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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>

0

0.01

0.02

0.03

0 2 4 6 8

Tc/E = 0

Tc/E = 0.2

Q̄
c
/E

Th/E 0 2 4 6 8
0.00

0.01

0.02

0.03

0.04

0.05

C(
⇢̄)

Tc/E = 0.2

Tc/E = 0

Th/E

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="HTP/P0IWxmGEqmV/WHuPvuNzywY="></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)





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>

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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Do	incoherent	couplings	to	thermal	baths	limit	the	amount	of	entanglement?
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>

Heralded	entanglement	quantum	engine

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)



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>

Heralded	entanglement	quantum	engine

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)



Heralded	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>

• Dynamics	:	Reset	master	equation

• Steady	state	solution	:	weakly	entangled	steady	state

Hint = g1|02ih20|+ g2|11ih20|+ g3|11ih02|+ h.c.

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)



Heralded	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>

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)



Heralded	entanglement	quantum	engine
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<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>

Filtering
⇧

<latexit sha1_base64="gRsLo5Hrarea/dU/450cfnczV1A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/2mGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qndVrd3XK41aHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAbm42h</latexit>

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)



Heralded	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>

Filtering
⇧

<latexit sha1_base64="gRsLo5Hrarea/dU/450cfnczV1A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/2mGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qndVrd3XK41aHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAbm42h</latexit>

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)

Product	state



Heralded	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>

Filtering
⇧

<latexit sha1_base64="gRsLo5Hrarea/dU/450cfnczV1A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/2mGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qndVrd3XK41aHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAbm42h</latexit>

Tavakoli,	Haack,	Huber,	Brunner,	Brask,	Quantum	2	(2018)

Product	state Entangled	state
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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?



Generalize	to	multipartite	entanglement

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

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>



Generalize	to	multipartite	entanglement

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></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>



Generalize	to	multipartite	entanglement

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

[Hs, Hint] = 0
<latexit sha1_base64="QhO4+Y2fbOlDJEW6/34sLU7nNN8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfQiFLz0WMF+QBvCZrtpl242YXeilNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWJ4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M4DU5rH8h4mCfMiMpQ85JSAkXy73Gv4Gp/jhp9xCVPvxvHtilN15sCrxM1JBeVo+vZXfxDTNGISqCBa91wnAS8jCjgVbFrqp5olhI7JkPUMlSRi2svmp0/xqVEGOIyVKQl4rv6eyEik9SQKTGdEYKSXvZn4n9dLIbz2zE9JCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI7vLLq6Rdq7oX1drdZaVey+MoomN0gs6Qi65QHTVQE7UQRY/oGb2iN+vJerHerY9Fa8HKZ47QH1ifP5W/kt4=</latexit>

Which	target	admits	an	entanglement	engine?

Which	target	can	be	generated?

⇧⇢ss⇧ ⇠ | ih |
<latexit sha1_base64="51lqhyjb8sLabovzvLlwn5XOuiU=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwVdOGi4MZlBfuAzjBk0rQNzWNIMkIZ+jNu/BU3LiwiuPJXzExnoa0XQs495x6Se+KEUW0878tZW9/Y3Nqu7FR39/YPDt2j446WqcKkjSWTqhcjTRgVpG2oYaSXKIJ4zEg3ntzleveJKE2leDTThIQcjQQdUoyMpSL3NmhRGKixjDKtZ7DoNOUwsCZjW52rSIwYgQEr74LM9citeXWvKLgK/BLUQFmtyJ0HA4lTToTBDGnd973EhBlShmJGZtUg1SRBeIJGpG+hQJzoMCu2nMFzywzgUCp7hIEF+9uRIa71lMd2kiMz1staTv6n9VMzvAkzKpLUEIEXDw1TBo2EeWRwQBXBhk0tQFhR+1eIx0ghbGywVRuCv7zyKug06v5lvfFwVWs2yjgq4BScgQvgg2vQBPegBdoAg2fwCt7B3Hlx3pwP53MxuuaUnhPwp5zvH65XpLY=</latexit>

• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></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>



Generalize	to	multipartite	entanglement

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

[Hs, Hint] = 0
<latexit sha1_base64="QhO4+Y2fbOlDJEW6/34sLU7nNN8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfQiFLz0WMF+QBvCZrtpl242YXeilNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWJ4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M4DU5rH8h4mCfMiMpQ85JSAkXy73Gv4Gp/jhp9xCVPvxvHtilN15sCrxM1JBeVo+vZXfxDTNGISqCBa91wnAS8jCjgVbFrqp5olhI7JkPUMlSRi2svmp0/xqVEGOIyVKQl4rv6eyEik9SQKTGdEYKSXvZn4n9dLIbz2zE9JCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI7vLLq6Rdq7oX1drdZaVey+MoomN0gs6Qi65QHTVQE7UQRY/oGb2iN+vJerHerY9Fa8HKZ47QH1ifP5W/kt4=</latexit>

Which	target	admits	an	entanglement	engine?

Which	target	can	be	generated?

