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Why study periodically-driven systems?

practically: Floquet engineering
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fundamentally: 

equilibrium non-
equilibrium

Floquet
systems



Energy absorption in  
quantum Floquet systems ⌦ =
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

HF =
1X

n=0

H
(n)
F

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H
(n)
F ⇠ ⌦�n

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

P (t+ T ) = P (t)
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Eprethermal
ave ⇡ L

�1
X

j

p
[n]
F,jhj

[n]
F |Have|j[n]F i, p

[n]
F,j = |h 0|j[n]F i|2

<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>
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F

<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>
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<latexit sha1_base64="Yj1bndx6RJQ6Q5O875UzEFiHCPg=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1U1ItPnZFEVxWsA9IY5hMJ+3QyYOZSbGErP0Xwa3+hjvp1i/wE5ykUar1wDCHc+/lnnuckBIuDGOiLCwuLa+sFtbU9Y3NrW1tZ7fFg4gh3EQBDVjHgRxT4uOmIILiTsgw9ByK287wKq23R5hxEvh3Yhxiy4N9n7gEQSElWzvoelAMEKTxdXIfm4aV2JnCvBiOcFI2jmytaFSMDPo8qeakCHI0bO2z2wtQ5GFfIAo5N6tGKKwYMkEQxYnajTgOIRrCPjYl9aGHuRVnpyR6SSo93Q2YfL7QM3V2IoYe52PPkZ2pTf63lor/1cxIuOdWTPwwEthH00VuRHUR6Gkueo8wjAQdSwIRI9KrjgaQQSRkemppds3Dt9fs56qaRXSR4vQnkHnSOq5UTyq121qxfpmHVQD74BCUQRWcgTq4AQ3QBAg8gmfwAl6VJ+VNeVcm09YFJZ/ZA7+gfHwBy/mmnw==</latexit>
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<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>
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<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>



100 101 102 103 104

`

�0.6

�0.5

�0.4

�0.3

�0.2

�0.1

0.0 E(`T )

E(0)

E [0]
ave(0)

<latexit sha1_base64="Yj1bndx6RJQ6Q5O875UzEFiHCPg=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1U1ItPnZFEVxWsA9IY5hMJ+3QyYOZSbGErP0Xwa3+hjvp1i/wE5ykUar1wDCHc+/lnnuckBIuDGOiLCwuLa+sFtbU9Y3NrW1tZ7fFg4gh3EQBDVjHgRxT4uOmIILiTsgw9ByK287wKq23R5hxEvh3Yhxiy4N9n7gEQSElWzvoelAMEKTxdXIfm4aV2JnCvBiOcFI2jmytaFSMDPo8qeakCHI0bO2z2wtQ5GFfIAo5N6tGKKwYMkEQxYnajTgOIRrCPjYl9aGHuRVnpyR6SSo93Q2YfL7QM3V2IoYe52PPkZ2pTf63lor/1cxIuOdWTPwwEthH00VuRHUR6Gkueo8wjAQdSwIRI9KrjgaQQSRkemppds3Dt9fs56qaRXSR4vQnkHnSOq5UTyq121qxfpmHVQD74BCUQRWcgTq4AQ3QBAg8gmfwAl6VJ+VNeVcm09YFJZ/ZA7+gfHwBy/mmnw==</latexit>
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<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>

H
[n]
F

<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

E [1]
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<latexit sha1_base64="WeOubY4hLZvHG0r22cgVl+ts16w=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1UxItPnZFEVxWsA9IY5hMp+3QySTMTIolZO2/CG71N9xJt36Bn2CSRqnWA8Mczr2Xe+5xA0qENIyJsrC4tLyyWlhT1zc2t7a1nd2m8EOOcAP51OdtFwpMCcMNSSTF7YBj6LkUt9zhVVpvjTAXxGd3chxg24N9RnoEQZlIjnbQ8aAcIEij6/g+skw7djKFexEc4bhsHDla0agYGfR5YuakCHLUHe2z0/VR6GEmEYVCWKYRSDuCXBJEcax2QoEDiIawj62EMuhhYUfZKbFeSpSu3vN58pjUM3V2IoKeEGPPTTpTm+JvLRX/q1mh7J3bEWFBKDFD00W9kOrS19Nc9C7hGEk6TghEnCRedTSAHCKZpKeWZtc8fHvNfqGqWUQXKU5/ApknzeOKeVKp3laLtcs8rALYB4egDExwBmrgBtRBAyDwCJ7BC3hVnpQ35V2ZTFsXlHxmD/yC8vEFza2moA==</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>
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<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>

H
[n]
F

<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

Eprethermal
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<latexit sha1_base64="Tluwx6zAYqOvDLzniC5E2rOAnbs="></latexit>

E [1]
ave(0)

<latexit sha1_base64="WeOubY4hLZvHG0r22cgVl+ts16w=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1UxItPnZFEVxWsA9IY5hMp+3QySTMTIolZO2/CG71N9xJt36Bn2CSRqnWA8Mczr2Xe+5xA0qENIyJsrC4tLyyWlhT1zc2t7a1nd2m8EOOcAP51OdtFwpMCcMNSSTF7YBj6LkUt9zhVVpvjTAXxGd3chxg24N9RnoEQZlIjnbQ8aAcIEij6/g+skw7djKFexEc4bhsHDla0agYGfR5YuakCHLUHe2z0/VR6GEmEYVCWKYRSDuCXBJEcax2QoEDiIawj62EMuhhYUfZKbFeSpSu3vN58pjUM3V2IoKeEGPPTTpTm+JvLRX/q1mh7J3bEWFBKDFD00W9kOrS19Nc9C7hGEk6TghEnCRedTSAHCKZpKeWZtc8fHvNfqGqWUQXKU5/ApknzeOKeVKp3laLtcs8rALYB4egDExwBmrgBtRBAyDwCJ7BC3hVnpQ35V2ZTFsXlHxmD/yC8vEFza2moA==</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>
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<latexit sha1_base64="Yj1bndx6RJQ6Q5O875UzEFiHCPg=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1U1ItPnZFEVxWsA9IY5hMJ+3QyYOZSbGErP0Xwa3+hjvp1i/wE5ykUar1wDCHc+/lnnuckBIuDGOiLCwuLa+sFtbU9Y3NrW1tZ7fFg4gh3EQBDVjHgRxT4uOmIILiTsgw9ByK287wKq23R5hxEvh3Yhxiy4N9n7gEQSElWzvoelAMEKTxdXIfm4aV2JnCvBiOcFI2jmytaFSMDPo8qeakCHI0bO2z2wtQ5GFfIAo5N6tGKKwYMkEQxYnajTgOIRrCPjYl9aGHuRVnpyR6SSo93Q2YfL7QM3V2IoYe52PPkZ2pTf63lor/1cxIuOdWTPwwEthH00VuRHUR6Gkueo8wjAQdSwIRI9KrjgaQQSRkemppds3Dt9fs56qaRXSR4vQnkHnSOq5UTyq121qxfpmHVQD74BCUQRWcgTq4AQ3QBAg8gmfwAl6VJ+VNeVcm09YFJZ/ZA7+gfHwBy/mmnw==</latexit>

Understanding the pre-thermal plateau

four stages of thermalization 
(high-frequency driving)
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energy density of the pre-thermal plateau: Magnus diagonal ens’ble
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<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>
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<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

Eprethermal
ave

<latexit sha1_base64="Tluwx6zAYqOvDLzniC5E2rOAnbs="></latexit>

E [1]
ave(0)

<latexit sha1_base64="WeOubY4hLZvHG0r22cgVl+ts16w=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1UxItPnZFEVxWsA9IY5hMp+3QySTMTIolZO2/CG71N9xJt36Bn2CSRqnWA8Mczr2Xe+5xA0qENIyJsrC4tLyyWlhT1zc2t7a1nd2m8EOOcAP51OdtFwpMCcMNSSTF7YBj6LkUt9zhVVpvjTAXxGd3chxg24N9RnoEQZlIjnbQ8aAcIEij6/g+skw7djKFexEc4bhsHDla0agYGfR5YuakCHLUHe2z0/VR6GEmEYVCWKYRSDuCXBJEcax2QoEDiIawj62EMuhhYUfZKbFeSpSu3vN58pjUM3V2IoKeEGPPTTpTm+JvLRX/q1mh7J3bEWFBKDFD00W9kOrS19Nc9C7hGEk6TghEnCRedTSAHCKZpKeWZtc8fHvNfqGqWUQXKU5/ApknzeOKeVKp3laLtcs8rALYB4egDExwBmrgBtRBAyDwCJ7BC3hVnpQ35V2ZTFsXlHxmD/yC8vEFza2moA==</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>
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Understanding the pre-thermal plateau

four stages of thermalization 
(high-frequency driving)
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<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>
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[n]
F

