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Floquet Fermi Liquid

“Fermi-Dirac” becomes “Fermi-Dirac Staircase”
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Fermi surface replaced by collection of enclosed surfaces: 
“Layered Fermi Surfaces”

Fermi Liquid Floquet Fermi Liquid  

periodic drive

periodic drive

arXiv:2309.03268 (2023) 
Phys. Rev. B 107, 195135 (2023)

How fermions fill a Floquet band when coupled to a fermion bath?



Phenomena of Floquet Fermi Liquids
Can photo-current be generated within the optical gap?
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� Optical gap
<latexit sha1_base64="jGnXqd9mSHaUj8RINHwMjdggsvs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rEoiMcK9gPbUDbbSbt0sxt2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4WV1bX1jeJmaWt7Z3evvH/Q1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdTP3WEyrNpHgw4wSDmAwEixglxkqPXUw041L0bnvlilf1ZnCXiZ+TCuSo98pf3b6kaYzCUE607vheYoKMKMMox0mpm2pMCB2RAXYsFSRGHWSziyfuiVX6biSVLWHcmfp7IiOx1uM4tJ0xMUO96E3F/7xOaqKrIGMiSQ0KOl8Updw10p2+7/aZQmr42BJCFbO3unRIFKHGhlSyIfiLLy+T5lnVv6ie359Xatd5HEU4gmM4BR8uoQZ3UIcGUBDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJrTkOI=</latexit>✏F

Yes ! 

Finite photocurrent

Magnetic field applied 

<latexit sha1_base64="abyFV3vghPtHSu7RCFiq2bRdjfQ=">AAACE3icbVA9SwNBEN3zM8avqKXNYhDUItyFoJbBNJYKRgO5EPY2c8ni7u2xOyeEI//Bxr9iY6GIrY2d/8ZNTKHRBwOP92aYmRelUlj0/U9vbn5hcWm5sFJcXVvf2CxtbV9bnRkOTa6lNq2IWZAigSYKlNBKDTAVSbiJbhtj/+YOjBU6ucJhCh3F+omIBWfopG7pqKFtKCHGgzA2jOdVGqaChiob5aFW0GddPgqN6A/wsFsq+xV/AvqXBFNSJlNcdEsfYU/zTEGCXDJr24GfYidnBgWXMCqGmYWU8VvWh7ajCVNgO/nkpxHdd0qPxtq4SpBO1J8TOVPWDlXkOhXDgZ31xuJ/XjvD+LSTiyTNEBL+vSjOJEVNxwHRnjDAUQ4dYdwIdyvlA+ayQRdj0YUQzL78l1xXK8FxpXZZK9fPpnEUyC7ZIwckICekTs7JBWkSTu7JI3kmL96D9+S9em/frXPedGaH/IL3/gUBHp5D</latexit>

Cos

✓
2⇡µ

!c

◆ <latexit sha1_base64="tqBw1QxEqS9Lv3QAxLIvHX2cmAM=">AAACG3icbVBNSwMxEM36bf2qevQSLEK9lN1S1GPRi8cKtgrdUrLpbBtMNksyK5Sl/8OLf8WLB0U8CR78N6YfB7U+GObx3gzJvCiVwqLvf3kLi0vLK6tr64WNza3tneLuXsvqzHBoci21uY2YBSkSaKJACbepAaYiCTfR3cXYv7kHY4VOrnGYQkexfiJiwRk6qVushlYoeqFtKCHGchgbxvMqDVNBQ62gz0b5tHf5KDSiP8DjbrHkV/wJ6DwJZqREZmh0ix9hT/NMQYJcMmvbgZ9iJ2cGBZcwKoSZhZTxO9aHtqMJU2A7+eS2ET1ySo/G2rhKkE7Unxs5U9YOVeQmFcOB/euNxf+8dobxWScXSZohJHz6UJxJipqOg6I9YYCjHDrCuBHur5QPmIsHXZwFF0Lw9+R50qpWgpNK7apWqp/P4lgjB+SQlElATkmdXJIGaRJOHsgTeSGv3qP37L1579PRBW+2s09+wfv8Bh2UoX8=</latexit>

⇠ Cos

✓
2⇡!

!c

◆Additional low frequency quantum oscillations:

<latexit sha1_base64="jBzyOO8UEbsXTDeVYocasIlxaNo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJJFmdXg7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8Rq3+UK80b/M4inAG51AFD66hCffQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBZ8SN1Q==</latexit>

n(k)
Picture for Microwave Induced 
Resistance Oscillation (MIRO) 
Phenomena 

arXiv:2309.03268 (2023) 
Phys. Rev. B 107, 195135 (2023)



“Ultra-quantum-critical” Floquet “Non-Fermi Liquid”  unpublished

How fermions fill a Floquet band when coupled to a boson bath?

<latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0

<latexit sha1_base64="jGnXqd9mSHaUj8RINHwMjdggsvs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rEoiMcK9gPbUDbbSbt0sxt2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4WV1bX1jeJmaWt7Z3evvH/Q1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdTP3WEyrNpHgw4wSDmAwEixglxkqPXUw041L0bnvlilf1ZnCXiZ+TCuSo98pf3b6kaYzCUE607vheYoKMKMMox0mpm2pMCB2RAXYsFSRGHWSziyfuiVX6biSVLWHcmfp7IiOx1uM4tJ0xMUO96E3F/7xOaqKrIGMiSQ0KOl8Updw10p2+7/aZQmr42BJCFbO3unRIFKHGhlSyIfiLLy+T5lnVv6ie359Xatd5HEU4gmM4BR8uoQZ3UIcGUBDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJrTkOI=</latexit>✏F

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏) periodic drive

Boson bath

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏)

<latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏<latexit sha1_base64="I7gbM+pIOG8HJExNzyDuNaf3III=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QSLIC5KIt6WRUFcVrAXaGOZTE/aoZNJmJkINfRJ3LhQxK2P4s63cXpZaOsPAx//OYdz5g8SzpR23W8rt7S8srqWXy9sbG5tF+2d3bqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBtfjeuMRpWKxuNfDBP2I9AQLGSXaWB272MZEMW4wu/FGD8cdu+SW3YmcRfBmUIKZqh37q92NaRqh0JQTpVqem2g/I1IzynFUaKcKE0IHpIctg4JEqPxscvjIOTRO1wljaZ7QzsT9PZGRSKlhFJjOiOi+mq+Nzf9qrVSHl37GRJJqFHS6KEy5o2NnnILTZRKp5kMDhEpmbnVon0hCtcmqYELw5r+8CPWTsndePrs7LVWuZnHkYR8O4Ag8uIAK3EIVakAhhWd4hTfryXqx3q2PaWvOms3swR9Znz90L5L3</latexit>

✏⇤F1

<latexit sha1_base64="CaNQIgxWao9xGtT/WTL1wZJBecs=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm2ARxEVJirdlURCXFewF2lgm09N26GQSZiZCDX0SNy4UceujuPNtnLZZaOsPAx//OYdz5g9izpR23W9raXlldW09t5Hf3NreKdi7e3UVJZJijUY8ks2AKORMYE0zzbEZSyRhwLERDK8n9cYjSsUica9HMfoh6QvWY5RoY3XsQhtjxbjB9KY8fjjp2EW35E7lLIKXQREyVTv2V7sb0SREoSknSrU8N9Z+SqRmlOM4304UxoQOSR9bBgUJUfnp9PCxc2ScrtOLpHlCO1P390RKQqVGYWA6Q6IHar42Mf+rtRLdu/RTJuJEo6CzRb2EOzpyJik4XSaRaj4yQKhk5laHDogkVJus8iYEb/7Li1Avl7zz0tndabFylcWRgwM4hGPw4AIqcAtVqAGFBJ7hFd6sJ+vFerc+Zq1LVjazD39kff4AdbaS+A==</latexit>

✏⇤F2

No jumps (continuous occupation)

Sharp non-analyticities in occupation

“Non-Fermi Liquid”

<latexit sha1_base64="yYo8ki4kYL/aIN131+16bFujsRE=">AAAB+XicZVDLSgMxFL1TX7W+Rl26CRbBVZkRXxuh6MZlhb6gHYZMmmlDk8yQZApl6J+4caGIW//EnX9jOu1C7YHA4Zx7uScnSjnTxvO+ndLa+sbmVnm7srO7t3/gHh61dZIpQlsk4YnqRlhTziRtGWY47aaKYhFx2onGD3O/M6FKs0Q2zTSlgcBDyWJGsLFS6LrNMO8rgSJsRjN0h7zQrXo1rwBaJf6SVGGJRuh+9QcJyQSVhnCsdc/3UhPkWBlGOJ1V+pmmKSZjPKQ9SyUWVAd5kXyGzqwyQHGi7JMGFervjRwLracispPCJtT/PVHEXvV6mYlvg5zJNDNUksWhOOPIJGheAxowRYnhU0swUcxmRWSEFSbGllWxJfj/v7xK2hc1/7p29XRZrd8v6yjDCZzCOfhwA3V4hAa0gMAEnuEV3pzceXHenY/FaMlZ7hzDHzifPxLikqc=</latexit>

Tbath = 0

<latexit sha1_base64="yYo8ki4kYL/aIN131+16bFujsRE=">AAAB+XicZVDLSgMxFL1TX7W+Rl26CRbBVZkRXxuh6MZlhb6gHYZMmmlDk8yQZApl6J+4caGIW//EnX9jOu1C7YHA4Zx7uScnSjnTxvO+ndLa+sbmVnm7srO7t3/gHh61dZIpQlsk4YnqRlhTziRtGWY47aaKYhFx2onGD3O/M6FKs0Q2zTSlgcBDyWJGsLFS6LrNMO8rgSJsRjN0h7zQrXo1rwBaJf6SVGGJRuh+9QcJyQSVhnCsdc/3UhPkWBlGOJ1V+pmmKSZjPKQ9SyUWVAd5kXyGzqwyQHGi7JMGFervjRwLracispPCJtT/PVHEXvV6mYlvg5zJNDNUksWhOOPIJGheAxowRYnhU0swUcxmRWSEFSbGllWxJfj/v7xK2hc1/7p29XRZrd8v6yjDCZzCOfhwA3V4hAa0gMAEnuEV3pzceXHenY/FaMlZ7hzDHzifPxLikqc=</latexit>

Tbath = 0

periodic drive

Boson bath at finite temperature

<latexit sha1_base64="TrxZztcVscol0CHccqD3qGu/X/Q=">AAAB/HicZVC7TsMwFHXKq5RXoCOLRYXEVCWI11jBwlikvqQmihzXaa3aTrAdpCgqv8LCAEKsfAgbf4ObZoD2SJaOzrlX9/iECaNKO86PVVlb39jcqm7Xdnb39g/sw6OeilOJSRfHLJaDECnCqCBdTTUjg0QSxENG+uH0bu73n4hUNBYdnSXE52gsaEQx0kYK7HonyD3JYYj0ZAY9QR6hE9gNp+kUgKvELUkDlGgH9rc3inHKidCYIaWGrpNoP0dSU8zIrOaliiQIT9GYDA0ViBPl50X4GTw1yghGsTRPaFiofzdyxJXKeGgmuQmplj1eJF/1hqmObvyciiTVRODFoShlUMdw3gQcUUmwZpkhCEtqskI8QRJhbfqqmRLc5S+vkt55071qXj5cNFq3ZR1VcAxOwBlwwTVogXvQBl2AQQZewBt4t56tV+vD+lyMVqxypw7+wfr6Ba/flCg=</latexit>

Tbath 6= 0

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏)

<latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0
<latexit sha1_base64="I7gbM+pIOG8HJExNzyDuNaf3III=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QSLIC5KIt6WRUFcVrAXaGOZTE/aoZNJmJkINfRJ3LhQxK2P4s63cXpZaOsPAx//OYdz5g8SzpR23W8rt7S8srqWXy9sbG5tF+2d3bqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBtfjeuMRpWKxuNfDBP2I9AQLGSXaWB272MZEMW4wu/FGD8cdu+SW3YmcRfBmUIKZqh37q92NaRqh0JQTpVqem2g/I1IzynFUaKcKE0IHpIctg4JEqPxscvjIOTRO1wljaZ7QzsT9PZGRSKlhFJjOiOi+mq+Nzf9qrVSHl37GRJJqFHS6KEy5o2NnnILTZRKp5kMDhEpmbnVon0hCtcmqYELw5r+8CPWTsndePrs7LVWuZnHkYR8O4Ag8uIAK3EIVakAhhWd4hTfryXqx3q2PaWvOms3swR9Znz90L5L3</latexit>

✏⇤F1

<latexit sha1_base64="CaNQIgxWao9xGtT/WTL1wZJBecs=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm2ARxEVJirdlURCXFewF2lgm09N26GQSZiZCDX0SNy4UceujuPNtnLZZaOsPAx//OYdz5g9izpR23W9raXlldW09t5Hf3NreKdi7e3UVJZJijUY8ks2AKORMYE0zzbEZSyRhwLERDK8n9cYjSsUica9HMfoh6QvWY5RoY3XsQhtjxbjB9KY8fjjp2EW35E7lLIKXQREyVTv2V7sb0SREoSknSrU8N9Z+SqRmlOM4304UxoQOSR9bBgUJUfnp9PCxc2ScrtOLpHlCO1P390RKQqVGYWA6Q6IHar42Mf+rtRLdu/RTJuJEo6CzRb2EOzpyJik4XSaRaj4yQKhk5laHDogkVJus8iYEb/7Li1Avl7zz0tndabFylcWRgwM4hGPw4AIqcAtVqAGFBJ7hFd6sJ+vFerc+Zq1LVjazD39kff4AdbaS+A==</latexit>

✏⇤F2

Non-analyticities remain intact at finite temperature

“Ultra-Quantum critical”

<latexit sha1_base64="lg+rpaicxUY2jea6gELulVYqN+4=">AAAB+HicbZDJSgNBEIZrXGNcMurRS2MQxEOYcT8GBfEYwSyQjKGnU5M06Vno7hHikCfx4kERrz6KN9/GznLQxB8aPv6qoqp/PxFcacf5thYWl5ZXVnNr+fWNza2Cvb1TU3EqGVZZLGLZ8KlCwSOsaq4FNhKJNPQF1v3+9ahef0SpeBzd60GCXki7EQ84o9pYbbvQwkRxYTC7ORk+HLXtolNyxiLz4E6hCFNV2vZXqxOzNMRIM0GVarpOor2MSs2ZwGG+lSpMKOvTLjYNRjRE5WXjw4fkwDgdEsTSvEiTsft7IqOhUoPQN50h1T01WxuZ/9WaqQ4uvYxHSaoxYpNFQSqIjskoBdLhEpkWAwOUSW5uJaxHJWXaZJU3IbizX56H2nHJPS+d3Z0Wy1fTOHKwB/twCC5cQBluoQJVYJDCM7zCm/VkvVjv1sekdcGazuzCH1mfP3c9kvk=</latexit>

✏⇤F3

Fermi surface remains sharp at finite temperature !

<latexit sha1_base64="TrxZztcVscol0CHccqD3qGu/X/Q=">AAAB/HicZVC7TsMwFHXKq5RXoCOLRYXEVCWI11jBwlikvqQmihzXaa3aTrAdpCgqv8LCAEKsfAgbf4ObZoD2SJaOzrlX9/iECaNKO86PVVlb39jcqm7Xdnb39g/sw6OeilOJSRfHLJaDECnCqCBdTTUjg0QSxENG+uH0bu73n4hUNBYdnSXE52gsaEQx0kYK7HonyD3JYYj0ZAY9QR6hE9gNp+kUgKvELUkDlGgH9rc3inHKidCYIaWGrpNoP0dSU8zIrOaliiQIT9GYDA0ViBPl50X4GTw1yghGsTRPaFiofzdyxJXKeGgmuQmplj1eJF/1hqmObvyciiTVRODFoShlUMdw3gQcUUmwZpkhCEtqskI8QRJhbfqqmRLc5S+vkt55071qXj5cNFq3ZR1VcAxOwBlwwTVogXvQBl2AQQZewBt4t56tV+vD+lyMVqxypw7+wfr6Ba/flCg=</latexit>

Tbath 6= 0

Power law correlations 
survive to finite temperature



Non-equilibrium physics as an open frontier

Piston

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) Gas

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Equilibrium

Non equilibrium

Maximize 
entropy

<latexit sha1_base64="0jw+f+94gO69kL+gnFxfSwQ2Wfs=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoMQC5ddCWojCdpYRjAPyC7L7GSSDJmdWWdmhbCksfFXbCwUsfUf7PwbJ8kWGj1w4XDOvdx7TxgzqrTjfFm5hcWl5ZX8amFtfWNzq7i901QikZg0sGBCtkOkCKOcNDTVjLRjSVAUMtIKh1cTv3VPpKKC3+pRTPwI9TntUYy0kYLivicHIkg9GUEu+DG5s8dlfXQBPVitVoNiybGdKeBf4makBDLUg+Kn1xU4iQjXmCGlOq4Taz9FUlPMyLjgJYrECA9Rn3QM5Sgiyk+nX4zhoVG6sCekKa7hVP05kaJIqVEUms4I6YGa9ybif14n0b1zP6U8TjTheLaolzCoBZxEArtUEqzZyBCEJTW3QjxAEmFtgiuYENz5l/+S5ontntqVm0qpdpnFkQd74ACUgQvOQA1cgzpoAAwewBN4Aa/Wo/VsvVnvs9aclc3sgl+wPr4BCR2W+g==</latexit>

⇢non�eq.(t) = ???

<latexit sha1_base64="T4oJWcgkRBkIdNxImWrHvnsgaT4=">AAACFHicbVDJSgNBEO2JW4zbqEcvjUGIiGFGgnoRgl5yjGAWzMTQ06lJmvQsdvcIYZiP8OKvePGgiFcP3vwbO8tBEx8UPN6roqqeG3EmlWV9G5mFxaXllexqbm19Y3PL3N6pyzAWFGo05KFoukQCZwHUFFMcmpEA4rscGu7gauQ3HkBIFgY3ahhB2ye9gHmMEqWljnnkiH7YSRzhY7iPGU8vsOMJQhO4S44dFxTBlcLwME2T27Rj5q2iNQaeJ/aU5NEU1Y755XRDGvsQKMqJlC3bilQ7IUIxyiHNObGEiNAB6UFL04D4INvJ+KkUH2ili71Q6AoUHqu/JxLiSzn0Xd3pE9WXs95I/M9rxco7bycsiGIFAZ0s8mKOVYhHCeEuE0AVH2pCqGD6Vkz7RGeidI45HYI9+/I8qZ8U7dNi6bqUL19O48iiPbSPCshGZ6iMKqiKaoiiR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGJ8/mS6eig==</latexit>

⇢equil =
e��H(y)

Z

<latexit sha1_base64="zk/XshFCNkeptGmkVdSIJ3dQV2Y=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBHaS0mkqMeilx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8w8PxZco+N8WxubW9s7u4W94v7B4dFx6eS0o6NEUdamkYhUzyeaCS5ZGzkK1osVI6EvWNef3s/97hNTmkfyEdOYeSEZSx5wStBI3WYlrWC1OiyVnZqzgL1O3JyUIUdrWPoajCKahEwiFUTrvuvE6GVEIaeCzYqDRLOY0CkZs76hkoRMe9ni3Jl9aZSRHUTKlER7of6eyEiodRr6pjMkONGr3lz8z+snGNx6GZdxgkzS5aIgETZG9vx3e8QVoyhSQwhV3Nxq0wlRhKJJqGhCcFdfXiedq5p7Xas/1MuNuzyOApzDBVTAhRtoQBNa0AYKU3iGV3izYuvFerc+lq0bVj5zBn9gff4A4KuOoA==</latexit>

H(y(t))

Hamiltonian depends on time



Baths avoid “thermal death” from the second Law

Piston
<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) Gas

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t
<latexit sha1_base64="N1bQF1eqDfmDxCplzsJmDBdgCjc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwcCjaQ=</latexit>

t0
<latexit sha1_base64="2gUKM8xh6wWEJDe6v1gIyww8gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwiGjaU=</latexit>

t1
<latexit sha1_base64="VfQlbjz14oEvJ+wNqJlCEmczKxA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3WO/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRrVe+iWr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEKCo2m</latexit>

t2

<latexit sha1_base64="2xuBKCpFCAVsIkq3e/1225HVsjI=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWop6kKAWPFawtbJclm2bb0GyyJLNCKf0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpQKbsB1v53C2vrG5lZxu7Szu7d/UD48ejQq05S1qRJKdyNimOCStYGDYN1UM5JEgnWi0e3M7zwxbbiSDzBOWZCQgeQxpwSs5DfD2nUz9Gy5YbniVt058CrxclJBOVph+avXVzRLmAQqiDG+56YQTIgGTgWblnqZYSmhIzJgvqWSJMwEk/nJU3xmlT6OlbYlAc/V3xMTkhgzTiLbmRAYmmVvJv7n+RnEV8GEyzQDJuliUZwJDArP/sd9rhkFMbaEUM3trZgOiSYUbEolG4K3/PIqeaxVvYtq/b5eadzkcRTRCTpF58hDl6iB7lALtRFFCj2jV/TmgPPivDsfi9aCk88coz9wPn8AOHqP7A==</latexit>

E2 > E1 > E0

Closed driven systems approach infinite temperature at late times

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Energy 

<latexit sha1_base64="hRN+3EiOrUeIovGakvle1zz61kg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/A3Y12</latexit>

E1

<latexit sha1_base64="0gfZGpskOCfc/Rd3/dK+m2r6vrU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DIniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AwmGNdw==</latexit>

E2

<latexit sha1_base64="sd06i+c1js2guWn32REFwFbft+M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/WY11</latexit>

E0

<latexit sha1_base64="N1bQF1eqDfmDxCplzsJmDBdgCjc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwcCjaQ=</latexit>

t0
<latexit sha1_base64="2gUKM8xh6wWEJDe6v1gIyww8gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwiGjaU=</latexit>

t1
<latexit sha1_base64="VfQlbjz14oEvJ+wNqJlCEmczKxA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3WO/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRrVe+iWr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEKCo2m</latexit>

t2

<latexit sha1_base64="Z66/UGNrqjyR1OdzcUUxTsgB5m4="></latexit>

⇢non�eq.(1) ! 1

Z

Bath

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) Gas
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

System Energy 

<latexit sha1_base64="hRN+3EiOrUeIovGakvle1zz61kg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/A3Y12</latexit>

E1 <latexit sha1_base64="0gfZGpskOCfc/Rd3/dK+m2r6vrU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DIniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AwmGNdw==</latexit>

E2
<latexit sha1_base64="sd06i+c1js2guWn32REFwFbft+M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/WY11</latexit>

E0

<latexit sha1_base64="N1bQF1eqDfmDxCplzsJmDBdgCjc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwcCjaQ=</latexit>

t0
<latexit sha1_base64="2gUKM8xh6wWEJDe6v1gIyww8gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwiGjaU=</latexit>

t1
<latexit sha1_base64="VfQlbjz14oEvJ+wNqJlCEmczKxA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3WO/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRrVe+iWr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEKCo2m</latexit>

t2

<latexit sha1_base64="5Czy3bPFG3hGeR8StPKwf1B6uYE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI/BB3iMYB6QLGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUrtTo3XCIlt91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9n907IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/ST4WKE+SKzRf1E0kwItPnSU9ozlCOLaFMC3srYUOqKUMbUcGG4C2+vEwaZ2XvvFy5r5SqV1kceTiCYzgFDy6gCndQgzowkPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDSyePfg==</latexit>

�E

<latexit sha1_base64="EGyR11FtZ65zY6/Lq5BxEnG8L4g=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6sKSSFGXRTcuK9gHNCFMppN26GQmzkyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4PfHbD0QqKvidHiXEj1Gf04hipI0U2AeeHIgg82QMueCn5L46rugTGNhlp+pMAReJm5MyyNEI7C+vJ3AaE64xQ0p1XSfRfoakppiRcclLFUkQHqI+6RrKUUyUn03vH8Njo/RgJKQpruFU/T2RoVipURyazhjpgZr3JuJ/XjfV0aWfUZ6kmnA8WxSlDGoBJ2HAHpUEazYyBGFJza0QD5BEWJvISiYEd/7lRdI6q7rn1dptrVy/yuMogkNwBCrABRegDm5AAzQBBo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP8CylUg=</latexit>

⇢non�eq.(t)

Open driven systems approach non-trivial steady states at late times

Uniquely determined by state 
and nature of bath and y(t)

∑
j

𝒱 |χj,a⟩eiEj(t−t0)
Source

Leak
|ψa⟩

Steady state

−iΓ |ψa⟩

<latexit sha1_base64="rLi/ns562NsFer+n6DQQgzV5R/A=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqMeiHjxWsB/QhLDZbtqlm03Y3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZVWVtfWN8qbla3tnd09u7rfVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044up76nQcqFUvEvR6n1I/xQLCIEayNFNhV74ZyjVEnyD0ZIyYmgV1z6s4MaJm4BalBgWZgf3n9hGQxFZpwrFTPdVLt51hqRjidVLxM0RSTER7QnqECx1T5+ez0CTo2Sh9FiTQlNJqpvydyHCs1jkPTGWM9VIveVPzP62U6uvRzJtJMU0Hmi6KMI52gaQ6ozyQlmo8NwUQycysiQywx0SatignBXXx5mbRP6+55/ezurNa4KuIowyEcwQm4cAENuIUmtIDAIzzDK7xZT9aL9W59zFtLVjFzAH9gff4AremTpA==</latexit>

�Win

<latexit sha1_base64="LfdnRQTdTcLAlPKm++5NcfmiW7A=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeiHjy2YD+gCWGz3bRLd5OwOxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwlRwDY7zbZXW1jc2t8rblZ3dvf0D+7Da0UmmKGvTRCSqFxLNBI9ZGzgI1ksVIzIUrBuOb2d+95EpzZP4ASYp8yUZxjzilICRArvq3TEBBLeC3FMSJxlMA7vm1J058CpxC1JDBZqB/eUNEppJFgMVROu+66Tg50QBp4JNK16mWUromAxZ39CYSKb9fH77FJ8aZYCjRJmKAc/V3xM5kVpPZGg6JYGRXvZm4n9eP4Po2s95nGbAYrpYFGUCQ4JnQeABV4yCmBhCqOLmVkxHRBEKJq6KCcFdfnmVdM7r7mX9onVRa9wUcZTRMTpBZ8hFV6iB7lETtRFFT+gZvaI3a2q9WO/Wx6K1ZBUzR+gPrM8fk6iUKQ==</latexit>

�Qout



The nature of bath matters away from equilibrium

Bath 1
<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) Gas

In equilibrium in limit of weak coupling to baths, nature of bath does not matter 

Bath 2

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) Gas

<latexit sha1_base64="duJz3a4HESI1hzqv4L7oY/mF6KY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2A9oQ5lsN+3S3STuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBI9Yw3AjWDtRDGUgWCsY3Uz91hNTmsfRgxknzJc4iHjIKRortbu3KCX2vF654lbdGcgy8XJSgRz1Xvmr249pKllkqECtO56bGD9DZTgVbFLqppolSEc4YB1LI5RM+9ns3gk5sUqfhLGyFRkyU39PZCi1HsvAdko0Q73oTcX/vE5qwis/41GSGhbR+aIwFcTEZPo86XPFqBFjS5Aqbm8ldIgKqbERlWwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowR3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4AgeOPog==</latexit>

�1

<latexit sha1_base64="o282f62Q3zHV577SeDYC8c3pmbE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DHvQYwTwgWULvZDYZMrO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDPzW09MaR5HD2acMF/iIOIhp2is1O7eopTYq/SKJbfszkFWiZeREmSo94pf3X5MU8kiQwVq3fHcxPgTVIZTwaaFbqpZgnSEA9axNELJtD+Z3zslZ1bpkzBWtiJD5urviQlKrccysJ0SzVAvezPxP6+TmvDKn/AoSQ2L6GJRmApiYjJ7nvS5YtSIsSVIFbe3EjpEhdTYiAo2BG/55VXSrJS9i3L1vlqqXWdx5OEETuEcPLiEGtxBHRpAQcAzvMKb8+i8OO/Ox6I152Qzx/AHzucPg2ePow==</latexit>

�2

<latexit sha1_base64="xgkhe4cv8uyoORbE0qMbaKHxKjo="></latexit>

⇢(1)equil = ⇢(2)equil =
e��H

Z

<latexit sha1_base64="NN8kylBUjsabEop5OAS+0SwBzzM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkpSinosetBjBfsBTQiT7bZdupuE3Y1SYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy9MOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+qOJWENkjMY9kOQVHOItrQTHPaTiQFEXLaCodXE791T6VicXSnRwn1BfQj1mMEtJEC+9C7BiEgqGBPsv5Ag5TxA3YCu+SUnSnwInFzUkI56oH95XVjkgoaacJBqY7rJNrPQGpGOB0XvVTRBMgQ+rRjaASCKj+b3j/GJ0bp4l4sTUUaT9XfExkIpUYiNJ0C9EDNexPxP6+T6t6Fn7EoSTWNyGxRL+VYx3gSBu4ySYnmI0OASGZuxWQAEog2kRVNCO78y4ukWSm7Z+XqbbVUu8zjKKAjdIxOkYvOUQ3doDpqIIIe0TN6RW/Wk/VivVsfs9YlK585QH9gff4A/0+VdQ==</latexit>

�2 ! 0
<latexit sha1_base64="Ck6qUPtDaANaEBkwO08+6fF9hOI=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSKeqx6EGPFewHNCFMtpt26W4SdjdKqT34V7x4UMSrf8Ob/8Ztm4O2Phh4vDfDzLww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uJn7rnkrFkvhOD1PqC+jFLGIEtJEC+8C7BiEgcLEnWa+vQcrkATuBXXYqzhR4kbg5KaMc9cD+8roJyQSNNeGgVMd1Uu2PQGpGOB2XvEzRFMgAerRjaAyCKn80vX+Mj43SxVEiTcUaT9XfEyMQSg1FaDoF6L6a9ybif14n09GFP2Jxmmkak9miKONYJ3gSBu4ySYnmQ0OASGZuxaQPEog2kZVMCO78y4ukeVpxzyrV22q5dpnHUUSH6AidIBedoxq6QXXUQAQ9omf0it6sJ+vFerc+Zq0FK5/ZR39gff4A/b2VdA==</latexit>

�1 ! 0

In non-equilibrium even in limit of weak coupling to baths, nature of bath matters  
for the steady state

<latexit sha1_base64="yT2ESPzdgpBIQKrEcVAxEtAcKXI=">AAACJnicbVDLSgMxFM34rPU16tJNsAh1YZkRUTdC0Y3LCvYBnVoy6W0bmkmmSUYoQ7/Gjb/ixkVFxJ2fYvpYaO2BwOGcc7m5J4w508bzvpyl5ZXVtfXMRnZza3tn193br2iZKAplKrlUtZBo4ExA2TDDoRYrIFHIoRr2bsd+9QmUZlI8mEEMjYh0BGszSoyVmu51oLqymQYqwkKKU+gXho9p3j8Z5s0JDgT08cLA2TTQdHNewZsA/yf+jOTQDKWmOwpakiYRCEM50brue7FppEQZRjkMs0GiISa0RzpQt1SQCHQjnZw5xMdWaeG2VPYJgyfq74mURFoPotAmI2K6et4bi4u8emLaV42UiTgxIOh0UTvh2Eg87gy3mAJq+MASQhWzf8W0SxShxjabtSX48yf/J5Wzgn9ROL8/zxVvZnVk0CE6Qnnko0tURHeohMqIomf0ikbo3Xlx3pwP53MaXXJmMwfoD5zvH5eco/c=</latexit>

