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The	reset	master	equation:	thermodynamics	and	open	questions
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Exploiting	quantum	properties	of	the	working	fluid	

EF + eV
<latexit sha1_base64="1jLKN75qTtL4Dvb8p9abURObawc=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMiOIxgnlAEsLspDcZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPrqd+8wmV5pF8MOMYuyEdSB5wRo2VWje9W3JGsNErltyyOwNZJl5GSpCh1it+dfoRS0KUhgmqddtzY9NNqTKcCZwUOonGmLIRHWDbUklD1N10du+EnFilT4JI2ZKGzNTfEykNtR6Hvu0MqRnqRW8q/ue1ExNcdVMu48SgZPNFQSKIicj0edLnCpkRY0soU9zeStiQKsqMjahgQ/AWX14mjUrZOy9X7i9K1UoWRx6O4BhOwYNLqMId1KAODAQ8wyu8OY/Oi/PufMxbc042cwh/4Hz+AFbajs4=</latexit>

EF
<latexit sha1_base64="952swxsATWjL+P75/WKPIfiarFQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgQxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94jjhfkQHSoSCUbTSw03vtlcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK955pXp/Ua5V8zgKcAwncAYeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfaQY12</latexit>

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

Typical	outputs	:	Power	(heat	engine),	cooling	ratio	(fridge)

1� 2µm

RLoad
<latexit sha1_base64="Qh4/gEGLBlymjo094YxiJMQFZok=">AAAB9HicbVA9SwNBEN3zM8avqKXNYhCswl0UtAzYWFhEMR+QHGFvby9Zsrd77s4Fw5HfYWOhiK0/xs5/4ya5QhMfDDzem2FmXpAIbsB1v52V1bX1jc3CVnF7Z3dvv3Rw2DQq1ZQ1qBJKtwNimOCSNYCDYO1EMxIHgrWC4fXUb42YNlzJBxgnzI9JX/KIUwJW8u97XWBPkN0qEk56pbJbcWfAy8TLSRnlqPdKX91Q0TRmEqggxnQ8NwE/Ixo4FWxS7KaGJYQOSZ91LJUkZsbPZkdP8KlVQhwpbUsCnqm/JzISGzOOA9sZExiYRW8q/ud1Uoiu/IzLJAUm6XxRlAoMCk8TwCHXjIIYW0Ko5vZWTAdEEwo2p6INwVt8eZk0qxXvvFK9uyjXqnkcBXSMTtAZ8tAlqqEbVEcNRNEjekav6M0ZOS/Ou/Mxb11x8pkj9AfO5w8LlJI6</latexit>

Take	advantage	of	quantum	properties	to	enhance	efficiency

Can	we	use	thermal	machines	to	generate	quantum	resources?

Entanglement?	Multipartite	entanglement?

Haack,	Giazotto,	arXiv:1905.12672,	Chiaracane et	al.,	arXiv:1908.05139

Correa,	Kosloff
Hanna,	Nitzan,

…



Steady-state	entanglement	quantum	engine

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

Brask,	Haack,	Brunner,	Huber,		NJP	17	(2015)



Steady-state	entanglement	quantum	engine

Brask,	Haack,	Brunner,	Huber,		NJP	17	(2015)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>



Steady-state	entanglement	quantum	engine

Brask,	Haack,	Brunner,	Huber,		NJP	17	(2015)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

Hint = g (|01ih10|+ h.c.)

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Hs = E
�
|1ih1|1 + |1ih1|2

�
<latexit sha1_base64="Th8KkxvX3U3rgggbfWqp73e/zvA=">AAACQHichVDNS8MwHE39nPNr6tFLcAgTYbRV0IswEGHHCe4D1lLSLO3C0rQkqTDK/jQv/gnePHvxoIhXT6bdDroJPgh5vPd++Xh+wqhUpvlsLC2vrK6tlzbKm1vbO7uVvf2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3Rde5374mQNOZ3apwQN0IhpwHFSGnJq3SbnoRX8AY6Pg1r0NFZBS3oCMRDRhxWbLmQG54FT/+L2MVJJ16latbNAnCRWDNSBTO0vMqTM4hxGhGuMENS9i0zUW6GhKKYkUnZSSVJEB6hkPQ15Sgi0s2KAibwWCsDGMRCL65gof6cyFAk5TjydTJCaijnvVz8y+unKrh0M8qTVBGOpxcFKYMqhnmbcEAFwYqNNUFYUP1WiIdIIKx052VdgjX/5UXSsevWWd2+Pa827FkdJXAIjkANWOACNEATtEAbYPAAXsAbeDcejVfjw/icRpeM2cwB+AXj6xtvy6y6</latexit>



Steady-state	entanglement	quantum	engine

Brask,	Haack,	Brunner,	Huber,		NJP	17	(2015)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

Hint = g (|01ih10|+ h.c.)

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Hs = E
�
|1ih1|1 + |1ih1|2

�
<latexit sha1_base64="Th8KkxvX3U3rgggbfWqp73e/zvA=">AAACQHichVDNS8MwHE39nPNr6tFLcAgTYbRV0IswEGHHCe4D1lLSLO3C0rQkqTDK/jQv/gnePHvxoIhXT6bdDroJPgh5vPd++Xh+wqhUpvlsLC2vrK6tlzbKm1vbO7uVvf2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3Rde5374mQNOZ3apwQN0IhpwHFSGnJq3SbnoRX8AY6Pg1r0NFZBS3oCMRDRhxWbLmQG54FT/+L2MVJJ16latbNAnCRWDNSBTO0vMqTM4hxGhGuMENS9i0zUW6GhKKYkUnZSSVJEB6hkPQ15Sgi0s2KAibwWCsDGMRCL65gof6cyFAk5TjydTJCaijnvVz8y+unKrh0M8qTVBGOpxcFKYMqhnmbcEAFwYqNNUFYUP1WiIdIIKx052VdgjX/5UXSsevWWd2+Pa827FkdJXAIjkANWOACNEATtEAbYPAAXsAbeDcejVfjw/icRpeM2cwB+AXj6xtvy6y6</latexit>

• Time-independent	interaction	Hamiltonian,	time-independent	bath	couplings	

Thermodynamics:	no	work,	only	heat	exchange

• Autonomous	quantum	thermal	machine

• Ground	state	is	a	product	state	when																(weak	inter-qubit	coupling)

• Solve	master	equation	to	obtain	the	steady-state	solution

g < E



Brask,	Haack,	Brunner,	Huber,		NJP	17	(2015)

Hint = g (|01ih10|+ h.c.)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Hs = E
�
|1ih1|1 + |1ih1|2