<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

Eprethermal
ave

<latexit sha1_base64="Tluwx6zAYqOvDLzniC5E2rOAnbs="></latexit>
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<latexit sha1_base64="4L8JnjPTZoEGt4aQ0WDUKlZTxkI=">AAACBnicbVDLSsNAFL2prxpfVZduBkvBVUm0+NgV3eiuBfuANpTJdNIOnUzCzEQspXvBrf6GO3Hrb/gXfoJJGqVaDwxzOPde7rnHDTlT2rI+jNzS8srqWn7d3Njc2t4p7O41VRBJQhsk4IFsu1hRzgRtaKY5bYeSYt/ltOWOrpJ6645KxQJxq8chdXw8EMxjBOtYqt/0CkWrbKVAi8TOSBEy1HqFz24/IJFPhSYcK9WxrVA7Eyw1I5xOzW6kaIjJCA9oJ6YC+1Q5k9ToFJVipY+8QMZPaJSq8xMT7Cs19t2408d6qP7WEvG/WifS3rkzYSKMNBVktsiLONIBSq5GfSYp0XwcE0wki70iMsQSEx1nY5bm19x/e01/ZZppRBcJTn8CWSTN47J9Uq7UK8XqZRZWHg7gEI7AhjOowjXUoAEEKDzCEzwbD8aL8Wq8zVpzRjazD79gvH8BoHeYzQ==</latexit>

II
<latexit sha1_base64="N+ScKAZZjupYbP5D9psT2RoLBFU=">AAACB3icbVDLSgMxFL3js46vqks3wVJwVaZafOyKbuyuin1AO5RMmmlDMw+SjFiGfoDgVn/Dnbj1M/wLP8HMdJRqPRByOPde7rnHCTmTyrI+jIXFpeWV1dyaub6xubWd39ltyiAShDZIwAPRdrCknPm0oZjitB0Kij2H05YzukzqrTsqJAv8WzUOqe3hgc9cRrDS0k2t1ssXrJKVAs2TckYKkKHey392+wGJPOorwrGUnbIVKjvGQjHC6cTsRpKGmIzwgHY09bFHpR2nTieoqJU+cgOhn69Qqs5OxNiTcuw5utPDaij/1hLxv1onUu6ZHTM/jBT1yXSRG3GkApScjfpMUKL4WBNMBNNeERligYnS4ZjF2TX3317TX5pmGtF5gpOfQOZJ86hUPi5VriuF6kUWVg724QAOoQynUIUrqEMDCLjwCE/wbDwYL8ar8TZtXTCymT34BeP9Cz0DmSA=</latexit>

III
<latexit sha1_base64="mT+Xued3U0gM9v7taUMZhwLLATA=">AAACCHicbVDLSgMxFL3js46vqks3wVJwVaZafOyKbuyuon1AO5RMmmlDMw+SjFiG/oDgVn/Dnbj1L/wLP8HMdJRqPRByOPde7rnHCTmTyrI+jIXFpeWV1dyaub6xubWd39ltyiAShDZIwAPRdrCknPm0oZjitB0Kij2H05YzukzqrTsqJAv8WzUOqe3hgc9cRrDS0k2tVuvlC1bJSoHmSTkjBchQ7+U/u/2ARB71FeFYyk7ZCpUdY6EY4XRidiNJQ0xGeEA7mvrYo9KOU6sTVNRKH7mB0M9XKFVnJ2LsSTn2HN3pYTWUf2uJ+F+tEyn3zI6ZH0aK+mS6yI04UgFK7kZ9JihRfKwJJoJpr4gMscBE6XTM4uya+2+v6S9NM43oPMHJTyDzpHlUKh+XKteVQvUiCysH+3AAh1CGU6jCFdShAQQG8AhP8Gw8GC/Gq/E2bV0wspk9+AXj/QvZy5lz</latexit>

IV
<latexit sha1_base64="FmIGngD19HWtgEQUMYA2ExLDITc=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBVUm0+NgV3eiuin1AG8pkOmmHTiZhZiKW0g8Q3OpvuBO3foZ/4SeYpFGq9cAwh3Pv5Z573JAzpS3rw8gtLC4tr+RXzbX1jc2twvZOQwWRJLROAh7IlosV5UzQumaa01YoKfZdTpvu8CKpN++oVCwQt3oUUsfHfcE8RrCOpZurRrdQtMpWCjRP7IwUIUOtW/js9AIS+VRowrFSbdsKtTPGUjPC6cTsRIqGmAxxn7ZjKrBPlTNOnU5QKVZ6yAtk/IRGqTo7Mca+UiPfjTt9rAfqby0R/6u1I+2dOmMmwkhTQaaLvIgjHaDkbNRjkhLNRzHBRLLYKyIDLDHRcThmaXbN/bfX9FemmUZ0luD4J5B50jgs20flynWlWD3PwsrDHuzDAdhwAlW4hBrUgYAHj/AEz8aD8WK8Gm/T1pyRzezCLxjvX1I9mS0=</latexit>
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ave(0)

<latexit sha1_base64="WeOubY4hLZvHG0r22cgVl+ts16w=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1UxItPnZFEVxWsA9IY5hMp+3QySTMTIolZO2/CG71N9xJt36Bn2CSRqnWA8Mczr2Xe+5xA0qENIyJsrC4tLyyWlhT1zc2t7a1nd2m8EOOcAP51OdtFwpMCcMNSSTF7YBj6LkUt9zhVVpvjTAXxGd3chxg24N9RnoEQZlIjnbQ8aAcIEij6/g+skw7djKFexEc4bhsHDla0agYGfR5YuakCHLUHe2z0/VR6GEmEYVCWKYRSDuCXBJEcax2QoEDiIawj62EMuhhYUfZKbFeSpSu3vN58pjUM3V2IoKeEGPPTTpTm+JvLRX/q1mh7J3bEWFBKDFD00W9kOrS19Nc9C7hGEk6TghEnCRedTSAHCKZpKeWZtc8fHvNfqGqWUQXKU5/ApknzeOKeVKp3laLtcs8rALYB4egDExwBmrgBtRBAyDwCJ7BC3hVnpQ35V2ZTFsXlHxmD/yC8vEFza2moA==</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>
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Understanding the pre-thermal plateau
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(high-frequency driving)
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ave ⇡ L
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j

p
[n]
F,jhj

[n]
F |Have|j[n]F i, p

[n]
F,j = |h 0|j[n]F i|2

<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>

H
[n]
F

<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

Eprethermal
ave

<latexit sha1_base64="Tluwx6zAYqOvDLzniC5E2rOAnbs="></latexit>

I
<latexit sha1_base64="4L8JnjPTZoEGt4aQ0WDUKlZTxkI=">AAACBnicbVDLSsNAFL2prxpfVZduBkvBVUm0+NgV3eiuBfuANpTJdNIOnUzCzEQspXvBrf6GO3Hrb/gXfoJJGqVaDwxzOPde7rnHDTlT2rI+jNzS8srqWn7d3Njc2t4p7O41VRBJQhsk4IFsu1hRzgRtaKY5bYeSYt/ltOWOrpJ6645KxQJxq8chdXw8EMxjBOtYqt/0CkWrbKVAi8TOSBEy1HqFz24/IJFPhSYcK9WxrVA7Eyw1I5xOzW6kaIjJCA9oJ6YC+1Q5k9ToFJVipY+8QMZPaJSq8xMT7Cs19t2408d6qP7WEvG/WifS3rkzYSKMNBVktsiLONIBSq5GfSYp0XwcE0wki70iMsQSEx1nY5bm19x/e01/ZZppRBcJTn8CWSTN47J9Uq7UK8XqZRZWHg7gEI7AhjOowjXUoAEEKDzCEzwbD8aL8Wq8zVpzRjazD79gvH8BoHeYzQ==</latexit>

II
<latexit sha1_base64="N+ScKAZZjupYbP5D9psT2RoLBFU=">AAACB3icbVDLSgMxFL3js46vqks3wVJwVaZafOyKbuyuin1AO5RMmmlDMw+SjFiGfoDgVn/Dnbj1M/wLP8HMdJRqPRByOPde7rnHCTmTyrI+jIXFpeWV1dyaub6xubWd39ltyiAShDZIwAPRdrCknPm0oZjitB0Kij2H05YzukzqrTsqJAv8WzUOqe3hgc9cRrDS0k2t1ssXrJKVAs2TckYKkKHey392+wGJPOorwrGUnbIVKjvGQjHC6cTsRpKGmIzwgHY09bFHpR2nTieoqJU+cgOhn69Qqs5OxNiTcuw5utPDaij/1hLxv1onUu6ZHTM/jBT1yXSRG3GkApScjfpMUKL4WBNMBNNeERligYnS4ZjF2TX3317TX5pmGtF5gpOfQOZJ86hUPi5VriuF6kUWVg724QAOoQynUIUrqEMDCLjwCE/wbDwYL8ar8TZtXTCymT34BeP9Cz0DmSA=</latexit>