⇢(1)non�eq.(t) 6= ⇢(2)non�eq.(t)



Non-interacting fermionic Baths & 
Open Schrödinger equation 

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

Bath

System

Consider non-interacting fermions One-fermion Hilbert space is a sum

Fermi

Gas

Piston

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

BathBath

Bath

<latexit sha1_base64="rucN4xZvfghSs6Ng+phqJfMzEq4=">AAACIHicbVDLSgNBEJz1GeNr1aOXwSB4CrsixosQ9JJjBBOFbAyzk04cnMcyMyssy36KF3/FiwdF9KZf4yTuwVdBQ1HVTXdXnHBmbBC8ezOzc/MLi5Wl6vLK6tq6v7HZNSrVFDpUcaUvY2KAMwkdyyyHy0QDETGHi/jmdOJf3II2TMlzmyXQF2Qs2YhRYp008ButqzzSAisJEY7VMCuOS8VkxoIocBSzsUp4anBpxMReFwO/FtSDKfBfEpakhkq0B/5bNFQ0FSAt5cSYXhgktp8TbRnlUFSj1EBC6A0ZQ89RSQSYfj59sMC7ThnikdKupMVT9ftEToQxmYhdp3DXmd/eRPzP66V2dNTPmUxSC5J+LRqlHFuFJ2nhIdNALc8cIVQzdyum10QTal2mVRdC+Pvlv6S7Xw8P6wdnB7XmSRlHBW2jHbSHQtRATdRCbdRBFN2hB/SEnr1779F78V6/Wme8cmYL/YD38QlLcKOz</latexit>

H
one body = H

system
M

H
bath

∑
j

𝒱 |χj,a⟩eiEj(t−t0)
Source

Leak
|ψa⟩

Steady state

−iΓ |ψa⟩

Decay, memory and energy renormalization effects

Bath feedback effect

arXiv:2309.03268 (2023) 
Phys. Rev. B 107, 195135 (2023)



Featureless fermionic bath

Bath spectrum flat and 
infinitely broad

Pure decay (no memory)

Bath feedback effect

Non-hermitian but inhomogeneous Schrödinger

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0 <latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

Bath

System
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

<latexit sha1_base64="kc+BEmpgDl+3MxoEpcJ6XzB4Y64=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4xkUcCGzI79MLI7Ow6M0tCCN/hxYPGePVjvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cxvjlBpHssHM07Qj2hf8pAzaqzkd0ZUYaK5iGX3sVssuWV3DrJKvIyUIEOtW/zq9GKWRigNE1Trtucmxp9QZTgTOC10Uo0JZUPax7alkkao/cn86Ck5s0qPhLGyJQ2Zq78nJjTSehwFtjOiZqCXvZn4n9dOTXjtT7hMUoOSLRaFqSAmJrMESI8rZEaMLaFMcXsrYQOqKDM2p4INwVt+eZU0LsreZblyXylVb7I48nACp3AOHlxBFe6gBnVg8ATP8Apvzsh5cd6dj0VrzslmjuEPnM8fQQ6SbQ==</latexit>"j

<latexit sha1_base64="s1WOm4i/tl5rCWy4qK5R5IfbgnM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2il7hNRpKepGkreL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7ylJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExm/5OB0JyhnFhCmRb2VsJGVFOGNqWSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDDM7zCm4POi/PufCxaC04+cwx/4Hz+AMYgkPA=</latexit>

|ni

<latexit sha1_base64="5/dDnqZeDGHd+D4Q/38sSrxVz90=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY9OIxgnlAsoTZSW8yZnZ2nZkNhJjv8OJBEa9+jDf/xsnjoIkFDUVVN91dQSK4Nq777WRWVtfWN7Kbua3tnd29/P5BTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf9m4lfH6DSPJb3ZpigH9Gu5CFn1FjJfyLy7IG0FJVdge18wS26U5Bl4s1JAeaotPNfrU7M0gilYYJq3fTcxPgjqgxnAse5VqoxoaxPu9i0VNIItT+aHj0mJ1bpkDBWtqQhU/X3xIhGWg+jwHZG1PT0ojcR//OaqQmv/BGXSWpQstmiMBXExGSSAOlwhcyIoSWUKW5vJaxHFWXG5pSzIXiLLy+T2nnRuyiW7kqF8vU8jiwcwTGcggeXUIZbqEAVGDzCM7zCmzNwXpx352PWmnHmM4fwB87nD/ppkZo=</latexit>

|n, ji

<latexit sha1_base64="1jESM1Zu+IzLTna9UgGyPK4lwLA="></latexit>

⇢(t0) =
X

n,j

f0(✏j)|n, jihn, j|Initial condition: Bath equilibrium at

<latexit sha1_base64="LAqh4g1iSO59tGrTMuYrPLcR7Fg=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R3CSQLGF2MpsMmZld5iGEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090VZ5xp4/vfXmltfWNzq7xd2dnd2z+oHh61dGoVoSFJeao6MdaUM0lDwwynnUxRLGJO2/H4bua3n6jSLJWPZpLRSOChZAkj2Dgp7Anb9/vVml/350CrJChIDQo0+9Wv3iAlVlBpCMdadwM/M1GOlWGE02mlZzXNMBnjIe06KrGgOsrnx07RmVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tak9xEOZOZNVSSxaLEcmRSNPscDZiixPCJI5go5m5FZIQVJsblU3EhBMsvr5LWRT24ql8+XNYat0UcZTiBUziHAK6hAffQhBAIMHiGV3jzpPfivXsfi9aSV8wcwx94nz+FxI6C</latexit>µ0

<latexit sha1_base64="7TdV68c2kliMXhegs4YDJOeEBwg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6kYodeOyQl/QhDCZTtqhM5MwMxFKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HtPmDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqjiVmHRwzGLZD5EijArS0VQz0k8kQTxkpBdObmd+74FIRWPR1tOE+ByNBI0oRtpIgV31QqJR4Nx4kUQ4c/NsEjRhO8g8yWGI9DjPA7vm1J054CpxC1IDBVqB/eUNY5xyIjRmSKmB6yTaz5DUFDOSV7xUkQThCRqRgaECcaL8bP5LDk+NMoRRLE0JDefq74kMcaWmPDSd3Jynlr2Z+J83SHV07WdUJKkmAi8WRSmDOoazYOCQSoI1mxqCsKTmVojHyISiTXwVE4K7/PIq6Z7X3cv6xf1FrdEs4iiDE1AFZ8AFV6AB7kALdAAGj+AZvII368l6sd6tj0VrySpmjsEfWJ8/eO+atg==</latexit>

�0 =
1

kBTbath

<latexit sha1_base64="OaWBfaIEl/SMI5/Z7myTOaaP5y8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFdlaQUdSMUXeiygn1AE8NkOmmHzkzCzEQooQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89YcKo0o7zbS0tr6yurRc2iptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgl7xpxji68SCKceSINHKiP76vjrDoO7LJTcaaAi8TNSRnkaAT2l9eLccqJ0Jghpbquk2g/Q1JTzMi46KWKJAgPUZ90DRWIE+Vn0yfG8MgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Ux2d+xkVSaqJwLNFUcqgjuEkEdijkmDNRoYgLKm5FeIBMnFok1vRhODOv7xIWtWKe1qp3dbK9cs8jgIogUNwAlxwBurgBjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHnHmXcQ==</latexit>

� =
⌫0t02

2
Decay rate:

Bath DOS

Tunneling 
amplitude

arXiv:2309.03268 (2023) 
Phys. Rev. B 107, 195135 (2023)



Featureless Fermionic Bath

<latexit sha1_base64="EGyR11FtZ65zY6/Lq5BxEnG8L4g=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6sKSSFGXRTcuK9gHNCFMppN26GQmzkyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4PfHbD0QqKvidHiXEj1Gf04hipI0U2AeeHIgg82QMueCn5L46rugTGNhlp+pMAReJm5MyyNEI7C+vJ3AaE64xQ0p1XSfRfoakppiRcclLFUkQHqI+6RrKUUyUn03vH8Njo/RgJKQpruFU/T2RoVipURyazhjpgZr3JuJ/XjfV0aWfUZ6kmnA8WxSlDGoBJ2HAHpUEazYyBGFJza0QD5BEWJvISiYEd/7lRdI6q7rn1dptrVy/yuMogkNwBCrABRegDm5AAzQBBo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP8CylUg=</latexit>

⇢non�eq.(t)

Exact non-equilibrium steady-state of driven non-interacting fermions

Floquet Periodic Gibbs Ensemble with Fermi Dirac Staircase:
Floquet problem: Weak coupling to bath:

<latexit sha1_base64="kkOuD2YBncpldz2oOygqDiuWgFQ=">AAAB+HicbVDLSsNAFJ34rPXRqEs3wSK0CCWRom6EopsuK/YFbQiT6aQdOpmEmRuhln6JGxeKuPVT3Pk3TtMstPXA5R7OuZe5c/yYMwW2/W2srW9sbm3ndvK7e/sHBfPwqK2iRBLaIhGPZNfHinImaAsYcNqNJcWhz2nHH9/N/c4jlYpFogmTmLohHgoWMIJBS55ZqHsPJSjfpO28WfbMol2xU1irxMlIEWVoeOZXfxCRJKQCCMdK9Rw7BneKJTDC6SzfTxSNMRnjIe1pKnBIlTtND59ZZ1oZWEEkdQmwUvX3xhSHSk1CX0+GGEZq2ZuL/3m9BIJrd8pEnAAVZPFQkHALImuegjVgkhLgE00wkUzfapERlpiAziqvQ3CWv7xK2hcV57JSva8Wa7dZHDl0gk5RCTnoCtVQHTVQCxGUoGf0it6MJ+PFeDc+FqNrRrZzjP7A+PwBN1CRhA==</latexit>

HS(t) = HS(t+ T )

<latexit sha1_base64="OaWBfaIEl/SMI5/Z7myTOaaP5y8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFdlaQUdSMUXeiygn1AE8NkOmmHzkzCzEQooQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89YcKo0o7zbS0tr6yurRc2iptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgl7xpxji68SCKceSINHKiP76vjrDoO7LJTcaaAi8TNSRnkaAT2l9eLccqJ0Jghpbquk2g/Q1JTzMi46KWKJAgPUZ90DRWIE+Vn0yfG8MgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Ux2d+xkVSaqJwLNFUcqgjuEkEdijkmDNRoYgLKm5FeIBMnFok1vRhODOv7xIWtWKe1qp3dbK9cs8jgIogUNwAlxwBurgBjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHnHmXcQ==</latexit>

� =
⌫0t02

2
Decay rate:

Bath DOS

Tunneling 
amplitude

Lazarides, Das, & Moessner, Phys. Rev. Lett. 112, 150401 (2014).



Floquet Fermi Liquid in a simple Bloch band

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

<latexit sha1_base64="D7Bkz7mknBWbYKO/FRq7YCmvlPY=">AAACD3icbVC5TsNAEF1zhnAZKGlWRCBoIhshoOQqKINEIFJsovV6DKusD+2OkSLLf0DDr9BQgBAtLR1/w+YogPCkkZ7em9HMvCCTQqPjfFkTk1PTM7OVuer8wuLSsr2yeqXTXHFo8lSmqhUwDVIk0ESBElqZAhYHEq6D7mnfv74HpUWaXGIvAz9mt4mIBGdopI69hRRuCkELL4jocbmNOx4PU6TeGUhkQ1mVZceuOXVnADpO3BGpkREaHfvTC1Oex5Agl0zrtutk6BdMoeASyqqXa8gY77JbaBuasBi0Xwz+KemmUUIapcpUgnSg/pwoWKx1Lw5MZ8zwTv/1+uJ/XjvH6NAvRJLlCAkfLopySTGl/XBoKBRwlD1DGFfC3Er5HVOMo4mwakJw/748Tq526+5+fe9ir3Z0MoqjQtbJBtkmLjkgR+ScNEiTcPJAnsgLebUerWfrzXoftk5Yo5k18gvWxzctb5uE</latexit>

teiA(t)·�r

<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k
<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k

<latexit sha1_base64="5Qm5qisB7+vm27KKYCzM1hMwkKg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ac0pWy2m3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M72Z++4lrI2L1iJOE9yI6VCIUjKKV/LCf+UFIxtMKXvRLZbfqzkFWiZeTMuRo9Etf/iBmacQVMkmN6Xpugr2MahRM8mnRTw1PKBvTIe9aqmjETS+b3zwl51YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfCmlwmVpMgVWywKU0kwJrMAyEBozlBOLKFMC3srYSOqKUMbU9GG4C2/vEpal1Xvqlp7qJXrt3kcBTiFM6iAB9dQh3toQBMYJPAMr/DmpM6L8+58LFrXnHzmBP7A+fwBPSGRLA==</latexit>

fk(t) <latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k
<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k

Floquet Energy

Floquet 
Wavefunction

Steady state at finite 
<latexit sha1_base64="/lAqvFPcF4/IPCEDiHMyBtzhJ3U=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuSDHSc0FHggWcwItk5qdm+xELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrn9+eV2nUeRxGO4BhOIYBLqMEd1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AFjZjv4=</latexit>

�

Single Bloch band under 
monochromatic field

Seetharam, Bardyn, Lindner, Rudner & Refael. Physical Review X 5, 041050 (2015).

See e.g. also:

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0
<latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

<latexit sha1_base64="m2umVLc2JSfAPcaTRdvWE0eo//w=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBAEIexKUI9BLx4jmAdmlzA76U2GzGOZmRVCyF948aCIV//Gm3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRmWaQoMqrnQ7JgY4k9CwzHJopxqIiDm04uHt1G89gTZMyQc7SiESpC9ZwiixTnoMRXYeKgF90i2V/Yo/A14mQU7KKEe9W/oKe4pmAqSlnBjTCfzURmOiLaMcJsUwM5ASOiR96DgqiQATjWcXT/CpU3o4UdqVtHim/p4YE2HMSMSuUxA7MIveVPzP62Q2uY7GTKaZBUnni5KMY6vw9H3cYxqo5SNHCNXM3YrpgGhCrQup6EIIFl9eJs2LSnBZqd5Xy7WbPI4COkYn6AwF6ArV0B2qowaiSKJn9IrePOO9eO/ex7x1xctnjtAfeJ8/VQ2QtQ==</latexit>

µ+ !<latexit sha1_base64="fu9sgJrua1OLDAtizrlCLuZITVA=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBC8GHYlqMegF48RzAOzS5id9CZD5rHMzAoh5C+8eFDEq3/jzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNozJNoUEVV7odEwOcSWhYZjm0Uw1ExBxa8fB26reeQBum5IMdpRAJ0pcsYZRYJz2GIjsPlYA+6ZbKfsWfAS+TICdllKPeLX2FPUUzAdJSTozpBH5qozHRllEOk2KYGUgJHZI+dByVRICJxrOLJ/jUKT2cKO1KWjxTf0+MiTBmJGLXKYgdmEVvKv7ndTKbXEdjJtPMgqTzRUnGsVV4+j7uMQ3U8pEjhGrmbsV0QDSh1oVUdCEEiy8vk+ZFJbisVO+r5dpNHkcBHaMTdIYCdIVq6A7VUQNRJNEzekVvnvFevHfvY9664uUzR+gPvM8fWCGQtw==</latexit>µ� !

<latexit sha1_base64="zcPmSp+0ax7xqksWhZIIyIPefYQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHsS12ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AxxmNeg==</latexit>

l = 0

<latexit sha1_base64="NOBjyfFuh2cewKDhtx5IgT2tykE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9CCvvV654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmSOfFeXc+5q0FJ585hD9wPn8AyJ2New==</latexit>

l = 1

<latexit sha1_base64="FkxDZPJkIW2utwKzZ82WSSsAkYQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvUiFL14rGA/oF1KNs22oUl2SbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKX+Z0nqjSL5KOZxtQXeCRZyAg2mcRvLrxBueJW3TnQKvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwums1E80jTGZ4BHtWSqxoNpP57fO0JlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhNe+ymTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7cuqV6/WHmqVxm0eRxFO4BTOwYMraMA9NKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/ADKejbI=</latexit>

l = �1

<latexit sha1_base64="7d+2EMqgmhR30Wllmt1PEjmsjEs=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkqMeiF48V7Ac0oWy2m3bpZjfsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZQ2Nre2d8q7lb39g8Mj9/ikrWWmCG0RyaXqRlhTzgRtGWY47aaK4iTitBON7+d+Z0KVZlI8mWlKwwQPBYsZwcZKfdcNIqzygKaacSlmfStVvZq3AFonfkGqUKDZd7+CgSRZQoUhHGvd873UhDlWhhFOZ5Ug0zTFZIyHtGepwAnVYb64fIYurDJAsVS2hEEL9fdEjhOtp0lkOxNsRnrVm4v/eb3MxLdhzkSaGSrIclGccWQkmseABkxRYvjUEkwUs7ciMsIKE2PDqtgQ/NWX10n7quZf1+qP9WrjroijDGdwDpfgww004AGa0AICE3iGV3hzcufFeXc+lq0lp5g5hT9wPn8AI8WUAA==</latexit>

✏̄n

<latexit sha1_base64="b/oVvTCai3uNjFz9QUpoNgf3eio=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXjcQEL6QlRD0SvXjERMAESrNdFtiw3Ta7WxJS+CdePGiMV/+JN/+NC/Sg4EsmeXlvJjPzgpgzpR3n28ptbG5t7+R3C3v7B4dH9vFJU0WJJLRBIh7JpwArypmgDc00p0+xpDgMOG0Fo7u53xpTqVgkHvUkpl6IB4L1GcHaSL5tTzvxkPmim5acy9m0W/HtolN2FkDrxM1IETLUffur04tIElKhCcdKtV0n1l6KpWaE01mhkygaYzLCA9o2VOCQKi9dXD5DF0bpoX4kTQmNFurviRSHSk3CwHSGWA/VqjcX//Paie7feCkTcaKpIMtF/YQjHaF5DKjHJCWaTwzBRDJzKyJDLDHRJqyCCcFdfXmdNCtl96pcfagWa7dZHHk4g3MogQvXUIN7qEMDCIzhGV7hzUqtF+vd+li25qxs5hT+wPr8Ackjkx0=</latexit>

|�(0)
n |2

<latexit sha1_base64="4RKfDHx52upaDfO6jkpecETG7rc=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXjcQEL6QlRD0SvXjERMAESrNdFtiw3Ta7WxJS+CdePGiMV/+JN/+NC/Sg4EsmeXlvJjPzgpgzpR3n28ptbG5t7+R3C3v7B4dH9vFJU0WJJLRBIh7JpwArypmgDc00p0+xpDgMOG0Fo7u53xpTqVgkHvUkpl6IB4L1GcHaSL5tTzvxkPmim5bcy9m0W/HtolN2FkDrxM1IETLUffur04tIElKhCcdKtV0n1l6KpWaE01mhkygaYzLCA9o2VOCQKi9dXD5DF0bpoX4kTQmNFurviRSHSk3CwHSGWA/VqjcX//Paie7feCkTcaKpIMtF/YQjHaF5DKjHJCWaTwzBRDJzKyJDLDHRJqyCCcFdfXmdNCtl96pcfagWa7dZHHk4g3MogQvXUIN7qEMDCIzhGV7hzUqtF+vd+li25qxs5hT+wPr8Acqskx4=</latexit>

|�(1)
n |2

<latexit sha1_base64="Mv4i3FNDURetEKDlOVRTwir/SGI=">AAAB+nicbVBNT8JAEJ36ifhV9OilkZjgQdISoh6JXjxiIh8JlGa7bGHDdtvsbjWk8FO8eNAYr/4Sb/4bF+hBwZdM8vLeTGbm+TGjUtn2t7G2vrG5tZ3bye/u7R8cmoWjpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT80e3Mbz0SIWnEH9Q4Jm6IBpwGFCOlJc8sTLrxkHq8l5YunPPppFfxzKJdtuewVomTkSJkqHvmV7cf4SQkXGGGpOw4dqzcFAlFMSPTfDeRJEZ4hAakoylHIZFuOj99ap1ppW8FkdDFlTVXf0+kKJRyHPq6M0RqKJe9mfif10lUcO2mlMeJIhwvFgUJs1RkzXKw+lQQrNhYE4QF1bdaeIgEwkqnldchOMsvr5Jmpexclqv31WLtJosjBydwCiVw4ApqcAd1aACGJ3iGV3gzJsaL8W58LFrXjGzmGP7A+PwBOQWTVQ==</latexit>

|�(�1)
n |2<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k

<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k

<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k

<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k

<latexit sha1_base64="GO8N4+8RDzk+TjGbzYr4D6QV4bI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPZlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBPpo3U</latexit>

fn<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

kFermi Dirac Staircase
<latexit sha1_base64="5Qm5qisB7+vm27KKYCzM1hMwkKg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ac0pWy2m3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M72Z++4lrI2L1iJOE9yI6VCIUjKKV/LCf+UFIxtMKXvRLZbfqzkFWiZeTMuRo9Etf/iBmacQVMkmN6Xpugr2MahRM8mnRTw1PKBvTIe9aqmjETS+b3zwl51YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfCmlwmVpMgVWywKU0kwJrMAyEBozlBOLKFMC3srYSOqKUMbU9GG4C2/vEpal1Xvqlp7qJXrt3kcBTiFM6iAB9dQh3toQBMYJPAMr/DmpM6L8+58LFrXnHzmBP7A+fwBPSGRLA==</latexit>

fk(t)

Ideal bath limit

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk<latexit sha1_base64="5PMl42KcE3aQ/OLC3kZrMnGA5sw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbtkswm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/mdJ1SaJ/LRTFL0YzqSPOSMGit18n4Qkmg6qNbcujsHWSVeQWpQoDmofvWHCctilIYJqnXPc1Pj51QZzgROK/1MY0pZREfYs1TSGLWfz8+dkjOrDEmYKFvSkLn6eyKnsdaTOLCdMTVjvezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYSNqaLM2IQqNgRv+eVV0r6oe1f1y4fLWuO2iKMMJ3AK5+DBNTTgHprQAgYRPMMrvDmp8+K8Ox+L1pJTzBzDHzifPx43j3A=</latexit>

k
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<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk

Ratchet effect (rectified current) in Bloch bands

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk

<latexit sha1_base64="TIsQH2QYasTKEgRW3rDkmjM3ZF0=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9RLx4jmAcmIcxOZpMhs7PLTK8QlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXeXH0th0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa65VPDpVC8jgIlb8Wa09CXvOmPbqd+84lrIyL1gOOYd0M6UCIQjKKVHtOOH5DrSQnPeoWiW3ZnIMvEy0gRMtR6ha9OP2JJyBUySY1pe26M3ZRqFEzySb6TGB5TNqID3rZU0ZCbbjq7eEJOrdInQaRtKSQz9fdESkNjxqFvO0OKQ7PoTcX/vHaCwVU3FSpOkCs2XxQkkmBEpu+TvtCcoRxbQpkW9lbChlRThjakvA3BW3x5mTTOy95FuXJfKVZvsjhycAwnUAIPLqEKd1CDOjBQ8Ayv8OYY58V5dz7mrStONnMEf+B8/gCAGZAp</latexit>

A(t)

Floquet Fermi Liquid  

Physical momentum still oscillates

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk

Electric current

Time-average (rectified) current

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk

<latexit sha1_base64="Ytb1l7TCzKr4K93TEaBmdk+Z3cg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeiF48V7Ac0oWy2k3btZhN3N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZekHCmtON8W6WV1bX1jfJmZWt7Z3fP3q+2VZxKCi0a81h2A6KAMwEtzTSHbiKBRAGHTjC+nvqdR5CKxeJOTxLwIzIULGSUaCP17aoXEJl5QZjd57kn4AE7fbvm1J0Z8DJxC1JDBZp9+8sbxDSNQGjKiVI910m0nxGpGeWQV7xUQULomAyhZ6ggESg/m92e42OjDHAYS1NC45n6eyIjkVKTKDCdEdEjtehNxf+8XqrDSz9jIkk1CDpfFKYc6xhPg8ADJoFqPjGEUMnMrZiOiCRUm7gqJgR38eVl0j6tu+f1s9uzWuOqiKOMDtEROkEuukANdIOaqIUoekLP6BW9Wbn1Yr1bH/PWklXMHKA/sD5/APlllGc=</latexit>

j̄ 6= 0
<latexit sha1_base64="YLF55KefadYPrXdt+LojzQjvFKg=">AAACBXicbVDLSsNAFJ34rPVVdamLwSLUTUmkqMuiG5cV7AOaECbTm3bIZBJnJkIJ3bjxV9y4UMSt/+DOv3H6WGjrgQuHc+7l3nuClDOlbfvbWlpeWV1bL2wUN7e2d3ZLe/stlWSSQpMmPJGdgCjgTEBTM82hk0ogccChHUTXY7/9AFKxRNzpYQpeTPqChYwSbSS/dBT6EXYF3OOw4gZE5i6kivFEjPzo1C+V7ao9AV4kzoyU0QwNv/Tl9hKaxSA05USprmOn2suJ1IxyGBXdTEFKaET60DVUkBiUl0++GOETo/RwmEhTQuOJ+nsiJ7FSwzgwnTHRAzXvjcX/vG6mw0svZyLNNAg6XRRmHOsEjyPBPSaBaj40hFDJzK2YDogkVJvgiiYEZ/7lRdI6qzrn1dptrVy/msVRQIfoGFWQgy5QHd2gBmoiih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AHu25g8</latexit>

fk 6= f(✏̄k)

In contrast to equilibrium:



What are we NOT talking about: 

1. NOT Frequency difference effect. Our light is exactly monochromatic. 

2. NOT a high order multi-photon absorption. Our effect occurs at the leading perturbative order 

3. Clean limit. E.g. NO in-gap impurities and NOT the “tail” of Drude or inter-band absorptions.

<latexit sha1_base64="fwoznnnecoc8JYViK7e6xbPqzGM=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUUZdFEVxWsA9ox5JJM21sJglJRizD/IobF4q49Ufc+Tem7Sy09cCFwzn3cu89oWRUG8/7dgorq2vrG8XN0tb2zu6eu19uaZEoTJpYMKE6IdKEUU6ahhpGOlIRFIeMtMPx1dRvPxKlqeB3ZiJJEKMhpxHFyFip75Z7YZQ+ZLAnlZBGwOv7Wt+teFVvBrhM/JxUQI5G3/3qDQROYsINZkjrru9JE6RIGYoZyUq9RBOJ8BgNSddSjmKig3R2ewaPrTKAkVC2uIEz9fdEimKtJ3FoO2NkRnrRm4r/ed3ERBdBSrlMDOF4vihKGLRPToOAA6oINmxiCcKK2lshHiGFsLFxlWwI/uLLy6RVq/pn1dPb00r9Mo+jCA7BETgBPjgHdXADGqAJMHgCz+AVvDmZ8+K8Ox/z1oKTzxyAP3A+fwBe05QD</latexit>

j / E2

Longstanding confusion in optoelectronics
Is rectification allowed in the optical gap in the ideal limit of vanishingly small relaxation rates?



Quantum Oscillations of Floquet Fermi Liquids
<latexit sha1_base64="JnOtxmV11WcZ54Q3ukdh1hDbcJ0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUTdCqRuXFewDmhAm00k7dCYTZiZCDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvSdMGFXacb6t0srq2vpGebOytb2zu2fvH3SUSCUmbSyYkL0QKcJoTNqaakZ6iSSIh4x0w/HN1O8+EKmoiO/1JCE+R8OYRhQjbaTAPvIEJ0MU4GsvkghnzTzjeWBXnZozA1wmbkGqoEArsL+8gcApJ7HGDCnVd51E+xmSmmJG8oqXKpIgPEZD0jc0RpwoP5tdn8NTowxgJKSpWMOZ+nsiQ1ypCQ9NJ0d6pBa9qfif1091dOVnNE5STWI8XxSlDGoBp1HAAZUEazYxBGFJza0Qj5BJQZvAKiYEd/HlZdI5r7kXtfpdvdpoFnGUwTE4AWfABZegAW5BC7QBBo/gGbyCN+vJerHerY95a8kqZg7BH1ifP8zClXc=</latexit>

!c =
B

m
Landau 
levels

<latexit sha1_base64="Tw/0NYZFEG1CkbQA8JneI77GWVo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRmg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68TtpXVe+6WnuoVeqNPI4inME5XIIHN1CHe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AHf249H</latexit>

B

<latexit sha1_base64="NoVAZ0Hy007b8S9Fce0Z2YPMHcs=">AAACGHicbVA9SwNBEN3zM8avqKXNYhC0iXciahm0sVQwUciGsLeZSxZ3b4/dOSEc+Rk2/hUbC0Vs7fw3bmIKjT4YeLw3w8y8OFPSYRh+BjOzc/MLi6Wl8vLK6tp6ZWOz6UxuBTSEUcbextyBkik0UKKC28wC17GCm/jufOTf3IN10qTXOMigrXkvlYkUHL3UqRwwJzU9N44pSHCPJZaL4pCyTFKm82HBjIYe74ghs7LXx/1OpRrWwjHoXxJNSJVMcNmpfLCuEbmGFIXizrWiMMN2wS1KoWBYZrmDjIs73oOWpynX4NrF+LEh3fVKlybG+kqRjtWfEwXXzg107Ds1x76b9kbif14rx+S0Xcg0yxFS8b0oyRVFQ0cp0a60IFANPOHCSn8rFX3us0GfZdmHEE2//Jc0D2vRce3o6qhaP5vEUSLbZIfskYickDq5IJekQQR5IE/khbwGj8Fz8Ba8f7fOBJOZLfILwccXuPagOg==</latexit>

⇠ Cos

✓
2⇡µ

!c

◆
Quantum oscillations

<latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ
<latexit sha1_base64="EQQ0LKJqp57DA3yUYvPpHD2HYQg=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh6JXjxiImACC+mWLjS03U3b1ZDN/g8vHjTGq//Fm//GAntQ8CWTvLw3k5l5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6phwBrypmkLcMMpw+xolgEnHaCyc3M7zxSpVkk7800pr7AI8lCRrCxUr8XKkzSSb+WpTWRDcoVt+rOgVaJl5MK5GgOyl+9YUQSQaUhHGvd9dzY+ClWhhFOs1Iv0TTGZIJHtGupxIJqP51fnaEzqwxRGClb0qC5+nsixULrqQhsp8BmrJe9mfif101MeOWnTMaJoZIsFoUJRyZCswjQkClKDJ9agoli9lZExtgGYWxQJRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLSCg4Ble4c15cl6cd+dj0Vpw8plj+APn8weQ3ZKR</latexit>

k2

2m

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk

<latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

<latexit sha1_base64="PIf1lFC4BoY/Pk25z8bVbMiOBBY=">AAACH3icbVDLSgNBEJz1GeNr1aOXwSAoYtgViR6DIniSCEYD2RBmJ73JkNkHM71CWPInXvwVLx4UEW/5GyfJHjRaMFBUVdPT5SdSaHSckTU3v7C4tFxYKa6urW9s2lvb9zpOFYc6j2WsGj7TIEUEdRQooZEoYKEv4cHvX479h0dQWsTRHQ4SaIWsG4lAcIZGatsVLw6hy9qcehICPLg58gLFeOYOs5Ohp0S3h4dHXgckMnp1TCXN83bJKTsT0L/EzUmJ5Ki17S+vE/M0hAi5ZFo3XSfBVsYUCi5hWPRSDQnjfdaFpqERC0G3ssl9Q7pvlA4NYmVehHSi/pzIWKj1IPRNMmTY07PeWPzPa6YYnLcyESUpQsSni4JUUozpuCzaEQo4yoEhjCth/kp5j5l+0FRaNCW4syf/JfcnZbdSPr09LVUv8joKZJfskQPikjNSJdekRuqEkyfyQt7Iu/VsvVof1uc0OmflMzvkF6zRN0oboeE=</latexit>

!c

✓
N +

1

2

◆
+ �E � l!