�
<latexit sha1_base64="Th8KkxvX3U3rgggbfWqp73e/zvA=">AAACQHichVDNS8MwHE39nPNr6tFLcAgTYbRV0IswEGHHCe4D1lLSLO3C0rQkqTDK/jQv/gnePHvxoIhXT6bdDroJPgh5vPd++Xh+wqhUpvlsLC2vrK6tlzbKm1vbO7uVvf2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3Rde5374mQNOZ3apwQN0IhpwHFSGnJq3SbnoRX8AY6Pg1r0NFZBS3oCMRDRhxWbLmQG54FT/+L2MVJJ16latbNAnCRWDNSBTO0vMqTM4hxGhGuMENS9i0zUW6GhKKYkUnZSSVJEB6hkPQ15Sgi0s2KAibwWCsDGMRCL65gof6cyFAk5TjydTJCaijnvVz8y+unKrh0M8qTVBGOpxcFKYMqhnmbcEAFwYqNNUFYUP1WiIdIIKx052VdgjX/5UXSsevWWd2+Pa827FkdJXAIjkANWOACNEATtEAbYPAAXsAbeDcejVfjw/icRpeM2cwB+AXj6xtvy6y6</latexit>

⌧ = r|0ih0|+ (1� r)|1ih1|

r =
1

1 + e�E/(kBT )

Thermal	state

Ground state	population

• Probabilistic reset: ⇢(t+ dt) = �i[Hs, ⇢(t)] dt+ �dt ⌧ + (1� �dt)⇢(t)
<latexit sha1_base64="gwUWKyj55/AjGGdMt8hOJBNsgYc="></latexit>

Dynamics



Brask,	Haack,	Brunner,	Huber,		NJP	17	(2015)

Hint = g (|01ih10|+ h.c.)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Hs = E
�
|1ih1|1 + |1ih1|2

�
<latexit sha1_base64="Th8KkxvX3U3rgggbfWqp73e/zvA=">AAACQHichVDNS8MwHE39nPNr6tFLcAgTYbRV0IswEGHHCe4D1lLSLO3C0rQkqTDK/jQv/gnePHvxoIhXT6bdDroJPgh5vPd++Xh+wqhUpvlsLC2vrK6tlzbKm1vbO7uVvf2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3Rde5374mQNOZ3apwQN0IhpwHFSGnJq3SbnoRX8AY6Pg1r0NFZBS3oCMRDRhxWbLmQG54FT/+L2MVJJ16latbNAnCRWDNSBTO0vMqTM4hxGhGuMENS9i0zUW6GhKKYkUnZSSVJEB6hkPQ15Sgi0s2KAibwWCsDGMRCL65gof6cyFAk5TjydTJCaijnvVz8y+unKrh0M8qTVBGOpxcFKYMqhnmbcEAFwYqNNUFYUP1WiIdIIKx052VdgjX/5UXSsevWWd2+Pa827FkdJXAIjkANWOACNEATtEAbYPAAXsAbeDcejVfjw/icRpeM2cwB+AXj6xtvy6y6</latexit>

⌧ = r|0ih0|+ (1� r)|1ih1|

r =
1

1 + e�E/(kBT )

Thermal	state

Ground state	population

• Probabilistic reset:

• Reset	master	equation	(local):

Dynamics

⇢(t+ dt) = �i[Hs, ⇢(t)] dt+ �dt ⌧ + (1� �dt)⇢(t)
<latexit sha1_base64="gwUWKyj55/AjGGdMt8hOJBNsgYc="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>



Hint = g (|01ih10|+ h.c.)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Hs = E
�
|1ih1|1 + |1ih1|2

�
<latexit sha1_base64="Th8KkxvX3U3rgggbfWqp73e/zvA=">AAACQHichVDNS8MwHE39nPNr6tFLcAgTYbRV0IswEGHHCe4D1lLSLO3C0rQkqTDK/jQv/gnePHvxoIhXT6bdDroJPgh5vPd++Xh+wqhUpvlsLC2vrK6tlzbKm1vbO7uVvf2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3Rde5374mQNOZ3apwQN0IhpwHFSGnJq3SbnoRX8AY6Pg1r0NFZBS3oCMRDRhxWbLmQG54FT/+L2MVJJ16latbNAnCRWDNSBTO0vMqTM4hxGhGuMENS9i0zUW6GhKKYkUnZSSVJEB6hkPQ15Sgi0s2KAibwWCsDGMRCL65gof6cyFAk5TjydTJCaijnvVz8y+unKrh0M8qTVBGOpxcFKYMqhnmbcEAFwYqNNUFYUP1WiIdIIKx052VdgjX/5UXSsevWWd2+Pa827FkdJXAIjkANWOACNEATtEAbYPAAXsAbeDcejVfjw/icRpeM2cwB+AXj6xtvy6y6</latexit>

⌧ = r|0ih0|+ (1� r)|1ih1|

r =
1

1 + e�E/(kBT )

Thermal	state

Ground state	population

• Probabilistic reset:

• For	two qubits:

• Reset	master	equation	(local):

Dynamics

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢(t+ dt) = �i[Hs, ⇢(t)] dt+ �dt ⌧ + (1� �dt)⇢(t)
<latexit sha1_base64="gwUWKyj55/AjGGdMt8hOJBNsgYc="></latexit>

⇢̇(t) = �i[Hs +Hint, ⇢(t)] + �h (⌧h ⌦ Trh⇢(t)� ⇢(t)) + �c (Trc⇢(t)⌦ ⌧c � ⇢(t))
<latexit sha1_base64="YJpH8ZvE7smkR5lBtx+5yOhWocY="></latexit>



Hint = g (|01ih10|+ h.c.)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Hs = E
�
|1ih1|1 + |1ih1|2

�
<latexit sha1_base64="Th8KkxvX3U3rgggbfWqp73e/zvA=">AAACQHichVDNS8MwHE39nPNr6tFLcAgTYbRV0IswEGHHCe4D1lLSLO3C0rQkqTDK/jQv/gnePHvxoIhXT6bdDroJPgh5vPd++Xh+wqhUpvlsLC2vrK6tlzbKm1vbO7uVvf2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3Rde5374mQNOZ3apwQN0IhpwHFSGnJq3SbnoRX8AY6Pg1r0NFZBS3oCMRDRhxWbLmQG54FT/+L2MVJJ16latbNAnCRWDNSBTO0vMqTM4hxGhGuMENS9i0zUW6GhKKYkUnZSSVJEB6hkPQ15Sgi0s2KAibwWCsDGMRCL65gof6cyFAk5TjydTJCaijnvVz8y+unKrh0M8qTVBGOpxcFKYMqhnmbcEAFwYqNNUFYUP1WiIdIIKx052VdgjX/5UXSsevWWd2+Pa827FkdJXAIjkANWOACNEATtEAbYPAAXsAbeDcejVfjw/icRpeM2cwB+AXj6xtvy6y6</latexit>