III
<latexit sha1_base64="mT+Xued3U0gM9v7taUMZhwLLATA=">AAACCHicbVDLSgMxFL3js46vqks3wVJwVaZafOyKbuyuon1AO5RMmmlDMw+SjFiG/oDgVn/Dnbj1L/wLP8HMdJRqPRByOPde7rnHCTmTyrI+jIXFpeWV1dyaub6xubWd39ltyiAShDZIwAPRdrCknPm0oZjitB0Kij2H05YzukzqrTsqJAv8WzUOqe3hgc9cRrDS0k2tVuvlC1bJSoHmSTkjBchQ7+U/u/2ARB71FeFYyk7ZCpUdY6EY4XRidiNJQ0xGeEA7mvrYo9KOU6sTVNRKH7mB0M9XKFVnJ2LsSTn2HN3pYTWUf2uJ+F+tEyn3zI6ZH0aK+mS6yI04UgFK7kZ9JihRfKwJJoJpr4gMscBE6XTM4uya+2+v6S9NM43oPMHJTyDzpHlUKh+XKteVQvUiCysH+3AAh1CGU6jCFdShAQQG8AhP8Gw8GC/Gq/E2bV0wspk9+AXj/QvZy5lz</latexit>

IV
<latexit sha1_base64="FmIGngD19HWtgEQUMYA2ExLDITc=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBVUm0+NgV3eiuin1AG8pkOmmHTiZhZiKW0g8Q3OpvuBO3foZ/4SeYpFGq9cAwh3Pv5Z573JAzpS3rw8gtLC4tr+RXzbX1jc2twvZOQwWRJLROAh7IlosV5UzQumaa01YoKfZdTpvu8CKpN++oVCwQt3oUUsfHfcE8RrCOpZurRrdQtMpWCjRP7IwUIUOtW/js9AIS+VRowrFSbdsKtTPGUjPC6cTsRIqGmAxxn7ZjKrBPlTNOnU5QKVZ6yAtk/IRGqTo7Mca+UiPfjTt9rAfqby0R/6u1I+2dOmMmwkhTQaaLvIgjHaDkbNRjkhLNRzHBRLLYKyIDLDHRcThmaXbN/bfX9FemmUZ0luD4J5B50jgs20flynWlWD3PwsrDHuzDAdhwAlW4hBrUgYAHj/AEz8aD8WK8Gm/T1pyRzezCLxjvX1I9mS0=</latexit>

E [1]
ave(0)

<latexit sha1_base64="WeOubY4hLZvHG0r22cgVl+ts16w=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1UxItPnZFEVxWsA9IY5hMp+3QySTMTIolZO2/CG71N9xJt36Bn2CSRqnWA8Mczr2Xe+5xA0qENIyJsrC4tLyyWlhT1zc2t7a1nd2m8EOOcAP51OdtFwpMCcMNSSTF7YBj6LkUt9zhVVpvjTAXxGd3chxg24N9RnoEQZlIjnbQ8aAcIEij6/g+skw7djKFexEc4bhsHDla0agYGfR5YuakCHLUHe2z0/VR6GEmEYVCWKYRSDuCXBJEcax2QoEDiIawj62EMuhhYUfZKbFeSpSu3vN58pjUM3V2IoKeEGPPTTpTm+JvLRX/q1mh7J3bEWFBKDFD00W9kOrS19Nc9C7hGEk6TghEnCRedTSAHCKZpKeWZtc8fHvNfqGqWUQXKU5/ApknzeOKeVKp3laLtcs8rALYB4egDExwBmrgBtRBAyDwCJ7BC3hVnpQ35V2ZTFsXlHxmD/yC8vEFza2moA==</latexit>

I+II: quench to H
[n]
F

<latexit sha1_base64="CTN3TqyLwyoaupX8TT6ISoUKazk=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRItPnZFQbqsYB/SxjKZTtqhM5MwMxFL6D8IbvU33Ilbf8G/8BOcpFGq9cAwh3Pv5Z57vJASqWz7w8gtLC4tr+RXzbX1jc2twvZOUwaRQLiBAhqItgclpoTjhiKK4nYoMGQexS1vdJHUW3dYSBLwazUOscvggBOfIKi0dFPrXd7GHe5OeoWiXbZTWPPEyUgRZKj3Cp/dfoAihrlCFErZcexQuTEUiiCKJ2Y3kjiEaAQHuKMphwxLN04NT6ySVvqWHwj9uLJSdXYihkzKMfN0J4NqKP/WEvG/WidS/qkbEx5GCnM0XeRH1FKBlVxv9YnASNGxJhAJor1aaAgFREpnZJZm19x/e01/aZppRGcJjn8CmSfNw7JzVK5cVYrV8yysPNgD++AAOOAEVEEN1EEDIMDAI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwDv4pw9</latexit>

I+…+IV: quench to HF
<latexit sha1_base64="WNZ/r3eNJy5d/Vp68HNAwgPyIto=">AAACCHicbVDLSsNAFL3xWeOr6tLNYCm4KqkWH7uiIF1WtA9oQ5lMJ+3QySTMTMQS+gOCW/0Nd+LWv/Av/ASTNEq1HhjmcO693HOPE3CmtGV9GAuLS8srq7k1c31jc2s7v7PbVH4oCW0Qn/uy7WBFORO0oZnmtB1Iij2H05YzukzqrTsqFfPFrR4H1PbwQDCXEaxj6abWu+rlC1bJSoHmSTkjBchQ7+U/u32fhB4VmnCsVKdsBdqOsNSMcDoxu6GiASYjPKCdmArsUWVHqdUJKsZKH7m+jJ/QKFVnJyLsKTX2nLjTw3qo/tYS8b9aJ9TumR0xEYSaCjJd5IYcaR8ld6M+k5RoPo4JJpLFXhEZYomJjtMxi7Nr7r+9pr8yzTSi8wQnP4HMk+ZRqXxcqlxXCtWLLKwc7MMBHEIZTqEKNahDAwgM4BGe4Nl4MF6MV+Nt2rpgZDN78AvG+xf3Q5mF</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>
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<latexit sha1_base64="Yj1bndx6RJQ6Q5O875UzEFiHCPg=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1U1ItPnZFEVxWsA9IY5hMJ+3QyYOZSbGErP0Xwa3+hjvp1i/wE5ykUar1wDCHc+/lnnuckBIuDGOiLCwuLa+sFtbU9Y3NrW1tZ7fFg4gh3EQBDVjHgRxT4uOmIILiTsgw9ByK287wKq23R5hxEvh3Yhxiy4N9n7gEQSElWzvoelAMEKTxdXIfm4aV2JnCvBiOcFI2jmytaFSMDPo8qeakCHI0bO2z2wtQ5GFfIAo5N6tGKKwYMkEQxYnajTgOIRrCPjYl9aGHuRVnpyR6SSo93Q2YfL7QM3V2IoYe52PPkZ2pTf63lor/1cxIuOdWTPwwEthH00VuRHUR6Gkueo8wjAQdSwIRI9KrjgaQQSRkemppds3Dt9fs56qaRXSR4vQnkHnSOq5UTyq121qxfpmHVQD74BCUQRWcgTq4AQ3QBAg8gmfwAl6VJ+VNeVcm09YFJZ/ZA7+gfHwBy/mmnw==</latexit>