<latexit sha1_base64="Tw/0NYZFEG1CkbQA8JneI77GWVo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRmg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68TtpXVe+6WnuoVeqNPI4inME5XIIHN1CHe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AHf249H</latexit>

B

Floquet Landau level spectrum

<latexit sha1_base64="NOBjyfFuh2cewKDhtx5IgT2tykE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9CCvvV654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmSOfFeXc+5q0FJ585hD9wPn8AyJ2New==</latexit>

l = 1
<latexit sha1_base64="zcPmSp+0ax7xqksWhZIIyIPefYQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHsS12ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AxxmNeg==</latexit>

l = 0
<latexit sha1_base64="FkxDZPJkIW2utwKzZ82WSSsAkYQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvUiFL14rGA/oF1KNs22oUl2SbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKX+Z0nqjSL5KOZxtQXeCRZyAg2mcRvLrxBueJW3TnQKvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwums1E80jTGZ4BHtWSqxoNpP57fO0JlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhNe+ymTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7cuqV6/WHmqVxm0eRxFO4BTOwYMraMA9NKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/ADKejbI=</latexit>

l = �1



Quantum Oscillations of 
Floquet Fermi Liquids

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk

<latexit sha1_base64="Tw/0NYZFEG1CkbQA8JneI77GWVo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRmg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68TtpXVe+6WnuoVeqNPI4inME5XIIHN1CHe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AHf249H</latexit>

B
<latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

<latexit sha1_base64="PIf1lFC4BoY/Pk25z8bVbMiOBBY=">AAACH3icbVDLSgNBEJz1GeNr1aOXwSAoYtgViR6DIniSCEYD2RBmJ73JkNkHM71CWPInXvwVLx4UEW/5GyfJHjRaMFBUVdPT5SdSaHSckTU3v7C4tFxYKa6urW9s2lvb9zpOFYc6j2WsGj7TIEUEdRQooZEoYKEv4cHvX479h0dQWsTRHQ4SaIWsG4lAcIZGatsVLw6hy9qcehICPLg58gLFeOYOs5Ohp0S3h4dHXgckMnp1TCXN83bJKTsT0L/EzUmJ5Ki17S+vE/M0hAi5ZFo3XSfBVsYUCi5hWPRSDQnjfdaFpqERC0G3ssl9Q7pvlA4NYmVehHSi/pzIWKj1IPRNMmTY07PeWPzPa6YYnLcyESUpQsSni4JUUozpuCzaEQo4yoEhjCth/kp5j5l+0FRaNCW4syf/JfcnZbdSPr09LVUv8joKZJfskQPikjNSJdekRuqEkyfyQt7Iu/VsvVof1uc0OmflMzvkF6zRN0oboeE=</latexit>
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Floquet Landau level spectrum

<latexit sha1_base64="NOBjyfFuh2cewKDhtx5IgT2tykE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9CCvvV654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmSOfFeXc+5q0FJ585hD9wPn8AyJ2New==</latexit>

l = 1
<latexit sha1_base64="zcPmSp+0ax7xqksWhZIIyIPefYQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHsS12ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AxxmNeg==</latexit>

l = 0
<latexit sha1_base64="FkxDZPJkIW2utwKzZ82WSSsAkYQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvUiFL14rGA/oF1KNs22oUl2SbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKX+Z0nqjSL5KOZxtQXeCRZyAg2mcRvLrxBueJW3TnQKvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwums1E80jTGZ4BHtWSqxoNpP57fO0JlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhNe+ymTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7cuqV6/WHmqVxm0eRxFO4BTOwYMraMA9NKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/ADKejbI=</latexit>

l = �1

<latexit sha1_base64="abyFV3vghPtHSu7RCFiq2bRdjfQ=">AAACE3icbVA9SwNBEN3zM8avqKXNYhDUItyFoJbBNJYKRgO5EPY2c8ni7u2xOyeEI//Bxr9iY6GIrY2d/8ZNTKHRBwOP92aYmRelUlj0/U9vbn5hcWm5sFJcXVvf2CxtbV9bnRkOTa6lNq2IWZAigSYKlNBKDTAVSbiJbhtj/+YOjBU6ucJhCh3F+omIBWfopG7pqKFtKCHGgzA2jOdVGqaChiob5aFW0GddPgqN6A/wsFsq+xV/AvqXBFNSJlNcdEsfYU/zTEGCXDJr24GfYidnBgWXMCqGmYWU8VvWh7ajCVNgO/nkpxHdd0qPxtq4SpBO1J8TOVPWDlXkOhXDgZ31xuJ/XjvD+LSTiyTNEBL+vSjOJEVNxwHRnjDAUQ4dYdwIdyvlA+ayQRdj0YUQzL78l1xXK8FxpXZZK9fPpnEUyC7ZIwckICekTs7JBWkSTu7JI3kmL96D9+S9em/frXPedGaH/IL3/gUBHp5D</latexit>

Cos

✓
2⇡µ

!c

◆ <latexit sha1_base64="tqBw1QxEqS9Lv3QAxLIvHX2cmAM=">AAACG3icbVBNSwMxEM36bf2qevQSLEK9lN1S1GPRi8cKtgrdUrLpbBtMNksyK5Sl/8OLf8WLB0U8CR78N6YfB7U+GObx3gzJvCiVwqLvf3kLi0vLK6tr64WNza3tneLuXsvqzHBoci21uY2YBSkSaKJACbepAaYiCTfR3cXYv7kHY4VOrnGYQkexfiJiwRk6qVushlYoeqFtKCHGchgbxvMqDVNBQ62gz0b5tHf5KDSiP8DjbrHkV/wJ6DwJZqREZmh0ix9hT/NMQYJcMmvbgZ9iJ2cGBZcwKoSZhZTxO9aHtqMJU2A7+eS2ET1ySo/G2rhKkE7Unxs5U9YOVeQmFcOB/euNxf+8dobxWScXSZohJHz6UJxJipqOg6I9YYCjHDrCuBHur5QPmIsHXZwFF0Lw9+R50qpWgpNK7apWqp/P4lgjB+SQlElATkmdXJIGaRJOHsgTeSGv3qP37L1579PRBW+2s09+wfv8Bh2UoX8=</latexit>

⇠ Cos

✓
2⇡!

!c

◆Lower frequency beating Oscillations as if there were three 
Fermi surfaces of different area

Same frequency as MIRO

Oscillations of DOS

Agrees with MIRO resistivity 
oscillations theory:

See however phase puzzle:



DoS and Floquet Van Hove singularities

Square lattice: van hove at 1/2-filling

System will have weak coupling instability to try to gap 
out one of Floquet Fermi surfaces

arXiv:2309.03268 (2023) 
Phys. Rev. B 107, 195135 (2023)



Floquet Non-Fermi liquid for ideal bosonic baths

Bosonic 
bath

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) System
Fermionic System

<latexit sha1_base64="D7Bkz7mknBWbYKO/FRq7YCmvlPY=">AAACD3icbVC5TsNAEF1zhnAZKGlWRCBoIhshoOQqKINEIFJsovV6DKusD+2OkSLLf0DDr9BQgBAtLR1/w+YogPCkkZ7em9HMvCCTQqPjfFkTk1PTM7OVuer8wuLSsr2yeqXTXHFo8lSmqhUwDVIk0ESBElqZAhYHEq6D7mnfv74HpUWaXGIvAz9mt4mIBGdopI69hRRuCkELL4jocbmNOx4PU6TeGUhkQ1mVZceuOXVnADpO3BGpkREaHfvTC1Oex5Agl0zrtutk6BdMoeASyqqXa8gY77JbaBuasBi0Xwz+KemmUUIapcpUgnSg/pwoWKx1Lw5MZ8zwTv/1+uJ/XjvH6NAvRJLlCAkfLopySTGl/XBoKBRwlD1DGFfC3Er5HVOMo4mwakJw/748Tq526+5+fe9ir3Z0MoqjQtbJBtkmLjkgR+ScNEiTcPJAnsgLebUerWfrzXoftk5Yo5k18gvWxzctb5uE</latexit>

teiA(t)·�r

<latexit sha1_base64="u3omLztpYiJIpyFsG0zGEU2Q2mU=">AAACHXicbZBNS8MwGMfT+TbnW9Wjl+AQPMhoZajHoRePE9wLrLWkadqFpWlJUmGUfhEvfhUvHhTx4EX8NmZbBd38Q+DH/3meJM/fTxmVyrK+jMrS8srqWnW9trG5tb1j7u51ZZIJTDo4YYno+0gSRjnpKKoY6aeCoNhnpOePrib13j0Rkib8Vo1T4sYo4jSkGClteWbTwUMKIb5zAhRFRHi544dQFPgHoO/lJZ44TF8coMIz61bDmgougl1CHZRqe+aHEyQ4iwlXmCEpB7aVKjdHQlHMSFFzMklShEcoIgONHMVEuvl0uwIeaSeAYSL04QpO3d8TOYqlHMe+7oyRGsr52sT8rzbIVHjh5pSnmSIczx4KMwZVAidRwYAKghUba0BYUP1XiIdIIKx0oDUdgj2/8iJ0Txv2WaN506y3Lss4quAAHIJjYINz0ALXoA06AIMH8ARewKvxaDwbb8b7rLVilDP74I+Mz28qz6IA</latexit>

�c†rcrbr,�

<latexit sha1_base64="d60bYKSPcDbVX39aqntvvKkAXFs=">AAACKXicbVDLSsNAFJ34rPVVdelmsAgupCRS1GXRjUsFq4WmhpvJTTp08mBmIpTQ33Hjr7hRUNStP+K0VtC2BwYO59zDnXv8THClbfvDmptfWFxaLq2UV9fWNzYrW9s3Ks0lwyZLRSpbPigUPMGm5lpgK5MIsS/w1u+dD/3be5SKp8m17mfYiSFKeMgZaCN5lYabxhiBV7jChAIYUN8rCtcPqRwc/mp3bgBRhHKW51Wqds0egU4TZ0yqZIxLr/LiBinLY0w0E6BU27Ez3SlAas4EDspurjAD1oMI24YmEKPqFKNLB3TfKAENU2leoulI/ZsoIFaqH/tmMgbdVZPeUJzltXMdnnYKnmS5xoT9LApzQXVKh7XRgEtkWvQNASa5+StlXZDAtCm3bEpwJk+eJjdHNee4Vr+qVxtn4zpKZJfskQPikBPSIBfkkjQJIw/kibySN+vRerberc+f0TlrnNkh/2B9fQP8qaex</latexit>

!�b
†
r,�br,�

Shi, Matsyshyn, Song, Sodemann unpublished 

<latexit sha1_base64="/lAqvFPcF4/IPCEDiHMyBtzhJ3U=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuSDHSc0FHggWcwItk5qdm+xELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrn9+eV2nUeRxGO4BhOIYBLqMEd1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AFjZjv4=</latexit>

�
Bosonic bath

Collection of local 
harmonic oscillatorsBoltzmann equation for one-body density matrix

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢

Periodic driving  

<latexit sha1_base64="71sAN8CQ6lrt9ZgfeVjWg01o+e4=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUrGVGfG2EohtxVcE+YDoMmTTthGYeJHeEMvQr3Pgrblwo4lbc+Tdm2i60eiDkcM693HuPFwuuwDS/jNzc/MLiUn65sLK6tr5R3NxqqiiRlDVoJCLZ9ohigoesARwEa8eSkcATrOUNrjK/dc+k4lF4B8OYOQHph7zHKQEtucXDTkwkcCJcwB3pRwcc276bqqEalWG/kknOxY2d/RVw3GLJrJpj4L/EmpISmqLuFj873YgmAQuBCqKUbZkxOGk2kgo2KnQSxWJCB6TPbE1DEjDlpOOzRnhPK13ci6R+IeCx+rMjJYFSw8DTlQEBX816mfifZyfQO3dSHsYJsJBOBvUSgSHCWUa4yyWjIIaaECq53hVTn0hCQSdZ0CFYsyf/Jc2jqnVaPbk9LtUup3Hk0Q7aRWVkoTNUQ9eojhqIogf0hF7Qq/FoPBtvxvukNGdMe7bRLxgf34sYnvw=</latexit>

@t⇢+ i[hsys(t), ⇢] = J [⇢, t]

Bath induced “transitions“

<latexit sha1_base64="WUGZhdS7RPwvzP/gL8Lv/zWafio=">AAACEnicbVBJS8NAFJ7UrdYt6tFLsAiKUhJxuwhFL9JTBbtAGsJkOmmHzhJmJkIJ/Q1e/CtePCji1ZM3/43TRdTqg4FveY8374sSSpR23Q8rNzM7N7+QXywsLa+srtnrG3UlUolwDQkqZDOCClPCcU0TTXEzkRiyiOJG1Lsc+o1bLBUR/Eb3Exww2OEkJghqI4X2XsVvya440MF5JcwwU4Mvvm84jL55aBfdkjsq5y/wJqAIJlUN7fdWW6CUYa4RhUr5npvoIINSE0TxoNBKFU4g6sEO9g3kkGEVZKOTBs6OUdpOLKR5XDsj9edEBplSfRaZTgZ1V017Q/E/z091fBZkhCepxhyNF8UpdbRwhvk4bSIx0rRvAESSmL86qAslRNqkWDAheNMn/wX1w5J3Ujq+PiqWLyZx5MEW2Aa7wAOnoAyuQBXUAAJ34AE8gWfr3nq0XqzXcWvOmsxsgl9lvX0CAWmdtQ==</latexit>

J [⇢, t] = Jems[⇢, t] + Jabs[⇢, t]

Emission “transitions“ Absorption “transitions“



Single Bloch band under monochromatic field

Floquet Non-Fermi liquid for ideal bosonic baths
<latexit sha1_base64="D7Bkz7mknBWbYKO/FRq7YCmvlPY=">AAACD3icbVC5TsNAEF1zhnAZKGlWRCBoIhshoOQqKINEIFJsovV6DKusD+2OkSLLf0DDr9BQgBAtLR1/w+YogPCkkZ7em9HMvCCTQqPjfFkTk1PTM7OVuer8wuLSsr2yeqXTXHFo8lSmqhUwDVIk0ESBElqZAhYHEq6D7mnfv74HpUWaXGIvAz9mt4mIBGdopI69hRRuCkELL4jocbmNOx4PU6TeGUhkQ1mVZceuOXVnADpO3BGpkREaHfvTC1Oex5Agl0zrtutk6BdMoeASyqqXa8gY77JbaBuasBi0Xwz+KemmUUIapcpUgnSg/pwoWKx1Lw5MZ8zwTv/1+uJ/XjvH6NAvRJLlCAkfLopySTGl/XBoKBRwlD1DGFfC3Er5HVOMo4mwakJw/748Tq526+5+fe9ir3Z0MoqjQtbJBtkmLjkgR+ScNEiTcPJAnsgLebUerWfrzXoftk5Yo5k18gvWxzctb5uE</latexit>

teiA(t)·�r

<latexit sha1_base64="u3omLztpYiJIpyFsG0zGEU2Q2mU=">AAACHXicbZBNS8MwGMfT+TbnW9Wjl+AQPMhoZajHoRePE9wLrLWkadqFpWlJUmGUfhEvfhUvHhTx4EX8NmZbBd38Q+DH/3meJM/fTxmVyrK+jMrS8srqWnW9trG5tb1j7u51ZZIJTDo4YYno+0gSRjnpKKoY6aeCoNhnpOePrib13j0Rkib8Vo1T4sYo4jSkGClteWbTwUMKIb5zAhRFRHi544dQFPgHoO/lJZ44TF8coMIz61bDmgougl1CHZRqe+aHEyQ4iwlXmCEpB7aVKjdHQlHMSFFzMklShEcoIgONHMVEuvl0uwIeaSeAYSL04QpO3d8TOYqlHMe+7oyRGsr52sT8rzbIVHjh5pSnmSIczx4KMwZVAidRwYAKghUba0BYUP1XiIdIIKx0oDUdgj2/8iJ0Txv2WaN506y3Lss4quAAHIJjYINz0ALXoA06AIMH8ARewKvxaDwbb8b7rLVilDP74I+Mz28qz6IA</latexit>

�c†rcrbr,�
<latexit sha1_base64="d60bYKSPcDbVX39aqntvvKkAXFs=">AAACKXicbVDLSsNAFJ34rPVVdelmsAgupCRS1GXRjUsFq4WmhpvJTTp08mBmIpTQ33Hjr7hRUNStP+K0VtC2BwYO59zDnXv8THClbfvDmptfWFxaLq2UV9fWNzYrW9s3Ks0lwyZLRSpbPigUPMGm5lpgK5MIsS/w1u+dD/3be5SKp8m17mfYiSFKeMgZaCN5lYabxhiBV7jChAIYUN8rCtcPqRwc/mp3bgBRhHKW51Wqds0egU4TZ0yqZIxLr/LiBinLY0w0E6BU27Ez3SlAas4EDspurjAD1oMI24YmEKPqFKNLB3TfKAENU2leoulI/ZsoIFaqH/tmMgbdVZPeUJzltXMdnnYKnmS5xoT9LApzQXVKh7XRgEtkWvQNASa5+StlXZDAtCm3bEpwJk+eJjdHNee4Vr+qVxtn4zpKZJfskQPikBPSIBfkkjQJIw/kibySN+vRerberc+f0TlrnNkh/2B9fQP8qaex</latexit>

!�b
†
r,�br,�

<latexit sha1_base64="S2syQqoW2u62ilCVZfMTAEI5Kjg=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQniNVawMBaJPqQmqhz3prXqOJHtIFVpZxZ+hYUBhFj5Ajb+BrfNAC1HurpH59wr+54g4Uxpx/m2CkvLK6trxfXSxubW9o69u9dQcSop1GnMY9kKiALOBNQ10xxaiQQSBRyaweBm4jcfQCoWi3s9TMCPSE+wkFGijdSxD0eZF4R4MMaeJKLHAXt81nN91LHLTsWZAi8SNydllKPWsb+8bkzTCISmnCjVdp1E+xmRmlEO45KXKkgIHZAetA0VJALlZ9NTxvjYKF0cxtKU0Hiq/t7ISKTUMArMZER0X817E/E/r53q8MrPmEhSDYLOHgpTjnWMJ7ngLpNANR8aQqhk5q+Y9okkVJv0SiYEd/7kRdI4rbgXlfO7s3L1Oo+jiA7QETpBLrpEVXSLaqiOKHpEz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AG0KppJ</latexit>

|kihk|

<latexit sha1_base64="8rTjb4D35BZ6vklG5vz8Ja41mHY=">AAACKHicbZDLSgMxFIYzXmu9VV26CRahbsqMeNuIRTcuK9gLdErJpJk2NJMZkjNCmfZx3PgqbkQU6dYnMW2noK0HQj7+/xyS83uR4Bpse2QtLa+srq1nNrKbW9s7u7m9/aoOY0VZhYYiVHWPaCa4ZBXgIFg9UowEnmA1r3c39mtPTGkeykfoR6wZkI7kPqcEjNTK3biqG167XEIrcT0f94bYn1EBTgYz0VVEdgTDrpjeqT5o5fJ20Z4UXgQnhTxKq9zKvbvtkMYBk0AF0brh2BE0E6KAU8GGWTfWLCK0RzqsYVCSgOlmMll0iI+N0sZ+qMyRgCfq74mEBFr3A890BgS6et4bi/95jRj8q2bCZRQDk3T6kB8LDCEep4bbXDEKom+AUMXNXzHtEkUomGyzJgRnfuVFqJ4WnYvi+cNZvnSbxpFBh+gIFZCDLlEJ3aMyqiCKntEr+kCf1ov1Zn1Zo2nrkpXOHKA/ZX3/AJ2fplU=</latexit>

⇢ =

Z

k
fk(t)|kihk|

<latexit sha1_base64="71sAN8CQ6lrt9ZgfeVjWg01o+e4=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUrGVGfG2EohtxVcE+YDoMmTTthGYeJHeEMvQr3Pgrblwo4lbc+Tdm2i60eiDkcM693HuPFwuuwDS/jNzc/MLiUn65sLK6tr5R3NxqqiiRlDVoJCLZ9ohigoesARwEa8eSkcATrOUNrjK/dc+k4lF4B8OYOQHph7zHKQEtucXDTkwkcCJcwB3pRwcc276bqqEalWG/kknOxY2d/RVw3GLJrJpj4L/EmpISmqLuFj873YgmAQuBCqKUbZkxOGk2kgo2KnQSxWJCB6TPbE1DEjDlpOOzRnhPK13ci6R+IeCx+rMjJYFSw8DTlQEBX816mfifZyfQO3dSHsYJsJBOBvUSgSHCWUa4yyWjIIaaECq53hVTn0hCQSdZ0CFYsyf/Jc2jqnVaPbk9LtUup3Hk0Q7aRWVkoTNUQ9eojhqIogf0hF7Qq/FoPBtvxvukNGdMe7bRLxgf34sYnvw=</latexit>

@t⇢+ i[hsys(t), ⇢] = J [⇢, t]
<latexit sha1_base64="5Qm5qisB7+vm27KKYCzM1hMwkKg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ac0pWy2m3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M72Z++4lrI2L1iJOE9yI6VCIUjKKV/LCf+UFIxtMKXvRLZbfqzkFWiZeTMuRo9Etf/iBmacQVMkmN6Xpugr2MahRM8mnRTw1PKBvTIe9aqmjETS+b3zwl51YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfCmlwmVpMgVWywKU0kwJrMAyEBozlBOLKFMC3srYSOqKUMbU9GG4C2/vEpal1Xvqlp7qJXrt3kcBTiFM6iAB9dQh3toQBMYJPAMr/DmpM6L8+58LFrXnHzmBP7A+fwBPSGRLA==</latexit>

fk(t)
Ideal bath limit

<latexit sha1_base64="Zl+hOr1u9XXL1nuoEUdb01Bb/FE=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE17LoxmUF+4AmlMl00gydTMLMRC2hv+LGhSJu/RF3/o3TNgttPXDhcM693HtPkHKmtON8W6WV1bX1jfJmZWt7Z3fP3q+2VZJJQlsk4YnsBlhRzgRtaaY57aaS4jjgtBOMbqZ+54FKxRJxr8cp9WM8FCxkBGsj9e2qRyKGPMmGkcZSJo/I6ds1p+7MgJaJW5AaFGj27S9vkJAspkITjpXquU6q/RxLzQink4qXKZpiMsJD2jNU4JgqP5/dPkHHRhmgMJGmhEYz9fdEjmOlxnFgOmOsI7XoTcX/vF6mwys/ZyLNNBVkvijMONIJmgaBBkxSovnYEEwkM7ciEmGJiTZxVUwI7uLLy6R9Wncv6ud3Z7XGdRFHGQ7hCE7AhUtowC00oQUEnuAZXuHNmlgv1rv1MW8tWcXMAfyB9fkDbHaUDg==</latexit>

� ! 0
<latexit sha1_base64="ZfEcO/U9EHDpp4YJiEF0Jxgsjeo=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJIMoafTkzTpZejuEcKQr/DiQRGvfo43/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1kmPcS/rRjEaTXrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNDp6gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpAQMAzvMKbp70X7937mLcWvHzmEP7A+/wBmNeQSg==</latexit>

fk

Boltzmann Equation

<latexit sha1_base64="qfMrd0mYGa/uxLJyBdSg6iKFMlI="></latexit>

0 = J [fk] =
X

k0

Wk!k0fk(1� fk0)�Wk0!kfk0(1� fk)



Floquet Non-Fermi Liquid for ideal bosonic baths

Boltzmann Equation
<latexit sha1_base64="qfMrd0mYGa/uxLJyBdSg6iKFMlI="></latexit>

0 = J [fk] =
X

k0

Wk!k0fk(1� fk0)�Wk0!kfk0(1� fk)

<latexit sha1_base64="bUBFanBP63QBnw+oHZJTDu7Hafc=">AAACVHichVHNS8MwHE07p3PqrHr0EhyiIIxW/LoIQy8eJ7h1sNaSZukWmn6QpMoo/SP1IPiXePFgtvWgm+iDwOO99+OXvPgpo0Ka5rumV1aqq2u19frG5lZj29jZ7Ykk45h0ccIS3veRIIzGpCupZKSfcoIinxHbD2+nvv1EuKBJ/CAnKXEjNIppQDGSSvKM0Pby3PEDGB4VDqejsUScJ89wrhXFtf2Yk4gWf6dOVAr54p+UZzTNljkDXCZWSZqgRMczXp1hgrOIxBIzJMTAMlPp5ohLihkp6k4mSIpwiEZkoGiMIiLcfFZKAQ+VMoRBwtWJJZyp3ydyFAkxiXyVjJAci0VvKv7mDTIZXLk5jdNMkhjPFwUZgzKB04bhkHKCJZsogjCn6q4QjxFHWKp/qKsSrMUnL5Peacu6aJ3fnzXbN2UdNbAPDsAxsMAlaIM70AFdgMEL+NCApmlv2qde0avzqK6VM3vgB/TGF5kmtSU=</latexit>

Wk0!k = W emi
k0!k +W abs

k0!k

<latexit sha1_base64="L1lhc8VzCzhf3cJGsfw+UPLNvac="></latexit>

W emi
k!k0 =

X

l

⇥(✏Fk � ✏Fk0 � l!)�emi(✏Fk � ✏Fk0 � l!)
���
X

l0

�⇤
l+l0(k

0)�l(k)
���
2

Boson emission

<latexit sha1_base64="aGcYknmR963Oeh2/Vjrlq7+P5GQ=">AAACLHicbVDLSgMxFM3UV62vqks3wSK6aZkRXxuhWBCXClaFTi2Z9E4bmkmGJCOUYT7Ijb8iiAuLuPU7TOss1HogcDjnHm7uCWLOtHHdkVOYmZ2bXygulpaWV1bXyusbN1omikKTSi7VXUA0cCagaZjhcBcrIFHA4TYYNMb+7QMozaS4NsMY2hHpCRYySoyVOuWG3w+I8mUEPdJJA6mlyE59iDXjUtyfd1I/CPEgq05Ju1mV4zxXrrg1dwI8TbycVFCOy075xe9KmkQgDOVE65bnxqadEmUY5ZCV/ERDTOiA9KBlqSAR6HY6OTbDO1bp4lAq+4TBE/VnIiWR1sMosJMRMX391xuL/3mtxIQn7ZSJODEg6PeiMOHYSDxuDneZAmr40BJCFbN/xbRPFKHG9luyJXh/T54mN/s176h2eHVQqZ/ldRTRFtpGe8hDx6iOLtAlaiKKHtEzekMj58l5dd6dj+/RgpNnNtEvOJ9fWU2o2A==</latexit>

~!boson = ✏Fk � ✏Fk0 � l!

Seetharam, Bardyn, Lindner, Rudner & Refael. Physical Review X 5, 041050 (2015).

Esin, Rudner, Refael, Lindner, Physical Review B, 97(24), p.245401 (2018).