⌧ = r|0ih0|+ (1� r)|1ih1|

r =
1

1 + e�E/(kBT )

Thermal	state

Ground state	population

• Probabilistic reset:

• For	two qubits:

• Reset	master	equation	(local):

Dynamics

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢(t+ dt) = �i[Hs, ⇢(t)] dt+ �dt ⌧ + (1� �dt)⇢(t)
<latexit sha1_base64="gwUWKyj55/AjGGdMt8hOJBNsgYc="></latexit>

⇢̇(t) = �i[Hs +Hint, ⇢(t)] + �h (⌧h ⌦ Trh⇢(t)� ⇢(t)) + �c (Trc⇢(t)⌦ ⌧c � ⇢(t))
<latexit sha1_base64="YJpH8ZvE7smkR5lBtx+5yOhWocY="></latexit>

talk	by	C.	Koch	on	optimal	control	for	reset



Steady-state	entanglement	quantum	engine

Brask,	Haack,	Brunner,	Huber,		NJP	17	(2015)

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

Hint = g (|01ih10|+ h.c.)

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Hs = E
�
|1ih1|1 + |1ih1|2

�
<latexit sha1_base64="Th8KkxvX3U3rgggbfWqp73e/zvA=">AAACQHichVDNS8MwHE39nPNr6tFLcAgTYbRV0IswEGHHCe4D1lLSLO3C0rQkqTDK/jQv/gnePHvxoIhXT6bdDroJPgh5vPd++Xh+wqhUpvlsLC2vrK6tlzbKm1vbO7uVvf2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3Rde5374mQNOZ3apwQN0IhpwHFSGnJq3SbnoRX8AY6Pg1r0NFZBS3oCMRDRhxWbLmQG54FT/+L2MVJJ16latbNAnCRWDNSBTO0vMqTM4hxGhGuMENS9i0zUW6GhKKYkUnZSSVJEB6hkPQ15Sgi0s2KAibwWCsDGMRCL65gof6cyFAk5TjydTJCaijnvVz8y+unKrh0M8qTVBGOpxcFKYMqhnmbcEAFwYqNNUFYUP1WiIdIIKx052VdgjX/5UXSsevWWd2+Pa827FkdJXAIjkANWOACNEATtEAbYPAAXsAbeDcejVfjw/icRpeM2cwB+AXj6xtvy6y6</latexit>
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Steady-state	heat flow	sustains the	generation of	entanglement



Steady-state	entanglement	quantum	engine

Thot
<latexit sha1_base64="joHA3qlNNuHwD8rwR87hSpPKesU=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPBi8cK/YImlM122i7d7IbdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJYIb9Lxvp7CxubW9U9wt7e0fHB6Vj0/aRqWaQYspoXQ3ogYEl9BCjgK6iQYaRwI60eRu7nceQRuuZBOnCYQxHUk+5IyilYJmP0B4wmyscNYvV7yqt4C7TvycVEiORr/8FQwUS2OQyAQ1pud7CYYZ1ciZgFkpSA0klE3oCHqWShqDCbPFzTP3wioDd6i0LYnuQv09kdHYmGkc2c6Y4tisenPxP6+X4vA2zLhMUgTJlouGqXBRufMA3AHXwFBMLaFMc3ury8ZUU4Y2ppINwV99eZ20a1X/qlp7uK7Ua3kcRXJGzskl8ckNqZN70iAtwkhCnskreXNS58V5dz6WrQUnnzklf+B8/gCU75H9</latexit>

Tcold
<latexit sha1_base64="+ORZ387o9BRir5+myAYm3V2g4hg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi8cK/YI2lM1m0y7dbOLupFhCf4cXD4p49cd489+4bXPQ1gcDj/dmdmeenwiu0XG+rcLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHd3O/M2FK81g2cZowLyJDyUNOCRrJaw76yJ4wMw8Fs0G54lSdBex14uakAjkag/JXP4hpGjGJVBCte66ToJcRhZwKNiv1U80SQsdkyHqGShIx7WWLpWf2hVECO4yVKYn2Qv09kZFI62nkm86I4EivenPxP6+XYnjrZVwmKTJJlx+FqbAxtucJ2AFXjKKYGkKo4mZXm46IIhRNTiUTgrt68jpp16ruVbX2cF2p1/I4inAG53AJLtxAHe6hAS2g8AjP8Apv1sR6sd6tj2VrwcpnTuEPrM8fQq6SXg==</latexit>

g
<latexit sha1_base64="RBhmglIj4npcFcpcsN7Z/iRUNZ0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyPOM3w==</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

|0i
<latexit sha1_base64="QQiYKAGjdhFJciUMl13TTfOsdsY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kHulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/2JJKR</latexit>

|1i
<latexit sha1_base64="mWRgW5whyHRecgJlx4T191d88K8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBg4TdKOgx4MVjBPOAZAmzk9lkyOzsMtMrxCVf4sWDIl79FG/+jZPHQRMLGoqqbrq7wlQKg5737aytb2xubRd2irt7+wcl9/CoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3U791iPXRiTqAccpD2I6UCISjKKVem6pa10kPulqqgaS99yyV/FmIKvEX5AyLFDvuV/dfsKymCtkkhrT8b0Ug5xqFEzySbGbGZ5SNqID3rFU0ZibIJ8dPiFnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn2puJ/XifD6CbIhUoz5IrNF0WZJJiQaQqkLzRnKMeWUKaFvZWwIdWUoc2qaEPwl19eJc1qxb+sVO+vyrWLRRwFOIFTOAcfrqEGd1CHBjDI4Ble4c15cl6cd+dj3rrmLGaO4Q+czx/3sJKS</latexit>

Circuit	QED	platform
Huard	group	(ENS	Lyon,	France)

Thermal	baths	:	Spectral	density	of	current	noise
/ E Re[Y (E)]

1

1� e�E/(kBT )

NV	centres
Houck	and	Berg-Sorensen	(DTU,	Denmark)

(Proposal)



Multipartite	entanglement?

Cluster	states

GHZ	states

Dicke states	/	W-states

O’Brien,	Science	318	(2007)
Quantum	Computing Quantum	memories

Quantum	metrology
Haase et	al.,	NJP	20	(2018)

Nunn,	Physics	10	(2017)

Which	quantum	states	can	be	generated	via	an	autonomous	thermal	machine?