Understanding the pre-thermal plateau

four stages of thermalization 
(high-frequency driving)
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<latexit sha1_base64="RsT4rGrH4bCPI1Q69VsRdXPN15k="></latexit>

energy density of the pre-thermal plateau: Magnus diagonal ens’ble

Eprethermal
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[n]
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<latexit sha1_base64="BgzAC/NRmi1gYOFwDY8cRmRrxC4="></latexit>

associate a temperature using ETH w.r.t.        : �prethermal
<latexit sha1_base64="Uk84mBQl/1OLvDc08bmBWlFzxLo=">AAACIXicbVDLSgNBEJz1GddX1JteFkPAU9ho8HELevEYwTwgiWF20kmGzOwuM71iWAL+i+BVf8ObeBN/wk9wNokSjQXDFNVddHd5oeAaXffdmptfWFxaTq3Yq2vrG5vpre2KDiLFoMwCEaiaRzUI7kMZOQqohQqo9ARUvf5FUq/egtI88K9xEEJT0q7PO5xRNFIrvdvwAOlNQ1LsKRkbL/ZASSqGdiudcXPuCM4syU9IhkxQaqU/G+2ARRJ8ZIJqXc+7ITZjqpAzAUO7EWkIKevTLtQN9akE3YxHNwydrFHaTidQ5vnojNRpR0yl1gPpmc5kV/23loj/1eoRdk6bMffDCMFn40GdSDgYOEkgTpsrYCgGhlCmuNnVYT2qKEMTm52dHnP3vevo1/Y4orMExz+BzJLKYS5/lCtcFTLF80lYKbJH9skByZMTUiSXpETKhJF78kieyLP1YL1Yr9bbuHXOmnh2yC9YH1/XmaQg</latexit>

H
[n]
F

<latexit sha1_base64="pFDK+mh1+EN4jGDPqBdKwrvS6WY=">AAACD3icbVDLSsNAFJ3UV42vqks3g6XgqiRafOyKgnRZwT6wjWUynbRDJ5MwMxFL6EcIbvU33IlbP8G/8BOcpFGq9cAwh3Pv5Z573JBRqSzrw8gtLC4tr+RXzbX1jc2twvZOUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6CKpt+6IkDTg12ocEsdHA049ipHS0k2td3kbd7gzMXuFolW2UsB5YmekCDLUe4XPbj/AkU+4wgxJ2bGtUDkxEopiRiZmN5IkRHiEBqSjKUc+kU6cOp7Aklb60AuEflzBVJ2diJEv5dh3daeP1FD+rSXif7VOpLxTJ6Y8jBTheLrIixhUAUzOh30qCFZsrAnCgmqvEA+RQFjpkMzS7Jr7b6/pL81pRGcJjn8CmSfNw7J9VK5cVYrV8yysPNgD++AA2OAEVEEN1EEDYMDBI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwAowJxR</latexit>

Eprethermal
ave

<latexit sha1_base64="Tluwx6zAYqOvDLzniC5E2rOAnbs="></latexit>

I
<latexit sha1_base64="4L8JnjPTZoEGt4aQ0WDUKlZTxkI=">AAACBnicbVDLSsNAFL2prxpfVZduBkvBVUm0+NgV3eiuBfuANpTJdNIOnUzCzEQspXvBrf6GO3Hrb/gXfoJJGqVaDwxzOPde7rnHDTlT2rI+jNzS8srqWn7d3Njc2t4p7O41VRBJQhsk4IFsu1hRzgRtaKY5bYeSYt/ltOWOrpJ6645KxQJxq8chdXw8EMxjBOtYqt/0CkWrbKVAi8TOSBEy1HqFz24/IJFPhSYcK9WxrVA7Eyw1I5xOzW6kaIjJCA9oJ6YC+1Q5k9ToFJVipY+8QMZPaJSq8xMT7Cs19t2408d6qP7WEvG/WifS3rkzYSKMNBVktsiLONIBSq5GfSYp0XwcE0wki70iMsQSEx1nY5bm19x/e01/ZZppRBcJTn8CWSTN47J9Uq7UK8XqZRZWHg7gEI7AhjOowjXUoAEEKDzCEzwbD8aL8Wq8zVpzRjazD79gvH8BoHeYzQ==</latexit>

II
<latexit sha1_base64="N+ScKAZZjupYbP5D9psT2RoLBFU=">AAACB3icbVDLSgMxFL3js46vqks3wVJwVaZafOyKbuyuin1AO5RMmmlDMw+SjFiGfoDgVn/Dnbj1M/wLP8HMdJRqPRByOPde7rnHCTmTyrI+jIXFpeWV1dyaub6xubWd39ltyiAShDZIwAPRdrCknPm0oZjitB0Kij2H05YzukzqrTsqJAv8WzUOqe3hgc9cRrDS0k2t1ssXrJKVAs2TckYKkKHey392+wGJPOorwrGUnbIVKjvGQjHC6cTsRpKGmIzwgHY09bFHpR2nTieoqJU+cgOhn69Qqs5OxNiTcuw5utPDaij/1hLxv1onUu6ZHTM/jBT1yXSRG3GkApScjfpMUKL4WBNMBNNeERligYnS4ZjF2TX3317TX5pmGtF5gpOfQOZJ86hUPi5VriuF6kUWVg724QAOoQynUIUrqEMDCLjwCE/wbDwYL8ar8TZtXTCymT34BeP9Cz0DmSA=</latexit>

III
<latexit sha1_base64="mT+Xued3U0gM9v7taUMZhwLLATA=">AAACCHicbVDLSgMxFL3js46vqks3wVJwVaZafOyKbuyuon1AO5RMmmlDMw+SjFiG/oDgVn/Dnbj1L/wLP8HMdJRqPRByOPde7rnHCTmTyrI+jIXFpeWV1dyaub6xubWd39ltyiAShDZIwAPRdrCknPm0oZjitB0Kij2H05YzukzqrTsqJAv8WzUOqe3hgc9cRrDS0k2tVuvlC1bJSoHmSTkjBchQ7+U/u/2ARB71FeFYyk7ZCpUdY6EY4XRidiNJQ0xGeEA7mvrYo9KOU6sTVNRKH7mB0M9XKFVnJ2LsSTn2HN3pYTWUf2uJ+F+tEyn3zI6ZH0aK+mS6yI04UgFK7kZ9JihRfKwJJoJpr4gMscBE6XTM4uya+2+v6S9NM43oPMHJTyDzpHlUKh+XKteVQvUiCysH+3AAh1CGU6jCFdShAQQG8AhP8Gw8GC/Gq/E2bV0wspk9+AXj/QvZy5lz</latexit>

IV
<latexit sha1_base64="FmIGngD19HWtgEQUMYA2ExLDITc=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBVUm0+NgV3eiuin1AG8pkOmmHTiZhZiKW0g8Q3OpvuBO3foZ/4SeYpFGq9cAwh3Pv5Z573JAzpS3rw8gtLC4tr+RXzbX1jc2twvZOQwWRJLROAh7IlosV5UzQumaa01YoKfZdTpvu8CKpN++oVCwQt3oUUsfHfcE8RrCOpZurRrdQtMpWCjRP7IwUIUOtW/js9AIS+VRowrFSbdsKtTPGUjPC6cTsRIqGmAxxn7ZjKrBPlTNOnU5QKVZ6yAtk/IRGqTo7Mca+UiPfjTt9rAfqby0R/6u1I+2dOmMmwkhTQaaLvIgjHaDkbNRjkhLNRzHBRLLYKyIDLDHRcThmaXbN/bfX9FemmUZ0luD4J5B50jgs20flynWlWD3PwsrDHuzDAdhwAlW4hBrUgYAHj/AEz8aD8WK8Gm/T1pyRzezCLxjvX1I9mS0=</latexit>

E [1]
ave(0)

<latexit sha1_base64="WeOubY4hLZvHG0r22cgVl+ts16w=">AAACKHicbVDLSsNAFJ34rPEVdekmWgp1UxItPnZFEVxWsA9IY5hMp+3QySTMTIolZO2/CG71N9xJt36Bn2CSRqnWA8Mczr2Xe+5xA0qENIyJsrC4tLyyWlhT1zc2t7a1nd2m8EOOcAP51OdtFwpMCcMNSSTF7YBj6LkUt9zhVVpvjTAXxGd3chxg24N9RnoEQZlIjnbQ8aAcIEij6/g+skw7djKFexEc4bhsHDla0agYGfR5YuakCHLUHe2z0/VR6GEmEYVCWKYRSDuCXBJEcax2QoEDiIawj62EMuhhYUfZKbFeSpSu3vN58pjUM3V2IoKeEGPPTTpTm+JvLRX/q1mh7J3bEWFBKDFD00W9kOrS19Nc9C7hGEk6TghEnCRedTSAHCKZpKeWZtc8fHvNfqGqWUQXKU5/ApknzeOKeVKp3laLtcs8rALYB4egDExwBmrgBtRBAyDwCJ7BC3hVnpQ35V2ZTFsXlHxmD/yC8vEFza2moA==</latexit>