⇧⇢ss⇧ ⇠ | ih |
<latexit sha1_base64="51lqhyjb8sLabovzvLlwn5XOuiU=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwVdOGi4MZlBfuAzjBk0rQNzWNIMkIZ+jNu/BU3LiwiuPJXzExnoa0XQs495x6Se+KEUW0878tZW9/Y3Nqu7FR39/YPDt2j446WqcKkjSWTqhcjTRgVpG2oYaSXKIJ4zEg3ntzleveJKE2leDTThIQcjQQdUoyMpSL3NmhRGKixjDKtZ7DoNOUwsCZjW52rSIwYgQEr74LM9citeXWvKLgK/BLUQFmtyJ0HA4lTToTBDGnd973EhBlShmJGZtUg1SRBeIJGpG+hQJzoMCu2nMFzywzgUCp7hIEF+9uRIa71lMd2kiMz1staTv6n9VMzvAkzKpLUEIEXDw1TBo2EeWRwQBXBhk0tQFhR+1eIx0ghbGywVRuCv7zyKug06v5lvfFwVWs2yjgq4BScgQvgg2vQBPegBdoAg2fwCt7B3Hlx3pwP53MxuuaUnhPwp5zvH65XpLY=</latexit>

All	the	above!

• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></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>



Generalize	to	multipartite	entanglement

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

For	a	GHZ	state• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></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>





Thermal	steady-state	entanglement

J.	B.	Brask,	G.	Haack	et	al.,	NJP	17	(2015)
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C(
⇢̄)

• Most	basic	model

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

• Analytic steady-state

= �


pcph⌧c ⌦ ⌧h +

2g2

(pc + ph)2
(pc⌧c + ph⌧h)

⌦2 +
gpcph(rc � rh)

pc + ph
Y
�

• Heat	flow:	

• Concurrence	(measure	of	entanglement)	 R =
qp

⇢̄ ˜̄⇢
p
⇢̄

Q̄c = pcEh1|⇢̄c � ⌧c|1i

:	Given by	the	eigenvalues of	
Wooters,	PRL	(2001)
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CCA

(Parameters	optimization	for	each	temp.	bias)



Heralded	entanglement

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>

Entangled	state

psucc
<latexit sha1_base64="+FW+sFEUNyjRnKBkfGqt7nXkFxI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oWymm3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUIWtiLGLVCahmgkvWNNwI1kkUo1EgWDsY38399hNTmsfy0UwT5kd0KHnIkRordZJ+plPEWb9ccavuAmSdeDmpQI5Gv/zVG8SYRkwaFFTrrucmxs+oMhwFm5V6qWYJxTEdsq6lkkZM+9ni3hm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrz1My6T1DCJy0VhKoiJyfx5MuCKoRFTSygqbm8lOKKKorERlWwI3urL66RVq3pX1drDdaVey+MowhmcwyV4cAN1uIcGNAFBwDO8wpszcV6cd+dj2Vpw8plT+APn8wd48JAz</latexit>

⇢0 =
1

psuc
(⇧A ⌦⇧B)⇢̄(⇧A ⌦⇧B)

<latexit sha1_base64="sSznw42kXeNJA7yVOEidhAHC/is="></latexit>

⇢0 =

0

BBB@
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1

CCCA
.

<latexit sha1_base64="VeEYuNg0uajhUi09FxX8T2L1QnQ="></latexit>

Th ! 1 , Tc = 0
<latexit sha1_base64="tVZHpWII4x5e6tdiO1EYWm1XB58=">AAACCXicbVDLSsNAFJ34rPVVdelmsAguSkmqoBuh4MZlhb6gCWEynbRDJ5Mwc6OE0K0bf8WNC0Xc+gfu/Bunj4W2HrhwOOde7r0nSATXYNvf1srq2vrGZmGruL2zu7dfOjhs6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1glGNxO/c8+U5rFsQpYwLyIDyUNOCRjJL+GmP8Su4oMhEKXiB+xyGULmVirGofja9ktlu2pPgZeJMydlNEfDL325/ZimEZNABdG659gJeDlRwKlg46KbapYQOiID1jNUkohpL59+MsanRunjMFamJOCp+nsiJ5HWWRSYzojAUC96E/E/r5dCeOXlXCYpMElni8JUYIjxJBbc54pREJkhhCpubsV0SBShYMIrmhCcxZeXSbtWdc6rtbuLcr02j6OAjtEJOkMOukR1dIsaqIUoekTP6BW9WU/Wi/VufcxaV6z5zBH6A+vzB4FCmNw=</latexit>

pc � ph
<latexit sha1_base64="0wt5p1KiEJzyOO42cOpKWrxNMF4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7AekIWy2m3TpZjfsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KONMG9f9diobm1vbO9Xd2t7+weFR/fikp2WuCO0SyaUaRFhTzgTtGmY4HWSK4jTitB9N7uZ+/4kqzaR4NNOMBilOBIsZwcZKfhYSNEwSlIXjsN5wm+4CaJ14JWlAiU5Y/xqOJMlTKgzhWGvfczMTFFgZRjid1Ya5phkmE5xQ31KBU6qDYnHyDF1YZYRiqWwJgxbq74kCp1pP08h2ptiM9ao3F//z/NzEt0HBRJYbKshyUZxzZCSa/49GTFFi+NQSTBSztyIyxgoTY1Oq2RC81ZfXSa/V9K6arYfrRrtVxlGFMziHS/DgBtpwDx3oAgEJz/AKb45xXpx352PZWnHKmVP4A+fzB31jkK8=</latexit>



Top	to	bottom	
(TB , ✏) = (0.1, 1.5)

(TB , ✏) = (0.2, 1.5)

(TB , ✏) = (0.1, 0.5)

(TB , ✏) = (0.1, 0.5)

Heralded	entanglement
• Finite	temperature
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• Arbitrary	dimension

Hint =
dX

k=1

gk

⇣
|d, 0ihk � 1, d� k + 1|+ h.c.