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)
Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022



The	reset	evolution	equation
Open	questions	on	open	quantum	systems

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>



The	reset	evolution	equation
Open	questions	on	open	quantum	systems

• Linearity	?

• Equivalent	to	a	Lindblad-type	ME	?

• Relevant	for	experiments	?

• Are	the	laws	of	thermodynamics	valid	?	For	any	reset	state	?

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>



The	reset	evolution	equation
Open	questions	on	open	quantum	systems

• Linearity	?

• Equivalent	to	a	Lindblad-type	ME	?

• Relevant	for	experiments	?

• Are	the	laws	of	thermodynamics	valid	?	For	any	reset	state	?

d

dt
(a⇢1 + b⇢2) = . . . = a

d⇢1
dt

+ b
d⇢2
dt

<latexit sha1_base64="AycUGuBLZj0CYxBPlDYgIRGoZ+s="></latexit>

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>

⇢̇(t) = � (�Tr[⇢(t)]� ⇢(t))
<latexit sha1_base64="PUe5B3wXRoydpwq2/kTfZd+e2eI="></latexit>



Equivalent	to	a	Lindblad master	equation	?

D[A]⇢ = A⇢A† � 1
2{A

†A, ⇢}
<latexit sha1_base64="Nz6v2s+HlzJ6Y9wHBT9jrYv5oiY="></latexit>

Lindblad dissipators:

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>



Equivalent	to	a	Lindblad master	equation	?

ṗ0 =
N�1X

j>0

⇣
��
0jpj � �+

ojp0
⌘

<latexit sha1_base64="dSk8bOzVO2lX91S7BBkVYMkHpB8="></latexit>

ṗN�1 =
N�2X

j=0

⇣
�+
jN�1pj � ��

jN�1pN�1

⌘

<latexit sha1_base64="haZHhm5au0aL7v5iRpKMjTatnzg="></latexit>
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<latexit sha1_base64="PS/RGDgEwMiBC/FOpVQ224Y9H/U="></latexit>

8k = 0, . . . , N � 1
<latexit sha1_base64="yo0o3hnfhhLGgSEhVK9pRXV/JaA=">AAACAXicbVC7SgNBFJ2NryS+Vm0Em8EgWMSwGwtthICNlUQwD0iWMDs7mwyZnVlmZoWwxEILf8TGIiK2/oWdX6OTR6GJBy4czrmXe+/xY0aVdpwvK7O0vLK6ls3l1zc2t7btnd26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/HPuNOyIVFfxWD2LiRajLaUgx0kbq2PvtUEjEGOxfOEXYZoHQqgivT9yOXXBKzgRwkbgzUqjknoLR90Ox2rE/24HASUS4xgwp1XKdWHspkppiRob5dqJIjHAfdUnLUI4iorx08sEQHhklgOYUU1zDifp7IkWRUoPIN50R0j01743F/7xWosNzL6U8TjTheLooTBjUAo7jgAGVBGs2MARhSc2tEPeQRFib0PImBHf+5UVSL5fc01L5xqThgCmy4AAcgmPggjNQAVegCmoAg3vwDEbg1Xq0Xqw3633amrFmM3vgD6yPH6KDmLE=</latexit>

• Rate	equations	for	the	populations	for	Lindblad dissipators

D[A]⇢ = A⇢A† � 1
2{A

†A, ⇢}
<latexit sha1_base64="Nz6v2s+HlzJ6Y9wHBT9jrYv5oiY="></latexit>

Lindblad dissipators:

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>



Equivalent	to	a	Lindblad master	equation	?

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>

• Lindblad • Reset

ṗk = � (�kk � pk)
<latexit sha1_base64="lDvTyao5JrtCYtGuOIrsrJ9tbg0="></latexit>
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<latexit sha1_base64="m+Z0QceQdvrYArZjt3zIrPX5ya8="></latexit>

D[A]⇢ = A⇢A† � 1
2{A

†A, ⇢}
<latexit sha1_base64="Nz6v2s+HlzJ6Y9wHBT9jrYv5oiY="></latexit>

Lindblad dissipators:



Equivalent	to	a	Lindblad master	equation	?

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>

• Lindblad • Reset

ṗk = � (�kk � pk)
<latexit sha1_base64="lDvTyao5JrtCYtGuOIrsrJ9tbg0="></latexit>
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<latexit sha1_base64="HTP/P0IWxmGEqmV/WHuPvuNzywY="></latexit>

Identification	for	the	populations:

ṗk = �

0

@
X

j<k

��
jk +

X

j>k

�+
kj

1

A pk

+

0

@
X

j<k

�+
jk +

X

j>k

��
kj

1

A pj

<latexit sha1_base64="m+Z0QceQdvrYArZjt3zIrPX5ya8="></latexit>

j < k
<latexit sha1_base64="TjpsC48Imn+sXQtjCJg2mNgfYIk=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSwCNhYRjQfkBxhb28vWbO3d+zuCeFIY2NlY6GIra1/xs5fo3tJCk18MPB4b4aZeV7MmdK2/WXllpZXVtfyheL6xubWdmlnt6miRBLaIBGPZNvDinImaEMzzWk7lhSHHqctb3iR+a07KhWLxI0exdQNcV+wgBGsjXR9ez7slcp2xZ4ALRJnRsq1woP/8X1/XO+VPrt+RJKQCk04Vqrj2LF2Uyw1I5yOi91E0RiTIe7TjqECh1S56eTUMTo0io+CSJoSGk3U3xMpDpUahZ7pDLEeqHkvE//zOokOztyUiTjRVJDpoiDhSEco+xv5TFKi+cgQTCQztyIywBITbdIpmhCc+ZcXSbNacU4q1SuThg1T5GEfDuAIHDiFGlxCHRpAoA+P8AwvFreerFfrbdqas2Yze/AH1vsP2suRJQ==</latexit>

j > k
<latexit sha1_base64="4HcqHd4CJT7+keT0gp9y4Khrsjw=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSSgI1lRPMByRH29vaSNXt7x+6eEI40NlY2ForY2vpn7Pw1upek0MQHA4/3ZpiZ58WcKW3bX1ZuaXlldS1fKK5vbG5tl3Z2mypKJKENEvFItj2sKGeCNjTTnLZjSXHocdryhheZ37qjUrFI3OhRTN0Q9wULGMHaSNe358NeqWxX7AnQInFmpFwrPPgf3/fH9V7ps+tHJAmp0IRjpTqOHWs3xVIzwum42E0UjTEZ4j7tGCpwSJWbTk4do0Oj+CiIpCmh0UT9PZHiUKlR6JnOEOuBmvcy8T+vk+jgzE2ZiBNNBZkuChKOdISyv5HPJCWajwzBRDJzKyIDLDHRJp2iCcGZf3mRNKsV56RSvTJp2DBFHvbhAI7AgVOowSXUoQEE+vAIz/BicevJerXepq05azazB39gvf8A3dWRJw==</latexit>

��jj = �+
kj

��kk = ��
kj

<latexit sha1_base64="kHnwakg1R61wMTFpYV5O2K+LHac="></latexit>

��kk = �+
jk

��jj = ��
jk

<latexit sha1_base64="dbMRPwa+EqhSBFzfNcDHEtsx3xk="></latexit>



Equivalent	to	a	Lindblad master	equation	?