I+II: quench to H
[n]
F

<latexit sha1_base64="CTN3TqyLwyoaupX8TT6ISoUKazk=">AAACDnicbVDLSsNAFJ3UV42vqks3wVJwVRItPnZFQbqsYB/SxjKZTtqhM5MwMxFL6D8IbvU33Ilbf8G/8BOcpFGq9cAwh3Pv5Z57vJASqWz7w8gtLC4tr+RXzbX1jc2twvZOUwaRQLiBAhqItgclpoTjhiKK4nYoMGQexS1vdJHUW3dYSBLwazUOscvggBOfIKi0dFPrXd7GHe5OeoWiXbZTWPPEyUgRZKj3Cp/dfoAihrlCFErZcexQuTEUiiCKJ2Y3kjiEaAQHuKMphwxLN04NT6ySVvqWHwj9uLJSdXYihkzKMfN0J4NqKP/WEvG/WidS/qkbEx5GCnM0XeRH1FKBlVxv9YnASNGxJhAJor1aaAgFREpnZJZm19x/e01/aZppRGcJjn8CmSfNw7JzVK5cVYrV8yysPNgD++AAOOAEVEEN1EEDIMDAI3gCz8aD8WK8Gm/T1pyRzeyCXzDevwDv4pw9</latexit>

I+…+IV: quench to HF
<latexit sha1_base64="WNZ/r3eNJy5d/Vp68HNAwgPyIto=">AAACCHicbVDLSsNAFL3xWeOr6tLNYCm4KqkWH7uiIF1WtA9oQ5lMJ+3QySTMTMQS+gOCW/0Nd+LWv/Av/ASTNEq1HhjmcO693HOPE3CmtGV9GAuLS8srq7k1c31jc2s7v7PbVH4oCW0Qn/uy7WBFORO0oZnmtB1Iij2H05YzukzqrTsqFfPFrR4H1PbwQDCXEaxj6abWu+rlC1bJSoHmSTkjBchQ7+U/u32fhB4VmnCsVKdsBdqOsNSMcDoxu6GiASYjPKCdmArsUWVHqdUJKsZKH7m+jJ/QKFVnJyLsKTX2nLjTw3qo/tYS8b9aJ9TumR0xEYSaCjJd5IYcaR8ld6M+k5RoPo4JJpLFXhEZYomJjtMxi7Nr7r+9pr8yzTSi8wQnP4HMk+ZRqXxcqlxXCtWLLKwc7MMBHEIZTqEKNahDAwgM4BGe4Nl4MF6MV+Nt2rpgZDN78AvG+xf3Q5mF</latexit>

� = 0
<latexit sha1_base64="lvMRTuvp/c9RnjhUV1qxcKpXqic=">AAACDHicbVDLSsNAFJ34rPFVdelmsBRclUSLj4VQdOOygn1AG8pkOmmHTh7M3Igl9BcEt/ob7sSt/+Bf+AlO0ijVemCYw7n3cs89biS4Asv6MBYWl5ZXVgtr5vrG5tZ2cWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01Oq6DMiF1SuWrIqVAc8TOycllKPeK352+yGNfRYAFUSpjm1F4CREAqeCTcxurFhE6IgMWEfTgPhMOUlmd4LLWuljL5T6BYAzdXYiIb5SY9/VnT6BofpbS8X/ap0YvDMn4UEUAwvodJEXCwwhTm/HfS4ZBTHWhFDJtVdMh0QSCjohszy75v7ba/Yr08wiOk9x8hPIPGkeVezjSvWmWqpd5mEV0D46QIfIRqeohq5RHTUQRSP0iJ7Qs/FgvBivxtu0dcHIZ/bQLxjvX/iWmyU=</latexit>

Magnus
<latexit sha1_base64="Vi+Z8pisSekMXqdHCU5yXsmArNc=">AAACC3icbVDLSgMxFL1TX3V8VV26CZaCqzKjxceu6MaNUME+oB1KJs20sZkHSUYspZ8guNXfcCdu/Qj/wk8wMx2lWg+EnJx7L/fkuBFnUlnWh5FbWFxaXsmvmmvrG5tbhe2dhgxjQWidhDwULRdLyllA64opTluRoNh3OW26w4uk3ryjQrIwuFGjiDo+7gfMYwQrLTWu9CuW3ULRKlsp0DyxM1KEDLVu4bPTC0ns00ARjqVs21aknDEWihFOJ2YnljTCZIj7tK1pgH0qnXHqdoJKWukhLxT6BAql6uzEGPtSjnxXd/pYDeTfWiL+V2vHyjt1xiyIYkUDMl3kxRypECVfRz0mKFF8pAkmgmmviAywwETpgMzS7Jr7b6/pLU0zjegswfFPIPOkcVi2j8qV60qxep6FlYc92IcDsOEEqnAJNagDgVt4hCd4Nh6MF+PVeJu25oxsZhd+wXj/AtrgmyE=</latexit>

Magnus
<latexit sha1_base64="Vi+Z8pisSekMXqdHCU5yXsmArNc=">AAACC3icbVDLSgMxFL1TX3V8VV26CZaCqzKjxceu6MaNUME+oB1KJs20sZkHSUYspZ8guNXfcCdu/Qj/wk8wMx2lWg+EnJx7L/fkuBFnUlnWh5FbWFxaXsmvmmvrG5tbhe2dhgxjQWidhDwULRdLyllA64opTluRoNh3OW26w4uk3ryjQrIwuFGjiDo+7gfMYwQrLTWu9CuW3ULRKlsp0DyxM1KEDLVu4bPTC0ns00ARjqVs21aknDEWihFOJ2YnljTCZIj7tK1pgH0qnXHqdoJKWukhLxT6BAql6uzEGPtSjnxXd/pYDeTfWiL+V2vHyjt1xiyIYkUDMl3kxRypECVfRz0mKFF8pAkmgmmviAywwETpgMzS7Jr7b6/pLU0zjegswfFPIPOkcVi2j8qV60qxep6FlYc92IcDsOEEqnAJNagDgVt4hCd4Nh6MF+PVeJu25oxsZhd+wXj/AtrgmyE=</latexit>

⇠ exp[�⌦/c]



Stage III: the onset of heating: many-body resonances 
(not captured by inverse-frequency expansion)

|hexactF |approx.F i|2

M.B., Heyl, Huse, Polkovnikov, PRB 93, 155132 (2016)
approx. Floquet energies (IVE)
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Finite-size effects limit energy absorption

discrete spectrum: finite-size gaps close to GS

lim
⌦!1

lim
L!1

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

appropriate order of limits:                   hard to achieve        

many-body bandwidth scales with system size L
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

finite system size limits the number of resonance peaks

only 100% safe method to study thermalization is (still) ED
but see also Ye et al., arXiv:1902.01859
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

appropriate order of limits:                   hard to achieve        
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

finite system size limits the number of resonance peaks

only 100% safe method to study thermalization is (still) ED

can we avoid these issues?
which feature(s) can we sacrifice?

but see also Ye et al., arXiv:1902.01859



Classical Floquet systems

driven coupled rotors
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z
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z
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z
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x
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<latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit><latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit><latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit><latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit>