<latexit sha1_base64="xmtKANTz4j9Sl20098CCRaw3Nbc="></latexit>

�emi(✏) = �2(✏)⌫DOS(✏)(NBose(✏) + 1)

Detailed balanced violated

See e.g. also:
<latexit sha1_base64="K4QG1veuYWDfAT23PB2E/kAKqeA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE17IoiMsK9gFNDJPppB06mYSZiVhCfsWNC0Xc+iPu/Bunj4VWD1w4nHMv994Tppwp7ThfVmlpeWV1rbxe2djc2t6xd6ttlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSjq4nfeaBSsUTc6XFK/RgPBIsYwdpIgV31aKoYT8T9dZB7YYRGRWDXnLozBfpL3DmpwRzNwP70+gnJYio04Vipnuuk2s+x1IxwWlS8TNEUkxEe0J6hAsdU+fn09gIdGqWPokSaEhpN1Z8TOY6VGseh6YyxHqpFbyL+5/UyHV34ORNppqkgs0VRxpFO0CQI1GeSEs3HhmAimbkVkSGWmGgTV8WE4C6+/Je0j+vuWf309qTWuJzHUYZ9OIAjcOEcGnADTWgBgUd4ghd4tQrr2Xqz3metJWs+swe/YH18A/mIlGk=</latexit>

✏Fk

<latexit sha1_base64="+o3ssJyzoVqLFrL7luTVRcAejjA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovoqiTia1kUxGUF+4Amhsl00g6dzISZiRBC/RU3LhRx64e482+ctllo64ELh3Pu5d57woRRpR3n2yotLa+srpXXKxubW9s79u5eW4lUYtLCggnZDZEijHLS0lQz0k0kQXHISCccXU/8ziORigp+r7OE+DEacBpRjLSRArvqkURRJvjDTZB7YQRHR+PArjl1Zwq4SNyC1ECBZmB/eX2B05hwjRlSquc6ifZzJDXFjIwrXqpIgvAIDUjPUI5iovx8evwYHhqlDyMhTXENp+rviRzFSmVxaDpjpIdq3puI/3m9VEeXfk55kmrC8WxRlDKoBZwkAftUEqxZZgjCkppbIR4iibA2eVVMCO78y4ukfVJ3z+tnd6e1xlURRxnsgwNwDFxwARrgFjRBC2CQgWfwCt6sJ+vFerc+Zq0lq5ipgj+wPn8AYIKUmg==</latexit>

✏Fk0

Many transition channels open up :



Floquet Non-Fermi Liquid for ideal bosonic baths

Boltzmann Equation
<latexit sha1_base64="wR+nATT1Xu0fH6j4WxhDAvyrr1U="></latexit>

0 =
X

k0

Wk!k0fk(1� fk0)�Wk0!kfk0(1� fk)

<latexit sha1_base64="+JZM16oBhm2x5alls44Ip11HLNY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVIF5jBQxsFEEfUhNFjuu2Vh07sh2kKsrCr7AwgBArn8HG3+C2GaDlSFc6Oude3XtPGDOqtON8W4WFxaXlleJqaW19Y3PL3t5pKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDq7HfeiRSUcEf9CgmfoT6nPYoRtpIgb3n8SRIPRnB69v7rOKRWFEm+FFgl52qMwGcJ25OyiBHPbC/vK7ASUS4xgwp1XGdWPspkppiRrKSlygSIzxEfdIxlKOIKD+dPJDBQ6N0YU9IU1zDifp7IkWRUqMoNJ0R0gM1643F/7xOonsXfkp5nGjC8XRRL2FQCzhOA3apJFizkSEIS2puhXiAJMLaZFYyIbizL8+T5nHVPaue3p2Ua5d5HEWwDw5ABbjgHNTADaiDBsAgA8/gFbxZT9aL9W59TFsLVj6zC/7A+vwBGICWGQ==</latexit>

⌫DOS(✏)

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏
<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="9xFnslLUH02bHI1b/ZTYn5GG8MU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdC0Y3LCn1BO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xbWehrQcCh3Pu5Z6cIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup36rUeqNItk3Yxj6gs8kCxkBBsrPdR7aVcJFGAznFy7vWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n85ST9CJVfoojJR90qCZ+nsjxULrsQjspLD59KI3Ff/zOokJr/yUyTgxVJL5oTDhyERoWgHqM0WJ4WNLMFHMZkVkiBUmxhZVsCV4i19eJs2zsndRrtyfl6o3WR15OIJjOAUPLqEKd1CDBhBQ8Ayv8OY8OS/Ou/MxH8052c4h/IHz+QPl65Ii</latexit>

Tbath = 0

Emission 

“Fermi surface”

<latexit sha1_base64="EPdqk5wWOEKrvkCLSS4XClFb28o=">AAACFXicbVDLSgMxFM34tr6qLt0Ei6Cgdab4Wop14bKCrYVOLZn0jg3NJCHJiGXoT7jxV9y4UMSt4M6/Ma1d+Dpw4XDOvdx7T6Q4M9b3P7yx8YnJqemZ2dzc/MLiUn55pWZkqilUqeRS1yNigDMBVcssh7rSQJKIw2XULQ/8yxvQhklxYXsKmgm5FixmlFgntfLbYRu4JTjGIVFKy1u8g8t4MzwdqiEow7gUW1dZsFvqt/IFv+gPgf+SYEQKaIRKK/8etiVNExCWcmJMI/CVbWZEW0Y59HNhakAR2iXX0HBUkARMMxt+1ccbTmnjWGpXwuKh+n0iI4kxvSRynQmxHfPbG4j/eY3UxkfNjAmVWhD0a1GccmwlHkSE20wDtbznCKGauVsx7RBNqHVB5lwIwe+X/5JaqRgcFPfP9wrHJ6M4ZtAaWkebKECH6BidoQqqIoru0AN6Qs/evffovXivX61j3mhmFf2A9/YJjwqdNA==</latexit>

�f ⇡ �C(�✏)1/2

1D 2D
<latexit sha1_base64="9xFnslLUH02bHI1b/ZTYn5GG8MU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdC0Y3LCn1BO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xbWehrQcCh3Pu5Z6cIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup36rUeqNItk3Yxj6gs8kCxkBBsrPdR7aVcJFGAznFy7vWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n85ST9CJVfoojJR90qCZ+nsjxULrsQjspLD59KI3Ff/zOokJr/yUyTgxVJL5oTDhyERoWgHqM0WJ4WNLMFHMZkVkiBUmxhZVsCV4i19eJs2zsndRrtyfl6o3WR15OIJjOAUPLqEKd1CDBhBQ8Ayv8OY8OS/Ou/MxH8052c4h/IHz+QPl65Ii</latexit>

Tbath = 0

Case 1: gapped bath

Emission 

“Fermi surface”

<latexit sha1_base64="OgrnFYv/6zfpWO1OnXtTxn9AqJ4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhDiJeyKr2PQi8cI5gGbJcxOepMhszPLzKwQQj7DiwdFvPo13vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1DJTFBtUcqnaEdHImcCGYYZjO1VIkohjKxreTf3WEyrNpHg0oxTDhPQFixklxkpBXOlgqhmX4qxbKntVbwZ3mfg5KUOOerf01elJmiUoDOVE68D3UhOOiTKMcpwUO5nGlNAh6WNgqSAJ6nA8O3ninlql58ZS2RLGnam/J8Yk0XqURLYzIWagF72p+J8XZCa+CcdMpJlBQeeL4oy7RrrT/90eU0gNH1lCqGL2VpcOiCLU2JSKNgR/8eVl0jyv+lfVy4eLcu02j6MAx3ACFfDhGmpwD3VoAAUJz/AKb45xXpx352PeuuLkM0fwB87nD90SkP8=</latexit>

f(✏)
<latexit sha1_base64="OgrnFYv/6zfpWO1OnXtTxn9AqJ4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhDiJeyKr2PQi8cI5gGbJcxOepMhszPLzKwQQj7DiwdFvPo13vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1DJTFBtUcqnaEdHImcCGYYZjO1VIkohjKxreTf3WEyrNpHg0oxTDhPQFixklxkpBXOlgqhmX4qxbKntVbwZ3mfg5KUOOerf01elJmiUoDOVE68D3UhOOiTKMcpwUO5nGlNAh6WNgqSAJ6nA8O3ninlql58ZS2RLGnam/J8Yk0XqURLYzIWagF72p+J8XZCa+CcdMpJlBQeeL4oy7RrrT/90eU0gNH1lCqGL2VpcOiCLU2JSKNgR/8eVl0jyv+lfVy4eLcu02j6MAx3ACFfDhGmpwD3VoAAUJz/AKb45xXpx352PeuuLkM0fwB87nD90SkP8=</latexit>

f(✏)

<latexit sha1_base64="JS+XNkJgZeodFNXp/mIKqrK5Tac=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVE/DoWvXisYG2hCWWzmbRLN5uwuxFKCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2796CSTFJo04QnshsQBZwJaGumOXRTCSQOOHSC0c3E7zyCVCwR93qcgh+TgWARo0QbqW8feJEkNA+jIg+xB6liPBFF3647DWcKvEjcktRRiVbf/vLChGYxCE05UarnOqn2cyI1oxyKmpcpSAkdkQH0DBUkBuXn0/MLfGyUEEeJNCU0nqq/J3ISKzWOA9MZEz1U895E/M/rZTq68nMm0kyDoLNFUcaxTvAkCxwyCVTzsSGESmZuxXRITB7aJFYzIbjzLy+Sh9OGe9E4vzurN6/LOKroEB2hE+SiS9REt6iF2oiiHD2jV/RmPVkv1rv1MWutWOXMPvoD6/MH2JmWEw==</latexit>

df

d✏

<latexit sha1_base64="J+bsw6uL5KYe+zR0muoxsoK8b1Y=">AAACD3icbVC7TgMxEPTxJrwOKGksIhAN0R3iVUZAQQkSCUi5U+Rz9hILn23ZPkSU8Ac0/AoNBQjR0tLxNziPAhJGWmk0s6vdnURxZmwQfHsTk1PTM7Nz84WFxaXlFX91rWpkrilUqORS3yTEAGcCKpZZDjdKA8kSDtfJ7WnPv74DbZgUV7atIM5IU7CUUWKdVPe3owZwS3CKI6KUlvd4F5/ibnTWVyNQhnEpunW/GJSCPvA4CYekiIa4qPtfUUPSPANhKSfG1MJA2bhDtGWUw0Mhyg0oQm9JE2qOCpKBiTv9fx7wllMaOJXalbC4r/6e6JDMmHaWuM6M2JYZ9Xrif14tt+lx3GFC5RYEHSxKc46txL1wcINpoJa3HSFUM3crpi2iCbUuwoILIRx9eZxU90rhYengcr9YPhnGMYc20CbaQSE6QmV0ji5QBVH0iJ7RK3rznrwX7937GLROeMOZdfQH3ucPe46btw==</latexit>

�f ⇡ �C|�✏|

<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��

<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��



Floquet Non-Fermi Liquid for ideal bosonic baths

Boltzmann Equation
<latexit sha1_base64="wR+nATT1Xu0fH6j4WxhDAvyrr1U="></latexit>

0 =
X

k0

Wk!k0fk(1� fk0)�Wk0!kfk0(1� fk)

<latexit sha1_base64="9xFnslLUH02bHI1b/ZTYn5GG8MU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdC0Y3LCn1BO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xbWehrQcCh3Pu5Z6cIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup36rUeqNItk3Yxj6gs8kCxkBBsrPdR7aVcJFGAznFy7vWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n85ST9CJVfoojJR90qCZ+nsjxULrsQjspLD59KI3Ff/zOokJr/yUyTgxVJL5oTDhyERoWgHqM0WJ4WNLMFHMZkVkiBUmxhZVsCV4i19eJs2zsndRrtyfl6o3WR15OIJjOAUPLqEKd1CDBhBQ8Ayv8OY8OS/Ou/MxH8052c4h/IHz+QPl65Ii</latexit>

Tbath = 0

Emission 

“Fermi surface”

1D 2D
<latexit sha1_base64="9xFnslLUH02bHI1b/ZTYn5GG8MU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdC0Y3LCn1BO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xbWehrQcCh3Pu5Z6cIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup36rUeqNItk3Yxj6gs8kCxkBBsrPdR7aVcJFGAznFy7vWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n85ST9CJVfoojJR90qCZ+nsjxULrsQjspLD59KI3Ff/zOokJr/yUyTgxVJL5oTDhyERoWgHqM0WJ4WNLMFHMZkVkiBUmxhZVsCV4i19eJs2zsndRrtyfl6o3WR15OIJjOAUPLqEKd1CDBhBQ8Ayv8OY8OS/Ou/MxH8052c4h/IHz+QPl65Ii</latexit>

Tbath = 0

Case 2: Ohmic bath

Emission 

“Fermi surface”

<latexit sha1_base64="OgrnFYv/6zfpWO1OnXtTxn9AqJ4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhDiJeyKr2PQi8cI5gGbJcxOepMhszPLzKwQQj7DiwdFvPo13vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1DJTFBtUcqnaEdHImcCGYYZjO1VIkohjKxreTf3WEyrNpHg0oxTDhPQFixklxkpBXOlgqhmX4qxbKntVbwZ3mfg5KUOOerf01elJmiUoDOVE68D3UhOOiTKMcpwUO5nGlNAh6WNgqSAJ6nA8O3ninlql58ZS2RLGnam/J8Yk0XqURLYzIWagF72p+J8XZCa+CcdMpJlBQeeL4oy7RrrT/90eU0gNH1lCqGL2VpcOiCLU2JSKNgR/8eVl0jyv+lfVy4eLcu02j6MAx3ACFfDhGmpwD3VoAAUJz/AKb45xXpx352PeuuLkM0fwB87nD90SkP8=</latexit>

f(✏)
<latexit sha1_base64="OgrnFYv/6zfpWO1OnXtTxn9AqJ4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhDiJeyKr2PQi8cI5gGbJcxOepMhszPLzKwQQj7DiwdFvPo13vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1DJTFBtUcqnaEdHImcCGYYZjO1VIkohjKxreTf3WEyrNpHg0oxTDhPQFixklxkpBXOlgqhmX4qxbKntVbwZ3mfg5KUOOerf01elJmiUoDOVE68D3UhOOiTKMcpwUO5nGlNAh6WNgqSAJ6nA8O3ninlql58ZS2RLGnam/J8Yk0XqURLYzIWagF72p+J8XZCa+CcdMpJlBQeeL4oy7RrrT/90eU0gNH1lCqGL2VpcOiCLU2JSKNgR/8eVl0jyv+lfVy4eLcu02j6MAx3ACFfDhGmpwD3VoAAUJz/AKb45xXpx352PeuuLkM0fwB87nD90SkP8=</latexit>

f(✏)

<latexit sha1_base64="+JZM16oBhm2x5alls44Ip11HLNY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVIF5jBQxsFEEfUhNFjuu2Vh07sh2kKsrCr7AwgBArn8HG3+C2GaDlSFc6Oude3XtPGDOqtON8W4WFxaXlleJqaW19Y3PL3t5pKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDq7HfeiRSUcEf9CgmfoT6nPYoRtpIgb3n8SRIPRnB69v7rOKRWFEm+FFgl52qMwGcJ25OyiBHPbC/vK7ASUS4xgwp1XGdWPspkppiRrKSlygSIzxEfdIxlKOIKD+dPJDBQ6N0YU9IU1zDifp7IkWRUqMoNJ0R0gM1643F/7xOonsXfkp5nGjC8XRRL2FQCzhOA3apJFizkSEIS2puhXiAJMLaZFYyIbizL8+T5nHVPaue3p2Ua5d5HEWwDw5ABbjgHNTADaiDBsAgA8/gFbxZT9aL9W59TFsLVj6zC/7A+vwBGICWGQ==</latexit>

⌫DOS(✏)

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏

<latexit sha1_base64="J+bsw6uL5KYe+zR0muoxsoK8b1Y=">AAACD3icbVC7TgMxEPTxJrwOKGksIhAN0R3iVUZAQQkSCUi5U+Rz9hILn23ZPkSU8Ac0/AoNBQjR0tLxNziPAhJGWmk0s6vdnURxZmwQfHsTk1PTM7Nz84WFxaXlFX91rWpkrilUqORS3yTEAGcCKpZZDjdKA8kSDtfJ7WnPv74DbZgUV7atIM5IU7CUUWKdVPe3owZwS3CKI6KUlvd4F5/ibnTWVyNQhnEpunW/GJSCPvA4CYekiIa4qPtfUUPSPANhKSfG1MJA2bhDtGWUw0Mhyg0oQm9JE2qOCpKBiTv9fx7wllMaOJXalbC4r/6e6JDMmHaWuM6M2JYZ9Xrif14tt+lx3GFC5RYEHSxKc46txL1wcINpoJa3HSFUM3crpi2iCbUuwoILIRx9eZxU90rhYengcr9YPhnGMYc20CbaQSE6QmV0ji5QBVH0iJ7RK3rznrwX7937GLROeMOZdfQH3ucPe46btw==</latexit>

�f ⇡ �C|�✏|

<latexit sha1_base64="bHIL7m5DGMpjeGHo53y8qxyzGPM=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiTF17LoxmUF+4AmLZPJpB06mQkzE6GE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvSdIGFXacb6tpeWV1bX10kZ5c2t7Z9fe228pkUpMmlgwITsBUoRRTpqaakY6iSQoDhhpB6Obid9+IFJRwe/1OCF+jAacRhQjbaS+fehFEuEs7NWiPAuhRxJFmeC9Wt63K07VmQIuErcgFVCg0be/vFDgNCZcY4aU6rpOov0MSU0xI3nZSxVJEB6hAekaylFMlJ9NX8jhiVFCGAlpims4VX9PZChWahwHpjNGeqjmvYn4n9dNdXTlZ5QnqSYczxZFKYNawEkeMKSSYM3GhiAsqbkV4iEymWiTWtmE4M6/vEhatap7UT2/O6vUr4s4SuAIHINT4IJLUAe3oAGaAINH8AxewZv1ZL1Y79bHrHXJKmYOwB9Ynz9CFpdb</latexit>

d2f

d✏2

<latexit sha1_base64="Bi2mTVRNF6SLXhLasWwsDFWwVlA=">AAACAnicbVDJSgNBEO1xjXEb9SReBoPgKcyI20UICuIxglkgiUNPpyZp0svQ3SOEIXjxV7x4UMSrX+HNv7GzHDTxQcHjvSqq6kUJo9r4/rczN7+wuLScW8mvrq1vbLpb21UtU0WgQiSTqh5hDYwKqBhqGNQTBZhHDGpR72ro1x5AaSrFnekn0OK4I2hMCTZWCt3dJiSaMinuM+B0EGbXg4um5NDBoVvwi/4I3iwJJqSAJiiH7lezLUnKQRjCsNaNwE9MK8PKUMJgkG+mGhJMergDDUsF5qBb2eiFgXdglbYXS2VLGG+k/p7IMNe6zyPbybHp6mlvKP7nNVITn7cyKpLUgCDjRXHKPCO9YR5emyoghvUtwURRe6tHulhhYmxqeRtCMP3yLKkeFYPT4sntcaF0OYkjh/bQPjpEATpDJXSDyqiCCHpEz+gVvTlPzovz7nyMW+ecycwO+gPn8wcCZ5fV</latexit>

✏emi
F = !

<latexit sha1_base64="Bi2mTVRNF6SLXhLasWwsDFWwVlA=">AAACAnicbVDJSgNBEO1xjXEb9SReBoPgKcyI20UICuIxglkgiUNPpyZp0svQ3SOEIXjxV7x4UMSrX+HNv7GzHDTxQcHjvSqq6kUJo9r4/rczN7+wuLScW8mvrq1vbLpb21UtU0WgQiSTqh5hDYwKqBhqGNQTBZhHDGpR72ro1x5AaSrFnekn0OK4I2hMCTZWCt3dJiSaMinuM+B0EGbXg4um5NDBoVvwi/4I3iwJJqSAJiiH7lezLUnKQRjCsNaNwE9MK8PKUMJgkG+mGhJMergDDUsF5qBb2eiFgXdglbYXS2VLGG+k/p7IMNe6zyPbybHp6mlvKP7nNVITn7cyKpLUgCDjRXHKPCO9YR5emyoghvUtwURRe6tHulhhYmxqeRtCMP3yLKkeFYPT4sntcaF0OYkjh/bQPjpEATpDJXSDyqiCCHpEz+gVvTlPzovz7nyMW+ecycwO+gPn8wcCZ5fV</latexit>

✏emi
F = !



Floquet Non-Fermi Liquid for ideal bosonic baths
<latexit sha1_base64="+JZM16oBhm2x5alls44Ip11HLNY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVIF5jBQxsFEEfUhNFjuu2Vh07sh2kKsrCr7AwgBArn8HG3+C2GaDlSFc6Oude3XtPGDOqtON8W4WFxaXlleJqaW19Y3PL3t5pKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDq7HfeiRSUcEf9CgmfoT6nPYoRtpIgb3n8SRIPRnB69v7rOKRWFEm+FFgl52qMwGcJ25OyiBHPbC/vK7ASUS4xgwp1XGdWPspkppiRrKSlygSIzxEfdIxlKOIKD+dPJDBQ6N0YU9IU1zDifp7IkWRUqMoNJ0R0gM1643F/7xOonsXfkp5nGjC8XRRL2FQCzhOA3apJFizkSEIS2puhXiAJMLaZFYyIbizL8+T5nHVPaue3p2Ua5d5HEWwDw5ABbjgHNTADaiDBsAgA8/gFbxZT9aL9W59TFsLVj6zC/7A+vwBGICWGQ==</latexit>

⌫DOS(✏)

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏
<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="9xFnslLUH02bHI1b/ZTYn5GG8MU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdC0Y3LCn1BO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xbWehrQcCh3Pu5Z6cIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup36rUeqNItk3Yxj6gs8kCxkBBsrPdR7aVcJFGAznFy7vWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n85ST9CJVfoojJR90qCZ+nsjxULrsQjspLD59KI3Ff/zOokJr/yUyTgxVJL5oTDhyERoWgHqM0WJ4WNLMFHMZkVkiBUmxhZVsCV4i19eJs2zsndRrtyfl6o3WR15OIJjOAUPLqEKd1CDBhBQ8Ayv8OY8OS/Ou/MxH8052c4h/IHz+QPl65Ii</latexit>

Tbath = 01D

Case 1: gapped bath

<latexit sha1_base64="OgrnFYv/6zfpWO1OnXtTxn9AqJ4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhDiJeyKr2PQi8cI5gGbJcxOepMhszPLzKwQQj7DiwdFvPo13vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1DJTFBtUcqnaEdHImcCGYYZjO1VIkohjKxreTf3WEyrNpHg0oxTDhPQFixklxkpBXOlgqhmX4qxbKntVbwZ3mfg5KUOOerf01elJmiUoDOVE68D3UhOOiTKMcpwUO5nGlNAh6WNgqSAJ6nA8O3ninlql58ZS2RLGnam/J8Yk0XqURLYzIWagF72p+J8XZCa+CcdMpJlBQeeL4oy7RrrT/90eU0gNH1lCqGL2VpcOiCLU2JSKNgR/8eVl0jyv+lfVy4eLcu02j6MAx3ACFfDhGmpwD3VoAAUJz/AKb45xXpx352PeuuLkM0fwB87nD90SkP8=</latexit>

f(✏) Emission 

“Fermi surface”

Absorption

“Fermi surface”

<latexit sha1_base64="lQ15O1Mm6/12HiSUaZXAE3/n3rA=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUR8LYtuXFboC5oQJtPbduhkEmcmYgn5FTcuFHHrj7jzb5y2WWjrgYHDOfdyz5ww4Uxpx/m2VlbX1jc2S1vl7Z3dvX37oNJWcSoptGjMY9kNiQLOBLQ00xy6iQQShRw64fh26nceQSoWi6aeJOBHZCjYgFGijRTYlWaQeTLCIdGj3BPwgJ3Arjo1Zwa8TNyCVFGBRmB/ef2YphEITTlRquc6ifYzIjWjHPKylypICB2TIfQMFSQC5Wez7Dk+MUofD2JpntB4pv7eyEik1CQKzWRkMqpFbyr+5/VSPbj2MyaSVIOg80ODlGMd42kRuM8kUM0nhhAqmcmK6YhIQrWpq2xKcBe/vEzaZzX3snZxf16t3xR1lNAROkanyEVXqI7uUAO1EEVP6Bm9ojcrt16sd+tjPrpiFTuH6A+szx9U1ZP+</latexit>

Tbath 6= 0

Strength of emission 

“Fermi surface”

Strength of absorption

“Fermi surface”

<latexit sha1_base64="PDYYjy0sbYXauNvFTWxOxUqXlm4=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8tSNy4r9AXtMGTStA1NMkOSKZShf+LGhSJu/RN3/o1pOwttPRA4nHMv9+RECWfaeN63U9jY3NreKe6W9vYPDo/c45OWjlNFaJPEPFadCGvKmaRNwwynnURRLCJO29H4Ye63J1RpFsuGmSY0EHgo2YARbKwUuu44rKFGmPWUQBE2o1nolr2KtwBaJ35OypCjHrpfvX5MUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2SD5DF1bpo0Gs7JMGLdTfGxkWWk9FZCeFTadXvbn4n9dNzeA+yJhMUkMlWR4apByZGM1rQH2mKDF8agkmitmsiIywwsTYskq2BH/1y+ukdVXxbys3T9flai2vowhncA6X4MMdVOER6tAEAhN4hld4czLnxXl3PpajBSffOYU/cD5/ANAhkyY=</latexit>

kBTbath

<latexit sha1_base64="PDYYjy0sbYXauNvFTWxOxUqXlm4=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8tSNy4r9AXtMGTStA1NMkOSKZShf+LGhSJu/RN3/o1pOwttPRA4nHMv9+RECWfaeN63U9jY3NreKe6W9vYPDo/c45OWjlNFaJPEPFadCGvKmaRNwwynnURRLCJO29H4Ye63J1RpFsuGmSY0EHgo2YARbKwUuu44rKFGmPWUQBE2o1nolr2KtwBaJ35OypCjHrpfvX5MUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2SD5DF1bpo0Gs7JMGLdTfGxkWWk9FZCeFTadXvbn4n9dNzeA+yJhMUkMlWR4apByZGM1rQH2mKDF8agkmitmsiIywwsTYskq2BH/1y+ukdVXxbys3T9flai2vowhncA6X4MMdVOER6tAEAhN4hld4czLnxXl3PpajBSffOYU/cD5/ANAhkyY=</latexit>

kBTbath

<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��

<latexit sha1_base64="Chb4gzxC+JefjySa0yGkvLqIwGA=">AAACCXicbVDLSgNBEJz1GeNr1aOXwSAIQtgVXxchqIjHCEaFbAy9k04cMjuzzMwKYcnVi7/ixYMiXv0Db/6Nk5iDr4KGoqqb7q44FdzYIPjwxsYnJqemCzPF2bn5hUV/afnCqEwzrDEllL6KwaDgEmuWW4FXqUZIYoGXcfdo4F/eojZcyXPbS7GRQEfyNmdgndT0aYSp4ULJ6xxi02/mJ/2DSCXYgc3oGIWFpl8KysEQ9C8JR6RERqg2/feopViWoLRMgDH1MEhtIwdtORPYL0aZwRRYFzpYd1RCgqaRDz/p03WntGhbaVfS0qH6fSKHxJheErvOBOyN+e0NxP+8embb+42cyzSzKNnXonYmqFV0EAttcY3Mip4jwDR3t1J2AxqYdeEVXQjh75f/koutcrhb3jnbLlUOR3EUyCpZIxskJHukQk5JldQII3fkgTyRZ+/ee/RevNev1jFvNLNCfsB7+wT/05qH</latexit>

✏absF = ! +�<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��

<latexit sha1_base64="N7bPEUkPb2Y/uncxKqCdVJ22bIk=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4KjPia1kUxGUF+4DOWDLpnTY0k4QkI5TS33DjQhG3/ow7/8a0nYVWD1w4nHMv994TK86M9f0vr7C0vLK6VlwvbWxube+Ud/eaRmaaQoNKLnU7JgY4E9CwzHJoKw0kjTm04uH11G89gjZMins7UhClpC9YwiixTgpDUIZxKR5uusNuueJX/RnwXxLkpIJy1Lvlz7AnaZaCsJQTYzqBr2w0JtoyymFSCjMDitAh6UPHUUFSMNF4dvMEHzmlhxOpXQmLZ+rPiTFJjRmlsetMiR2YRW8q/ud1MptcRmMmVGZB0PmiJOPYSjwNAPeYBmr5yBFCNXO3YjogmlDrYiq5EILFl/+S5kk1OK+e3Z1Wald5HEV0gA7RMQrQBaqhW1RHDUSRQk/oBb16mffsvXnv89aCl8/so1/wPr4BHieRwA==</latexit>

✏Fk
<latexit sha1_base64="CfYxRdn9cRADeXpxzZpUZzsYOVc=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBi2FXfB2DgniMYB6QjWF20psMmZ1ZZmaFJcRf8eJBEa9+iDf/xkmyB00saCiquunuCmLOtHHdbye3tLyyupZfL2xsbm3vFHf3GlomikKdSi5VKyAaOBNQN8xwaMUKSBRwaAbD64nffASlmRT3Jo2hE5G+YCGjxFipWyz5EGvGpXi46Q6PfRlBn3SLZbfiToEXiZeRMspQ6xa//J6kSQTCUE60bntubDojogyjHMYFP9EQEzokfWhbKkgEujOaHj/Gh1bp4VAqW8Lgqfp7YkQirdMosJ0RMQM9703E/7x2YsLLzoiJODEg6GxRmHBsJJ4kgXtMATU8tYRQxeytmA6IItTYvAo2BG/+5UXSOKl455Wzu9Ny9SqLI4/20QE6Qh66QFV0i2qojihK0TN6RW/Ok/PivDsfs9ack82U0B84nz+nVZTJ</latexit>

✏Fk � !

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

Connected from 
bottom of band by 

emission Disconnected from bottom of 
band by emission

<latexit sha1_base64="GIOS2hbQ7Lh5m86dDyVEWMFJHjE=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTia1kUxGUF+4A0lsl00g6dzISZiVBCPsONC0Xc+jXu/BunbRZaPXDhcM693HtPmHCmjet+OaWl5ZXVtfJ6ZWNza3unurvX1jJVhLaI5FJ1Q6wpZ4K2DDOcdhNFcRxy2gnH11O/80iVZlLcm0lCgxgPBYsYwcZK/vghozHL+9lN3q/W3Lo7A/pLvILUoECzX/3sDSRJYyoM4Vhr33MTE2RYGUY4zSu9VNMEkzEeUt9SgWOqg2x2co6OrDJAkVS2hEEz9edEhmOtJ3FoO2NsRnrRm4r/eX5qossgYyJJDRVkvihKOTISTf9HA6YoMXxiCSaK2VsRGWGFibEpVWwI3uLLf0n7pO6d18/uTmuNqyKOMhzAIRyDBxfQgFtoQgsISHiCF3h1jPPsvDnv89aSU8zswy84H9+0NpGL</latexit>

kemi
F

<latexit sha1_base64="aGcYknmR963Oeh2/Vjrlq7+P5GQ=">AAACLHicbVDLSgMxFM3UV62vqks3wSK6aZkRXxuhWBCXClaFTi2Z9E4bmkmGJCOUYT7Ijb8iiAuLuPU7TOss1HogcDjnHm7uCWLOtHHdkVOYmZ2bXygulpaWV1bXyusbN1omikKTSi7VXUA0cCagaZjhcBcrIFHA4TYYNMb+7QMozaS4NsMY2hHpCRYySoyVOuWG3w+I8mUEPdJJA6mlyE59iDXjUtyfd1I/CPEgq05Ju1mV4zxXrrg1dwI8TbycVFCOy075xe9KmkQgDOVE65bnxqadEmUY5ZCV/ERDTOiA9KBlqSAR6HY6OTbDO1bp4lAq+4TBE/VnIiWR1sMosJMRMX391xuL/3mtxIQn7ZSJODEg6PeiMOHYSDxuDneZAmr40BJCFbN/xbRPFKHG9luyJXh/T54mN/s176h2eHVQqZ/ldRTRFtpGe8hDx6iOLtAlaiKKHtEzekMj58l5dd6dj+/RgpNnNtEvOJ9fWU2o2A==</latexit>

~!boson = ✏Fk � ✏Fk0 � l!