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>

Identification	for	the	populations:

j < k
<latexit sha1_base64="TjpsC48Imn+sXQtjCJg2mNgfYIk=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSwCNhYRjQfkBxhb28vWbO3d+zuCeFIY2NlY6GIra1/xs5fo3tJCk18MPB4b4aZeV7MmdK2/WXllpZXVtfyheL6xubWdmlnt6miRBLaIBGPZNvDinImaEMzzWk7lhSHHqctb3iR+a07KhWLxI0exdQNcV+wgBGsjXR9ez7slcp2xZ4ALRJnRsq1woP/8X1/XO+VPrt+RJKQCk04Vqrj2LF2Uyw1I5yOi91E0RiTIe7TjqECh1S56eTUMTo0io+CSJoSGk3U3xMpDpUahZ7pDLEeqHkvE//zOokOztyUiTjRVJDpoiDhSEco+xv5TFKi+cgQTCQztyIywBITbdIpmhCc+ZcXSbNacU4q1SuThg1T5GEfDuAIHDiFGlxCHRpAoA+P8AwvFreerFfrbdqas2Yze/AH1vsP2suRJQ==</latexit>

j > k
<latexit sha1_base64="4HcqHd4CJT7+keT0gp9y4Khrsjw=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSSgI1lRPMByRH29vaSNXt7x+6eEI40NlY2ForY2vpn7Pw1upek0MQHA4/3ZpiZ58WcKW3bX1ZuaXlldS1fKK5vbG5tl3Z2mypKJKENEvFItj2sKGeCNjTTnLZjSXHocdryhheZ37qjUrFI3OhRTN0Q9wULGMHaSNe358NeqWxX7AnQInFmpFwrPPgf3/fH9V7ps+tHJAmp0IRjpTqOHWs3xVIzwum42E0UjTEZ4j7tGCpwSJWbTk4do0Oj+CiIpCmh0UT9PZHiUKlR6JnOEOuBmvcy8T+vk+jgzE2ZiBNNBZkuChKOdISyv5HPJCWajwzBRDJzKyIDLDHRJp2iCcGZf3mRNKsV56RSvTJp2DBFHvbhAI7AgVOowSXUoQEE+vAIz/BicevJerXepq05azazB39gvf8A3dWRJw==</latexit>

��jj = �+
kj

��kk = ��
kj

<latexit sha1_base64="kHnwakg1R61wMTFpYV5O2K+LHac="></latexit>

��kk = �+
jk

��jj = ��
jk

<latexit sha1_base64="dbMRPwa+EqhSBFzfNcDHEtsx3xk="></latexit>

• For	the	coherences	?
ṗjk = �

⇣
�jk � ⇢jk

⌘

<latexit sha1_base64="AsFMV/iMRHXcwBSIVReiPZbcztM="></latexit>

Reset:

Lindblad :	… Need	an	additional	pure	dephasing	channel! ��
jkD[�jk

z ]⇢
<latexit sha1_base64="0lzmGjnbKM3/m6PG0tCYVZjUcFw=">AAACGnicbVBNS8NAEN34WetX1aOXxVbwVJJ60GNBQY8V7Ac0aZlst+3a3STsboQa+ju8+Fe8eFDEm3jx37hpc9DWBwOP92aYmedHnClt29/W0vLK6tp6biO/ubW9s1vY22+oMJaE1knIQ9nyQVHOAlrXTHPaiiQF4XPa9EcXqd+8p1KxMLjV44h6AgYB6zMC2kjdglPC7hUIAd3kbjTpuNGQuQL0kABPLidtV7GB8R46qeu5chiWuoWiXbanwIvEyUgRZah1C59uLySxoIEmHJRqO3akvQSkZoTTSd6NFY2AjGBA24YGIKjykulrE3xslB7uh9JUoPFU/T2RgFBqLHzTmZ6t5r1U/M9rx7p/7iUsiGJNAzJb1I851iFOc8I9JinRfGwIEMnMrZgMQQLRJs28CcGZf3mRNCpl57RcuakUq3YWRw4doiN0ghx0hqroGtVQHRH0iJ7RK3qznqwX6936mLUuWdnMAfoD6+sHPAShkw==</latexit>



Equivalent	to	a	Lindblad master	equation	?

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>

Identification	for	the	populations:

j < k
<latexit sha1_base64="TjpsC48Imn+sXQtjCJg2mNgfYIk=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSwCNhYRjQfkBxhb28vWbO3d+zuCeFIY2NlY6GIra1/xs5fo3tJCk18MPB4b4aZeV7MmdK2/WXllpZXVtfyheL6xubWdmlnt6miRBLaIBGPZNvDinImaEMzzWk7lhSHHqctb3iR+a07KhWLxI0exdQNcV+wgBGsjXR9ez7slcp2xZ4ALRJnRsq1woP/8X1/XO+VPrt+RJKQCk04Vqrj2LF2Uyw1I5yOi91E0RiTIe7TjqECh1S56eTUMTo0io+CSJoSGk3U3xMpDpUahZ7pDLEeqHkvE//zOokOztyUiTjRVJDpoiDhSEco+xv5TFKi+cgQTCQztyIywBITbdIpmhCc+ZcXSbNacU4q1SuThg1T5GEfDuAIHDiFGlxCHRpAoA+P8AwvFreerFfrbdqas2Yze/AH1vsP2suRJQ==</latexit>

j > k
<latexit sha1_base64="4HcqHd4CJT7+keT0gp9y4Khrsjw=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSSgI1lRPMByRH29vaSNXt7x+6eEI40NlY2ForY2vpn7Pw1upek0MQHA4/3ZpiZ58WcKW3bX1ZuaXlldS1fKK5vbG5tl3Z2mypKJKENEvFItj2sKGeCNjTTnLZjSXHocdryhheZ37qjUrFI3OhRTN0Q9wULGMHaSNe358NeqWxX7AnQInFmpFwrPPgf3/fH9V7ps+tHJAmp0IRjpTqOHWs3xVIzwum42E0UjTEZ4j7tGCpwSJWbTk4do0Oj+CiIpCmh0UT9PZHiUKlR6JnOEOuBmvcy8T+vk+jgzE2ZiBNNBZkuChKOdISyv5HPJCWajwzBRDJzKyIDLDHRJp2iCcGZf3mRNKsV56RSvTJp2DBFHvbhAI7AgVOowSXUoQEE+vAIz/BicevJerXepq05azazB39gvf8A3dWRJw==</latexit>