Owen Howell

O. Howell, Weinberg, Sels, Polkovnikov, and M.B., PRL 122, 010602 (2019)

|~S| = 1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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<latexit sha1_base64="vEYAyNYRbpYLNaAHPzMgIetPdcM=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsxo8bGRgpsuK9oHtEPJpJk2NJMZkoy0DAV/wK3+gTtx66/4A36HmXYQqx4IHM65l3tyvIgzpW37w8otLa+sruXXCxubW9s7xd29pgpjSWiDhDyUbQ8rypmgDc00p+1IUhx4nLa80XXqt+6pVCwUd3oSUTfAA8F8RrA20m2tN+4VS3bZngH9JU5GSpCh3it+dvshiQMqNOFYqY5jR9pNsNSMcDotdGNFI0xGeEA7hgocUOUms6hTdGSUPvJDaZ7QaKb+3EhwoNQk8MxkgPVQ/fZS8T+vE2v/wk2YiGJNBZkf8mOOdIjSf6M+k5RoPjEEE8lMVkSGWGKiTTsLV8bzqIVZMZcpzr5r+EuaJ2XntFy5qZSqV1lFeTiAQzgGB86hCjWoQwMIDOARnuDZerBerFfrbT6as7KdfViA9f4FeZmWcQ==</latexit>
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<latexit sha1_base64="KkMB+8BU1KXyvM5dnUgjfOKKhpU=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFclRktPjZScNNlRfuAdiiZNNOGZjJDkhFrKfgDbvUP3Ilbf8Uf8DvMTAex1gOBwzn3ck+OF3GmtG1/WguLS8srq7m1/PrG5tZ2YWe3ocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01veJX4zTsqFQvFrR5F1A1wXzCfEayNdFPtPnQLRbtkp0DzxMlIETLUuoWvTi8kcUCFJhwr1XbsSLtjLDUjnE7ynVjRCJMh7tO2oQIHVLnjNOoEHRqlh/xQmic0StXfG2McKDUKPDMZYD1Qf71E/M9rx9o/d8dMRLGmgkwP+TFHOkTJv1GPSUo0HxmCiWQmKyIDLDHRpp2ZK/fTqPm0mIsEpz81zJPGcck5KZWvy8XKZVZRDvbhAI7AgTOoQBVqUAcCfXiCZ3ixHq1X6816n44uWNnOHszA+vgGfMmWcw==</latexit>
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<latexit sha1_base64="vEYAyNYRbpYLNaAHPzMgIetPdcM=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsxo8bGRgpsuK9oHtEPJpJk2NJMZkoy0DAV/wK3+gTtx66/4A36HmXYQqx4IHM65l3tyvIgzpW37w8otLa+sruXXCxubW9s7xd29pgpjSWiDhDyUbQ8rypmgDc00p+1IUhx4nLa80XXqt+6pVCwUd3oSUTfAA8F8RrA20m2tN+4VS3bZngH9JU5GSpCh3it+dvshiQMqNOFYqY5jR9pNsNSMcDotdGNFI0xGeEA7hgocUOUms6hTdGSUPvJDaZ7QaKb+3EhwoNQk8MxkgPVQ/fZS8T+vE2v/wk2YiGJNBZkf8mOOdIjSf6M+k5RoPjEEE8lMVkSGWGKiTTsLV8bzqIVZMZcpzr5r+EuaJ2XntFy5qZSqV1lFeTiAQzgGB86hCjWoQwMIDOARnuDZerBerFfrbT6as7KdfViA9f4FeZmWcQ==</latexit>
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<latexit sha1_base64="vEYAyNYRbpYLNaAHPzMgIetPdcM=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsxo8bGRgpsuK9oHtEPJpJk2NJMZkoy0DAV/wK3+gTtx66/4A36HmXYQqx4IHM65l3tyvIgzpW37w8otLa+sruXXCxubW9s7xd29pgpjSWiDhDyUbQ8rypmgDc00p+1IUhx4nLa80XXqt+6pVCwUd3oSUTfAA8F8RrA20m2tN+4VS3bZngH9JU5GSpCh3it+dvshiQMqNOFYqY5jR9pNsNSMcDotdGNFI0xGeEA7hgocUOUms6hTdGSUPvJDaZ7QaKb+3EhwoNQk8MxkgPVQ/fZS8T+vE2v/wk2YiGJNBZkf8mOOdIjSf6M+k5RoPjEEE8lMVkSGWGKiTTsLV8bzqIVZMZcpzr5r+EuaJ2XntFy5qZSqV1lFeTiAQzgGB86hCjWoQwMIDOARnuDZerBerFfrbT6as7KdfViA9f4FeZmWcQ==</latexit>
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A crucial feature of the step drive

H(t) =

(PL
j=1 JS

z
j S

z
j+1 + hS

z
j for t 2 [0, T/2] mod T

PL
j=1 gS

x
j for t 2 [T/2, T ] mod T

<latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit><latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit><latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit><latexit sha1_base64="x3ZxtBpjA0qW93n20QC1FPeKu2E="></latexit>

want exponentially long times in a chaotic system!

O. Howell, Weinberg, Sels, Polkovnikov, and M.B., PRL 122, 010602 (2019)
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⌧2(~Sj) =

2

4
Sx
j

Sy
j cos(gT/2)� Sy

j sin(gT/2)
Sy
j sin(gT/2) + Sz

j cos(gT/2)

3

5

<latexit sha1_base64="qQeGNf+k+ovH4OYqASsXMCkFHsc="></latexit><latexit sha1_base64="qQeGNf+k+ovH4OYqASsXMCkFHsc="></latexit><latexit sha1_base64="qQeGNf+k+ovH4OYqASsXMCkFHsc="></latexit><latexit sha1_base64="qQeGNf+k+ovH4OYqASsXMCkFHsc="></latexit>

solve Hamilton’s EOM exactly: ~Sj(`T ) = [⌧2 � ⌧1]` (~Sj(0))
<latexit sha1_base64="srYa5sa2XSUnuGvBW7ULPq32Vto="></latexit><latexit sha1_base64="srYa5sa2XSUnuGvBW7ULPq32Vto="></latexit><latexit sha1_base64="srYa5sa2XSUnuGvBW7ULPq32Vto="></latexit><latexit sha1_base64="srYa5sa2XSUnuGvBW7ULPq32Vto="></latexit>

j = J(Sz
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j+1) + h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Ensemble pre-thermalization

time-averaged energy
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O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)
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initial state ensemble: GS + noise in initial rotor angle on-site

O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)



Ensemble pre-thermalization
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initial state ensemble: GS + noise in initial rotor angle on-site

measure energy absorption and its fluctuations

hQ(`T )i= hHave[{~Sj(`T )}]i � EGS

hHavei�=0 � EGS
2 [0, 1],

h�Q(`T )i=

s
hH2

ave[{~Sj(`T )}]i � hHave[{~Sj(`T )}]i2
hH2

avei�=0 � hHavei2�=0
<latexit sha1_base64="tMasaBm0Q4L19aBjsCl2a2dbE9A="></latexit><latexit sha1_base64="tMasaBm0Q4L19aBjsCl2a2dbE9A="></latexit><latexit sha1_base64="tMasaBm0Q4L19aBjsCl2a2dbE9A="></latexit><latexit sha1_base64="tMasaBm0Q4L19aBjsCl2a2dbE9A="></latexit>

O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)



Classical Floquet pre-thermalization
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O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)

L = 100
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5. Linear stability and resonances

To address the linear stability regime numerically, we consider a system in which all the initial 
values of φ’s are taken from a Gaussian ensemble with φ0 = 0. First, we consider small initial 
fluctuations: the standard deviation of the Gaussian ensemble is chosen to be σ = 0.1. The 
numerically evaluated diffusion coefficient D and exponent α are shown in figure 1. In both 
plots, we find two kinks, respectively at K  =  0.5 and K  =  1. The positions of these two points 
do not significantly scale as a function of time.

Figure 1. (a) Diffusion coefficient D and (b) diffusion exponent α for initial 
conditions close to the stable point (φ0 = 0, σ = 0.1 ) with different waiting times, 
∆t = tf − ti. Stability thresholds (resonances) at K  =  1 and K  =  0.5 are identified from 
both the curves. The same curves for D and α, respectively, are shown in (c) and (d) 
with logarithmic y-axis zooming in around K  =  0.5 to get its non-analytic behavior.
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FIG. 2: Time evolution of the average kinetic energy per rotor,
Ekin(t) = (1/N)

PN
j=1hp

2
j (t)/2i, N = 400, where the average

is over initial conditions with pj(t = 0) = 0 and 100 values of
�j(t = 0) homogeneously distributed between 0 and 2⇡. The short-
time dynamics is followed by a prethermal plateau, whose lifetime
grows exponentially with 1/K, K = ⌧ . The plots in this figure
appear to be almost insensitive to the number N of rotors, for suffi-
ciently large N .

merically in work [19] that, at least for some specific choices
of initial conditions, the unbounded-diffusion regime was pre-
ceded by a long-lived prethermal state in which the kinetic en-
ergy almost does not change, see Fig. 2; the lifetime of this
state increases exponentially in 1/K, where K = ⌧ is the
dimensionless nonintegrability parameter, the only parameter
appearing in the Poincaré map of the system [19]. However,
the reason and physical origin of this effect were not clarified.

We consider here in detail the nature of the prethermal
states in the systems (1) and explain why the inhibition of
heating in these states occurs for exponentially long times in
1/K. Our approach is based on the assumption that a prether-
mal state, if it exists, can be described by a canonical ensemble
like equilibrium (time-independent) systems [34, 35]. This
is a generalized Gibbs ensemble (GGE) [36], based on con-
stants of the motion, mainly the average Hamiltonian of the
system. The GGE is characterized by the temperature T ⇤ of
the prethermal state. We derive an explicit exact expression
for the statistical quantity T ⇤ in terms of the fully determin-
istic system parameters. Then, using the GGE and arguments
based on many-body chaos theory, we demonstrate that the
lifetime of the prethermal state grows exponentially in 1/K.
For times larger than this lifetime, the system exhibits un-
bounded diffusion by absorbing energy at almost a constant
rate. Our analytical results for the GGE, T ⇤, and the lifetime
agree well with numerical observations.