<latexit sha1_base64="K4QG1veuYWDfAT23PB2E/kAKqeA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE17IoiMsK9gFNDJPppB06mYSZiVhCfsWNC0Xc+iPu/Bunj4VWD1w4nHMv994Tppwp7ThfVmlpeWV1rbxe2djc2t6xd6ttlWSS0BZJeCK7IVaUM0FbmmlOu6mkOA457YSjq4nfeaBSsUTc6XFK/RgPBIsYwdpIgV31aKoYT8T9dZB7YYRGRWDXnLozBfpL3DmpwRzNwP70+gnJYio04Vipnuuk2s+x1IxwWlS8TNEUkxEe0J6hAsdU+fn09gIdGqWPokSaEhpN1Z8TOY6VGseh6YyxHqpFbyL+5/UyHV34ORNppqkgs0VRxpFO0CQI1GeSEs3HhmAimbkVkSGWmGgTV8WE4C6+/Je0j+vuWf309qTWuJzHUYZ9OIAjcOEcGnADTWgBgUd4ghd4tQrr2Xqz3metJWs+swe/YH18A/mIlGk=</latexit>

✏Fk
<latexit sha1_base64="+o3ssJyzoVqLFrL7luTVRcAejjA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovoqiTia1kUxGUF+4Amhsl00g6dzISZiRBC/RU3LhRx64e482+ctllo64ELh3Pu5d57woRRpR3n2yotLa+srpXXKxubW9s79u5eW4lUYtLCggnZDZEijHLS0lQz0k0kQXHISCccXU/8ziORigp+r7OE+DEacBpRjLSRArvqkURRJvjDTZB7YQRHR+PArjl1Zwq4SNyC1ECBZmB/eX2B05hwjRlSquc6ifZzJDXFjIwrXqpIgvAIDUjPUI5iovx8evwYHhqlDyMhTXENp+rviRzFSmVxaDpjpIdq3puI/3m9VEeXfk55kmrC8WxRlDKoBZwkAftUEqxZZgjCkppbIR4iibA2eVVMCO78y4ukfVJ3z+tnd6e1xlURRxnsgwNwDFxwARrgFjRBC2CQgWfwCt6sJ+vFerc+Zq0lq5ipgj+wPn8AYIKUmg==</latexit>

✏Fk0

<latexit sha1_base64="YDx6J2YQDyfJ3Z0kqPVFFjRGiSE="></latexit>

~!boson = � = �✏Fk0 + !
<latexit sha1_base64="oqRbwGWC+SwbrOwhYOJmtTmAfMs=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbAr8XERgl48RjAPSJYwO5lNhszMLjOzQljyC148KOLVH/Lm3zib7EETCxqKqm66u4KYM21c99sprKyurW8UN0tb2zu7e+X9g5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfgu89tPVGkWyUcziakv8FCykBFsMonfnHn9csWtujOgZeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzm6dohOrDFAYKVvSoJn6eyLFQuuJCGynwGakF71M/M/rJia89lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/JhuAtvrxMWudV77J68VCr1G/zOIpwBMdwCh5cQR3uoQFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5AzLwjbM=</latexit>

l = �1



Floquet Non-Fermi Liquid for ideal bosonic baths
<latexit sha1_base64="+JZM16oBhm2x5alls44Ip11HLNY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVIF5jBQxsFEEfUhNFjuu2Vh07sh2kKsrCr7AwgBArn8HG3+C2GaDlSFc6Oude3XtPGDOqtON8W4WFxaXlleJqaW19Y3PL3t5pKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDq7HfeiRSUcEf9CgmfoT6nPYoRtpIgb3n8SRIPRnB69v7rOKRWFEm+FFgl52qMwGcJ25OyiBHPbC/vK7ASUS4xgwp1XGdWPspkppiRrKSlygSIzxEfdIxlKOIKD+dPJDBQ6N0YU9IU1zDifp7IkWRUqMoNJ0R0gM1643F/7xOonsXfkp5nGjC8XRRL2FQCzhOA3apJFizkSEIS2puhXiAJMLaZFYyIbizL8+T5nHVPaue3p2Ua5d5HEWwDw5ABbjgHNTADaiDBsAgA8/gFbxZT9aL9W59TFsLVj6zC/7A+vwBGICWGQ==</latexit>

⌫DOS(✏)

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏
<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="9xFnslLUH02bHI1b/ZTYn5GG8MU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdC0Y3LCn1BO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xbWehrQcCh3Pu5Z6cIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup36rUeqNItk3Yxj6gs8kCxkBBsrPdR7aVcJFGAznFy7vWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n85ST9CJVfoojJR90qCZ+nsjxULrsQjspLD59KI3Ff/zOokJr/yUyTgxVJL5oTDhyERoWgHqM0WJ4WNLMFHMZkVkiBUmxhZVsCV4i19eJs2zsndRrtyfl6o3WR15OIJjOAUPLqEKd1CDBhBQ8Ayv8OY8OS/Ou/MxH8052c4h/IHz+QPl65Ii</latexit>

Tbath = 01D

Case 1: gapped bath

<latexit sha1_base64="OgrnFYv/6zfpWO1OnXtTxn9AqJ4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhDiJeyKr2PQi8cI5gGbJcxOepMhszPLzKwQQj7DiwdFvPo13vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1DJTFBtUcqnaEdHImcCGYYZjO1VIkohjKxreTf3WEyrNpHg0oxTDhPQFixklxkpBXOlgqhmX4qxbKntVbwZ3mfg5KUOOerf01elJmiUoDOVE68D3UhOOiTKMcpwUO5nGlNAh6WNgqSAJ6nA8O3ninlql58ZS2RLGnam/J8Yk0XqURLYzIWagF72p+J8XZCa+CcdMpJlBQeeL4oy7RrrT/90eU0gNH1lCqGL2VpcOiCLU2JSKNgR/8eVl0jyv+lfVy4eLcu02j6MAx3ACFfDhGmpwD3VoAAUJz/AKb45xXpx352PeuuLkM0fwB87nD90SkP8=</latexit>

f(✏) Emission 

“Fermi surface”

Absorption

“Fermi surface”

<latexit sha1_base64="lQ15O1Mm6/12HiSUaZXAE3/n3rA=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUR8LYtuXFboC5oQJtPbduhkEmcmYgn5FTcuFHHrj7jzb5y2WWjrgYHDOfdyz5ww4Uxpx/m2VlbX1jc2S1vl7Z3dvX37oNJWcSoptGjMY9kNiQLOBLQ00xy6iQQShRw64fh26nceQSoWi6aeJOBHZCjYgFGijRTYlWaQeTLCIdGj3BPwgJ3Arjo1Zwa8TNyCVFGBRmB/ef2YphEITTlRquc6ifYzIjWjHPKylypICB2TIfQMFSQC5Wez7Dk+MUofD2JpntB4pv7eyEik1CQKzWRkMqpFbyr+5/VSPbj2MyaSVIOg80ODlGMd42kRuM8kUM0nhhAqmcmK6YhIQrWpq2xKcBe/vEzaZzX3snZxf16t3xR1lNAROkanyEVXqI7uUAO1EEVP6Bm9ojcrt16sd+tjPrpiFTuH6A+szx9U1ZP+</latexit>

Tbath 6= 0

Strength of emission 

“Fermi surface”

Strength of absorption

“Fermi surface”

<latexit sha1_base64="PDYYjy0sbYXauNvFTWxOxUqXlm4=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8tSNy4r9AXtMGTStA1NMkOSKZShf+LGhSJu/RN3/o1pOwttPRA4nHMv9+RECWfaeN63U9jY3NreKe6W9vYPDo/c45OWjlNFaJPEPFadCGvKmaRNwwynnURRLCJO29H4Ye63J1RpFsuGmSY0EHgo2YARbKwUuu44rKFGmPWUQBE2o1nolr2KtwBaJ35OypCjHrpfvX5MUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2SD5DF1bpo0Gs7JMGLdTfGxkWWk9FZCeFTadXvbn4n9dNzeA+yJhMUkMlWR4apByZGM1rQH2mKDF8agkmitmsiIywwsTYskq2BH/1y+ukdVXxbys3T9flai2vowhncA6X4MMdVOER6tAEAhN4hld4czLnxXl3PpajBSffOYU/cD5/ANAhkyY=</latexit>

kBTbath

<latexit sha1_base64="PDYYjy0sbYXauNvFTWxOxUqXlm4=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8tSNy4r9AXtMGTStA1NMkOSKZShf+LGhSJu/RN3/o1pOwttPRA4nHMv9+RECWfaeN63U9jY3NreKe6W9vYPDo/c45OWjlNFaJPEPFadCGvKmaRNwwynnURRLCJO29H4Ye63J1RpFsuGmSY0EHgo2YARbKwUuu44rKFGmPWUQBE2o1nolr2KtwBaJ35OypCjHrpfvX5MUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2SD5DF1bpo0Gs7JMGLdTfGxkWWk9FZCeFTadXvbn4n9dNzeA+yJhMUkMlWR4apByZGM1rQH2mKDF8agkmitmsiIywwsTYskq2BH/1y+ukdVXxbys3T9flai2vowhncA6X4MMdVOER6tAEAhN4hld4czLnxXl3PpajBSffOYU/cD5/ANAhkyY=</latexit>

kBTbath

<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��

<latexit sha1_base64="Chb4gzxC+JefjySa0yGkvLqIwGA=">AAACCXicbVDLSgNBEJz1GeNr1aOXwSAIQtgVXxchqIjHCEaFbAy9k04cMjuzzMwKYcnVi7/ixYMiXv0Db/6Nk5iDr4KGoqqb7q44FdzYIPjwxsYnJqemCzPF2bn5hUV/afnCqEwzrDEllL6KwaDgEmuWW4FXqUZIYoGXcfdo4F/eojZcyXPbS7GRQEfyNmdgndT0aYSp4ULJ6xxi02/mJ/2DSCXYgc3oGIWFpl8KysEQ9C8JR6RERqg2/feopViWoLRMgDH1MEhtIwdtORPYL0aZwRRYFzpYd1RCgqaRDz/p03WntGhbaVfS0qH6fSKHxJheErvOBOyN+e0NxP+8embb+42cyzSzKNnXonYmqFV0EAttcY3Mip4jwDR3t1J2AxqYdeEVXQjh75f/koutcrhb3jnbLlUOR3EUyCpZIxskJHukQk5JldQII3fkgTyRZ+/ee/RevNev1jFvNLNCfsB7+wT/05qH</latexit>

✏absF = ! +�<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��

Two-point correlations Fermi fluids:

<latexit sha1_base64="RGqNAHrR9ynVhHgYGURAL9YSroc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyxC3ZSZ4mtZFMRlBfuAzlgyaaYNzWSGJCOUobjxV9y4UMStX+HOvzF9LLT1wL0czrmX5J4g4Uxpx/m2FhaXlldWc2v59Y3NrW17Z7eu4lQSWiMxj2UzwIpyJmhNM81pM5EURwGnjaB/NfIbD1QqFos7PUioH+GuYCEjWBupbe97ocQk8xQTxX77Gsnj+/Iwk6a17YJTcsZA88SdkgJMUW3bX14nJmlEhSYcK9VynUT7GZaaEU6HeS9VNMGkj7u0ZajAEVV+Nj5hiI6M0kFhLE0Jjcbq740MR0oNosBMRlj31Kw3Ev/zWqkOL/yMiSTVVJDJQ2HKkY7RKA/UYZISzQeGYCKZ+SsiPWwy0Sa1vAnBnT15ntTLJfesdHp7UqhcTuPIwQEcQhFcOIcK3EAVakDgEZ7hFd6sJ+vFerc+JqML1nRnD/7A+vwBVWmWwg==</latexit>

sin(kF r)2

r2

<latexit sha1_base64="GcOLCtiIt27O0n43hyAltk3Mj6A=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWpz2VREJcV7AOaNEymk3boZBJmJkIJwY2/4saFIm79Cnf+jdM2C209cOFwzr3ce48fMyqVZX0bC4tLyyurhbXi+sbm1ra5s9uUUSIwaeCIRaLtI0kY5aShqGKkHQuCQp+Rlj+8HvutByIkjfi9GsXEDVGf04BipLTkmftOIBBOHUl5eejdQHHcrWap6J5knlmyKtYEcJ7YOSmBHHXP/HJ6EU5CwhVmSMqObcXKTZFQFDOSFZ1EkhjhIeqTjqYchUS66eSFDB5ppQeDSOjiCk7U3xMpCqUchb7uDJEayFlvLP7ndRIVXLop5XGiCMfTRUHCoIrgOA/Yo4JgxUaaICyovhXiAdKZKJ1aUYdgz748T5rVin1eObs7LdWu8jgK4AAcgjKwwQWogVtQBw2AwSN4Bq/gzXgyXox342PaumDkM3vgD4zPH1bulsM=</latexit>

sin(kF r)2

r3

<latexit sha1_base64="rTkqJhyL+oFiT3tiRQSMvBPWMMU=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyUp9bEsCuKygn1Ak4bJdNIOnUzCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy4czrmXe+/xY0alsqxvY2l5ZXVtvbBR3Nza3tk19/ZbMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZH1xO//UCEpBG/V+OYuCEacBpQjJSWPPPQCQTCqSMpL4+8GyhOe9UsFb1a5pklq2JNAReJnZMSyNHwzC+nH+EkJFxhhqTs2las3BQJRTEjWdFJJIkRHqEB6WrKUUikm05fyOCJVvowiIQuruBU/T2RolDKcejrzhCpoZz3JuJ/XjdRwaWbUh4ninA8WxQkDKoITvKAfSoIVmysCcKC6lshHiKdidKpFXUI9vzLi6RVrdjnlbO7Wql+lcdRAEfgGJSBDS5AHdyCBmgCDB7BM3gFb8aT8WK8Gx+z1iUjnzkAf2B8/gBYc5bE</latexit>

sin(kF r)2

r4

<latexit sha1_base64="8NxR023qM/x4qqJThL20d2lUG/k=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyUpVl0WBXFZwT6gScNkOmmHTiZhZiKUENz4K25cKOLWr3Dn3zhts9DWAxcO59zLvff4MaNSWda3sbS8srq2Xtgobm5t7+yae/stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafuj64nffiBC0ojfq3FM3BANOA0oRkpLnnnoBALh1JGUl0feDRSnvWqWil4t88ySVbGmgIvEzkkJ5Gh45pfTj3ASEq4wQ1J2bStWboqEopiRrOgkksQIj9CAdDXlKCTSTacvZPBEK30YREIXV3Cq/p5IUSjlOPR1Z4jUUM57E/E/r5uo4NJNKY8TRTieLQoSBlUEJ3nAPhUEKzbWBGFB9a0QD5HOROnUijoEe/7lRdKqVuzzSu3urFS/yuMogCNwDMrABhegDm5BAzQBBo/gGbyCN+PJeDHejY9Z65KRzxyAPzA+fwBZ+JbF</latexit>

sin(kF r)2

r5

Equilibrium Ultra-quantum-critical

Floquet Non-Fermi liquid

1D

2D



Floquet Non-Fermi Liquid for ideal bosonic baths
<latexit sha1_base64="+JZM16oBhm2x5alls44Ip11HLNY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVIF5jBQxsFEEfUhNFjuu2Vh07sh2kKsrCr7AwgBArn8HG3+C2GaDlSFc6Oude3XtPGDOqtON8W4WFxaXlleJqaW19Y3PL3t5pKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDq7HfeiRSUcEf9CgmfoT6nPYoRtpIgb3n8SRIPRnB69v7rOKRWFEm+FFgl52qMwGcJ25OyiBHPbC/vK7ASUS4xgwp1XGdWPspkppiRrKSlygSIzxEfdIxlKOIKD+dPJDBQ6N0YU9IU1zDifp7IkWRUqMoNJ0R0gM1643F/7xOonsXfkp5nGjC8XRRL2FQCzhOA3apJFizkSEIS2puhXiAJMLaZFYyIbizL8+T5nHVPaue3p2Ua5d5HEWwDw5ABbjgHNTADaiDBsAgA8/gFbxZT9aL9W59TFsLVj6zC/7A+vwBGICWGQ==</latexit>

⌫DOS(✏)

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏
<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="9xFnslLUH02bHI1b/ZTYn5GG8MU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVTdC0Y3LCn1BO5ZMmmlDk8yQZJQy9D/cuFDErf/izr8xbWehrQcCh3Pu5Z6cIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup36rUeqNItk3Yxj6gs8kCxkBBsrPdR7aVcJFGAznFy7vWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n85ST9CJVfoojJR90qCZ+nsjxULrsQjspLD59KI3Ff/zOokJr/yUyTgxVJL5oTDhyERoWgHqM0WJ4WNLMFHMZkVkiBUmxhZVsCV4i19eJs2zsndRrtyfl6o3WR15OIJjOAUPLqEKd1CDBhBQ8Ayv8OY8OS/Ou/MxH8052c4h/IHz+QPl65Ii</latexit>

Tbath = 01D

Case 1: gapped bath

<latexit sha1_base64="OgrnFYv/6zfpWO1OnXtTxn9AqJ4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhDiJeyKr2PQi8cI5gGbJcxOepMhszPLzKwQQj7DiwdFvPo13vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1DJTFBtUcqnaEdHImcCGYYZjO1VIkohjKxreTf3WEyrNpHg0oxTDhPQFixklxkpBXOlgqhmX4qxbKntVbwZ3mfg5KUOOerf01elJmiUoDOVE68D3UhOOiTKMcpwUO5nGlNAh6WNgqSAJ6nA8O3ninlql58ZS2RLGnam/J8Yk0XqURLYzIWagF72p+J8XZCa+CcdMpJlBQeeL4oy7RrrT/90eU0gNH1lCqGL2VpcOiCLU2JSKNgR/8eVl0jyv+lfVy4eLcu02j6MAx3ACFfDhGmpwD3VoAAUJz/AKb45xXpx352PeuuLkM0fwB87nD90SkP8=</latexit>

f(✏) Emission 

“Fermi surface”

Absorption

“Fermi surface”

<latexit sha1_base64="lQ15O1Mm6/12HiSUaZXAE3/n3rA=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUR8LYtuXFboC5oQJtPbduhkEmcmYgn5FTcuFHHrj7jzb5y2WWjrgYHDOfdyz5ww4Uxpx/m2VlbX1jc2S1vl7Z3dvX37oNJWcSoptGjMY9kNiQLOBLQ00xy6iQQShRw64fh26nceQSoWi6aeJOBHZCjYgFGijRTYlWaQeTLCIdGj3BPwgJ3Arjo1Zwa8TNyCVFGBRmB/ef2YphEITTlRquc6ifYzIjWjHPKylypICB2TIfQMFSQC5Wez7Dk+MUofD2JpntB4pv7eyEik1CQKzWRkMqpFbyr+5/VSPbj2MyaSVIOg80ODlGMd42kRuM8kUM0nhhAqmcmK6YhIQrWpq2xKcBe/vEzaZzX3snZxf16t3xR1lNAROkanyEVXqI7uUAO1EEVP6Bm9ojcrt16sd+tjPrpiFTuH6A+szx9U1ZP+</latexit>

Tbath 6= 0

Strength of emission 

“Fermi surface”

Strength of absorption

“Fermi surface”

<latexit sha1_base64="PDYYjy0sbYXauNvFTWxOxUqXlm4=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8tSNy4r9AXtMGTStA1NMkOSKZShf+LGhSJu/RN3/o1pOwttPRA4nHMv9+RECWfaeN63U9jY3NreKe6W9vYPDo/c45OWjlNFaJPEPFadCGvKmaRNwwynnURRLCJO29H4Ye63J1RpFsuGmSY0EHgo2YARbKwUuu44rKFGmPWUQBE2o1nolr2KtwBaJ35OypCjHrpfvX5MUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2SD5DF1bpo0Gs7JMGLdTfGxkWWk9FZCeFTadXvbn4n9dNzeA+yJhMUkMlWR4apByZGM1rQH2mKDF8agkmitmsiIywwsTYskq2BH/1y+ukdVXxbys3T9flai2vowhncA6X4MMdVOER6tAEAhN4hld4czLnxXl3PpajBSffOYU/cD5/ANAhkyY=</latexit>

kBTbath

<latexit sha1_base64="PDYYjy0sbYXauNvFTWxOxUqXlm4=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8tSNy4r9AXtMGTStA1NMkOSKZShf+LGhSJu/RN3/o1pOwttPRA4nHMv9+RECWfaeN63U9jY3NreKe6W9vYPDo/c45OWjlNFaJPEPFadCGvKmaRNwwynnURRLCJO29H4Ye63J1RpFsuGmSY0EHgo2YARbKwUuu44rKFGmPWUQBE2o1nolr2KtwBaJ35OypCjHrpfvX5MUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2SD5DF1bpo0Gs7JMGLdTfGxkWWk9FZCeFTadXvbn4n9dNzeA+yJhMUkMlWR4apByZGM1rQH2mKDF8agkmitmsiIywwsTYskq2BH/1y+ukdVXxbys3T9flai2vowhncA6X4MMdVOER6tAEAhN4hld4czLnxXl3PpajBSffOYU/cD5/ANAhkyY=</latexit>

kBTbath

<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��

<latexit sha1_base64="Chb4gzxC+JefjySa0yGkvLqIwGA=">AAACCXicbVDLSgNBEJz1GeNr1aOXwSAIQtgVXxchqIjHCEaFbAy9k04cMjuzzMwKYcnVi7/ixYMiXv0Db/6Nk5iDr4KGoqqb7q44FdzYIPjwxsYnJqemCzPF2bn5hUV/afnCqEwzrDEllL6KwaDgEmuWW4FXqUZIYoGXcfdo4F/eojZcyXPbS7GRQEfyNmdgndT0aYSp4ULJ6xxi02/mJ/2DSCXYgc3oGIWFpl8KysEQ9C8JR6RERqg2/feopViWoLRMgDH1MEhtIwdtORPYL0aZwRRYFzpYd1RCgqaRDz/p03WntGhbaVfS0qH6fSKHxJheErvOBOyN+e0NxP+8embb+42cyzSzKNnXonYmqFV0EAttcY3Mip4jwDR3t1J2AxqYdeEVXQjh75f/koutcrhb3jnbLlUOR3EUyCpZIxskJHukQk5JldQII3fkgTyRZ+/ee/RevNev1jFvNLNCfsB7+wT/05qH</latexit>

✏absF = ! +�<latexit sha1_base64="aqW6WAC9w7U8DBbyWOfEF7WL0F4=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi6CqIjHCCYK2RhmJ51kcB7LzKwQlr168Ve8eFDEq3/gzb9xEveg0YKGoqqb7q4o5sxY3//0ChOTU9MzxdnS3PzC4lJ5eaVhVKIp1KniSl9HxABnEuqWWQ7XsQYiIg5X0e3J0L+6A22Ykpd2EENLkJ5kXUaJdVK7jEOIDeNK3qQgWNZOz7LDUAnoka3wFLgl7XLFr/oj4L8kyEkF5ai1yx9hR9FEgLSUE2OagR/bVkq0ZZRDVgoTAzGht6QHTUclEWBa6eiTDG84pYO7SruSFo/UnxMpEcYMROQ6BbF9M+4Nxf+8ZmK7B62UyTixIOn3om7CsVV4GAvuMA3U8oEjhGrmbsW0TzSh1oVXciEE4y//JY3tarBX3b3YqRwd53EU0RpaR5soQPvoCJ2jGqojiu7RI3pGL96D9+S9em/frQUvn1lFv+C9fwEK/JqO</latexit>

✏emi
F = ! ��

<latexit sha1_base64="u/oF2qtHbCK6NdM9Ku45i8YfFnk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEfC1LRXFZoS9oQphMJ+3QmUmYmQglZOOvuHGhiFs/w51/47TNQlsPXDiccy/33hMmjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUc3E7/zSKSisWjqcUJ8jgaCRhQjbaTAPhwFddgMMk9yGCI9zL3BAN4Gd4FdcarOFHCRuAWpgAKNwP7y+jFOOREaM6RUz3US7WdIaooZycteqkiC8AgNSM9QgThRfjZ9IIcnRunDKJamhIZT9fdEhrhSYx6aTm6OVPPeRPzP66U6uvYzKpJUE4Fni6KUQR3DSRqwTyXBmo0NQVhScyvEQyQR1iazsgnBnX95kbTPqu5l9eLhvFKrF3GUwBE4BqfABVegBu5BA7QABjl4Bq/gzXqyXqx362PWumQVMwfgD6zPH1sUlaA=</latexit>

kBTbath � EF
<latexit sha1_base64="/lRd77I0SjCRdnPCgagz43H0ejI=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lqVuXFboC5oQJtNpOnQeYWYilNCtG3/FjQtF3PoH7vwbp20W2nrgwuGce7n3njhlVBvP+3ZWVtfWNzZLW+Xtnd29fffgsK1lpjBpYcmk6sZIE0YFaRlqGOmmiiAeM9KJR7dTv/NAlKZSNM04JSFHiaADipGxUuTCUVSHzSgPFIcxMsNJkCQwGMZIwUBykqDIrXhVbwa4TPyCVECBRuR+BX2JM06EwQxp3fO91IQ5UoZiRiblINMkRXiEEtKzVCBOdJjPPpnAU6v04UAqW8LAmfp7Ikdc6zGPbSe31+pFbyr+5/UyM7gJcyrSzBCB54sGGYNGwmkssE8VwYaNLUFYUXsrxEOkEDY2vLINwV98eZm0z6v+VfXy/qJSqxdxlMAxOAFnwAfXoAbuQAO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8AbiKZjg==</latexit>

kBTbath � ~!

How can the system remain quantum ?

Work per cycle remains quantum
<latexit sha1_base64="JYWxAaapTgMvq3ptw7HoMfkXo4U=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+CqzIivneIDXCpYKzSl3EnvTIPJzJBkhDLM57jxV9yIKOLWLzF9LHwdCBzOuYebe8JMCmN9/8ObmJyanpmdm68sLC4tr1RX125MmmuODZ7KVN+GYFCKBBtWWIm3mUZQocRmeHc68Jv3qI1Ik2vbz7CtIE5EJDhYJ3WqR6wXgqYsVRgDZXFMC3aG0gJtlp2CaUV5n0ssKTNCURZp4MU9PS+LUaLsVGt+3R+C/iXBmNTIGJed6gvrpjxXmFguwZhW4Ge2XYC2YrCnwnKDGfA7iLHlaAIKTbsYHlrSLad0aZRq9xJLh+r3RAHKmL4K3aQC2zO/vYH4n9fKbXTYLkSS5RYTPloU5ZLalA5ao12hkVvZdwS4Fu6vlPfAlWFdtxVXQvD75L/kZqce7Nf3rnZrxyfjOubIBtkk2yQgB+SYXJBL0iCcPJAn8krevEfv2Xv3PkajE944s05+wPv8Avegppc=</latexit>

~! � �W cycle ⇠
vE

!

Non-perturbative



Experimental realization

<latexit sha1_base64="rvtipiViL86GIK8vHCM+5R3xWk4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWRoq6k1I3LCn1BE8JkOm2HziPMTIQSCv6KGxeKuPU73Pk3TtsstPXAhcM593LvPXHCqDae9+0U1tY3NreK26Wd3b39A/fwqK1lqjBpYcmk6sZIE0YFaRlqGOkmiiAeM9KJx3czv/NIlKZSNM0kISFHQ0EHFCNjpcg9CUYxUjCQnAwRvIXjqA6bMHLLXsWbA64SPydlkKMRuV9BX+KUE2EwQ1r3fC8xYYaUoZiRaSlINUkQHqMh6VkqECc6zObnT+G5VfpwIJUtYeBc/T2RIa71hMe2kyMz0sveTPzP66VmcBNmVCSpIQIvFg1SBo2EsyxgnyqCDZtYgrCi9laIR0ghbGxiJRuCv/zyKmlfVvyrSvWhWq7V8ziK4BScgQvgg2tQA/egAVoAgww8g1fw5jw5L86787FoLTj5zDH4A+fzB91elCI=</latexit>

~! > kBT

1) Frequency needs to exceed thermal and other broadening scales

<latexit sha1_base64="cfmSG0d/68fFrqJP6R66ARuzwAA=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSKepJih70WMF+QBPCZLtpl+4mYXcjlNCLf8WLB0W8+jO8+W/ctjlo64OBx3szzMwLU86Udpxva2l5ZXVtvbRR3tza3tm19/ZbKskkoU2S8ER2QlCUs5g2NdOcdlJJQYSctsPhzcRvP1KpWBI/6FFKfQH9mEWMgDZSYB96gxAk9hJB+4CvsHcLQkDgBHbFqTpT4EXiFqSCCjQC+8vrJSQTNNaEg1Jd10m1n4PUjHA6LnuZoimQIfRp19AYBFV+Pn1gjE+M0sNRIk3FGk/V3xM5CKVGIjSdAvRAzXsT8T+vm+no0s9ZnGaaxmS2KMo41gmepIF7TFKi+cgQIJKZWzEZgASiTWZlE4I7//IiaZ1V3fNq7b5WqV8XcZTQETpGp8hFF6iO7lADNRFBY/SMXtGb9WS9WO/Wx6x1ySpmDtAfWJ8/ANWVZA==</latexit>

~! > �0

2) Light intensity controls height of jumps. Intensity needs to be 
comparable to intensity scale:

<latexit sha1_base64="bvM4Ti+9BlDB8ZIWhjWgOJ9ChwA="></latexit>

I ⇠ I0 =
~!4

8⇡↵v2F

<latexit sha1_base64="TZIJvdXpPE4FQMf2wU+yJt+HpP0=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5KUol6EohePFewHNKFstpN26W4SdjdCCb158a948aCIV/+CN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRzdRvP4BULI7u9TgBX5BBxEJGiTZSzz72hgGR2IsFDAi+wm7VyTwpsIcFtPCkZ5edijMDXiZuTsooR6Nnf3n9mKYCIk05UarrOon2MyI1oxwmJS9VkBA6IgPoGhoRAcrPZn9M8KlR+jiMpalI45n6eyIjQqmxCEynIHqoFr2p+J/XTXV46WcsSlINEZ0vClOOdYynoeA+k0A1HxtCqGTmVkyHRBKqTXQlE4K7+PIyaVUr7nmldlcr16/zOIroCJ2gM+SiC1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+gPrM8fDS+XhQ==</latexit>

~! = 120 meV

Pump probe mid infrared Floquet Physics Floquet Physics with microwaves!
<latexit sha1_base64="zfncFTtI4yLTksFZD+31xJYdMCA=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjOlqBuh6MIuK9gHdIaSSTNtaB5DkhHqMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnNPGDOqjet+O7mV1bX1jfxmYWt7Z3evuH/Q0jJRmDSxZFJ1QqQJo4I0DTWMdGJFEA8ZaYej64nfvidKUynuzDgmAUcDQSOKkbFSr1jyI4Vw6ktOBihLK9CPaXbpuTD1FYc+vKk/ZDbllt0p4DLx5qQE5mj0il9+X+KEE2EwQ1p3PTc2QYqUoZiRrOAnmsQIj9CAdC0ViBMdpNNjMnhilT6MpLJPGDhVf0+kiGs95qFNcmSGetGbiP953cREF0FKRZwYIvBsUZQwaCScNAP7VBFs2NgShBW1f4V4iGw7xvZXsCV4iycvk1al7J2Vq7fVUu1qXkceHIFjcAo8cA5qoA4aoAkweATP4BW8OU/Oi/PufMyiOWc+cwj+wPn8AUgFmnw=</latexit> !