⌘

<latexit sha1_base64="N/gMi6bXe8CyCKqbvN9y/eylvwM="></latexit>

|Sdi =
1p
d

dX

k=1

|k � 1, d� ki.
<latexit sha1_base64="jlfF6pwDzMkW3HJhqVt0gY7Fxao="></latexit>



Generalize	to	multipartite	entanglement

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

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>

[Hs, Hint] = 0
<latexit sha1_base64="QhO4+Y2fbOlDJEW6/34sLU7nNN8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfQiFLz0WMF+QBvCZrtpl242YXeilNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWJ4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M4DU5rH8h4mCfMiMpQ85JSAkXy73Gv4Gp/jhp9xCVPvxvHtilN15sCrxM1JBeVo+vZXfxDTNGISqCBa91wnAS8jCjgVbFrqp5olhI7JkPUMlSRi2svmp0/xqVEGOIyVKQl4rv6eyEik9SQKTGdEYKSXvZn4n9dLIbz2zE9JCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI7vLLq6Rdq7oX1drdZaVey+MoomN0gs6Qi65QHTVQE7UQRY/oGb2iN+vJerHerY9Fa8HKZ47QH1ifP5W/kt4=</latexit>

Which	target	admits	an	entanglement	engine?
• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></latexit>

To	be	determined:	 |Ri,�k
<latexit sha1_base64="caewtmJWS85pWPE0eCyGSJF1P5I=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAIHiTsRkGPAT14jGIekA1hdtKbDJmdXWZ6hRCCF3/FiwdFvPoV3vwbJ4+DJhY0FFXddHcFiRQGXffbySwtr6yuZddzG5tb2zv53b2aiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg/7V2K8/gDYiVvc4SKAVsa4SoeAMrdTOH/jWRXpHfc1UV8Ip9a9BImv32/mCW3QnoIvEm5ECmaHSzn/5nZinESjkkhnT9NwEW0OmUXAJo5yfGkgY77MuNC1VLALTGk5eGNFjq3RoGGtbCulE/T0xZJExgyiwnRHDnpn3xuJ/XjPF8LI1FCpJERSfLgpTSTGm4zxoR2jgKAeWMK6FvZXyHtOMo00tZ0Pw5l9eJLVS0Tsrlm7PC+XSLI4sOSRH5IR45IKUyQ2pkCrh5JE8k1fy5jw5L8678zFtzTizmX3yB87nD/vplnk=</latexit>

Which	target	can	be	generated?

⇧⇢ss⇧ ⇠ | ih |
<latexit sha1_base64="51lqhyjb8sLabovzvLlwn5XOuiU=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwVdOGi4MZlBfuAzjBk0rQNzWNIMkIZ+jNu/BU3LiwiuPJXzExnoa0XQs495x6Se+KEUW0878tZW9/Y3Nqu7FR39/YPDt2j446WqcKkjSWTqhcjTRgVpG2oYaSXKIJ4zEg3ntzleveJKE2leDTThIQcjQQdUoyMpSL3NmhRGKixjDKtZ7DoNOUwsCZjW52rSIwYgQEr74LM9citeXWvKLgK/BLUQFmtyJ0HA4lTToTBDGnd973EhBlShmJGZtUg1SRBeIJGpG+hQJzoMCu2nMFzywzgUCp7hIEF+9uRIa71lMd2kiMz1staTv6n9VMzvAkzKpLUEIEXDw1TBo2EeWRwQBXBhk0tQFhR+1eIx0ghbGywVRuCv7zyKug06v5lvfFwVWs2yjgq4BScgQvgg2vQBPegBdoAg2fwCt7B3Hlx3pwP53MxuuaUnhPwp5zvH65XpLY=</latexit>

All	the	above!



Proof

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

[Hs, Hint] = 0
<latexit sha1_base64="QhO4+Y2fbOlDJEW6/34sLU7nNN8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfQiFLz0WMF+QBvCZrtpl242YXeilNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWJ4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M4DU5rH8h4mCfMiMpQ85JSAkXy73Gv4Gp/jhp9xCVPvxvHtilN15sCrxM1JBeVo+vZXfxDTNGISqCBa91wnAS8jCjgVbFrqp5olhI7JkPUMlSRi2svmp0/xqVEGOIyVKQl4rv6eyEik9SQKTGdEYKSXvZn4n9dLIbz2zE9JCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI7vLLq6Rdq7oX1drdZaVey+MoomN0gs6Qi65QHTVQE7UQRY/oGb2iN+vJerHerY9Fa8HKZ47QH1ifP5W/kt4=</latexit>

Which	target	admits	an	entanglement	engine?• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></latexit> To	be	determined:	 |Ri,�k
<latexit sha1_base64="caewtmJWS85pWPE0eCyGSJF1P5I=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAIHiTsRkGPAT14jGIekA1hdtKbDJmdXWZ6hRCCF3/FiwdFvPoV3vwbJ4+DJhY0FFXddHcFiRQGXffbySwtr6yuZddzG5tb2zv53b2aiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg/7V2K8/gDYiVvc4SKAVsa4SoeAMrdTOH/jWRXpHfc1UV8Ip9a9BImv32/mCW3QnoIvEm5ECmaHSzn/5nZinESjkkhnT9NwEW0OmUXAJo5yfGkgY77MuNC1VLALTGk5eGNFjq3RoGGtbCulE/T0xZJExgyiwnRHDnpn3xuJ/XjPF8LI1FCpJERSfLgpTSTGm4zxoR2jgKAeWMK6FvZXyHtOMo00tZ0Pw5l9eJLVS0Tsrlm7PC+XSLI4sOSRH5IR45IKUyQ2pkCrh5JE8k1fy5jw5L8678zFtzTizmX3yB87nD/vplnk=</latexit>

Which	target	can	be	generated?

