVC7TsNAEDyHVwgvB0qaEzESVWSnAMoIGgqKIJGHlFjR+XJOTjmfrbs1KDL5FBoKEKLlS+j4Gy6JC0iYajSzq52dIBFcg+t+W4W19Y3NreJ2aWd3b//ALh+2dJwqypo0FrHqBEQzwSVrAgfBOoliJAoEawfj65nffmBK81jewyRhfkSGkoecEjBS3y6HXHJg2Ll1cKywA07frrhVdw68SrycVFCORt/+6g1imkZMAhVE667nJuBnRAGngk1LvVSzhNAxGbKuoZJETPvZPPoUnxplgENzOowl4Ln6eyMjkdaTKDCTEYGRXvZm4n9eN4Xw0s+4TFJgki4OhanAEONZD3jAFaMgJoYQqrjJiumIKELBtFUyJXjLL6+SVq3qnVdrd7VK/Sqvo4iO0Qk6Qx66QHV0gxqoiSh6RM/oFb1ZT9aL9W59LEYLVr5zhP7A+vwB01KSag==</latexit>

finite L or t

<latexit sha1_base64="hi0QCboW/KJKNmXlqq6keJPpuqc=">AAACAnicbVC7TsNAEDyHVwgvAxWisUiQqCI7BVBG0FBQBIk8pNiyzpdzcsr5obt1RGRZNPwKDQUI0fIVdPwN58QFJIy00mhmV7s7XsyZBNP81korq2vrG+XNytb2zu6evn/QkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX+d+d0KFZFF4D9OYOgEehsxnBIOSXP2oZgcYRgTz9DZzbaAPkOIJGWU1V6+adXMGY5lYBamiAi1X/7IHEUkCGgLhWMq+ZcbgpFgAI5xmFTuRNMZkjIe0r2iIAyqddPZCZpwqZWD4kVAVgjFTf0+kOJByGniqM79XLnq5+J/XT8C/dFIWxgnQkMwX+Qk3IDLyPIwBE5QAnyqCiWDqVoOMsMAEVGoVFYK1+PIy6TTq1nm9cdeoNq+KOMroGJ2gM2ShC9REN6iF2oigR/SMXtGb9qS9aO/ax7y1pBUzh+gPtM8fiR2Xhg==</latexit>

Lavch

<latexit sha1_base64="X46N8k9IJE3QGZABRBX+GApl0eQ=">AAACAXicbVC7TsNAEDyHVwgvAw0SjUWCRBXZKYAygoaCIkjkIcWWdb6ck1POD92tgcgyDb9CQwFCtPwFHX/DOXEBCSOtNJrZ1e6OF3MmwTS/tdLS8srqWnm9srG5tb2j7+51ZJQIQtsk4pHoeVhSzkLaBgac9mJBceBx2vXGl7nfvaNCsii8hUlMnQAPQ+YzgkFJrn5QswMMI4J5ep25NtAHSOW9yGquXjXr5hTGIrEKUkUFWq7+ZQ8ikgQ0BMKxlH3LjMFJsQBGOM0qdiJpjMkYD2lf0RAHVDrp9IPMOFbKwPAjoSoEY6r+nkhxIOUk8FRnfq6c93LxP6+fgH/upCyME6AhmS3yE25AZORxGAMmKAE+UQQTwdStBhlhgQmo0CoqBGv+5UXSadSt03rjplFtXhRxlNEhOkInyEJnqImuUAu1EUGP6Bm9ojftSXvR3rWPWWtJK2b20R9onz/wi5c2</latexit>

Lswr

<latexit sha1_base64="XDWKUAJ97nukQDDluw4S8iZ5kuY=">AAACAHicbVC7TsNAEDyHVwgvAwUFjUWCRBXZKYAygoaCIkjkIcWWdb5cklPOZ+tujYgsN/wKDQUI0fIZdPwN58QFJIy00mhmV7s7QcyZAtv+Nkorq2vrG+XNytb2zu6euX/QUVEiCW2TiEeyF2BFORO0DQw47cWS4jDgtBtMrnO/+0ClYpG4h2lMvRCPBBsygkFLvnlUc0MMY4J5epv5LtBHSMNRVvPNql23Z7CWiVOQKirQ8s0vdxCRJKQCCMdK9R07Bi/FEhjhNKu4iaIxJhM8on1NBQ6p8tLZA5l1qpWBNYykLgHWTP09keJQqWkY6M78WrXo5eJ/Xj+B4aWXMhEnQAWZLxom3ILIytOwBkxSAnyqCSaS6VstMsYSE9CZVXQIzuLLy6TTqDvn9cZdo9q8KuIoo2N0gs6Qgy5QE92gFmojgjL0jF7Rm/FkvBjvxse8tWQUM4foD4zPH/OUlqQ=</latexit>

Lmg
<latexit sha1_base64="pobkNhO/BV6Jg28UFh6R5tnSu6w=">AAAB+HicbVA9T8MwFHwpX6V8NMDIYtEiMVVJB2CsYGFgKBItldooclynteo4ke0glai/hIUBhFj5KWz8G5w2A7ScZOl0957e+YKEM6Ud59sqra1vbG6Vtys7u3v7VfvgsKviVBLaITGPZS/AinImaEczzWkvkRRHAacPweQ69x8eqVQsFvd6mlAvwiPBQkawNpJvV+uDCOsxwTy7nfmy7ts1p+HMgVaJW5AaFGj79tdgGJM0okITjpXqu06ivQxLzQins8ogVTTBZIJHtG+owBFVXjYPPkOnRhmiMJbmCY3m6u+NDEdKTaPATOYp1bKXi/95/VSHl17GRJJqKsjiUJhypGOUt4CGTFKi+dQQTCQzWREZY4mJNl1VTAnu8pdXSbfZcM8bzbtmrXVV1FGGYziBM3DhAlpwA23oAIEUnuEV3qwn68V6tz4WoyWr2DmCP7A+fwBI95LZ</latexit>
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Outlook
• structure of slowest modes in the open system


• concrete connection between extracted matrix elements 
and avalanches


• a more detailed theory of avalanches


• need to understand origin of very strong finite-size effects 
in detail
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