2⇡
= 10 GHz

<latexit sha1_base64="Ivn8tutyVjdg+Iu3rbIA0FxDQ88=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4ionUx7LUjeCmQl/QhDCZTtqhM5kwMxFK6MaNv+LGhSJu/Qd3/o3Tx0JbD1w4nHMv994TpYwq7brf1tLyyuraemGjuLm1vbNr7+03lcgkJg0smJDtCCnCaEIammpG2qkkiEeMtKLBzdhvPRCpqEjqepiSgKNeQmOKkTZSaB/5/QhJ6AtOeuhsEFbr0FeUQ9e5gHehXXIddwK4SLwZKYEZaqH95XcFzjhJNGZIqY7npjrIkdQUMzIq+pkiKcID1CMdQxPEiQryyRcjeGKULoyFNJVoOFF/T+SIKzXkkenkSPfVvDcW//M6mY6vg5wmaaZJgqeL4oxBLeA4EtilkmDNhoYgLKm5FeI+kghrE1zRhODNv7xImueOd+mU78ulSnUWRwEcgmNwCjxwBSrgFtRAA2DwCJ7BK3iznqwX6936mLYuWbOZA/AH1ucPpHqWvA==</latexit>

~!/kBT ⇠ 0.5K



Floquet Fermi LiquidsFermi-Dirac

<latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0
<latexit sha1_base64="jGnXqd9mSHaUj8RINHwMjdggsvs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rEoiMcK9gPbUDbbSbt0sxt2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4WV1bX1jeJmaWt7Z3evvH/Q1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdTP3WEyrNpHgw4wSDmAwEixglxkqPXUw041L0bnvlilf1ZnCXiZ+TCuSo98pf3b6kaYzCUE607vheYoKMKMMox0mpm2pMCB2RAXYsFSRGHWSziyfuiVX6biSVLWHcmfp7IiOx1uM4tJ0xMUO96E3F/7xOaqKrIGMiSQ0KOl8Updw10p2+7/aZQmr42BJCFbO3unRIFKHGhlSyIfiLLy+T5lnVv6ie359Xatd5HEU4gmM4BR8uoQZ3UIcGUBDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJrTkOI=</latexit>✏F

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏)

<latexit sha1_base64="T+P4iXcuOaadMXVe/3RMB9InSe4=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm2AR3FgSKeqyKIjLCvYCTSiT6Uk7dCYTZiZKiX0UNy4UceuTuPNtnLZZaOsPAx//OYdz5g8TRpV23W+rsLK6tr5R3Cxtbe/s7tnl/ZYSqSTQJIIJ2QmxAkZjaGqqGXQSCZiHDNrh6Hpabz+AVFTE93qcQMDxIKYRJVgbq2eXfUgUZQZvTn3BYYB7dsWtujM5y+DlUEG5Gj37y+8LknKINWFYqa7nJjrIsNSUMJiU/FRBgskID6BrMMYcVJDNTp84x8bpO5GQ5sXambm/JzLMlRrz0HRyrIdqsTY1/6t1Ux1dBhmNk1RDTOaLopQ5WjjTHJw+lUA0GxvARFJzq0OGWGKiTVolE4K3+OVlaJ1VvfNq7a5WqV/lcRTRITpCJ8hDF6iOblEDNRFBj+gZvaI368l6sd6tj3lrwcpnDtAfWZ8/HjeT6w==</latexit>✏F � !
<latexit sha1_base64="JFU+jyIKa2JuRytn3UdTX4ec0jw=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm2ARBKEkUtRlURCXFewFmlAm05N26EwmzEyUEvsoblwo4tYncefbOG2z0NYfBj7+cw7nzB8mjCrtut9WYWV1bX2juFna2t7Z3bPL+y0lUkmgSQQTshNiBYzG0NRUM+gkEjAPGbTD0fW03n4AqaiI7/U4gYDjQUwjSrA2Vs8u+5AoygzenPqCwwD37IpbdWdylsHLoYJyNXr2l98XJOUQa8KwUl3PTXSQYakpYTAp+amCBJMRHkDXYIw5qCCbnT5xjo3TdyIhzYu1M3N/T2SYKzXmoenkWA/VYm1q/lfrpjq6DDIaJ6mGmMwXRSlztHCmOTh9KoFoNjaAiaTmVocMscREm7RKJgRv8cvL0DqreufV2l2tUr/K4yiiQ3SETpCHLlAd3aIGaiKCHtEzekVv1pP1Yr1bH/PWgpXPHKA/sj5/ABsjk+k=</latexit>

✏F + ! <latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0
<latexit sha1_base64="jGnXqd9mSHaUj8RINHwMjdggsvs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rEoiMcK9gPbUDbbSbt0sxt2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4WV1bX1jeJmaWt7Z3evvH/Q1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdTP3WEyrNpHgw4wSDmAwEixglxkqPXUw041L0bnvlilf1ZnCXiZ+TCuSo98pf3b6kaYzCUE607vheYoKMKMMox0mpm2pMCB2RAXYsFSRGHWSziyfuiVX6biSVLWHcmfp7IiOx1uM4tJ0xMUO96E3F/7xOaqKrIGMiSQ0KOl8Updw10p2+7/aZQmr42BJCFbO3unRIFKHGhlSyIfiLLy+T5lnVv6ie359Xatd5HEU4gmM4BR8uoQZ3UIcGUBDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJrTkOI=</latexit>✏F

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏)

periodic drive

Fermi-Dirac Staircase

Low frequency Q-Os.

<latexit sha1_base64="tqBw1QxEqS9Lv3QAxLIvHX2cmAM=">AAACG3icbVBNSwMxEM36bf2qevQSLEK9lN1S1GPRi8cKtgrdUrLpbBtMNksyK5Sl/8OLf8WLB0U8CR78N6YfB7U+GObx3gzJvCiVwqLvf3kLi0vLK6tr64WNza3tneLuXsvqzHBoci21uY2YBSkSaKJACbepAaYiCTfR3cXYv7kHY4VOrnGYQkexfiJiwRk6qVushlYoeqFtKCHGchgbxvMqDVNBQ62gz0b5tHf5KDSiP8DjbrHkV/wJ6DwJZqREZmh0ix9hT/NMQYJcMmvbgZ9iJ2cGBZcwKoSZhZTxO9aHtqMJU2A7+eS2ET1ySo/G2rhKkE7Unxs5U9YOVeQmFcOB/euNxf+8dobxWScXSZohJHz6UJxJipqOg6I9YYCjHDrCuBHur5QPmIsHXZwFF0Lw9+R50qpWgpNK7apWqp/P4lgjB+SQlElATkmdXJIGaRJOHsgTeSGv3qP37L1579PRBW+2s09+wfv8Bh2UoX8=</latexit>

⇠ Cos

✓
2⇡!

!c

◆

<latexit sha1_base64="Tw/0NYZFEG1CkbQA8JneI77GWVo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkDRmg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8W5M3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+e9kyBUyI6aWUKa4vZWwMVWUGZtQyYbgrb68TtpXVe+6WnuoVeqNPI4inME5XIIHN1CHe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AHf249H</latexit>

B

THANKS !
arXiv:2309.03268 (2023) 

Phys. Rev. B 107, 195135 (2023)

Fermionic bath

periodic drive

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏)

<latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0
<latexit sha1_base64="I7gbM+pIOG8HJExNzyDuNaf3III=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QSLIC5KIt6WRUFcVrAXaGOZTE/aoZNJmJkINfRJ3LhQxK2P4s63cXpZaOsPAx//OYdz5g8SzpR23W8rt7S8srqWXy9sbG5tF+2d3bqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBtfjeuMRpWKxuNfDBP2I9AQLGSXaWB272MZEMW4wu/FGD8cdu+SW3YmcRfBmUIKZqh37q92NaRqh0JQTpVqem2g/I1IzynFUaKcKE0IHpIctg4JEqPxscvjIOTRO1wljaZ7QzsT9PZGRSKlhFJjOiOi+mq+Nzf9qrVSHl37GRJJqFHS6KEy5o2NnnILTZRKp5kMDhEpmbnVon0hCtcmqYELw5r+8CPWTsndePrs7LVWuZnHkYR8O4Ag8uIAK3EIVakAhhWd4hTfryXqx3q2PaWvOms3swR9Znz90L5L3</latexit>

✏⇤F1

<latexit sha1_base64="CaNQIgxWao9xGtT/WTL1wZJBecs=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm2ARxEVJirdlURCXFewF2lgm09N26GQSZiZCDX0SNy4UceujuPNtnLZZaOsPAx//OYdz5g9izpR23W9raXlldW09t5Hf3NreKdi7e3UVJZJijUY8ks2AKORMYE0zzbEZSyRhwLERDK8n9cYjSsUica9HMfoh6QvWY5RoY3XsQhtjxbjB9KY8fjjp2EW35E7lLIKXQREyVTv2V7sb0SREoSknSrU8N9Z+SqRmlOM4304UxoQOSR9bBgUJUfnp9PCxc2ScrtOLpHlCO1P390RKQqVGYWA6Q6IHar42Mf+rtRLdu/RTJuJEo6CzRb2EOzpyJik4XSaRaj4yQKhk5laHDogkVJus8iYEb/7Li1Avl7zz0tndabFylcWRgwM4hGPw4AIqcAtVqAGFBJ7hFd6sJ+vFerc+Zq1LVjazD39kff4AdbaS+A==</latexit>

✏⇤F2

<latexit sha1_base64="lg+rpaicxUY2jea6gELulVYqN+4=">AAAB+HicbZDJSgNBEIZrXGNcMurRS2MQxEOYcT8GBfEYwSyQjKGnU5M06Vno7hHikCfx4kERrz6KN9/GznLQxB8aPv6qoqp/PxFcacf5thYWl5ZXVnNr+fWNza2Cvb1TU3EqGVZZLGLZ8KlCwSOsaq4FNhKJNPQF1v3+9ahef0SpeBzd60GCXki7EQ84o9pYbbvQwkRxYTC7ORk+HLXtolNyxiLz4E6hCFNV2vZXqxOzNMRIM0GVarpOor2MSs2ZwGG+lSpMKOvTLjYNRjRE5WXjw4fkwDgdEsTSvEiTsft7IqOhUoPQN50h1T01WxuZ/9WaqQ4uvYxHSaoxYpNFQSqIjskoBdLhEpkWAwOUSW5uJaxHJWXaZJU3IbizX56H2nHJPS+d3Z0Wy1fTOHKwB/twCC5cQBluoQJVYJDCM7zCm/VkvVjv1sekdcGazuzCH1mfP3c9kvk=</latexit>

✏⇤F3

<latexit sha1_base64="TrxZztcVscol0CHccqD3qGu/X/Q=">AAAB/HicZVC7TsMwFHXKq5RXoCOLRYXEVCWI11jBwlikvqQmihzXaa3aTrAdpCgqv8LCAEKsfAgbf4ObZoD2SJaOzrlX9/iECaNKO86PVVlb39jcqm7Xdnb39g/sw6OeilOJSRfHLJaDECnCqCBdTTUjg0QSxENG+uH0bu73n4hUNBYdnSXE52gsaEQx0kYK7HonyD3JYYj0ZAY9QR6hE9gNp+kUgKvELUkDlGgH9rc3inHKidCYIaWGrpNoP0dSU8zIrOaliiQIT9GYDA0ViBPl50X4GTw1yghGsTRPaFiofzdyxJXKeGgmuQmplj1eJF/1hqmObvyciiTVRODFoShlUMdw3gQcUUmwZpkhCEtqskI8QRJhbfqqmRLc5S+vkt55071qXj5cNFq3ZR1VcAxOwBlwwTVogXvQBl2AQQZewBt4t56tV+vD+lyMVqxypw7+wfr6Ba/flCg=</latexit>

Tbath 6= 0

“Ultra-critical”

Power law correlations and Fermi 
surfaces survive to finite temperature

Ultra-Critical Floquet Non-Fermi LiquidsBosonic bath

“Non-Fermi Liquid”

Occupation has non-analyticities 
but no jumps. 



Second law of thermodynamics implies closed periodically 
driven systems approach infinite temperature at late times

Gas

Piston

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

“Thermal death” of closed Floquet systems

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

Entropy

<latexit sha1_base64="0FfQrh5EcoMuCgHjn1gOJjSoIrc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRIp6kYo6sJlBfuAJoTJdNIOnUzCzEQIIT/gxl9x40IRt+7d+TdO2iy09cCFwzn3cu89fsyoVJb1bVSWlldW16rrtY3Nre0dc3evK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cl34vQciJI34vUpj4oZoxGlAMVJa8swjR4wjL3MoD1Saw0voBALhzAmRGvtBZud5dpN7Zt1qWFPARWKXpA5KtD3zyxlGOAkJV5ghKQe2FSs3Q0JRzEhecxJJYoQnaEQGmnIUEulm029yeKyVIQwioYsrOFV/T2QolDINfd1ZXCnnvUL8zxskKrhwM8rjRBGOZ4uChEEVwSIaOKSCYMVSTRAWVN8K8RjpOJQOsKZDsOdfXiTd04Z91mjeNeutqzKOKjgAh+AE2OActMAtaIMOwOARPINX8GY8GS/Gu/Exa60Y5cw++APj8wcgGJw+</latexit>

⇢1 =
1

D

<latexit sha1_base64="0jWNKMbM9frU/4AsElhIlnmCS5g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMh81hmesWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruiRHALvv/tFVZW19Y3ipulre2d3b3y/kHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaObqd96ZMZyrR5gnLBQkoHiMacEnNS572VdI7EkT5NeueJX/RnwMglyUkE56r3yV7evaSqZAiqItZ3ATyDMiAFOBZuUuqllCaEjMmAdRxWRzIbZ7OQJPnFKH8fauFKAZ+rviYxIa8cycp2SwNAuelPxP6+TQnwVZlwlKTBF54viVGDQePo/7nPDKIixI4Qa7m7FdEgMoeBSKrkQgsWXl0nzrBpcVM/vziu16zyOIjpCx+gUBegS1dAtqqMGokijZ/SK3jzwXrx372PeWvDymUP0B97nDztskTw=</latexit>

Smax

Floquet system
<latexit sha1_base64="kH1OHlPWsJGgm/0y9EgIudwpao0=">AAAB8nicbVDLSgMxFM3UV62vqks3g0VoEcqMFHUjFN10WaEvmA4lk2ba0EwyJHeEMvQz3LhQxK1f486/MW1noa0HEg7n3Mu99wQxZxoc59vKbWxube/kdwt7+weHR8Xjk46WiSK0TSSXqhdgTTkTtA0MOO3FiuIo4LQbTB7mfveJKs2kaME0pn6ER4KFjGAwktcoQ+XOfJetyqBYcqrOAvY6cTNSQhmag+JXfyhJElEBhGOtPdeJwU+xAkY4nRX6iaYxJhM8op6hAkdU++li5Zl9YZShHUplngB7of7uSHGk9TQKTGWEYaxXvbn4n+clEN76KRNxAlSQ5aAw4TZIe36/PWSKEuBTQzBRzOxqkzFWmIBJqWBCcFdPXiedq6p7Xa091kr1+yyOPDpD56iMXHSD6qiBmqiNCJLoGb2iNwusF+vd+liW5qys5xT9gfX5A/+fj8c=</latexit>

H(t) = H(t+ T )
<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="xOra1flrqf7FD7e/7ECUaWQ39nw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukdVX2rsuVeqVUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPspeM4Q==</latexit>

T

D’Alessio & Rigol, 2014. Physical Review X, 4(4), p.041048

Lazarides, Das, & Moessner, 2014. Physical Review E, 90(1), p.012110.

Ponte, Chandran, Papić, & Abanin, 2015. Annals of Physics, 353, pp.196-204



Fermi

Gas

Piston

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

BathBath

Bath

Non-trivial steady state occupation of fermions

“Cold” non-equilibrium quantum states

<latexit sha1_base64="T+P4iXcuOaadMXVe/3RMB9InSe4=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm2AR3FgSKeqyKIjLCvYCTSiT6Uk7dCYTZiZKiX0UNy4UceuTuPNtnLZZaOsPAx//OYdz5g8TRpV23W+rsLK6tr5R3Cxtbe/s7tnl/ZYSqSTQJIIJ2QmxAkZjaGqqGXQSCZiHDNrh6Hpabz+AVFTE93qcQMDxIKYRJVgbq2eXfUgUZQZvTn3BYYB7dsWtujM5y+DlUEG5Gj37y+8LknKINWFYqa7nJjrIsNSUMJiU/FRBgskID6BrMMYcVJDNTp84x8bpO5GQ5sXambm/JzLMlRrz0HRyrIdqsTY1/6t1Ux1dBhmNk1RDTOaLopQ5WjjTHJw+lUA0GxvARFJzq0OGWGKiTVolE4K3+OVlaJ1VvfNq7a5WqV/lcRTRITpCJ8hDF6iOblEDNRFBj+gZvaI368l6sd6tj3lrwcpnDtAfWZ8/HjeT6w==</latexit>✏F � !
<latexit sha1_base64="JFU+jyIKa2JuRytn3UdTX4ec0jw=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm2ARBKEkUtRlURCXFewFmlAm05N26EwmzEyUEvsoblwo4tYncefbOG2z0NYfBj7+cw7nzB8mjCrtut9WYWV1bX2juFna2t7Z3bPL+y0lUkmgSQQTshNiBYzG0NRUM+gkEjAPGbTD0fW03n4AqaiI7/U4gYDjQUwjSrA2Vs8u+5AoygzenPqCwwD37IpbdWdylsHLoYJyNXr2l98XJOUQa8KwUl3PTXSQYakpYTAp+amCBJMRHkDXYIw5qCCbnT5xjo3TdyIhzYu1M3N/T2SYKzXmoenkWA/VYm1q/lfrpjq6DDIaJ6mGmMwXRSlztHCmOTh9KoFoNjaAiaTmVocMscREm7RKJgRv8cvL0DqreufV2l2tUr/K4yiiQ3SETpCHLlAd3aIGaiKCHtEzekVv1pP1Yr1bH/PWgpXPHKA/sj5/ABsjk+k=</latexit>

✏F + ! <latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0
<latexit sha1_base64="jGnXqd9mSHaUj8RINHwMjdggsvs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rEoiMcK9gPbUDbbSbt0sxt2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4WV1bX1jeJmaWt7Z3evvH/Q1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdTP3WEyrNpHgw4wSDmAwEixglxkqPXUw041L0bnvlilf1ZnCXiZ+TCuSo98pf3b6kaYzCUE607vheYoKMKMMox0mpm2pMCB2RAXYsFSRGHWSziyfuiVX6biSVLWHcmfp7IiOx1uM4tJ0xMUO96E3F/7xOaqKrIGMiSQ0KOl8Updw10p2+7/aZQmr42BJCFbO3unRIFKHGhlSyIfiLLy+T5lnVv6ie359Xatd5HEU4gmM4BR8uoQZ3UIcGUBDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJrTkOI=</latexit>✏F

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏)

Floquet Fermi Liquid

<latexit sha1_base64="qiZiyTX4EsHaunzQgRqR7X2v/zo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpRd0IRTcuK/QFTSiT6aQdOo8wMxFKKPgrblwo4tbvcOffOG2z0NYDFw7n3Mu990QJo9p43rdTWFvf2Nwqbpd2dvf2D9zDo7aWqcKkhSWTqhshTRgVpGWoYaSbKIJ4xEgnGt/N/M4jUZpK0TSThIQcDQWNKUbGSn33JJCcDNFNECuEs2qQ0GnWnPbdslfx5oCrxM9JGeRo9N2vYCBxyokwmCGte76XmDBDylDMyLQUpJokCI/RkPQsFYgTHWbz86fw3CoDGEtlSxg4V39PZIhrPeGR7eTIjPSyNxP/83qpia/DjIokNUTgxaI4ZdBIOMsCDqgi2LCJJQgram+FeIRsEMYmVrIh+Msvr5J2teJfVmoPtXL9No+jCE7BGbgAPrgCdXAPGqAFMMjAM3gFb86T8+K8Ox+L1oKTzxyDP3A+fwBpWZXL</latexit>

! =
2⇡

T

∑
j

𝒱 |χj,a⟩eiEj(t−t0)
Source

Leak
|ψa⟩

Steady state

−iΓ |ψa⟩

<latexit sha1_base64="rLi/ns562NsFer+n6DQQgzV5R/A=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqMeiHjxWsB/QhLDZbtqlm03Y3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZVWVtfWN8qbla3tnd09u7rfVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044up76nQcqFUvEvR6n1I/xQLCIEayNFNhV74ZyjVEnyD0ZIyYmgV1z6s4MaJm4BalBgWZgf3n9hGQxFZpwrFTPdVLt51hqRjidVLxM0RSTER7QnqECx1T5+ez0CTo2Sh9FiTQlNJqpvydyHCs1jkPTGWM9VIveVPzP62U6uvRzJtJMU0Hmi6KMI52gaQ6ozyQlmo8NwUQycysiQywx0SatignBXXx5mbRP6+55/ezurNa4KuIowyEcwQm4cAENuIUmtIDAIzzDK7xZT9aL9W59zFtLVjFzAH9gff4AremTpA==</latexit>

�Win

<latexit sha1_base64="LfdnRQTdTcLAlPKm++5NcfmiW7A=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeiHjy2YD+gCWGz3bRLd5OwOxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwlRwDY7zbZXW1jc2t8rblZ3dvf0D+7Da0UmmKGvTRCSqFxLNBI9ZGzgI1ksVIzIUrBuOb2d+95EpzZP4ASYp8yUZxjzilICRArvq3TEBBLeC3FMSJxlMA7vm1J058CpxC1JDBZqB/eUNEppJFgMVROu+66Tg50QBp4JNK16mWUromAxZ39CYSKb9fH77FJ8aZYCjRJmKAc/V3xM5kVpPZGg6JYGRXvZm4n9eP4Po2s95nGbAYrpYFGUCQ4JnQeABV4yCmBhCqOLmVkxHRBEKJq6KCcFdfnmVdM7r7mX9onVRa9wUcZTRMTpBZ8hFV6iB7lETtRFFT+gZvaI3a2q9WO/Wx6K1ZBUzR+gPrM8fk6iUKQ==</latexit>

�Qout

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

System energy density

<latexit sha1_base64="7143uQNrn8N4GSZEA7v7H5NoRy0=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5idzCZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LBjhMaCjyQLGYEWyd1bntZVwsk8NOkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezkCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN/0d9pimxfOwIJpq5WxEZYo2JdSmVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBHdShAQQUPMMrvHnWe/HevY95a8HLZw7hD7zPHyWokS4=</latexit>

Emax

How to avoid “thermal death”?
Couple to heat bath

Non-trivial steady state

Phys. Rev. B 107, 195135 (2023) 



Fermi

Gas

Piston

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

BathBath

Bath

Non-trivial steady state occupation of fermions

“Cold” non-equilibrium quantum states

<latexit sha1_base64="T+P4iXcuOaadMXVe/3RMB9InSe4=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm2AR3FgSKeqyKIjLCvYCTSiT6Uk7dCYTZiZKiX0UNy4UceuTuPNtnLZZaOsPAx//OYdz5g8TRpV23W+rsLK6tr5R3Cxtbe/s7tnl/ZYSqSTQJIIJ2QmxAkZjaGqqGXQSCZiHDNrh6Hpabz+AVFTE93qcQMDxIKYRJVgbq2eXfUgUZQZvTn3BYYB7dsWtujM5y+DlUEG5Gj37y+8LknKINWFYqa7nJjrIsNSUMJiU/FRBgskID6BrMMYcVJDNTp84x8bpO5GQ5sXambm/JzLMlRrz0HRyrIdqsTY1/6t1Ux1dBhmNk1RDTOaLopQ5WjjTHJw+lUA0GxvARFJzq0OGWGKiTVolE4K3+OVlaJ1VvfNq7a5WqV/lcRTRITpCJ8hDF6iOblEDNRFBj+gZvaI368l6sd6tj3lrwcpnDtAfWZ8/HjeT6w==</latexit>✏F � !
<latexit sha1_base64="JFU+jyIKa2JuRytn3UdTX4ec0jw=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm2ARBKEkUtRlURCXFewFmlAm05N26EwmzEyUEvsoblwo4tYncefbOG2z0NYfBj7+cw7nzB8mjCrtut9WYWV1bX2juFna2t7Z3bPL+y0lUkmgSQQTshNiBYzG0NRUM+gkEjAPGbTD0fW03n4AqaiI7/U4gYDjQUwjSrA2Vs8u+5AoygzenPqCwwD37IpbdWdylsHLoYJyNXr2l98XJOUQa8KwUl3PTXSQYakpYTAp+amCBJMRHkDXYIw5qCCbnT5xjo3TdyIhzYu1M3N/T2SYKzXmoenkWA/VYm1q/lfrpjq6DDIaJ6mGmMwXRSlztHCmOTh9KoFoNjaAiaTmVocMscREm7RKJgRv8cvL0DqreufV2l2tUr/K4yiiQ3SETpCHLlAd3aIGaiKCHtEzekVv1pP1Yr1bH/PWgpXPHKA/sj5/ABsjk+k=</latexit>

✏F + ! <latexit sha1_base64="pxCsljL5+1ZnkmpQIdJjuiELoIU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBPv5Ap</latexit>✏

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0
<latexit sha1_base64="jGnXqd9mSHaUj8RINHwMjdggsvs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rEoiMcK9gPbUDbbSbt0sxt2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4WV1bX1jeJmaWt7Z3evvH/Q1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdTP3WEyrNpHgw4wSDmAwEixglxkqPXUw041L0bnvlilf1ZnCXiZ+TCuSo98pf3b6kaYzCUE607vheYoKMKMMox0mpm2pMCB2RAXYsFSRGHWSziyfuiVX6biSVLWHcmfp7IiOx1uM4tJ0xMUO96E3F/7xOaqKrIGMiSQ0KOl8Updw10p2+7/aZQmr42BJCFbO3unRIFKHGhlSyIfiLLy+T5lnVv6ie359Xatd5HEU4gmM4BR8uoQZ3UIcGUBDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJrTkOI=</latexit>✏F

<latexit sha1_base64="pGCo/cMnxwJ1I05Azhj6AEvl6H4=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUDbbSbt0sxt2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirTDJpMCaU7ETUguIQmchTQSTXQJBLQjkZ3M7/9BNpwJR9xnEKY0IHkMWcUrRTIShdSw4WSF71S2at6c7irxM9JmeRo9Epf3b5iWQISmaDGBL6XYjihGjkTMC12MwMpZSM6gMBSSRMw4WR+8tQ9t0rfjZW2JdGdq78nJjQxZpxEtjOhODTL3kz8zwsyjG/CCZdphiDZYlGcCReVO/vf7XMNDMXYEso0t7e6bEg1ZWhTKtoQ/OWXV0nrsupfVWsPtXL9No+jQE7JGakQn1yTOrknDdIkjCjyTF7Jm4POi/PufCxa15x85oT8gfP5A+kwkQY=</latexit>

n(✏)

Floquet Fermi Liquid

<latexit sha1_base64="qiZiyTX4EsHaunzQgRqR7X2v/zo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpRd0IRTcuK/QFTSiT6aQdOo8wMxFKKPgrblwo4tbvcOffOG2z0NYDFw7n3Mu990QJo9p43rdTWFvf2Nwqbpd2dvf2D9zDo7aWqcKkhSWTqhshTRgVpGWoYaSbKIJ4xEgnGt/N/M4jUZpK0TSThIQcDQWNKUbGSn33JJCcDNFNECuEs2qQ0GnWnPbdslfx5oCrxM9JGeRo9N2vYCBxyokwmCGte76XmDBDylDMyLQUpJokCI/RkPQsFYgTHWbz86fw3CoDGEtlSxg4V39PZIhrPeGR7eTIjPSyNxP/83qpia/DjIokNUTgxaI4ZdBIOMsCDqgi2LCJJQgram+FeIRsEMYmVrIh+Msvr5J2teJfVmoPtXL9No+jCE7BGbgAPrgCdXAPGqAFMMjAM3gFb86T8+K8Ox+L1oKTzxyDP3A+fwBpWZXL</latexit>

! =
2⇡

T

∑
j

𝒱 |χj,a⟩eiEj(t−t0)
Source
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|ψa⟩

Steady state

−iΓ |ψa⟩

<latexit sha1_base64="rLi/ns562NsFer+n6DQQgzV5R/A=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqMeiHjxWsB/QhLDZbtqlm03Y3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZVWVtfWN8qbla3tnd09u7rfVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044up76nQcqFUvEvR6n1I/xQLCIEayNFNhV74ZyjVEnyD0ZIyYmgV1z6s4MaJm4BalBgWZgf3n9hGQxFZpwrFTPdVLt51hqRjidVLxM0RSTER7QnqECx1T5+ez0CTo2Sh9FiTQlNJqpvydyHCs1jkPTGWM9VIveVPzP62U6uvRzJtJMU0Hmi6KMI52gaQ6ozyQlmo8NwUQycysiQywx0SatignBXXx5mbRP6+55/ezurNa4KuIowyEcwQm4cAENuIUmtIDAIzzDK7xZT9aL9W59zFtLVjFzAH9gff4AremTpA==</latexit>

�Win

<latexit sha1_base64="LfdnRQTdTcLAlPKm++5NcfmiW7A=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqMeiHjy2YD+gCWGz3bRLd5OwOxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwlRwDY7zbZXW1jc2t8rblZ3dvf0D+7Da0UmmKGvTRCSqFxLNBI9ZGzgI1ksVIzIUrBuOb2d+95EpzZP4ASYp8yUZxjzilICRArvq3TEBBLeC3FMSJxlMA7vm1J058CpxC1JDBZqB/eUNEppJFgMVROu+66Tg50QBp4JNK16mWUromAxZ39CYSKb9fH77FJ8aZYCjRJmKAc/V3xM5kVpPZGg6JYGRXvZm4n9eP4Po2s95nGbAYrpYFGUCQ4JnQeABV4yCmBhCqOLmVkxHRBEKJq6KCcFdfnmVdM7r7mX9onVRa9wUcZTRMTpBZ8hFV6iB7lETtRFFT+gZvaI3a2q9WO/Wx6K1ZBUzR+gPrM8fk6iUKQ==</latexit>

�Qout

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

System energy density

<latexit sha1_base64="7143uQNrn8N4GSZEA7v7H5NoRy0=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5idzCZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LBjhMaCjyQLGYEWyd1bntZVwsk8NOkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezkCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN/0d9pimxfOwIJpq5WxEZYo2JdSmVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBHdShAQQUPMMrvHnWe/HevY95a8HLZw7hD7zPHyWokS4=</latexit>

Emax

How to avoid “thermal death”?
Couple to heat bath

Non-trivial steady state

Phys. Rev. B 107, 195135 (2023) 



Open system Schrödinger Equation

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

Bath

System

Consider non-interacting fermions One-fermion Hilbert space is a sum

Fermi

Gas

Piston

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t)

BathBath

Bath

<latexit sha1_base64="rucN4xZvfghSs6Ng+phqJfMzEq4=">AAACIHicbVDLSgNBEJz1GeNr1aOXwSB4CrsixosQ9JJjBBOFbAyzk04cnMcyMyssy36KF3/FiwdF9KZf4yTuwVdBQ1HVTXdXnHBmbBC8ezOzc/MLi5Wl6vLK6tq6v7HZNSrVFDpUcaUvY2KAMwkdyyyHy0QDETGHi/jmdOJf3II2TMlzmyXQF2Qs2YhRYp008ButqzzSAisJEY7VMCuOS8VkxoIocBSzsUp4anBpxMReFwO/FtSDKfBfEpakhkq0B/5bNFQ0FSAt5cSYXhgktp8TbRnlUFSj1EBC6A0ZQ89RSQSYfj59sMC7ThnikdKupMVT9ftEToQxmYhdp3DXmd/eRPzP66V2dNTPmUxSC5J+LRqlHFuFJ2nhIdNALc8cIVQzdyum10QTal2mVRdC+Pvlv6S7Xw8P6wdnB7XmSRlHBW2jHbSHQtRATdRCbdRBFN2hB/SEnr1779F78V6/Wme8cmYL/YD38QlLcKOz</latexit>