⇧⇢ss⇧ ⇠ | ih |
<latexit sha1_base64="51lqhyjb8sLabovzvLlwn5XOuiU=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwVdOGi4MZlBfuAzjBk0rQNzWNIMkIZ+jNu/BU3LiwiuPJXzExnoa0XQs495x6Se+KEUW0878tZW9/Y3Nqu7FR39/YPDt2j446WqcKkjSWTqhcjTRgVpG2oYaSXKIJ4zEg3ntzleveJKE2leDTThIQcjQQdUoyMpSL3NmhRGKixjDKtZ7DoNOUwsCZjW52rSIwYgQEr74LM9citeXWvKLgK/BLUQFmtyJ0HA4lTToTBDGnd973EhBlShmJGZtUg1SRBeIJGpG+hQJzoMCu2nMFzywzgUCp7hIEF+9uRIa71lMd2kiMz1staTv6n9VMzvAkzKpLUEIEXDw1TBo2EeWRwQBXBhk0tQFhR+1eIx0ghbGywVRuCv7zyKug06v5lvfFwVWs2yjgq4BScgQvgg2vQBPegBdoAg2fwCt7B3Hlx3pwP53MxuuaUnhPwp5zvH65XpLY=</latexit>

All	the	above!

1. Autonomy	condition	->

2. If	this	condition	is	satisfied	for	q	hot	qutrits and	N-q	cold	qutrits,	
then	it	can	also	be	satisfied	for	1	hot	qutrit and	N-1	cold	ones

3.	In	the	limit																																				,	

|Ri,�k
<latexit sha1_base64="caewtmJWS85pWPE0eCyGSJF1P5I=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAIHiTsRkGPAT14jGIekA1hdtKbDJmdXWZ6hRCCF3/FiwdFvPoV3vwbJ4+DJhY0FFXddHcFiRQGXffbySwtr6yuZddzG5tb2zv53b2aiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg/7V2K8/gDYiVvc4SKAVsa4SoeAMrdTOH/jWRXpHfc1UV8Ip9a9BImv32/mCW3QnoIvEm5ECmaHSzn/5nZinESjkkhnT9NwEW0OmUXAJo5yfGkgY77MuNC1VLALTGk5eGNFjq3RoGGtbCulE/T0xZJExgyiwnRHDnpn3xuJ/XjPF8LI1FCpJERSfLgpTSTGm4zxoR2jgKAeWMK6FvZXyHtOMo00tZ0Pw5l9eJLVS0Tsrlm7PC+XSLI4sOSRH5IR45IKUyQ2pkCrh5JE8k1fy5jw5L8678zFtzTizmX3yB87nD/vplnk=</latexit>

Th ! 1 , Tc = 0
<latexit sha1_base64="tVZHpWII4x5e6tdiO1EYWm1XB58=">AAACCXicbVDLSsNAFJ34rPVVdelmsAguSkmqoBuh4MZlhb6gCWEynbRDJ5Mwc6OE0K0bf8WNC0Xc+gfu/Bunj4W2HrhwOOde7r0nSATXYNvf1srq2vrGZmGruL2zu7dfOjhs6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1glGNxO/c8+U5rFsQpYwLyIDyUNOCRjJL+GmP8Su4oMhEKXiB+xyGULmVirGofja9ktlu2pPgZeJMydlNEfDL325/ZimEZNABdG659gJeDlRwKlg46KbapYQOiID1jNUkohpL59+MsanRunjMFamJOCp+nsiJ5HWWRSYzojAUC96E/E/r5dCeOXlXCYpMElni8JUYIjxJBbc54pREJkhhCpubsV0SBShYMIrmhCcxZeXSbtWdc6rtbuLcr02j6OAjtEJOkMOukR1dIsaqIUoekTP6BW9WU/Wi/VufcxaV6z5zBH6A+vzB4FCmNw=</latexit>

⇢0 =
⇧⇢ss⇧

Tr{⇧⇢ss}
= | ̄ih ̄|

<latexit sha1_base64="TWqCoe7W+R7sXnRVCkoK72s4hHE="></latexit>



Autonomy	condition

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

[Hs, Hint] = 0
<latexit sha1_base64="QhO4+Y2fbOlDJEW6/34sLU7nNN8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfQiFLz0WMF+QBvCZrtpl242YXeilNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWJ4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M4DU5rH8h4mCfMiMpQ85JSAkXy73Gv4Gp/jhp9xCVPvxvHtilN15sCrxM1JBeVo+vZXfxDTNGISqCBa91wnAS8jCjgVbFrqp5olhI7JkPUMlSRi2svmp0/xqVEGOIyVKQl4rv6eyEik9SQKTGdEYKSXvZn4n9dLIbz2zE9JCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI7vLLq6Rdq7oX1drdZaVey+MoomN0gs6Qi65QHTVQE7UQRY/oGb2iN+vJerHerY9Fa8HKZ47QH1ifP5W/kt4=</latexit>