In order to characterize a prethermal state by a quasi-
equilibrium GGE, let us identify the constants or quasi-
constants of motion in this state. First, a quasi-conserved
quantity in the large-frequency regime of ⌦ = 2⇡/⌧ � 1
is the Floquet Hamiltonian, whose lowest order term is the
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0 and 2⇡. In the prethermal state, the distribution is Gaussian (’+’
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average Hamiltonian:

H⇤ =
1

⌧

Z ⌧

0
H(t)dt =

NX

j=1

"
p2j
2

� 

⌧
cos(�j � �j+1)

#
.

(2)
Second, since both Hamiltonians (1) and (2) depend on the
angles �j only via the differences �j��j+1, they are invariant
under the global translation �j ! �j + �, for arbitrary �.
This implies the existence of an exact constant of the motion
[besides the approximate one (2)], i.e., the angular momentum
of the center of mass:

p̄ =
1

N

NX

j=1

pj . (3)

Because of the constant of the motion (3), the Hamiltonian (2)
is nonintegrable and completely chaotic for N > 3 and arbi-
trarily small , due to Arnol’d diffusion. Thus, for sufficiently
large N , the prethermal state associated with this Hamilto-
nian should be well described statistically. This description is
given by a GGE defined by a probability distribution featuring
the above constants of motion:

P ⇤({pj ,�j}) =
1

Z
exp


�H⇤({pj ,�j})

T ⇤ + �p̄({pj})
�
,

(4)
where Z is a normalization constant (the partition function),
T ⇤ is the temperature of the prethermal state, and � is some
constant (we work in units such that the Boltzmann constant
is kB = 1). Using Eqs. (2) and (3), one can write a more
compact expression for the distribution (4):

P ⇤({pj ,�j}) =
1

Z
exp


�H⇤({pj � p̃,�j})

T ⇤

�
, (5)

where p̃ = �T ⇤/N . Since H⇤ in Eq. (2) is the sum of two
terms that depend on pj and �j separately, these two sets of
variables are statistically independent [37]. Hence, a proba-
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FIG. 1. The behavior of our kicked rotors system is sketched. For
N = 1,2 rotors the system is localized for all the values of the kick
strength K . For N > 2 but finite a transition occurs from localized
to delocalized. For N → ∞ the system is always delocalized and the
mean-field approach gives that the kinetic energy of the system grows
subdiffusively in time (Et ∼tα , with α ! 1).

this fact occurs, the one of infinite-range interactions in the
thermodynamic limit. With the mean-field approach, we can
use an effective single rotor Hamiltonian to infer the dynamics
of the long-range interacting system. We remarkably find
that the system is not localized: The momentum distribution
spreads in time and the kinetic energy grows. This growth
is described by an anomalous diffusion, namely the energy
increases like tα with α < 1. For high values of kicking
amplitude and interaction we find that subdiffusion tends to
become diffusion: α → 1. The subdiffusion we observe is a
genuinely quantum phenomenon: For the same parameters the
classical counterpart of the system is ergodic and its energy
grows linearly in time (diffusive behavior).

The peculiarity of the effective single rotor model is that
the kick amplitude evolves in time: It is modulated by a
mean-field parameter which is computed at each time step
and depends on the evolution of the system itself. The
breaking of the dynamical localization in a single quantum
kicked rotor via a modulation of the kick amplitude has
already been considered. Examples are a modulation via
d − 1 incommensurate frequencies [85– 89] which induces
an Anderson localization-delocalization transition and a kick
with modulated amplitude which undergoes decoherence and
a quantum-to-classical transition [90– 92]. In all the cases,
the properties of the modulation are crucial in determining
the response of the system, especially if the modulation is
noisy [93– 98]. In our case the modulation does not come
from an external signal but is self-consistently determined.
Moreover, the mean-field parameter introduces a nonlinearity
in the effective Hamiltonian, which plays a crucial role in
destroying the dynamical localization of the single rotor. The
nonlinearity induces a self-reorganization during the system
evolution, giving rise to the anomalous diffusion of the kinetic
energy.

Nonlinearities have already been considered in the kicked
rotor [99– 101] and related disordered lattices [102– 105] and
they are indeed found to turn the dynamical or Anderson
localization into a subdiffusive spreading of the wave function.

The work is organized as follows. In Sec. II we introduce
the interacting kicked rotors model we discuss in this work.

We also briefly review the single kicked rotor, focusing on
the different behaviors that the classical and quantum versions
of this model manifest. In Sec. III we discuss the analytical
mapping of theN -rotors model on anN -dimensional Anderson
model and numerically verify it in N = 2 and N = 3 rotors
cases. A comparison with the results for the classical case is
reported in Appendix A. Section IV discusses the behavior
of the coupled kicked rotors in the thermodynamic limit. We
predict that in this case there is always dynamical delocaliza-
tion: We show this in Ssec. IV A where we use the mapping
introduced in Sec. III and demonstrate the absence of Anderson
localization for an ∞-dimensional disordered lattice. Section
IV B contains the numerical study of the N → ∞ limit of
the fully connected model: We define the effective mean-field
model (for a demonstration of its exactness when N → ∞
see Appendix B) and describe its dynamics. We study the
dynamics of the effective model by looking at the kinetic
energy growth and at the properties of the time-dependent
mean-field parameter. Under Conclusions, we summarize the
results henceforth presented, discussing the outlook and the
implications coming from this work.

II. KICKED ROTORS MODELS

The kicked rotor (KR) is a paradigmatic model both in
classical and quantum mechanics, widely studiedsince its
appearance in the first works [47,50,51,106]. For a review one
could see Ref. [107]. Here we study a many-body generaliza-
tion of this model, whose adimensional Hamiltonian is

Ĥ (t) = 1
2

N∑

i=1

p̂2
i + V (θ̂)

+∞∑

n=−∞
δ(t − n); (1)

with

V (θ̂) = K

⎡

⎣
N∑

i=1

cos θ̂i − 1
2

∑

i ̸=j

ϵij cos(θ̂i − θ̂j )

⎤

⎦. (2)

In this work we specifically address two cases: the one with
nearest-neighbor interactions where ϵij = ϵ δi,j−1 and that of
infinite-range interactions ϵij = ϵ

N−1 . In the latter case, the
mean-field approximation is exact in the thermodynamic limit.
Notice the commutation rules

[θ̂i ,p̂j ] = i-kδi,j , (3)

where the effective Planck’s constant -k = h̄ T /I is directly
proportional to h̄ and to the physical kicking period T and in-
versely proportional to the momentum of inertia I of the rotors
[46]. This adimensional constant is obtained by expressing the
Hamiltonian Eq. (1) in units of I/T 2, defining the following
adimensional quantities: t ′ = t/T , K ′ = T K/I , p̂′ = p̂ T /I .
After this rescaling, the kicking period is 1, as can be seen in
Eq. (1). We will henceforth be interested in the stroboscopic
evolution of the system at each period of time: We consider the
state of the system only at discrete times tn ≡ n.

The momentum operators p̂i have discrete eigenvalues
-kmi (mi ∈ Z) as a result of the corresponding angle operator
being periodic θ̂i = θ̂i + 2π and the wave function in the
angle representation being single valued (see, for instance,
Ref. [108]). A possible basis of the Hilbert space is therefore
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Can we use the inverse-frequency expansion?

apply classical Magnus expansion:
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initial state : GS of H(0)
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Ensemble-averaged observables 
captured by Magnus expansion
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classical Floquet engineering Higashikawa, Fujita, Sato, arXiv:1810.01103 (2018)



But why does Magnus work?

Mori, PRB 98, 104303 (2018)Higashikawa, Fujita, Sato, arXiv:1810.01103 (2018)

classical equations of motion are nonlinear!



But why does Magnus work?

Mori, PRB 98, 104303 (2018)

consider proof for quantum systems:

take large-S limit and decompose into many spin-1/2’s
holds for spin-1/2 particles

Higashikawa, Fujita, Sato, arXiv:1810.01103 (2018)
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i-1 i i+1

a=1
a=2
a=3

S=3/2

FIG. 1. A schematic picture of the decomposition of spin S
into spin-1/2s in a one-dimensional system. This figure shows
the case of S = 3/2, and a ∈ {1, 2, 3}.

where the Hilbert space must be restricted to the sub-
space with the maximum total spin, Ŝ2

i = S(S+1). The
Hamiltonian is written by

Ĥ(t) = −
1

2S

∑

(i,a),(j,b)

∑

α,β

Jαβ
ij (t)ŝαi,aŝ

β
j,b −

∑

(i,a)

hi · ŝi,a.