��jj = �+
kj

��kk = ��
kj

<latexit sha1_base64="kHnwakg1R61wMTFpYV5O2K+LHac="></latexit>

��kk = �+
jk

��jj = ��
jk

<latexit sha1_base64="dbMRPwa+EqhSBFzfNcDHEtsx3xk="></latexit>

• For	the	coherences	?
ṗjk = �

⇣
�jk � ⇢jk

⌘

<latexit sha1_base64="AsFMV/iMRHXcwBSIVReiPZbcztM="></latexit>

Reset:

Lindblad :	… Need	an	additional	pure	dephasing	channel! ��
jkD[�jk

z ]⇢
<latexit sha1_base64="0lzmGjnbKM3/m6PG0tCYVZjUcFw=">AAACGnicbVBNS8NAEN34WetX1aOXxVbwVJJ60GNBQY8V7Ac0aZlst+3a3STsboQa+ju8+Fe8eFDEm3jx37hpc9DWBwOP92aYmedHnClt29/W0vLK6tp6biO/ubW9s1vY22+oMJaE1knIQ9nyQVHOAlrXTHPaiiQF4XPa9EcXqd+8p1KxMLjV44h6AgYB6zMC2kjdglPC7hUIAd3kbjTpuNGQuQL0kABPLidtV7GB8R46qeu5chiWuoWiXbanwIvEyUgRZah1C59uLySxoIEmHJRqO3akvQSkZoTTSd6NFY2AjGBA24YGIKjykulrE3xslB7uh9JUoPFU/T2RgFBqLHzTmZ6t5r1U/M9rx7p/7iUsiGJNAzJb1I851iFOc8I9JinRfGwIEMnMrZgMQQLRJs28CcGZf3mRNCpl57RcuakUq3YWRw4doiN0ghx0hqroGtVQHRH0iJ7RK3qznqwX6936mLUuWdnMAfoD6+sHPAShkw==</latexit>

Reset	ME	:	Lindblad-type	ME	+	additional	dephasing	channel

Relevant	for	experiments!



Local	detailed	balance

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

j
<latexit sha1_base64="X/2Z1JPQjqZ8Y/bkB8v/r/9mrsU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+wFtKJvtpN12swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28Hkfu63n1BpHstHM03Qj+hQ8pAzaqzUGPdLZbfiLkDWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgbNiL9WYUDahQ+xaKmmE2s8Wh87IpVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGdn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNkUbgrf68jppVSvedaXauCnX3DyOApzDBVyBB7dQgweoQxMYIDzDK7w5Y+fFeXc+lq0bTj5zBn/gfP4AzOWM4A==</latexit>

k
<latexit sha1_base64="7esxsUFxALZU47KS8FxdJg0O6Qc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzmmM4Q==</latexit>

0
<latexit sha1_base64="hIv2NOpkYB2ss390YbOHwf7yB3E=">AAAB6HicbZC5TgMxEIZnwxXCFY6OxiJCooq8oYCOSBRQJhI5pGQVeR1vYuL1rmwvUljlCWgoQIiWB6DiSegoeROco4CEX7L06f9n5JnxY8G1wfjLySwtr6yuZddzG5tb2zv53b26jhJFWY1GIlJNn2gmuGQ1w41gzVgxEvqCNfzB5Thv3DGleSRvzDBmXkh6kgecEmOtKu7kC7iIJ0KL4M6gcPFx/331fpBWOvnPdjeiScikoYJo3XJxbLyUKMOpYKNcO9EsJnRAeqxlUZKQaS+dDDpCx9bpoiBS9kmDJu7vjpSEWg9D31aGxPT1fDY2/8taiQnOvZTLODFM0ulHQSKQidB4a9TlilEjhhYIVdzOimifKEKNvU3OHsGdX3kR6qWie1osVXGhjGGqLBzCEZyAC2dQhmuoQA0oMHiAJ3h2bp1H58V5nZZmnFnPPvyR8/YDmN6QdA==</latexit>

N � 1
<latexit sha1_base64="YwRuX9E9doRZS5BlwnDeuWgpZ0U=">AAAB6nicbZC7SgNBFIbPxktivEUtbQaDYGPYjYV2BmzEQiKaCyRLmJ3MJkNmZ5eZWSUseQQbC0W09InsfAZ7W51NUmjiDwMf/38Oc87xIs6Utu0PK7OwuLScza3kV9fWNzYLW9t1FcaS0BoJeSibHlaUM0FrmmlOm5GkOPA4bXiDszRv3FKpWChu9DCiboB7gvmMYG2s68tDp1Mo2iV7LDQPzhSKp1+v35/Zi7tqp/De7oYkDqjQhGOlWo4daTfBUjPC6SjfjhWNMBngHm0ZFDigyk3Go47QvnG6yA+leUKjsfu7I8GBUsPAM5UB1n01m6Xmf1kr1v6JmzARxZoKMvnIjznSIUr3Rl0mKdF8aAATycysiPSxxESb6+TNEZzZleehXi45R6XylV2s2DBRDnZhDw7AgWOowDlUoQYEenAPj/BkcevBerZeJqUZa9qzA39kvf0AjsaRtQ==</latexit>