Which	target	admits	an	entanglement	engine?• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></latexit> To	be	determined:	 |Ri,�k
<latexit sha1_base64="caewtmJWS85pWPE0eCyGSJF1P5I=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAIHiTsRkGPAT14jGIekA1hdtKbDJmdXWZ6hRCCF3/FiwdFvPoV3vwbJ4+DJhY0FFXddHcFiRQGXffbySwtr6yuZddzG5tb2zv53b2aiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg/7V2K8/gDYiVvc4SKAVsa4SoeAMrdTOH/jWRXpHfc1UV8Ip9a9BImv32/mCW3QnoIvEm5ECmaHSzn/5nZinESjkkhnT9NwEW0OmUXAJo5yfGkgY77MuNC1VLALTGk5eGNFjq3RoGGtbCulE/T0xZJExgyiwnRHDnpn3xuJ/XjPF8LI1FCpJERSfLgpTSTGm4zxoR2jgKAeWMK6FvZXyHtOMo00tZ0Pw5l9eJLVS0Tsrlm7PC+XSLI4sOSRH5IR45IKUyQ2pkCrh5JE8k1fy5jw5L8678zFtzTizmX3yB87nD/vplnk=</latexit>

Which	target	can	be	generated?

⇧⇢ss⇧ ⇠ | ih |
<latexit sha1_base64="51lqhyjb8sLabovzvLlwn5XOuiU=">AAACJXicbVDLSgMxFM34rPU16tJNsAiuykwVdOGi4MZlBfuAzjBk0rQNzWNIMkIZ+jNu/BU3LiwiuPJXzExnoa0XQs495x6Se+KEUW0878tZW9/Y3Nqu7FR39/YPDt2j446WqcKkjSWTqhcjTRgVpG2oYaSXKIJ4zEg3ntzleveJKE2leDTThIQcjQQdUoyMpSL3NmhRGKixjDKtZ7DoNOUwsCZjW52rSIwYgQEr74LM9citeXWvKLgK/BLUQFmtyJ0HA4lTToTBDGnd973EhBlShmJGZtUg1SRBeIJGpG+hQJzoMCu2nMFzywzgUCp7hIEF+9uRIa71lMd2kiMz1staTv6n9VMzvAkzKpLUEIEXDw1TBo2EeWRwQBXBhk0tQFhR+1eIx0ghbGywVRuCv7zyKug06v5lvfFwVWs2yjgq4BScgQvgg2vQBPegBdoAg2fwCt7B3Hlx3pwP53MxuuaUnhPwp5zvH65XpLY=</latexit>

All	the	above!

Both								and								are	eigenstates	of														with	eigenvalues										and					|Ri
<latexit sha1_base64="3sFzIRN6u73qVIRIYAPKPjaQpTQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0mqoMeCF49V7Ac0oWy223bpZhN2J0It/SVePCji1Z/izX/jts1BWx8MPN6bYWZelEph0PO+nbX1jc2t7cJOcXdv/6DkHh41TZJpxhsskYluR9RwKRRvoEDJ26nmNI4kb0Wjm5nfeuTaiEQ94DjlYUwHSvQFo2ilrlsKrIvkngSaqoHkXbfsVbw5yCrxc1KGHPWu+xX0EpbFXCGT1JiO76UYTqhGwSSfFoPM8JSyER3wjqWKxtyEk/nhU3JmlR7pJ9qWQjJXf09MaGzMOI5sZ0xxaJa9mfif18mwfx1OhEoz5IotFvUzSTAhsxRIT2jOUI4toUwLeythQ6opQ5tV0YbgL7+8SprVin9Rqd5dlmvVPI4CnMApnIMPV1CDW6hDAxhk8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wcsmZK5</latexit>

| ̄i
<latexit sha1_base64="+iCZ89U70U+KVX6ooKplcCyUll4=">AAACAXicbVDLSgNBEOz1GeMr6kXwMhgET2E3CnoMePEYwTwgu4TeyWwyZHZ2mZkVwhIv/ooXD4p49S+8+TdOHgdNLGgoqrrp7gpTwbVx3W9nZXVtfWOzsFXc3tnd2y8dHDZ1kinKGjQRiWqHqJngkjUMN4K1U8UwDgVrhcObid96YErzRN6bUcqCGPuSR5yisVK3dOxb1xA/RJX7dc3HxFco+4J1S2W34k5Blok3J2WYo94tffm9hGYxk4YK1LrjuakJclSGU8HGRT/TLEU6xD7rWCoxZjrIpx+MyZlVeiRKlC1pyFT9PZFjrPUoDm1njGagF72J+J/XyUx0HeRcpplhks4WRZkgJiGTOEiPK0aNGFmCVHF7K6EDVEiNDa1oQ/AWX14mzWrFu6hU7y7Lteo8jgKcwCmcgwdXUINbqEMDKDzCM7zCm/PkvDjvzsesdcWZzxzBHzifP2yvltI=</latexit>

Hfree
<latexit sha1_base64="MxwXLNAcoySIEQrazGbSUtkls8A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeClx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2xhkoUKcDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxb3zsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814a2fcZmkBiVbLgpTQUxM5s+TIVfIjJhaQpni9lbCxlRRZmxEJRuCt/ryOmnXqt5VtXZ/XanX8jiKcAbncAke3EAdGtCEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMo0Y//</latexit>

ER
<latexit sha1_base64="rnhJpAbf8MXaIQkf0fktzbMCCcQ=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DEggsf4yAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzcJWcXtnd2+/dHDYNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+64lrI2L1iOOE+xEdKBEKRtFKDze9+16p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezUyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTpFG0I3uLLy6RZrXjnlerdRblWzeMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvHXFyWeO4A+czx/scY2C</latexit>