(25)
See Fig. 1 for a schematic picture of the decomposition.
As explained in Sec. III, an initial state should be fac-

torized; |Ψ(0)⟩ =
⊗N

i=1 |ψi(0)⟩. The decomposition of
Eq. (24) with a restriction to the subspace with the max-
imum total spin yields for each i,

|ψi(0)⟩ =
2S
⊗

a=1

|φi(0)⟩, (26)

where |φi(0)⟩ is a state vector in the two-dimensional
Hilbert space representing a spin-1/2. It is noted that
|φi(0)⟩ does not depend on a, which means that all of 2S
spins at site i are in the same state.
We can suppose that each pair (i, a) with i =

1, 2, . . . , N and a = 1, 2, . . . , 2S defines a single site. The
Hamiltonian (25) is then written in the form of Eq. (1)
with k = 2 by identifying

ĥX(t) =

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

−
1

S

∑

α,β=x,y,z

Jαβ
ij (t)ŝαi,aŝ

β
j,b

for X = {(i, a), (j, b)},

− hi(t) · ŝi,a for X = {(i, a)}.

(27)

We have
∑

X⊂Λ:(i,a)∈X

∥ĥX(t)∥

≤
1

S

N
∑

j=1

2S
∑

b=1

∑

α,β

∣

∣

∣
Jαβ
ij (t)

∣

∣

∣
∥ŝαi,a∥ · ∥ŝ

β
j,b∥+ |hi(t) · ŝi,a|

≤
1

2

N
∑

j=1

∑

α,β=x,y,z

∣

∣

∣
Jαβ
ij (t)

∣

∣

∣
+

1

2
|hi(t)|

≤
J0 + h0

2
, (28)

where we have used the inequality (20) and have defined

h0 := max
i∈Λ

sup
t∈[0,T ]

|hi(t)| (29)

in the last line. We assume that h0 is independent of N ,
S, and ω.
Thus, we can choose

g =
J0 + h0

2
, (30)

which is finite in the limit of S → ∞.
In this way, by expressing a spin-S Hamiltonian as

a spin-1/2 Hamiltonian (25) restricted to the subspace

of the maximum spin of the resultant spin
∑2S

a=1 ŝi,a,
it is found that the condition of applicability of Theo-
rem 1 is satisfied. Therefore, periodically driven classical
spin systems also exhibit exponentially slow heating in
the high-frequency regime, and hence a recent numerical
observation [37] mentioned in introduction is reasonably
understood.
On the other hand, the applicability of Theorem 2 is

nontrivial. In our quantum Hamiltonian (25), each site
i is decomposed into sites (i, a) with a = 1, 2, . . . , 2S. It
means that we have an extra dimension, and there are
long-range interactions along this extra dimension (see
Fig. 1). However, the proof of Theorem 2 relies on the
Lieb-Robinson bound, which requires short-range inter-
actions [43].
Here, we argue that Theorem 2 does not hold in chaotic

classical spin systems. When 16kgT ≤ 1, we can show
that
∣

∣

∣
⟨ψ(T )|ÔX |ψ(T )⟩ − ⟨ψ(n′

0)(T )|ÔX |ψ(n′

0)(T )⟩
∣

∣

∣
≤ e−O(ω),

(31)
whose proof is given in Ref. [30], and this inequality holds
even in the classical limit since short-range interactions
are not assumed in the proof. This inequality tells us

that Ĥ
(n′

0)
F well approximates the dynamics at least over

a single period within an exponentially small error in ω.
In classical chaotic systems, however, this small error will
grow exponentially fast, and hence, in the classical limit,

Ĥ
(n′

0)
F will give a good approximation of the dynamics

up to the time proportional to ω, which increases as ω
but not exponentially. This means that Theorem 2 is not
applicable to chaotic classical spin systems.

Because the calculation of Ĥ
(n′

0)
F for a concrete system

is difficult (remember that n′
0 ∝ ω is very large), we

consider a modified version of Theorem 2. By properly
modifying the proof of Theorem 2 given in Ref. [30], we
can show that under the same condition of Theorem 2, for
any local operator ÔX with ∥ÔX∥ = 1 and large t = MT
(M is an integer),

∣

∣

∣
⟨ψ(t)|ÔX |ψ(t)⟩ − ⟨ψ(n)(t)|ÔX |ψ(n)(t)⟩

∣

∣

∣
! |X |T n+1td+1

(32)



But why does Magnus work?

Mori, PRB 98, 104303 (2018)

consider proof for quantum systems:

take large-S limit and decompose into many spin-1/2’s
holds for spin-1/2 particles

Higashikawa, Fujita, Sato, arXiv:1810.01103 (2018)

alternative viewpoint:
Liouville equation linear in superoperator space

⇢̇(t) = {⇢(t), H(t)}
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important caveat: 

agreement not exponentially long for single trajectories due to chaos
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FIG. 2. Left: the time evolution of 1− q(t) for several values of ω. Right: the ω-dependence of t∗, which is defined by the time
at which 1− q(t) exceeds 0.2. It is found that t∗ ∝ lnω, which indicates the violation of Theorem 2.
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FIG. 3. The time evolution of mx(t) = (1/N)
∑

N

i=1
sxi (t) for

ω = 4.0 (solid line) and the prethermal value predicted by the
Floquet-Gibbs state with n = 0 (dashed line). After the initial
relaxation, the system is in a quasi-stationary state described
by the Floquet-Gibbs state. In a much longer timescale, the
energy absorption takes place and the system finally heats up
to the infinite temperature.

L̂F as

L̂F =
∞
∑

m=0

TmΞ̂m, (41)

where Ξ̂m is given in the same way as in Eq. (7) (Ĥ(t) is
just replaced by L̂(t)). For example,

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

Ξ̂0 =
1

T

∫ T

0
dt1 L̂(t1),

Ξ̂1 =
1

2iT 2

∫ T

0
dt1

∫ t1

0
dt2[L̂(t1), L̂(t2)].

(42)

Now we formally define the classical Floquet Hamilto-
nian by

−iL̂F =
{

H(cl)
F , ·

}

, (43)

and we shall derive the inverse-frequency expansion of

Ĥ(cl)
F based on the Floquet-Magnus expansion of L̂F. It is

found that for two Liouville operators L̂1 = i{H1, ·} and
L̂2 = i{H2, ·}, the commutator [L̂1, L̂2] = L̂1L̂2 − L̂2L̂1

is expressed by

[L̂1, L̂2] = i {i{H1, H2}, ·} . (44)

This equation implies that taking the commutator of
Liouville operators corresponds to taking the Poisson
bracket of the Hamiltonians and multiplying the factor i.

Therefore, the classical Floquet Hamiltonian H(cl)
F is

formally given by

H(cl)
F =

∞
∑

m=0

TmΩ(cl)
m , (45)

where Ω(cl)
m is obtained by replacing L̂(t) and

their commutators [L̂(tj), L̂(tk)] in Ξ̂m by H(t) and
i{H(tj), H(tk)}, respectively. For example,

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

Ω(cl)
0 =

1

T

∫ T

0
dt1 H(t1),

Ω(cl)
1 =

1

2T 2

∫ T

0
dt1

∫ t1

0
dt2{H(t1), H(t2)},

(46)

and so on.
One will realize that the inverse-frequency expansion of

H(cl)
F in the classical case is obtained by formally replac-

ing the commutators (1/i)[·, ·] appearing in the Floquet-
Magnus expansion in the quantum case (7) by the Pois-
son brackets {·, ·}. An effective static Hamiltonian for a
classical system is formally defined by a truncation of the
expansion (45).
The present paper has focused on classical spin systems

and has shown that there exists the classical counterpart
of the theorem derived for quantum systems; the effective
static Hamiltonian is a quasi-conserved quantity, which

q(t) =
1

L

LX

j=1

Sexact
F,j (t) · S[0]

F,j(t)
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Is the prethermal plateau fully thermal?

evolve initial ensemble into prethermal phase

restart ensemble: measure energy mean and width of ensemble and 
                  draw new thermal (Gaussian) ensemble every 1000 cycles 

O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)

numerical experiment



Outlook
what is quantum about (Floquet) prethermalization?

PRB 93, 155132 (2016), PRL 122, 010602 (2019)
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cold atoms: also boson systems — so far no rigorous proof

QuSpin: http://weinbe58.github.io/QuSpin
python package for ED & many-body dynamics (with P. Weinberg, BU)
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regular dynamics = localization 
                  chaos = diffusion 

Phase space picture of heating

Arnold diffusion

KAM theorem

KAM: many solutions to nearly integrable Hamiltonian systems persist under a 
perturbation for all time.
Arnold diffusion: some solutions do not stay close to their integrable  
counterparts for all time.
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Finite size dependence

O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)



Ensemble noise dependence

O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)
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EOM integration error

O. Howell, Weinberg, Sels, Polkovnikov, and  M.B., PRL 122, 010602 (2019)
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