H
one body = H

system
M

H
bath

∑
j

𝒱 |χj,a⟩eiEj(t−t0)
Source

Leak
|ψa⟩

Steady state

−iΓ |ψa⟩

Decay, memory and energy renormalization effects

Bath feedback effect
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Featureless fermionic bath

Bath spectrum flat and 
infinitely broad

Pure decay (no memory)

Bath feedback effect

Non-hermitian but inhomogeneous Schrödinger

<latexit sha1_base64="OaWBfaIEl/SMI5/Z7myTOaaP5y8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFdlaQUdSMUXeiygn1AE8NkOmmHzkzCzEQooQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89YcKo0o7zbS0tr6yurRc2iptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgl7xpxji68SCKceSINHKiP76vjrDoO7LJTcaaAi8TNSRnkaAT2l9eLccqJ0Jghpbquk2g/Q1JTzMi46KWKJAgPUZ90DRWIE+Vn0yfG8MgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Ux2d+xkVSaqJwLNFUcqgjuEkEdijkmDNRoYgLKm5FeIBMnFok1vRhODOv7xIWtWKe1qp3dbK9cs8jgIogUNwAlxwBurgBjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHnHmXcQ==</latexit>

� =
⌫0t02

2

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0 <latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

Bath

System
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

<latexit sha1_base64="kc+BEmpgDl+3MxoEpcJ6XzB4Y64=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4xkUcCGzI79MLI7Ow6M0tCCN/hxYPGePVjvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cxvjlBpHssHM07Qj2hf8pAzaqzkd0ZUYaK5iGX3sVssuWV3DrJKvIyUIEOtW/zq9GKWRigNE1Trtucmxp9QZTgTOC10Uo0JZUPax7alkkao/cn86Ck5s0qPhLGyJQ2Zq78nJjTSehwFtjOiZqCXvZn4n9dOTXjtT7hMUoOSLRaFqSAmJrMESI8rZEaMLaFMcXsrYQOqKDM2p4INwVt+eZU0LsreZblyXylVb7I48nACp3AOHlxBFe6gBnVg8ATP8Apvzsh5cd6dj0VrzslmjuEPnM8fQQ6SbQ==</latexit>"j

<latexit sha1_base64="s1WOm4i/tl5rCWy4qK5R5IfbgnM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2il7hNRpKepGkreL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7ylJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExm/5OB0JyhnFhCmRb2VsJGVFOGNqWSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDDM7zCm4POi/PufCxaC04+cwx/4Hz+AMYgkPA=</latexit>

|ni

<latexit sha1_base64="5/dDnqZeDGHd+D4Q/38sSrxVz90=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY9OIxgnlAsoTZSW8yZnZ2nZkNhJjv8OJBEa9+jDf/xsnjoIkFDUVVN91dQSK4Nq777WRWVtfWN7Kbua3tnd29/P5BTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf9m4lfH6DSPJb3ZpigH9Gu5CFn1FjJfyLy7IG0FJVdge18wS26U5Bl4s1JAeaotPNfrU7M0gilYYJq3fTcxPgjqgxnAse5VqoxoaxPu9i0VNIItT+aHj0mJ1bpkDBWtqQhU/X3xIhGWg+jwHZG1PT0ojcR//OaqQmv/BGXSWpQstmiMBXExGSSAOlwhcyIoSWUKW5vJaxHFWXG5pSzIXiLLy+T2nnRuyiW7kqF8vU8jiwcwTGcggeXUIZbqEAVGDzCM7zCmzNwXpx352PWmnHmM4fwB87nD/ppkZo=</latexit>

|n, ji

<latexit sha1_base64="1jESM1Zu+IzLTna9UgGyPK4lwLA="></latexit>

⇢(t0) =
X

n,j

f0(✏j)|n, jihn, j|Initial condition: Bath equilibrium at

<latexit sha1_base64="LAqh4g1iSO59tGrTMuYrPLcR7Fg=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R3CSQLGF2MpsMmZld5iGEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090VZ5xp4/vfXmltfWNzq7xd2dnd2z+oHh61dGoVoSFJeao6MdaUM0lDwwynnUxRLGJO2/H4bua3n6jSLJWPZpLRSOChZAkj2Dgp7Anb9/vVml/350CrJChIDQo0+9Wv3iAlVlBpCMdadwM/M1GOlWGE02mlZzXNMBnjIe06KrGgOsrnx07RmVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tak9xEOZOZNVSSxaLEcmRSNPscDZiixPCJI5go5m5FZIQVJsblU3EhBMsvr5LWRT24ql8+XNYat0UcZTiBUziHAK6hAffQhBAIMHiGV3jzpPfivXsfi9aSV8wcwx94nz+FxI6C</latexit>µ0

<latexit sha1_base64="7TdV68c2kliMXhegs4YDJOeEBwg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6kYodeOyQl/QhDCZTtqhM5MwMxFKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HtPmDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqjiVmHRwzGLZD5EijArS0VQz0k8kQTxkpBdObmd+74FIRWPR1tOE+ByNBI0oRtpIgV31QqJR4Nx4kUQ4c/NsEjRhO8g8yWGI9DjPA7vm1J054CpxC1IDBVqB/eUNY5xyIjRmSKmB6yTaz5DUFDOSV7xUkQThCRqRgaECcaL8bP5LDk+NMoRRLE0JDefq74kMcaWmPDSd3Jynlr2Z+J83SHV07WdUJKkmAi8WRSmDOoazYOCQSoI1mxqCsKTmVojHyISiTXwVE4K7/PIq6Z7X3cv6xf1FrdEs4iiDE1AFZ8AFV6AB7kALdAAGj+AZvII368l6sd6tj0VrySpmjsEfWJ8/eO+atg==</latexit>

�0 =
1

kBTbath
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Periodic Gibbs Ensemble as a non-dissipative steady state
Floquet problem: Weak coupling to bath:

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

System energy density

<latexit sha1_base64="7143uQNrn8N4GSZEA7v7H5NoRy0=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5idzCZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LBjhMaCjyQLGYEWyd1bntZVwsk8NOkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezkCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN/0d9pimxfOwIJpq5WxEZYo2JdSmVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBHdShAQQUPMMrvHnWe/HevY95a8HLZw7hD7zPHyWokS4=</latexit>

Emax
<latexit sha1_base64="xOra1flrqf7FD7e/7ECUaWQ39nw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukdVX2rsuVeqVUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPspeM4Q==</latexit>

T

Electronic System

Work

Thermal Bath

Heat
<latexit sha1_base64="l6d+QV4bmH+Mx19sObE5cqGMuQs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BPXhMwDwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOldvcOhaGk3iuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+75ScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nzpM8VMiPGllCmuL2VsCFVlBkbUcGG4C2/vEqalbJ3Wa7UL0rVmyyOPJzAKZyDB1dQhXuoQQMYCHiGV3hzHp0X5935WLTmnGzmGP7A+fwBXLOPiA==</latexit>

�Q
<latexit sha1_base64="AImwhrxQRpq2+nn1V8pnQ0C0zyc=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6mfqtJ9BGxOoBxwn4ERsoEQrO0Ert7i1IZLTVK1fcqjsDXSZeTiokR71X/ur2Y55GoJBLZkzHcxP0M6ZRcAmTUjc1kDA+YgPoWKpYBMbPZvdO6IlV+jSMtS2FdKb+nshYZMw4CmxnxHBoFr2p+J/XSTG88jOhkhRB8fmiMJUUYzp9nvaFBo5ybAnjWthbKR8yzTjaiEo2BG/x5WXSPKt6F9Xz+/NK7TqPo0iOyDE5JR65JDVyR+qkQTiR5Jm8kjfn0Xlx3p2PeWvByWcOyR84nz9mb4+Q</latexit>

�W

Oscillating drive

<latexit sha1_base64="LRtIOlu3d3G9HWvlyxtUVohVqBE=">AAACFXicbZBNS8NAEIY3ftb6VfXoZbEIglISKepFED/AYwVrC20Jm+1El+4mYXcilNA/4cW/4sWDIl4Fb/4btzWCVl9YeHhnhtl5g0QKg6774UxMTk3PzBbmivMLi0vLpZXVKxOnmkOdxzLWzYAZkCKCOgqU0Ew0MBVIaAS9k2G9cQvaiDi6xH4CHcWuIxEKztBafmmnfQoSGT3zs7ZW1PQNghrQQ5r7je1vujh0/VLZrbgj0b/g5VAmuWp+6b3djXmqIEIumTEtz02wkzGNgksYFNupgYTxHruGlsWIKTCdbHTVgG5ap0vDWNsXIR25Pycypozpq8B2KoY3Zrw2NP+rtVIMDzqZiJIUIeJfi8JUUozpMCLaFRo4yr4FxrWwf6X8hmnG0QZZtCF44yf/havdirdXqV5Uy0fHeRwFsk42yBbxyD45IuekRuqEkzvyQJ7Is3PvPDovzutX64STz6yRX3LePgFwm50X</latexit>

�Esystem = �W +�Q = 0

In steady state heat and work are balanced per cycle:
For infinitesimal coupling to bath the 
instantaneous heating rate vanishes

<latexit sha1_base64="Dwus1VmFHLUWtAKHAlfHQFrDmWc="></latexit>

Q̇ = Tr

✓
d⇢sys(t)

dt
Hsys(t)

◆
= 0



Photo-current generation below the optical gap of metals

<latexit sha1_base64="FcThfYOuCSxJiTwpVDWrxrZ5p0E=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg8tq7f6iUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPknuPIg==</latexit>!

<latexit sha1_base64="xJxXFUtrDhA1OiJyVCRbxrDGvSU=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9VjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxbuoVO/Py7XrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWLWjwM=</latexit>

� Optical 
gap

<latexit sha1_base64="jGnXqd9mSHaUj8RINHwMjdggsvs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rEoiMcK9gPbUDbbSbt0sxt2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4WV1bX1jeJmaWt7Z3evvH/Q1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdTP3WEyrNpHgw4wSDmAwEixglxkqPXUw041L0bnvlilf1ZnCXiZ+TCuSo98pf3b6kaYzCUE607vheYoKMKMMox0mpm2pMCB2RAXYsFSRGHWSziyfuiVX6biSVLWHcmfp7IiOx1uM4tJ0xMUO96E3F/7xOaqKrIGMiSQ0KOl8Updw10p2+7/aZQmr42BJCFbO3unRIFKHGhlSyIfiLLy+T5lnVv6ie359Xatd5HEU4gmM4BR8uoQZ3UIcGUBDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJrTkOI=</latexit>✏F

<latexit sha1_base64="3aIvXwAxXUp3mxbgSkynVgY4ckU="></latexit>

Re �(!) ⇡ D
�

!2 Light absorption vanishes
Finite in-gap rectification conductivity

Fermi Dirac Staircase to order 

<latexit sha1_base64="9sleTfddl49Eer7+YTblAHxXsIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPbH/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFLGo3R</latexit>

fk
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The nature of bath matters away from equilibrium

Bath 1
<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) Gas
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

System Energy for bath 1 

<latexit sha1_base64="hRN+3EiOrUeIovGakvle1zz61kg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/A3Y12</latexit>

E1 <latexit sha1_base64="0gfZGpskOCfc/Rd3/dK+m2r6vrU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DIniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AwmGNdw==</latexit>

E2
<latexit sha1_base64="sd06i+c1js2guWn32REFwFbft+M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/WY11</latexit>

E0

<latexit sha1_base64="N1bQF1eqDfmDxCplzsJmDBdgCjc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwcCjaQ=</latexit>

t0
<latexit sha1_base64="2gUKM8xh6wWEJDe6v1gIyww8gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwiGjaU=</latexit>

t1
<latexit sha1_base64="VfQlbjz14oEvJ+wNqJlCEmczKxA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3WO/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRrVe+iWr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEKCo2m</latexit>

t2

In equilibrium in limit of weak coupling to 
baths, nature of bath does not matter 

Bath 2

<latexit sha1_base64="Rdh2yds4RnAQfqAN5ODuVDYSQxQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48V7Ae0oWy2m3bp7ibsboQQ+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOZMG9f9dtbWNza3tks75d29/YPDytFxR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf73SeqNIvko0lj6gs8lixkBJtcSmvmYlipunV3DrRKvIJUoUBrWPkajCKSCCoN4VjrvufGxs+wMoxwOisPEk1jTKZ4TPuWSiyo9rP5rTN0bpURCiNlSxo0V39PZFhonYrAdgpsJnrZy8X/vH5iwhs/YzJODJVksShMODIRyh9HI6YoMTy1BBPF7K2ITLDCxNh4yjYEb/nlVdK5rHtX9cZDo9q8LeIowSmcQQ08uIYm3EML2kBgAs/wCm+OcF6cd+dj0brmFDMn8AfO5w+GPo3p</latexit>

y(t) Gas

<latexit sha1_base64="duJz3a4HESI1hzqv4L7oY/mF6KY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRgx4r2A9oQ5lsN+3S3STuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBI9Yw3AjWDtRDGUgWCsY3Uz91hNTmsfRgxknzJc4iHjIKRortbu3KCX2vF654lbdGcgy8XJSgRz1Xvmr249pKllkqECtO56bGD9DZTgVbFLqppolSEc4YB1LI5RM+9ns3gk5sUqfhLGyFRkyU39PZCi1HsvAdko0Q73oTcX/vE5qwis/41GSGhbR+aIwFcTEZPo86XPFqBFjS5Aqbm8ldIgKqbERlWwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowR3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4AgeOPog==</latexit>

�1

<latexit sha1_base64="o282f62Q3zHV577SeDYC8c3pmbE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DHvQYwTwgWULvZDYZMrO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDPzW09MaR5HD2acMF/iIOIhp2is1O7eopTYq/SKJbfszkFWiZeREmSo94pf3X5MU8kiQwVq3fHcxPgTVIZTwaaFbqpZgnSEA9axNELJtD+Z3zslZ1bpkzBWtiJD5urviQlKrccysJ0SzVAvezPxP6+TmvDKn/AoSQ2L6GJRmApiYjJ7nvS5YtSIsSVIFbe3EjpEhdTYiAo2BG/55VXSrJS9i3L1vlqqXWdx5OEETuEcPLiEGtxBHRpAQcAzvMKb8+i8OO/Ox6I152Qzx/AHzucPg2ePow==</latexit>

�2
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

System Energy for bath 2 

<latexit sha1_base64="N1bQF1eqDfmDxCplzsJmDBdgCjc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+y7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwcCjaQ=</latexit>

t0
<latexit sha1_base64="2gUKM8xh6wWEJDe6v1gIyww8gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwiGjaU=</latexit>

t1
<latexit sha1_base64="VfQlbjz14oEvJ+wNqJlCEmczKxA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3WO/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRrVe+iWr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEKCo2m</latexit>

t2

<latexit sha1_base64="rFBHzxi5wuE2w3OUVuePCMLU3hg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9ktRT0WRfBYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJRzONqS/wSLKQEWwy6W5QOx+UK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSrlW9y2r9oV5p3ORxFOEETuECPLiCBtxDE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHI0qNqA==</latexit>

E0
2

<latexit sha1_base64="3+BUS+MMAgEZ6DxF47qGP9SPTH8=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9mVUj0WRfBYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJRzONqS/wSLKQEWwy6W7gnQ/KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3WGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLLH0ZApSgyfWoKJYvZWRMZYYWJsPCUbgrf88ippX1a9erX2UKs0bvI4inACp3ABHlxBA+6hCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDIcWNpw==</latexit>

E0
1

<latexit sha1_base64="s0cNVB/DY9+AOjSweIiyo0/qqwU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9mVUj0WRfBYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJRzONqS/wSLKQEWwy6W7gng/KFbfqzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3WGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLLH0ZApSgyfWoKJYvZWRMZYYWJsPCUbgrf88ippX1a9erX2UKs0bvI4inACp3ABHlxBA+6hCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDIECNpg==</latexit>

E0
0

<latexit sha1_base64="xgkhe4cv8uyoORbE0qMbaKHxKjo="></latexit>

⇢(1)equil = ⇢(2)equil =
e��H

Z

<latexit sha1_base64="NN8kylBUjsabEop5OAS+0SwBzzM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkpSinosetBjBfsBTQiT7bZdupuE3Y1SYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy9MOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+qOJWENkjMY9kOQVHOItrQTHPaTiQFEXLaCodXE791T6VicXSnRwn1BfQj1mMEtJEC+9C7BiEgqGBPsv5Ag5TxA3YCu+SUnSnwInFzUkI56oH95XVjkgoaacJBqY7rJNrPQGpGOB0XvVTRBMgQ+rRjaASCKj+b3j/GJ0bp4l4sTUUaT9XfExkIpUYiNJ0C9EDNexPxP6+T6t6Fn7EoSTWNyGxRL+VYx3gSBu4ySYnmI0OASGZuxWQAEog2kRVNCO78y4ukWSm7Z+XqbbVUu8zjKKAjdIxOkYvOUQ3doDpqIIIe0TN6RW/Wk/VivVsfs9YlK585QH9gff4A/0+VdQ==</latexit>

�2 ! 0

<latexit sha1_base64="Ck6qUPtDaANaEBkwO08+6fF9hOI=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSKeqx6EGPFewHNCFMtpt26W4SdjdKqT34V7x4UMSrf8Ob/8Ztm4O2Phh4vDfDzLww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uJn7rnkrFkvhOD1PqC+jFLGIEtJEC+8C7BiEgcLEnWa+vQcrkATuBXXYqzhR4kbg5KaMc9cD+8roJyQSNNeGgVMd1Uu2PQGpGOB2XvEzRFMgAerRjaAyCKn80vX+Mj43SxVEiTcUaT9XfEyMQSg1FaDoF6L6a9ybif14n09GFP2Jxmmkak9miKONYJ3gSBu4ySYnmQ0OASGZuxaQPEog2kZVMCO78y4ukeVpxzyrV22q5dpnHUUSH6AidIBedoxq6QXXUQAQ9omf0it6sJ+vFerc+Zq0FK5/ZR39gff4A/b2VdA==</latexit>

�1 ! 0

In non-equilibrium even in limit of 
weak coupling to baths, nature of 

bath matters 

<latexit sha1_base64="yT2ESPzdgpBIQKrEcVAxEtAcKXI=">AAACJnicbVDLSgMxFM34rPU16tJNsAh1YZkRUTdC0Y3LCvYBnVoy6W0bmkmmSUYoQ7/Gjb/ixkVFxJ2fYvpYaO2BwOGcc7m5J4w508bzvpyl5ZXVtfXMRnZza3tn193br2iZKAplKrlUtZBo4ExA2TDDoRYrIFHIoRr2bsd+9QmUZlI8mEEMjYh0BGszSoyVmu51oLqymQYqwkKKU+gXho9p3j8Z5s0JDgT08cLA2TTQdHNewZsA/yf+jOTQDKWmOwpakiYRCEM50brue7FppEQZRjkMs0GiISa0RzpQt1SQCHQjnZw5xMdWaeG2VPYJgyfq74mURFoPotAmI2K6et4bi4u8emLaV42UiTgxIOh0UTvh2Eg87gy3mAJq+MASQhWzf8W0SxShxjabtSX48yf/J5Wzgn9ROL8/zxVvZnVk0CE6Qnnko0tURHeohMqIomf0ikbo3Xlx3pwP53MaXXJmMwfoD5zvH5eco/c=</latexit>

⇢(1)non�eq.(t) 6= ⇢(2)non�eq.(t)



Featureless fermionic bath

Bath spectrum flat and 
infinitely broad

Pure decay (no memory)

Bath feedback effect

Non-hermitian but inhomogeneous Schrödinger

<latexit sha1_base64="OaWBfaIEl/SMI5/Z7myTOaaP5y8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFdlaQUdSMUXeiygn1AE8NkOmmHzkzCzEQooQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89YcKo0o7zbS0tr6yurRc2iptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgl7xpxji68SCKceSINHKiP76vjrDoO7LJTcaaAi8TNSRnkaAT2l9eLccqJ0Jghpbquk2g/Q1JTzMi46KWKJAgPUZ90DRWIE+Vn0yfG8MgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Ux2d+xkVSaqJwLNFUcqgjuEkEdijkmDNRoYgLKm5FeIBMnFok1vRhODOv7xIWtWKe1qp3dbK9cs8jgIogUNwAlxwBurgBjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHnHmXcQ==</latexit>

� =
⌫0t02

2

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0 <latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

Bath

System
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

<latexit sha1_base64="kc+BEmpgDl+3MxoEpcJ6XzB4Y64=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4xkUcCGzI79MLI7Ow6M0tCCN/hxYPGePVjvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cxvjlBpHssHM07Qj2hf8pAzaqzkd0ZUYaK5iGX3sVssuWV3DrJKvIyUIEOtW/zq9GKWRigNE1Trtucmxp9QZTgTOC10Uo0JZUPax7alkkao/cn86Ck5s0qPhLGyJQ2Zq78nJjTSehwFtjOiZqCXvZn4n9dOTXjtT7hMUoOSLRaFqSAmJrMESI8rZEaMLaFMcXsrYQOqKDM2p4INwVt+eZU0LsreZblyXylVb7I48nACp3AOHlxBFe6gBnVg8ATP8Apvzsh5cd6dj0VrzslmjuEPnM8fQQ6SbQ==</latexit>"j

<latexit sha1_base64="s1WOm4i/tl5rCWy4qK5R5IfbgnM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2il7hNRpKepGkreL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7ylJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExm/5OB0JyhnFhCmRb2VsJGVFOGNqWSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDDM7zCm4POi/PufCxaC04+cwx/4Hz+AMYgkPA=</latexit>

|ni

<latexit sha1_base64="5/dDnqZeDGHd+D4Q/38sSrxVz90=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY9OIxgnlAsoTZSW8yZnZ2nZkNhJjv8OJBEa9+jDf/xsnjoIkFDUVVN91dQSK4Nq777WRWVtfWN7Kbua3tnd29/P5BTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf9m4lfH6DSPJb3ZpigH9Gu5CFn1FjJfyLy7IG0FJVdge18wS26U5Bl4s1JAeaotPNfrU7M0gilYYJq3fTcxPgjqgxnAse5VqoxoaxPu9i0VNIItT+aHj0mJ1bpkDBWtqQhU/X3xIhGWg+jwHZG1PT0ojcR//OaqQmv/BGXSWpQstmiMBXExGSSAOlwhcyIoSWUKW5vJaxHFWXG5pSzIXiLLy+T2nnRuyiW7kqF8vU8jiwcwTGcggeXUIZbqEAVGDzCM7zCmzNwXpx352PWmnHmM4fwB87nD/ppkZo=</latexit>

|n, ji

<latexit sha1_base64="1jESM1Zu+IzLTna9UgGyPK4lwLA="></latexit>

⇢(t0) =
X

n,j

f0(✏j)|n, jihn, j|Initial condition: Bath equilibrium at

<latexit sha1_base64="LAqh4g1iSO59tGrTMuYrPLcR7Fg=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R3CSQLGF2MpsMmZld5iGEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090VZ5xp4/vfXmltfWNzq7xd2dnd2z+oHh61dGoVoSFJeao6MdaUM0lDwwynnUxRLGJO2/H4bua3n6jSLJWPZpLRSOChZAkj2Dgp7Anb9/vVml/350CrJChIDQo0+9Wv3iAlVlBpCMdadwM/M1GOlWGE02mlZzXNMBnjIe06KrGgOsrnx07RmVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tak9xEOZOZNVSSxaLEcmRSNPscDZiixPCJI5go5m5FZIQVJsblU3EhBMsvr5LWRT24ql8+XNYat0UcZTiBUziHAK6hAffQhBAIMHiGV3jzpPfivXsfi9aSV8wcwx94nz+FxI6C</latexit>µ0

<latexit sha1_base64="7TdV68c2kliMXhegs4YDJOeEBwg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6kYodeOyQl/QhDCZTtqhM5MwMxFKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HtPmDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqjiVmHRwzGLZD5EijArS0VQz0k8kQTxkpBdObmd+74FIRWPR1tOE+ByNBI0oRtpIgV31QqJR4Nx4kUQ4c/NsEjRhO8g8yWGI9DjPA7vm1J054CpxC1IDBVqB/eUNY5xyIjRmSKmB6yTaz5DUFDOSV7xUkQThCRqRgaECcaL8bP5LDk+NMoRRLE0JDefq74kMcaWmPDSd3Jynlr2Z+J83SHV07WdUJKkmAi8WRSmDOoazYOCQSoI1mxqCsKTmVojHyISiTXwVE4K7/PIq6Z7X3cv6xf1FrdEs4iiDE1AFZ8AFV6AB7kALdAAGj+AZvII368l6sd6tj0VrySpmjsEfWJ8/eO+atg==</latexit>

�0 =
1

kBTbath

Phys. Rev. B 107, 195135 (2023) 
<latexit sha1_base64="D7Bkz7mknBWbYKO/FRq7YCmvlPY=">AAACD3icbVC5TsNAEF1zhnAZKGlWRCBoIhshoOQqKINEIFJsovV6DKusD+2OkSLLf0DDr9BQgBAtLR1/w+YogPCkkZ7em9HMvCCTQqPjfFkTk1PTM7OVuer8wuLSsr2yeqXTXHFo8lSmqhUwDVIk0ESBElqZAhYHEq6D7mnfv74HpUWaXGIvAz9mt4mIBGdopI69hRRuCkELL4jocbmNOx4PU6TeGUhkQ1mVZceuOXVnADpO3BGpkREaHfvTC1Oex5Agl0zrtutk6BdMoeASyqqXa8gY77JbaBuasBi0Xwz+KemmUUIapcpUgnSg/pwoWKx1Lw5MZ8zwTv/1+uJ/XjvH6NAvRJLlCAkfLopySTGl/XBoKBRwlD1DGFfC3Er5HVOMo4mwakJw/748Tq526+5+fe9ir3Z0MoqjQtbJBtkmLjkgR+ScNEiTcPJAnsgLebUerWfrzXoftk5Yo5k18gvWxzctb5uE</latexit>

teiA(t)·�r



Featureless Fermionic Bath

<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

Bath

System
<latexit sha1_base64="uiHcsyfT0FXKkHtPDeFYWS5mMpg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Vj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+T5kXFu6xU76vl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUOajTI=</latexit>

t0

<latexit sha1_base64="s1WOm4i/tl5rCWy4qK5R5IfbgnM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2il7hNRpKepGkreL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7ylJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExm/5OB0JyhnFhCmRb2VsJGVFOGNqWSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDDM7zCm4POi/PufCxaC04+cwx/4Hz+AMYgkPA=</latexit>

|ni

<latexit sha1_base64="D7Bkz7mknBWbYKO/FRq7YCmvlPY=">AAACD3icbVC5TsNAEF1zhnAZKGlWRCBoIhshoOQqKINEIFJsovV6DKusD+2OkSLLf0DDr9BQgBAtLR1/w+YogPCkkZ7em9HMvCCTQqPjfFkTk1PTM7OVuer8wuLSsr2yeqXTXHFo8lSmqhUwDVIk0ESBElqZAhYHEq6D7mnfv74HpUWaXGIvAz9mt4mIBGdopI69hRRuCkELL4jocbmNOx4PU6TeGUhkQ1mVZceuOXVnADpO3BGpkREaHfvTC1Oex5Agl0zrtutk6BdMoeASyqqXa8gY77JbaBuasBi0Xwz+KemmUUIapcpUgnSg/pwoWKx1Lw5MZ8zwTv/1+uJ/XjvH6NAvRJLlCAkfLopySTGl/XBoKBRwlD1DGFfC3Er5HVOMo4mwakJw/748Tq526+5+fe9ir3Z0MoqjQtbJBtkmLjkgR+ScNEiTcPJAnsgLebUerWfrzXoftk5Yo5k18gvWxzctb5uE</latexit>

teiA(t)·�r

<latexit sha1_base64="EGyR11FtZ65zY6/Lq5BxEnG8L4g=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6sKSSFGXRTcuK9gHNCFMppN26GQmzkyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4PfHbD0QqKvidHiXEj1Gf04hipI0U2AeeHIgg82QMueCn5L46rugTGNhlp+pMAReJm5MyyNEI7C+vJ3AaE64xQ0p1XSfRfoakppiRcclLFUkQHqI+6RrKUUyUn03vH8Njo/RgJKQpruFU/T2RoVipURyazhjpgZr3JuJ/XjfV0aWfUZ6kmnA8WxSlDGoBJ2HAHpUEazYyBGFJza0QD5BEWJvISiYEd/7lRdI6q7rn1dptrVy/yuMogkNwBCrABRegDm5AAzQBBo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP8CylUg=</latexit>

⇢non�eq.(t)

<latexit sha1_base64="OaWBfaIEl/SMI5/Z7myTOaaP5y8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFdlaQUdSMUXeiygn1AE8NkOmmHzkzCzEQooQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89YcKo0o7zbS0tr6yurRc2iptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgl7xpxji68SCKceSINHKiP76vjrDoO7LJTcaaAi8TNSRnkaAT2l9eLccqJ0Jghpbquk2g/Q1JTzMi46KWKJAgPUZ90DRWIE+Vn0yfG8MgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Ux2d+xkVSaqJwLNFUcqgjuEkEdijkmDNRoYgLKm5FeIBMnFok1vRhODOv7xIWtWKe1qp3dbK9cs8jgIogUNwAlxwBurgBjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHnHmXcQ==</latexit>

� =
⌫0t02

2

Decay rate:

Bath DOS

Tunneling 
amplitude

Exact non-equilibrium steady-state of driven non-interacting fermions

Floquet Periodic Gibbs Ensemble with Fermi Dirac Staircase:

Floquet problem: Weak coupling to bath:

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

System energy density

<latexit sha1_base64="7143uQNrn8N4GSZEA7v7H5NoRy0=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5idzCZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LBjhMaCjyQLGYEWyd1bntZVwsk8NOkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezkCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN/0d9pimxfOwIJpq5WxEZYo2JdSmVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBHdShAQQUPMMrvHnWe/HevY95a8HLZw7hD7zPHyWokS4=</latexit>

Emax
<latexit sha1_base64="xOra1flrqf7FD7e/7ECUaWQ39nw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukdVX2rsuVeqVUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPspeM4Q==</latexit>

T

<latexit sha1_base64="kkOuD2YBncpldz2oOygqDiuWgFQ=">AAAB+HicbVDLSsNAFJ34rPXRqEs3wSK0CCWRom6EopsuK/YFbQiT6aQdOpmEmRuhln6JGxeKuPVT3Pk3TtMstPXA5R7OuZe5c/yYMwW2/W2srW9sbm3ndvK7e/sHBfPwqK2iRBLaIhGPZNfHinImaAsYcNqNJcWhz2nHH9/N/c4jlYpFogmTmLohHgoWMIJBS55ZqHsPJSjfpO28WfbMol2xU1irxMlIEWVoeOZXfxCRJKQCCMdK9Rw7BneKJTDC6SzfTxSNMRnjIe1pKnBIlTtND59ZZ1oZWEEkdQmwUvX3xhSHSk1CX0+GGEZq2ZuL/3m9BIJrd8pEnAAVZPFQkHALImuegjVgkhLgE00wkUzfapERlpiAziqvQ3CWv7xK2hcV57JSva8Wa7dZHDl0gk5RCTnoCtVQHTVQCxGUoGf0it6MJ+PFeDc+FqNrRrZzjP7A+PwBN1CRhA==</latexit>

HS(t) = HS(t+ T )



Featureless Fermionic Bath

<latexit sha1_base64="EGyR11FtZ65zY6/Lq5BxEnG8L4g=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6sKSSFGXRTcuK9gHNCFMppN26GQmzkyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7C0vLK6VlwvbWxube/Yu3stJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4PfHbD0QqKvidHiXEj1Gf04hipI0U2AeeHIgg82QMueCn5L46rugTGNhlp+pMAReJm5MyyNEI7C+vJ3AaE64xQ0p1XSfRfoakppiRcclLFUkQHqI+6RrKUUyUn03vH8Njo/RgJKQpruFU/T2RoVipURyazhjpgZr3JuJ/XjfV0aWfUZ6kmnA8WxSlDGoBJ2HAHpUEazYyBGFJza0QD5BEWJvISiYEd/7lRdI6q7rn1dptrVy/yuMogkNwBCrABRegDm5AAzQBBo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP8CylUg=</latexit>

⇢non�eq.(t)

<latexit sha1_base64="OaWBfaIEl/SMI5/Z7myTOaaP5y8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFdlaQUdSMUXeiygn1AE8NkOmmHzkzCzEQooQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89YcKo0o7zbS0tr6yurRc2iptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weDXx2w9EKhqLOz1KiM9RX9CIYqSNFNgl7xpxji68SCKceSINHKiP76vjrDoO7LJTcaaAi8TNSRnkaAT2l9eLccqJ0Jghpbquk2g/Q1JTzMi46KWKJAgPUZ90DRWIE+Vn0yfG8MgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Ux2d+xkVSaqJwLNFUcqgjuEkEdijkmDNRoYgLKm5FeIBMnFok1vRhODOv7xIWtWKe1qp3dbK9cs8jgIogUNwAlxwBurgBjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgD6/MHnHmXcQ==</latexit>

� =
⌫0t02

2

Decay rate:

Bath DOS

Tunneling 
amplitude

Exact non-equilibrium steady-state of driven non-interacting fermions

Floquet Periodic Gibbs Ensemble with Fermi Dirac Staircase:

Floquet problem: Weak coupling to bath:
<latexit sha1_base64="kkOuD2YBncpldz2oOygqDiuWgFQ=">AAAB+HicbVDLSsNAFJ34rPXRqEs3wSK0CCWRom6EopsuK/YFbQiT6aQdOpmEmRuhln6JGxeKuPVT3Pk3TtMstPXA5R7OuZe5c/yYMwW2/W2srW9sbm3ndvK7e/sHBfPwqK2iRBLaIhGPZNfHinImaAsYcNqNJcWhz2nHH9/N/c4jlYpFogmTmLohHgoWMIJBS55ZqHsPJSjfpO28WfbMol2xU1irxMlIEWVoeOZXfxCRJKQCCMdK9Rw7BneKJTDC6SzfTxSNMRnjIe1pKnBIlTtND59ZZ1oZWEEkdQmwUvX3xhSHSk1CX0+GGEZq2ZuL/3m9BIJrd8pEnAAVZPFQkHALImuegjVgkhLgE00wkUzfapERlpiAziqvQ3CWv7xK2hcV57JSva8Wa7dZHDl0gk5RCTnoCtVQHTVQCxGUoGf0it6MJ+PFeDc+FqNrRrZzjP7A+PwBN1CRhA==</latexit>

HS(t) = HS(t+ T )

Bath spectrum 
flat and 
infinitely broad



<latexit sha1_base64="NkZakQy8c3nFvZPZDzORbP3HU7o="></latexit>

jDC = �(2)
ijk(!,�!)Ei(!)Ek(!)