En̄
<latexit sha1_base64="jeYcDQjSfVm+bcN3ttDKY+YmQoA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgQwWMF+wFtKJvtpl262YTdiVBCfoYXD4p49dd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7RT3t3bPzisHB23TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg94jThfkRHSoSCUbRS726Q9QOqM5Xng0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZM8L/dTwxPKJnTEe5YqGnHjZ/OTc3JulSEJY21LIZmrvycyGhkzjQLbGVEcm2VvJv7n9VIMb/xMqCRFrthiUZhKgjGZ/U+GQnOGcmoJZVrYWwkbU00Z2pTKNgRv+eVV0q7XvMta/eGq2qgXcZTgFM7gAjy4hgbcQxNawCCGZ3iFNwedF+fd+Vi0rjnFzAn8gfP5A6KFkW8=</latexit>

| ̄i =
X

n̄2S| ̄i

cn̄|n̄i
<latexit sha1_base64="ie5Fl3+MvYzwqgaYaB/dWf4Pxaw=">AAACVXicdVFdS8MwFE3rnHN+rOqjL8Eh+DTaKeiLMPDFx4nuA9ZS0izdwtK0JKkwSv/kXsR/4otg1pWpm14InHvOudzkJEgYlcq23w1zp7Jb3avt1w8Oj44b1slpX8apwKSHYxaLYYAkYZSTnqKKkWEiCIoCRgbB7GGpD16JkDTmL2qeEC9CE05DipHSlG8xV6sKugESmduVNIeuQHzCCLyHrkwjPyskrnnK4bNu//HnOcRrs2a/bXzt8a2m3bKLgtvAKUETlNX1rYU7jnEaEa4wQ1KOHDtRXoaEolivrLupJAnCMzQhIw05ioj0siKVHF5qZgzDWOjDFSzYnxMZiqScR4F2RkhN5aa2JP/SRqkK77yM8iRVhOPVojBlUMVwGTEcU0GwYnMNEBZU3xXiKRIIK/0RdR2Cs/nkbdBvt5zrVvvpptlpl3HUwDm4AFfAAbegAx5BF/QABgvwYRiGabwZn2bFrK6splHOnIFfZTa+ALVxtRU=</latexit>

[Hs, Hint] = 0
<latexit sha1_base64="QhO4+Y2fbOlDJEW6/34sLU7nNN8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfQiFLz0WMF+QBvCZrtpl242YXeilNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWJ4Boc59sqrK1vbG4Vt0s7u3v7B3b5sK3jVFHWorGIVTcgmgkuWQs4CNZNFCNRIFgnGN/O/M4DU5rH8h4mCfMiMpQ85JSAkXy73Gv4Gp/jhp9xCVPvxvHtilN15sCrxM1JBeVo+vZXfxDTNGISqCBa91wnAS8jCjgVbFrqp5olhI7JkPUMlSRi2svmp0/xqVEGOIyVKQl4rv6eyEik9SQKTGdEYKSXvZn4n9dLIbz2zE9JCkzSxaIwFRhiPMsBD7hiFMTEEEIVN7diOiKKUDBplUwI7vLLq6Rdq7oX1drdZaVey+MoomN0gs6Qi65QHTVQE7UQRY/oGb2iN+vJerHerY9Fa8HKZ47QH1ifP5W/kt4=</latexit>

,
<latexit sha1_base64="xYFRhq657ngbnLCIOi+spb62dDE=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuEuCloGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KURXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0alX/vFq7u6jUa3kcRXSMTtAZ8tElqqMb1EBNRFGKntErenOenBfn3flYtBacfOYI/YHz+QM0tJNl</latexit>

En̄ = ER
<latexit sha1_base64="DO7pfNNmU0o+YyNcJafPz9a7F1A=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIq6EUoSMFjFfsBbQib7bZdutmE3Y1SYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8ScKe0439bK6tr6xmZhq7i9s7u3b5cOWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxtdTv/1ApWKRuNeTmHohHgo2YARrI/l2qe6nvQDLVGQZukJ1/863y07FmQEtEzcnZcjR8O2vXj8iSUiFJhwr1XWdWHsplpoRTrNiL1E0xmSMh7RrqMAhVV46Oz1DJ0bpo0EkTQmNZurviRSHSk3CwHSGWI/UojcV//O6iR5ceikTcaKpIPNFg4QjHaFpDqjPJCWaTwzBRDJzKyIjLDHRJq2iCcFdfHmZtKoV96xSvT0v16p5HAU4gmM4BRcuoAY30IAmEHiEZ3iFN+vJerHerY9564qVzxzCH1ifP0k9k08=</latexit>

1

2

NX

k=1


Rknk�

(1)
k + (2�Rk)((1� nk)�

(1)
k + nk�

(2)
k )

�
� 1

2

NX

k=1


Rk�

(2)
k

�
= 0

<latexit sha1_base64="1E95mTa7oubVbyl/y3Ps3znB9w4="></latexit>



Example:	GHZ	states	with	N=3

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

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>

• Target	state

•

• Discarded	state	for	qutrit :		

•

•

| i
<latexit sha1_base64="YtU9jhaqmSC/IrW3BBO4KmTQueo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JUQY8FLx4r2A9oQtlsp+3SzSbsbsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8KBVcG8/7dgobm1vbO8Xd0t7+weGRe1xu6SRTDJssEYnqRFSj4BKbhhuBnVQhjSOB7Wh8O/fbj6g0T+SDmaQYxnQo+YAzaqzUc8uBdQ0JGpqTQFE5FNhzK17VW4CsEz8nFcjR6LlfQT9hWYzSMEG17vpeasIpVYYzgbNSkGlMKRvTIXYtlTRGHU4Xt8/IuVX6ZJAoW9KQhfp7YkpjrSdxZDtjakZ61ZuL/3ndzAxuwimXaWZQsuWiQSaIScg8CNLnCpkRE0soU9zeStiIKsqMjatkQ/BXX14nrVrVv6zW7q8q9VoeRxFO4QwuwIdrqMMdNKAJDJ7gGV7hzZk5L86787FsLTj5zAn8gfP5A4SAlA0=</latexit>

Hint = g
�
|Rih ̄|+ h.c.