Identification	for	the	populations:

j < k
<latexit sha1_base64="TjpsC48Imn+sXQtjCJg2mNgfYIk=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSwCNhYRjQfkBxhb28vWbO3d+zuCeFIY2NlY6GIra1/xs5fo3tJCk18MPB4b4aZeV7MmdK2/WXllpZXVtfyheL6xubWdmlnt6miRBLaIBGPZNvDinImaEMzzWk7lhSHHqctb3iR+a07KhWLxI0exdQNcV+wgBGsjXR9ez7slcp2xZ4ALRJnRsq1woP/8X1/XO+VPrt+RJKQCk04Vqrj2LF2Uyw1I5yOi91E0RiTIe7TjqECh1S56eTUMTo0io+CSJoSGk3U3xMpDpUahZ7pDLEeqHkvE//zOokOztyUiTjRVJDpoiDhSEco+xv5TFKi+cgQTCQztyIywBITbdIpmhCc+ZcXSbNacU4q1SuThg1T5GEfDuAIHDiFGlxCHRpAoA+P8AwvFreerFfrbdqas2Yze/AH1vsP2suRJQ==</latexit>

j > k
<latexit sha1_base64="4HcqHd4CJT7+keT0gp9y4Khrsjw=">AAAB6nicbVA9SwNBEJ2LX0n8ilraLAbBQsJdLLSSgI1lRPMByRH29vaSNXt7x+6eEI40NlY2ForY2vpn7Pw1upek0MQHA4/3ZpiZ58WcKW3bX1ZuaXlldS1fKK5vbG5tl3Z2mypKJKENEvFItj2sKGeCNjTTnLZjSXHocdryhheZ37qjUrFI3OhRTN0Q9wULGMHaSNe358NeqWxX7AnQInFmpFwrPPgf3/fH9V7ps+tHJAmp0IRjpTqOHWs3xVIzwum42E0UjTEZ4j7tGCpwSJWbTk4do0Oj+CiIpCmh0UT9PZHiUKlR6JnOEOuBmvcy8T+vk+jgzE2ZiBNNBZkuChKOdISyv5HPJCWajwzBRDJzKyIDLDHRJp2iCcGZf3mRNKsV56RSvTJp2DBFHvbhAI7AgVOowSXUoQEE+vAIz/BicevJerXepq05azazB39gvf8A3dWRJw==</latexit>

��jj = �+
kj

��kk = ��
kj

<latexit sha1_base64="kHnwakg1R61wMTFpYV5O2K+LHac="></latexit>

��kk = �+
jk

��jj = ��
jk

<latexit sha1_base64="dbMRPwa+EqhSBFzfNcDHEtsx3xk="></latexit>

�+
jk

��
jk

= e�Ejk/kBT

<latexit sha1_base64="g7Cj2oZ1r4PfT4iP3GnEYXBrg/I="></latexit>

�kk = e�Ek/(kBT )

Z
<latexit sha1_base64="VWdGzOgJxW+MLJxEaPlIpuENIxw="></latexit>

�jk = 0
<latexit sha1_base64="7+6pGv8W63RdXNoLdxrJ7cRiFsI=">AAAB+HicbVDLSgNBEOyNrxgfWSOevAwGwVPYjYhehIAXjxHMA5KwzE5mkzGzs8vMrBCXXD35AYIXBUW8+ine/Bsnj4MmFjQUVd10d/kxZ0o7zreVWVpeWV3Lruc2Nre28/ZOoa6iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3Ax9hu3VCoWiWs9jGknxD3BAkawNpJn59uK9ULspTeDETpHjmcXnZIzAVok7owUK4WX+8eTvYeqZ3+1uxFJQio04VipluvEupNiqRnhdJRrJ4rGmAxwj7YMFTikqpNODh+hQ6N0URBJU0Kjifp7IsWhUsPQN50h1n01743F/7xWooOzTspEnGgqyHRRkHCkIzROAXWZpETzoSGYSGZuRaSPJSbaZJUzIbjzLy+SernkHpfKVyYNB6bIwj4cwBG4cAoVuIQq1IBAAk/wCm/WnfVsvVsf09aMNZvZhT+wPn8At+aVXA==</latexit>

Reset	state	must	be	thermal
to	satisfy	local	detailed	balance



First	law	of	thermodynamics

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

Ė(t) = Q̇(t)
<latexit sha1_base64="sMNEG+7YxTCYoQWU45oxksXzLx4=">AAACAHicbVC7SgNBFJ31GeNr1ULQZjAIsQm7sdBGCIhgYZGAeUCyhNnJJBky+2DmrhCWbWz9DBsLRWxt/QM7/8JPcHaTQhMvDJx7zj3cuccNBVdgWV/GwuLS8spqbi2/vrG5tW3u7DZUEEnK6jQQgWy5RDHBfVYHDoK1QsmI5wrWdEeXqd68Y1LxwL+Fccgcjwx83ueUgKa65n6nF0B8lRThBF/grKmlTdcsWCUrKzwP7CkoVMza98fNwUO1a35qM4085gMVRKm2bYXgxEQCp4Il+U6kWEjoiAxYW0OfeEw5cXZAgo8108P9QOrnA87Y346YeEqNPVdPegSGalZLyf+0dgT9cyfmfhgB8+lkUT8SGAKcpoF7XDIKYqwBoZLrv2I6JJJQ0JnldQj27MnzoFEu2aelck2nYaFJ5dAhOkJFZKMzVEHXqIrqiKIEPaJn9GLcG0/Gq/E2GV0wpp499KeM9x9r95iX</latexit>

Ė(t) =
X

k

Ek(t)ṗkk(t)

= �
X

k

Ek(t)(�kk � pkk).
<latexit sha1_base64="fNp661Io3/lhWYxUqjk+2tZfaZk="></latexit>

• Energy	change • Heat	flow

Q̇(t) =
X

k

X

j<k

(Ek � Ej)(�
+
jkpj � ��

jkpk)

<latexit sha1_base64="j/ti6A8FyS3z5WDSJbzp+xh0Aqg="></latexit>

= . . .
<latexit sha1_base64="/7vSFCXAueo1eN/yGsBN5zLfAIc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjBfsBbSibzaZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnCccj+mAyUiwShaqXNDejJM0PTLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yv3dKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtG1PxEqzZArtlgUZZJgQmbPk1BozlCOLaFMC3srYUOqKUMbUcmG4C2/vEpatap3Ua3dX1bqbh5HEU7gFM7Bgyuowx00oAkMJDzDK7w5j86L8+58LFoLTj5zDH/gfP4AkU+Pmw==</latexit>

= Ė(t)
<latexit sha1_base64="8L7HVzHqMd/WlmiPvy3q6fcW/vc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBItQN2WmCroRCiK4rGAf0A4lk6ZtaCYzJHeEMvQ33LhQxK0/486/MW1noa0HAodz7uHenCCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9nfuuJayMi9YiTmPshHSoxEIyilbo3pNuPML2blvG8Vyy5FXcOskq8jJQgQ71X/LJhloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/OYpObNKnwwibZ9CMld/J1IaGjMJAzsZUhyZZW8m/ud1Ehxc+6lQcYJcscWiQSIJRmRWAOkLzRnKiSWUaWFvJWxENWVoayrYErzlL6+SZrXiXVSqD5elmpvVkYcTOIUyeHAFNbiHOjSAQQzP8ApvTuK8OO/Ox2I052SZY/gD5/MH65qQ5g==</latexit>