⇤

<latexit sha1_base64="r5p6lYvdoCpl6t7U/FJMqCXSYy4="></latexit>

�(2)
ijk(!,�!) =

1

i! + 1/⌧

✓
e3

~2 ✏iklDjl

◆

Non-linear Hall effect Rectification Conductivity

Matsyshyn & Sodemann, PRL 123, 246602 (2019)

Berry curvature dipole
<latexit sha1_base64="Nlv8aG/QYC4yoySgeT0H/rpeCQI=">AAACI3icbVDLSsNAFJ34tr6qLt0MFsFVSURUBKGoC3dWsCo0JdxMb+rYySTMTIQS8i9u/BU3LhRx48J/cZp24evAwOGcc7lzT5gKro3rfjgTk1PTM7Nz85WFxaXllerq2pVOMsWwxRKRqJsQNAousWW4EXiTKoQ4FHgd9k+G/vU9Ks0TeWkGKXZi6EkecQbGSkH18DTIOe0XR74A2RNI/RSU4SCCPPfDyDoBL0rmn8fYgyK4o74qo0G15tbdEvQv8cakRsZoBtU3v5uwLEZpmACt256bmk4+3McEFhU/05gC60MP25ZKiFF38vLGgm5ZpUujRNknDS3V7xM5xFoP4tAmYzC3+rc3FP/z2pmJDjo5l2lmULLRoigT1CR0WBjtcoXMiIElwBS3f6XsFhQwY2ut2BK83yf/JVc7dW+vvnOxW2scj+uYIxtkk2wTj+yTBjkjTdIijDyQJ/JCXp1H59l5c95H0QlnPLNOfsD5/ALKSaT/</latexit>

Dik = h@ki⌦ji

Real part: linear polarization
Imaginary part: circular polarization 

(not yet seen experimentally!)

 Inti Sodemann and Liang Fu, PRL 115, 216806 (2015)

Drude-like form:

<latexit sha1_base64="uhRTmVR2DIuE0ko9ZTjEtTU5EBU=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkR9VisB48V7Ac0IWy2m3btbhJ2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5ttbWNza3tks75d29/YND++i4rZJMEtoiCU9kN8SKchbTlmaa024qKRYhp51w1Jj5nTGViiXxo56k1Bd4ELOIEayNFNh27oURepoGuScFumtMA7viVJ050CpxC1KBAs3A/vL6CckEjTXhWKme66Taz7HUjHA6LXuZoikmIzygPUNjLKjy8/nlU3RulD6KEmkq1miu/p7IsVBqIkLTKbAeqmVvJv7n9TId3fg5i9NM05gsFkUZRzpBsxhQn0lKNJ8Ygolk5lZEhlhiok1YZROCu/zyKmnXqu5VtfZwWanfFnGU4BTO4AJcuIY63EMTWkBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx/oxJMx</latexit>

jDC

<latexit sha1_base64="FcThfYOuCSxJiTwpVDWrxrZ5p0E=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg8tq7f6iUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPknuPIg==</latexit>!
<latexit sha1_base64="xJxXFUtrDhA1OiJyVCRbxrDGvSU=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9VjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxbuoVO/Py7XrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWLWjwM=</latexit>

�

<latexit sha1_base64="xJxXFUtrDhA1OiJyVCRbxrDGvSU=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9VjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxbuoVO/Py7XrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWLWjwM=</latexit>

�

<latexit sha1_base64="XtRWCmBm4aVHkWHjAEHCJsINCh4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgxbAbRD0GvXiMYB6SrGF2MkmGzMwuM71CWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEU1ankYh0KySGCa5YHTkK1oo1IzIUrBmObqZ+84lpwyN1j+OYBZIMFO9zStBKDx0kyWN65k+6xZJX9mZwl4mfkRJkqHWLX51eRBPJFFJBjGn7XoxBSjRyKtik0EkMiwkdkQFrW6qIZCZIZwdP3BOr9Nx+pG0pdGfq74mUSGPGMrSdkuDQLHpT8T+vnWD/Kki5ihNkis4X9RPhYuROv3d7XDOKYmwJoZrbW106JJpQtBkVbAj+4svLpFEp+xflyt15qXqdxZGHIziGU/DhEqpwCzWoAwUJz/AKb452Xpx352PemnOymUP4A+fzB3zMkDU=</latexit>

⌧�1 Interband

<latexit sha1_base64="lhRR/zVX7EZoPj/fCBgp20hMi1A=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4irtB1GPQi8cI5gHZJcxOZpMh82JmNhCW/IkXD4p49U+8+TdOkj1oYkFDUdVNd1eiGDU2CL69tfWNza3t0k55d2//4NA/Om4ZmWlMmlgyqTsJMoRRQZqWWkY6ShPEE0bayeh+5rfHRBsqxZOdKBJzNBA0pRhZJ/V8P1JaKitheBlJTgao51eCajAHXCVhQSqgQKPnf0V9iTNOhMUMGdMNA2XjHGlLMSPTcpQZohAeoQHpOioQJybO55dP4blT+jCV2pWwcK7+nsgRN2bCE9fJkR2aZW8m/ud1M5vexjkVKrNE4MWiNGPQfTqLAfapJtiyiSMIa+puhXiINMLWhVV2IYTLL6+SVq0aXldrj1eV+l0RRwmcgjNwAUJwA+rgATRAE2AwBs/gFbx5uffivXsfi9Y1r5g5AX/gff4A8ZCTNw==</latexit>

/ 1/!

In-Gap Non-linear Hall

<latexit sha1_base64="uhRTmVR2DIuE0ko9ZTjEtTU5EBU=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkR9VisB48V7Ac0IWy2m3btbhJ2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5ttbWNza3tks75d29/YND++i4rZJMEtoiCU9kN8SKchbTlmaa024qKRYhp51w1Jj5nTGViiXxo56k1Bd4ELOIEayNFNh27oURepoGuScFumtMA7viVJ050CpxC1KBAs3A/vL6CckEjTXhWKme66Taz7HUjHA6LXuZoikmIzygPUNjLKjy8/nlU3RulD6KEmkq1miu/p7IsVBqIkLTKbAeqmVvJv7n9TId3fg5i9NM05gsFkUZRzpBsxhQn0lKNJ8Ygolk5lZEhlhiok1YZROCu/zyKmnXqu5VtfZwWanfFnGU4BTO4AJcuIY63EMTWkBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx/oxJMx</latexit>

jDC

<latexit sha1_base64="FcThfYOuCSxJiTwpVDWrxrZ5p0E=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg8tq7f6iUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPknuPIg==</latexit>!
<latexit sha1_base64="xJxXFUtrDhA1OiJyVCRbxrDGvSU=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9VjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxbuoVO/Py7XrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWLWjwM=</latexit>

�
<latexit sha1_base64="XtRWCmBm4aVHkWHjAEHCJsINCh4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgxbAbRD0GvXiMYB6SrGF2MkmGzMwuM71CWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEU1ankYh0KySGCa5YHTkK1oo1IzIUrBmObqZ+84lpwyN1j+OYBZIMFO9zStBKDx0kyWN65k+6xZJX9mZwl4mfkRJkqHWLX51eRBPJFFJBjGn7XoxBSjRyKtik0EkMiwkdkQFrW6qIZCZIZwdP3BOr9Nx+pG0pdGfq74mUSGPGMrSdkuDQLHpT8T+vnWD/Kki5ihNkis4X9RPhYuROv3d7XDOKYmwJoZrbW106JJpQtBkVbAj+4svLpFEp+xflyt15qXqdxZGHIziGU/DhEqpwCzWoAwUJz/AKb452Xpx352PemnOymUP4A+fzB3zMkDU=</latexit>

⌧�1 Interband

Drude like
<latexit sha1_base64="ZoTaQdzCW6KiLIjcP043KxHQxGY=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBVZkpRV0W3bisYB/QGUsmzbShmSQkGaEMXbrxV9y4UMStn+DOvzFtZ6GtBwKHc+7l5pxIMqqN5307hZXVtfWN4mZpa3tnd8/dP2hpkSpMmlgwoToR0oRRTpqGGkY6UhGURIy0o9H11G8/EKWp4HdmLEmYoAGnMcXIWKnnHgdSCWkEDGKFcOZPssCgFAYiIQN0X5303LJX8WaAy8TPSRnkaPTcr6AvcJoQbjBDWnd9T5owQ8pQzMikFKSaSIRHaEC6lnKUEB1msyATeGqVPoyFso8bOFN/b2Qo0XqcRHYyQWaoF72p+J/XTU18GWaUy9QQjueH4pRBG3zaCuxTRbBhY0sQVtT+FeIhso0Y213JluAvRl4mrWrFP6/Ubmvl+lVeRxEcgRNwBnxwAergBjRAE2DwCJ7BK3hznpwX5935mI8WnHznEPyB8/kD2ImZ3g==</latexit>

/ 1

⌧!2

Qiong Ma, Su-Yang Xu  et al. Nature 565, 337 (2019).

Kang, Kaifei, et al. Nat. mater. 18.4 324 (2019).



Berry Dipole “Demon”
Ideal reversible photovoltaic mechanism based on Non-linear Hall effect

<latexit sha1_base64="0a+58/5587ooV96zC8zRyPo2BAM=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LInisYD+gu5Zsmm1Ds8mSZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5YcKZNq777RRWVtfWN4qbpa3tnd298v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscXU/99iNVmklxb8YJDWI8ECxiBBsrPWR+GKGbSc+XMR3gXrniVt0Z0DLxclKBHI1e+cvvS5LGVBjCsdZdz01MkGFlGOF0UvJTTRNMRnhAu5YKHFMdZLOrJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif101NdBlkTCSpoYLMF0UpR0aiaQSozxQlho8twUQxeysiQ6wwMTaokg3BW3x5mbTOqt55tXZXq9Sv8jiKcATHcAoeXEAdbqEBTSCg4Ble4c15cl6cd+dj3lpw8plD+APn8wcyT5JU</latexit>

E!

<latexit sha1_base64="TcOWxxHeiynGLcgxosia20EQDVM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSJcxOZpMx81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMesm4Uo8dJz++VK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2O3iCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRiUXQrD48jJpnlWDi+r53Xmldp3HUYQjOIZTCOASanALdWgAAQHP8ApvnvZevHfvY95a8PKZQ/gD7/MHRQqQEg==</latexit>

j0

Under pure illumination Circuit receives energy:

Radiation gives energy:

Illumination plus DC field

CPGE cell :
Material with 

Non-linear Hall 
effect

Passive 
Circuit

Energy received 
from light

Circularly polarized light

Energy given 
to circuit

<latexit sha1_base64="qcE+V8DqYkFHKeyByyoWEpTzeEs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildtYLQvI47ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndZrd1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMcDo9t</latexit>

j
<latexit sha1_base64="0a+58/5587ooV96zC8zRyPo2BAM=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LInisYD+gu5Zsmm1Ds8mSZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5YcKZNq777RRWVtfWN4qbpa3tnd298v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscXU/99iNVmklxb8YJDWI8ECxiBBsrPWR+GKGbSc+XMR3gXrniVt0Z0DLxclKBHI1e+cvvS5LGVBjCsdZdz01MkGFlGOF0UvJTTRNMRnhAu5YKHFMdZLOrJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif101NdBlkTCSpoYLMF0UpR0aiaQSozxQlho8twUQxeysiQ6wwMTaokg3BW3x5mbTOqt55tXZXq9Sv8jiKcATHcAoeXEAdbqEBTSCg4Ble4c15cl6cd+dj3lpw8plD+APn8wcyT5JU</latexit>

E!

<latexit sha1_base64="n5yTcpjlL+SoDJMxXENRQNuOvvU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc9Zt0oRreTnt8rV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF9Xz+/NK7TqPowhHcAynEMAl1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/AH3ucPDIeP7Q==</latexit>

E0

<latexit sha1_base64="TcOWxxHeiynGLcgxosia20EQDVM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSJcxOZpMx81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMesm4Uo8dJz++VK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2O3iCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRiUXQrD48jJpnlWDi+r53Xmldp3HUYQjOIZTCOASanALdWgAAQHP8ApvnvZevHfvY95a8PKZQ/gD7/MHRQqQEg==</latexit>

j0

<latexit sha1_base64="qXHpsOq4ELAfWn0Z4bLGdZs7epI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1GVRBJcV7AOaECbTSTt0ZhJmJkII8VfcuFDErR/izr9x2mahrQcuHM65l3vvCRNGlXacb6uytr6xuVXdru3s7u0f2IdHPRWnEpMujlksByFShFFBuppqRgaJJIiHjPTD6c3M7z8SqWgsHnSWEJ+jsaARxUgbKbDruRdG8LYIck9yqGONWBHYDafpzAFXiVuSBijRCewvbxTjlBOhMUNKDV0n0X6OpKaYkaLmpYokCE/RmAwNFYgT5efz4wt4apQRjGJpSmg4V39P5IgrlfHQdHKkJ2rZm4n/ecNUR1d+TkWSaiLwYlGUMvMknCUBR1QSrFlmCMKSmlshniCJsDZ51UwI7vLLq6R33nQvmq37VqN9XcZRBcfgBJwBF1yCNrgDHdAFGGTgGbyCN+vJerHerY9Fa8UqZ+rgD6zPH6VNlMk=</latexit>

Etotal

<latexit sha1_base64="YHyqhuy6CqB5czsDirgydTSbLz0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWRoi5cFEVwWcE+oAlhMpm0YyeZMDMRSghu/BU3LhRx61e482+cpllo9cCFM+fcy9x7/IRRqSzry6gsLC4tr1RXa2vrG5tb5vZOV/JUYNLBnHHR95EkjMako6hipJ8IgiKfkZ4/vpz6vXsiJOXxrZokxI3QMKYhxUhpyTP3MscP4V3u4IArWDyucs+C55Zn1q2GVQD+JXZJ6qBE2zM/nYDjNCKxwgxJObCtRLkZEopiRvKak0qSIDxGQzLQNEYRkW5WnJDDQ60EMORCV6xgof6cyFAk5STydWeE1EjOe1PxP2+QqvDMzWicpIrEePZRmDKoOJzmAQMqCFZsognCgupdIR4hgbDSqdV0CPb8yX9J97hhnzSaN81666KMowr2wQE4AjY4BS1wDdqgAzB4AE/gBbwaj8az8Wa8z1orRjmzC37B+PgGUK+WFg==</latexit>

j ·E0 < 0

<latexit sha1_base64="5QwW2ZqpbFt0hbj+u4ZCSvVQW8Y=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1JUURXBZwT6gCWEymbRjJ5kwMxFKyM6Nv+LGhSJu/QV3/o3TNAutHrhw5px7mXuPnzAqlWV9GZWFxaXllepqbW19Y3PL3N7pSp4KTDqYMy76PpKE0Zh0FFWM9BNBUOQz0vPHl1O/d0+EpDy+VZOEuBEaxjSkGCkteeZ+5vghvMsdHHAFi8dV7jk8IkMEzy3PrFsNqwD8S+yS1EGJtmd+OgHHaURihRmScmBbiXIzJBTFjOQ1J5UkQXiMhmSgaYwiIt2suCOHh1oJYMiFrljBQv05kaFIyknk684IqZGc96bif94gVeGZm9E4SRWJ8eyjMGVQcTgNBQZUEKzYRBOEBdW7QjxCAmGlo6vpEOz5k/+S7nHDPmk0b5r11kUZRxXsgQNwBGxwClrgGrRBB2DwAJ7AC3g1Ho1n4814n7VWjHJmF/yC8fENmVeYfw==</latexit>

j ·E! > 0

<latexit sha1_base64="/Gg6w4eTWncZ4xhUyqBSgwydjr4=">AAACI3icbZDLSsNAFIYn9V5vUZduBovQIpSkiIogiCK4EFGwF2hqmUwn7ejkwsyJUELexY2v4saFIm5c+C5OYgWtHhj4+f5zOHN+NxJcgWW9G4WJyanpmdm54vzC4tKyubLaUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNO9Pc785h2TiofBFQwj1vFJP+AepwQ06pr7ieN6+Ca9Thzp4/Oz05O0DBWH9kIo59ZJ2s0tO+Nb38iqHFhds2RVrbzwX2GPRAmN6qJrvjq9kMY+C4AKolTbtiLoJEQCp4KlRSdWLCL0lvRZW8uA+Ex1kvzGFG9q0sNeKPULAOf050RCfKWGvqs7fQIDNe5l8D+vHYO310l4EMXAAvq1yIsFhhBngeEel4yCGGpBqOT6r5gOiCQUdKxFHYI9fvJf0ahV7Z1q7XK7dHg0imMWraMNVEY22kWH6BRdoDqi6B49omf0YjwYT8ar8fbVWjBGM2voVxkfn6fEomE=</latexit>

jNLHE(t) · (E1(t) +E0) = 0

<latexit sha1_base64="N+LG5wSRUvwUKNiX14Av8vzMiHg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jEogscI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/trayurW9sFraK2zu7e/ulg8OmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3SjObie9Utmv+DOgZRLkpAw56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOCqxoCbMZtdO0KlT+ihW2pW0aKb+nsiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6joQggWX14mzWoluKhU78/Ltes8jgIcwwmcQQCXUIM7qEMDCDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A4wsjx4=</latexit>

E

<latexit sha1_base64="/RL83mA4jBrFX/qsqimfm9by7MM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdRl0Y3LCvYBTSiT6aQdOo8wMymUkI2/4saFIm79DHf+jdM2C209cOFwzr3ce0+UMKqN5307pbX1jc2t8nZlZ3dv/8A9PGprmSpMWlgyqboR0oRRQVqGGka6iSKIR4x0ovHdzO9MiNJUikczTUjI0VDQmGJkrNR3T7IgiuEk72eB4hAJyRGTqc77btWreXPAVeIXpAoKNPvuVzCQOOVEGMyQ1j3fS0yYIWUoZiSvBKkmCcJjNCQ9SwXiRIfZ/IEcnltlAGOpbAkD5+rviQxxrac8sp0cmZFe9mbif14vNfFNmFGRpIYIvFgUpwwaCWdpwAFVBBs2tQRhRe2tEI+QQtjYzCo2BH/55VXSrtf8q1r94bLauC3iKINTcAYugA+uQQPcgyZoAQxy8AxewZvz5Lw4787HorXkFDPH4A+czx8tO5bL</latexit>vanomalous
v =

@✏(k)

@k
+ e⌦(k)⇥E(t)

<latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit><latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit><latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit><latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit>

See also:


- Onishi, Fu, 
arXiv:2211.17219.


- Rappoport et al., 
PRL 130, 076901 
(2023).



Berry Dipole “Demon”
Ideal reversible photovoltaic mechanism based on Non-linear Hall effect

<latexit sha1_base64="0a+58/5587ooV96zC8zRyPo2BAM=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LInisYD+gu5Zsmm1Ds8mSZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5YcKZNq777RRWVtfWN4qbpa3tnd298v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscXU/99iNVmklxb8YJDWI8ECxiBBsrPWR+GKGbSc+XMR3gXrniVt0Z0DLxclKBHI1e+cvvS5LGVBjCsdZdz01MkGFlGOF0UvJTTRNMRnhAu5YKHFMdZLOrJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif101NdBlkTCSpoYLMF0UpR0aiaQSozxQlho8twUQxeysiQ6wwMTaokg3BW3x5mbTOqt55tXZXq9Sv8jiKcATHcAoeXEAdbqEBTSCg4Ble4c15cl6cd+dj3lpw8plD+APn8wcyT5JU</latexit>

E!

<latexit sha1_base64="TcOWxxHeiynGLcgxosia20EQDVM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSJcxOZpMx81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMesm4Uo8dJz++VK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2O3iCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRiUXQrD48jJpnlWDi+r53Xmldp3HUYQjOIZTCOASanALdWgAAQHP8ApvnvZevHfvY95a8PKZQ/gD7/MHRQqQEg==</latexit>

j0

Under pure illumination

Material with 
Non-linear Hall 

effect

Energy given to 
light

Circularly polarized light

Energy received 
from circuit

<latexit sha1_base64="/Gg6w4eTWncZ4xhUyqBSgwydjr4=">AAACI3icbZDLSsNAFIYn9V5vUZduBovQIpSkiIogiCK4EFGwF2hqmUwn7ejkwsyJUELexY2v4saFIm5c+C5OYgWtHhj4+f5zOHN+NxJcgWW9G4WJyanpmdm54vzC4tKyubLaUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNO9Pc785h2TiofBFQwj1vFJP+AepwQ06pr7ieN6+Ca9Thzp4/Oz05O0DBWH9kIo59ZJ2s0tO+Nb38iqHFhds2RVrbzwX2GPRAmN6qJrvjq9kMY+C4AKolTbtiLoJEQCp4KlRSdWLCL0lvRZW8uA+Ex1kvzGFG9q0sNeKPULAOf050RCfKWGvqs7fQIDNe5l8D+vHYO310l4EMXAAvq1yIsFhhBngeEel4yCGGpBqOT6r5gOiCQUdKxFHYI9fvJf0ahV7Z1q7XK7dHg0imMWraMNVEY22kWH6BRdoDqi6B49omf0YjwYT8ar8fbVWjBGM2voVxkfn6fEomE=</latexit>

jNLHE(t) · (E1(t) +E0) = 0

<latexit sha1_base64="N+LG5wSRUvwUKNiX14Av8vzMiHg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jEogscI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/trayurW9sFraK2zu7e/ulg8OmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3SjObie9Utmv+DOgZRLkpAw56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOCqxoCbMZtdO0KlT+ihW2pW0aKb+nsiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6joQggWX14mzWoluKhU78/Ltes8jgIcwwmcQQCXUIM7qEMDCDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A4wsjx4=</latexit>

E

<latexit sha1_base64="/RL83mA4jBrFX/qsqimfm9by7MM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdRl0Y3LCvYBTSiT6aQdOo8wMymUkI2/4saFIm79DHf+jdM2C209cOFwzr3ce0+UMKqN5307pbX1jc2t8nZlZ3dv/8A9PGprmSpMWlgyqboR0oRRQVqGGka6iSKIR4x0ovHdzO9MiNJUikczTUjI0VDQmGJkrNR3T7IgiuEk72eB4hAJyRGTqc77btWreXPAVeIXpAoKNPvuVzCQOOVEGMyQ1j3fS0yYIWUoZiSvBKkmCcJjNCQ9SwXiRIfZ/IEcnltlAGOpbAkD5+rviQxxrac8sp0cmZFe9mbif14vNfFNmFGRpIYIvFgUpwwaCWdpwAFVBBs2tQRhRe2tEI+QQtjYzCo2BH/55VXSrtf8q1r94bLauC3iKINTcAYugA+uQQPcgyZoAQxy8AxewZvz5Lw4787HorXkFDPH4A+czx8tO5bL</latexit>vanomalous
v =

@✏(k)

@k
+ e⌦(k)⇥E(t)

<latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit><latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit><latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit><latexit sha1_base64="XTiGgiAA2f90H+5rBakuj4tyU84="></latexit>

E
<latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit>

<latexit sha1_base64="qcE+V8DqYkFHKeyByyoWEpTzeEs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildtYLQvI47ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8Slq1qndZrd1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMcDo9t</latexit>

j

<latexit sha1_base64="0a+58/5587ooV96zC8zRyPo2BAM=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LInisYD+gu5Zsmm1Ds8mSZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5YcKZNq777RRWVtfWN4qbpa3tnd298v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscXU/99iNVmklxb8YJDWI8ECxiBBsrPWR+GKGbSc+XMR3gXrniVt0Z0DLxclKBHI1e+cvvS5LGVBjCsdZdz01MkGFlGOF0UvJTTRNMRnhAu5YKHFMdZLOrJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif101NdBlkTCSpoYLMF0UpR0aiaQSozxQlho8twUQxeysiQ6wwMTaokg3BW3x5mbTOqt55tXZXq9Sv8jiKcATHcAoeXEAdbqEBTSCg4Ble4c15cl6cd+dj3lpw8plD+APn8wcyT5JU</latexit>

E!
<latexit sha1_base64="n5yTcpjlL+SoDJMxXENRQNuOvvU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc9Zt0oRreTnt8rV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdvAEnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jEouhGDx5WXSPKsGF9Xz+/NK7TqPowhHcAynEMAl1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/AH3ucPDIeP7Q==</latexit>

E0

<latexit sha1_base64="TcOWxxHeiynGLcgxosia20EQDVM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSJcxOZpMx81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMesm4Uo8dJz++VK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2O3iCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRiUXQrD48jJpnlWDi+r53Xmldp3HUYQjOIZTCOASanALdWgAAQHP8ApvnvZevHfvY95a8PKZQ/gD7/MHRQqQEg==</latexit>

j0
<latexit sha1_base64="jFgacx6u2vQkbTYOluZn2qmRQLo=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWRoq6kKILLCvYBTQiTyaQdO8mEmYlQQnDjr7hxoYhbv8Kdf+M0zUKrBy6cOede5t7jJ4xKZVlfRmVhcWl5pbpaW1vf2Nwyt3e6kqcCkw7mjIu+jyRhNCYdRRUj/UQQFPmM9Pzx5dTv3RMhKY9v1SQhboSGMQ0pRkpLnrmXOX4I73IHB1zB4nGVexY8tzyzbjWsAvAvsUtSByXanvnpBBynEYkVZkjKgW0lys2QUBQzktecVJIE4TEakoGmMYqIdLPihBweaiWAIRe6YgUL9edEhiIpJ5GvOyOkRnLem4r/eYNUhWduRuMkVSTGs4/ClEHF4TQPGFBBsGITTRAWVO8K8QgJhJVOraZDsOdP/ku6xw37pNG8adZbF2UcVbAPDsARsMEpaIFr0AYdgMEDeAIv4NV4NJ6NN+N91loxypld8AvGxzdTuZYY</latexit>

j ·E0 > 0

Circuit gives energy:

<latexit sha1_base64="thiPLmuDP4r9jKnzq0TXN0fEdWs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1IWLogguK9gHNCFMJpN27CQTZiZCCdm58VfcuFDErb/gzr9xmmah1QMXzpxzL3Pv8RNGpbKsL6OysLi0vFJdra2tb2xumds7XclTgUkHc8ZF30eSMBqTjqKKkX4iCIp8Rnr++HLq9+6JkJTHt2qSEDdCw5iGFCOlJc/czxw/hHe5gwOuYPG4yj2HR2SI4LnlmXWrYRWAf4ldkjoo0fbMTyfgOI1IrDBDUg5sK1FuhoSimJG85qSSJAiP0ZAMNI1RRKSbFXfk8FArAQy50BUrWKg/JzIUSTmJfN0ZITWS895U/M8bpCo8czMaJ6kiMZ59FKYMKg6nocCACoIVm2iCsKB6V4hHSCCsdHQ1HYI9f/Jf0j1u2CeN5k2z3roo46iCPXAAjoANTkELXIM26AAMHsATeAGvxqPxbLwZ77PWilHO7IJfMD6+AZZNmH0=</latexit>

j ·E! < 0

Radiation receives energy:

Illumination plus DC field

Amplifier of circular light

Active Circuit 
(Battery)

See also:
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PRL 130, 076901 
(2023).