�
<latexit sha1_base64="oBOCkjOlCJ06jCXJZArmotPQx6s="></latexit>

k
<latexit sha1_base64="RBfzDqw6B0anCoy0wM484uRurhk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzwOM4w==</latexit>

Rk
<latexit sha1_base64="kpefyydAbaocOGzvE7gQbVGtFqY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3oX1drdZaVey+Mowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8mMo2o</latexit>

|Ri = |R1, R2, . . . , Rki
<latexit sha1_base64="Khxq1gbxXhv6NuyjMUXdr9LY8HQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcpMVXQjFNy4rGIf0BlKJk3b0ExmSO4IpfRL3PgrblwoIrjSvzHTjqCtFxJOzjmXm3uCWHANjvNl5ZaWV1bX8uuFjc2t7R17d6+ho0RRVqeRiFQrIJoJLlkdOAjWihUjYSBYMxhepXrzninNI3kHo5j5IelL3uOUgKE69plnVMC32FNE9gXDlzhjOm7JXJUS9kQ3Ap0+hj+ujl10ys608CJwM1BEWdU69ofXjWgSMglUEK3brhODPyYKOBVsUvASzWJCh6TP2gZKEjLtj6frTfCRYbq4FylzJOAp+7tjTEKtR2FgnCGBgZ7XUvI/rZ1A78IfcxknwCSdDeolAkOE06xwlytGQYwMIFRx81dMB0QRCibRggnBnV95ETQqZfekXLk5LVYrWRx5dIAO0TFy0TmqomtUQ3VE0QN6Qi/o1Xq0nq03631mzVlZzz76U9bnN3cmoCs=</latexit>

Hfree =
NX

k=1

 
2X

l=1

�(l)
k |likhl|

!

<latexit sha1_base64="3CfgdQTh9Xv0i34rbd7gDpYXbOQ="></latexit>

|GHZi = | i = 1p
2

�
|100i+ |011i

�

<latexit sha1_base64="KbSXiBHzR99uenvaU8q46ylNyqQ="></latexit>

| ̄i = 1p
2

�
|111i+ |022i

�

<latexit sha1_base64="xoP5/uBUOORSNiIYsLZW3/akIrE="></latexit>

|Ri = |200i
<latexit sha1_base64="FnbBT/lCWiv/AbtQVjH7XrRzcL4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZxT6gHUomzbShmcyQ3BFK6Qe48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPkEhh0HW/nKXlldW19dxGfnNre2e3sLdfN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMriZ+455rI2J1h8OE+xHtKREKRtFKnUKxbV0kt6StqepJTi7JTCm77o9mU27JnYIsEi8jRchQ7RQ+292YpRFXyCQ1puW5CfojqlEwycf5dmp4QtmA9njLUkUjbvzR9JgxObZKl4Sxtk8hmaq/J0Y0MmYYBTYZUeybeW8i/ue1Ugwv/JFQSYpcsdmiMJUEYzJphnSF5gzl0BLKtLB/JaxPNWVo+8vbErz5kxdJvVzyTkvlm7NipZzVkYNDOIIT8OAcKnANVagBgwd4ghd4dR6dZ+fNeZ9Fl5xs5gD+wPn4BjQamcI=</latexit>

Hint = g
�
|200ih111|+ |200ih022|+ h.c.

�
<latexit sha1_base64="uzqwyUbiJ0bfSxd4VPANeqXj/0g="></latexit>



Example:	GHZ	states	with	N=3

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

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>

|GHZi = | i = 1p
2

�
|100i+ |011i

�

<latexit sha1_base64="KbSXiBHzR99uenvaU8q46ylNyqQ="></latexit>

| ̄i = 1p
2

�
|111i+ |022i

�

<latexit sha1_base64="xoP5/uBUOORSNiIYsLZW3/akIrE="></latexit>

|Ri = |200i
<latexit sha1_base64="FnbBT/lCWiv/AbtQVjH7XrRzcL4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZxT6gHUomzbShmcyQ3BFK6Qe48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPkEhh0HW/nKXlldW19dxGfnNre2e3sLdfN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMriZ+455rI2J1h8OE+xHtKREKRtFKnUKxbV0kt6StqepJTi7JTCm77o9mU27JnYIsEi8jRchQ7RQ+292YpRFXyCQ1puW5CfojqlEwycf5dmp4QtmA9njLUkUjbvzR9JgxObZKl4Sxtk8hmaq/J0Y0MmYYBTYZUeybeW8i/ue1Ugwv/JFQSYpcsdmiMJUEYzJphnSF5gzl0BLKtLB/JaxPNWVo+8vbErz5kxdJvVzyTkvlm7NipZzVkYNDOIIT8OAcKnANVagBgwd4ghd4dR6dZ+fNeZ9Fl5xs5gD+wPn4BjQamcI=</latexit>

Hint = g
�
|200ih111|+ |200ih022|+ h.c.