Identification



First	law	of	thermodynamics

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

Ė(t) = Q̇(t)
<latexit sha1_base64="sMNEG+7YxTCYoQWU45oxksXzLx4=">AAACAHicbVC7SgNBFJ31GeNr1ULQZjAIsQm7sdBGCIhgYZGAeUCyhNnJJBky+2DmrhCWbWz9DBsLRWxt/QM7/8JPcHaTQhMvDJx7zj3cuccNBVdgWV/GwuLS8spqbi2/vrG5tW3u7DZUEEnK6jQQgWy5RDHBfVYHDoK1QsmI5wrWdEeXqd68Y1LxwL+Fccgcjwx83ueUgKa65n6nF0B8lRThBF/grKmlTdcsWCUrKzwP7CkoVMza98fNwUO1a35qM4085gMVRKm2bYXgxEQCp4Il+U6kWEjoiAxYW0OfeEw5cXZAgo8108P9QOrnA87Y346YeEqNPVdPegSGalZLyf+0dgT9cyfmfhgB8+lkUT8SGAKcpoF7XDIKYqwBoZLrv2I6JJJQ0JnldQj27MnzoFEu2aelck2nYaFJ5dAhOkJFZKMzVEHXqIrqiKIEPaJn9GLcG0/Gq/E2GV0wpp499KeM9x9r95iX</latexit>

Ė(t) =
X

k

Ek(t)ṗkk(t)

= �
X

k

Ek(t)(�kk � pkk).
<latexit sha1_base64="fNp661Io3/lhWYxUqjk+2tZfaZk="></latexit>

• Energy	change • Heat	flow

Q̇(t) =
X

k

X

j<k

(Ek � Ej)(�
+
jkpj � ��

jkpk)

<latexit sha1_base64="j/ti6A8FyS3z5WDSJbzp+xh0Aqg="></latexit>

= . . .
<latexit sha1_base64="/7vSFCXAueo1eN/yGsBN5zLfAIc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjBfsBbSibzaZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnCccj+mAyUiwShaqXNDejJM0PTLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yv3dKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtG1PxEqzZArtlgUZZJgQmbPk1BozlCOLaFMC3srYUOqKUMbUcmG4C2/vEpatap3Ua3dX1bqbh5HEU7gFM7Bgyuowx00oAkMJDzDK7w5j86L8+58LFoLTj5zDH/gfP4AkU+Pmw==</latexit>

= Ė(t)
<latexit sha1_base64="8L7HVzHqMd/WlmiPvy3q6fcW/vc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBItQN2WmCroRCiK4rGAf0A4lk6ZtaCYzJHeEMvQ33LhQxK0/486/MW1noa0HAodz7uHenCCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9nfuuJayMi9YiTmPshHSoxEIyilbo3pNuPML2blvG8Vyy5FXcOskq8jJQgQ71X/LJhloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/OYpObNKnwwibZ9CMld/J1IaGjMJAzsZUhyZZW8m/ud1Ehxc+6lQcYJcscWiQSIJRmRWAOkLzRnKiSWUaWFvJWxENWVoayrYErzlL6+SZrXiXVSqD5elmpvVkYcTOIUyeHAFNbiHOjSAQQzP8ApvTuK8OO/Ox2I052SZY/gD5/MH65qQ5g==</latexit>

Identification

No	constraint	on	the	reset	state



Second	law	of	thermodynamics

N	dim

SystemEnvironment

⇢̇(t) = �i[Hs, ⇢(t)] + � (⌧ � ⇢(t))
<latexit sha1_base64="QYWu/GiSBN13d0Y2637oAoXkrco="></latexit>

⇢̇(t) = �i[Hs, ⇢(t)] + � (� � ⇢(t))
<latexit sha1_base64="H6l8BkX5J2dm5B0Ck0kuJQxR95Q="></latexit>

Reset	state	not	specified�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

Ė(t) = Q̇(t)
<latexit sha1_base64="sMNEG+7YxTCYoQWU45oxksXzLx4=">AAACAHicbVC7SgNBFJ31GeNr1ULQZjAIsQm7sdBGCIhgYZGAeUCyhNnJJBky+2DmrhCWbWz9DBsLRWxt/QM7/8JPcHaTQhMvDJx7zj3cuccNBVdgWV/GwuLS8spqbi2/vrG5tW3u7DZUEEnK6jQQgWy5RDHBfVYHDoK1QsmI5wrWdEeXqd68Y1LxwL+Fccgcjwx83ueUgKa65n6nF0B8lRThBF/grKmlTdcsWCUrKzwP7CkoVMza98fNwUO1a35qM4085gMVRKm2bYXgxEQCp4Il+U6kWEjoiAxYW0OfeEw5cXZAgo8108P9QOrnA87Y346YeEqNPVdPegSGalZLyf+0dgT9cyfmfhgB8+lkUT8SGAKcpoF7XDIKYqwBoZLrv2I6JJJQ0JnldQj27MnzoFEu2aelck2nYaFJ5dAhOkJFZKMzVEHXqIrqiKIEPaJn9GLcG0/Gq/E2GV0wpp499KeM9x9r95iX</latexit>

No	constraint	on	the	reset	state

• Entropy	change

Ṡ(t) =
d

dt
(�Tr(⇢ ln ⇢)) = �Tr(⇢̇ ln ⇢)

<latexit sha1_base64="h309gvqqVkoeOf947FZxXRCTl/k="></latexit>

= ��Tr
⇣
(� � ⇢) ln ⇢

⌘
= �D(�||⇢)| {z }

>0

+�
⇣
S(�)� S(⇢)

⌘

<latexit sha1_base64="BRxpyAWrMnD4T/f+w7FlnU3eo9I="></latexit>

Entropy	production	 Entropy	flow	?
Can	the	entropy	flow	be	written	in	terms	of	heat	flow	?

Does	it	necessarily	imply	a	thermal	reset	state	?



Conclusion	and	outlook

For	autonomous	entanglement	engines,	reset	ME	turned	out	to	be	very	useful

• Steady-state	entanglement	between	two	qubits
Brask,	Haack,	Brunner,	Huber,	NJP	17	(2015).

• Generalization	to	multipartite	entanglement	(cluster	&	GHZ	&	W	states)
Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)
Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

Reset	ME

Equivalent	to	a	Lindblad-type	ME	+	pure	dephasing	channel

Local	detailed	balance	only	verified	for	a	thermal	reset	state

First	law	of	thermodynamics	seems	to	not	required	a	thermal	state

Second	law	?

Non-Markovianity ?	Engineered	environment	?
Haack	et	al.,	in	preparation	(2019)