�
<latexit sha1_base64="uzqwyUbiJ0bfSxd4VPANeqXj/0g="></latexit>1.	Autonomy	condition

ER = �(2)
h

<latexit sha1_base64="2KkxR6Vj8db52QMuHHx40HceMhA=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsLMKOhFCKjgMYpZIBmHnk4ladKz0N0jxCH4K148KOLV//Dm39hJ5qCJDwoe71VRVc+POZPKsr6N3MLi0vJKfrWwtr6xuWVu79RllAgKNRrxSDR9IoGzEGqKKQ7NWAAJfA4Nf3Ax9hsPICSLwjs1jMENSC9kXUaJ0pJn7l15t/gcty+BK+L179OSczTyzKJVtibA88TOSBFlqHrmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NA1JANJNJ9eP8KFWOrgbCV2hwhP190RKAimHga87A6L6ctYbi/95rUR1z9yUhXGiIKTTRd2EYxXhcRS4wwRQxYeaECqYvhXTPhGEKh1YQYdgz748T+pO2T4uOzcnxYqTxZFH++gAlZCNTlEFXaMqqiGKHtEzekVvxpPxYrwbH9PWnJHN7KI/MD5/ADz5k8A=</latexit>

E111 = �(1)
h + 2�(1)

c
<latexit sha1_base64="72pgfDMoFhVaoBGUoGjaqEz6ALI=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyxCpVAmo6AboaCCywr2Au04ZNJMG5q5kGSEMsxDuPFV3LhQxK0Ld76NaTuCtv4Q+PnOOZyc34s5k8qyvoyFxaXlldXCWnF9Y3Nr29zZbcooEYQ2SMQj0fawpJyFtKGY4rQdC4oDj9OWN7wY11v3VEgWhbdqFFMnwP2Q+YxgpZFrVq7cFCGUwXPYvaRcYXdwl5bRUQYr0P5BZIpcs2RVrYngvEG5KYFcddf87PYikgQ0VIRjKTvIipWTYqEY4TQrdhNJY0yGuE872oY4oNJJJ0dl8FCTHvQjoV+o4IT+nkhxIOUo8HRngNVAztbG8L9aJ1H+mZOyME4UDcl0kZ9wqCI4Tgj2mKBE8ZE2mAim/wrJAAtMlM6xqENAsyfPm6ZdRcdV++akVLPzOApgHxyAMkDgFNTANaiDBiDgATyBF/BqPBrPxpvxPm1dMPKZPfBHxsc3yHSbew==</latexit>

E022 = 2�(2)
c

<latexit sha1_base64="Oa7uw/u8LHQkKOLVw+mxZfCkXgU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmioBuhoILLCvYBbQyT6aQdOnkwcyOUEHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvff4ieAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GilNJWZ3GIpYtnygmeMTqwEGwViIZCX3Bmv7gcuQ3H5hUPI7uYJgwNyS9iAecEtCSZ+5fe5nlODm+wA7uXDEBxKP3Wdk5zj2zZFWsMfA8saekhKaoeeZXpxvTNGQRUEGUattWAm5GJHAqWF7spIolhA5Ij7U1jUjIlJuNf8jxkVa6OIilrgjwWP09kZFQqWHo686QQF/NeiPxP6+dQnDuZjxKUmARnSwKUoEhxqNAcJdLRkEMNSFUcn0rpn0iCQUdW1GHYM++PE8aTsU+qTi3p6WqM42jgA7QISojG52hKrpBNVRHFD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QORPJWD</latexit>

�(2)
c = �(2)

h /2
<latexit sha1_base64="JqSv+CG5j4DtAxBHL+salG+io5Q=">AAACCnicbZC7SgNBFIZn4y3G26qlzWgQYhN3V0EbIaCFZQRzgWRdZiezyZDZCzNnhbCktvFVbCwUsfUJ7HwbJ8kWGv1h4Oc753Dm/H4iuALL+jIKC4tLyyvF1dLa+sbmlrm901RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH15O6q17JhWPo1sYJcwNST/iAacENPLM/e4VE0A8epdVnKMxvsA5GMzAseOZZatqTYX/Gjs3ZZSr7pmf3V5M05BFQAVRqmNbCbgZkcCpYONSN1UsIXRI+qyjbURCptxsesoYH2rSw0Es9YsAT+nPiYyESo1CX3eGBAZqvjaB/9U6KQTnbsajJAUW0dmiIBUYYjzJBfe4ZBTESBtCJdd/xXRAJKGg0yvpEOz5k/+aplO1T6rOzWm55uRxFNEeOkAVZKMzVEPXqI4aiKIH9IRe0KvxaDwbb8b7rLVg5DO76JeMj28cA5iO</latexit>

�(1)
c = (�(2)

h ��(1)
h )/2

<latexit sha1_base64="RUpTAvk22LEB5WJTyEkYSUtxVyI=">AAACHXicbVDNS8MwHE3n15xfVY9egkPYDs62DvQiDPTgcYL7gK2WNEu3sDQtSSqMsn/Ei/+KFw+KePAi/jdmWw9z80Hg5b33I/k9P2ZUKsv6MXIrq2vrG/nNwtb2zu6euX/QlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/vJ74rUciJI34vRrFxA1Rn9OAYqS05JnV7g1hCnn4IS3Z5TG8gqVMGWjFKY9P4dxdJ8rwzPHMolWxpoDLxM5IEWSoe+ZXtxfhJCRcYYak7NhWrNwUCUUxI+NCN5EkRniI+qSjKUchkW463W4MT7TSg0Ek9OEKTtX5iRSFUo5CXydDpAZy0ZuI/3mdRAWXbkp5nCjC8eyhIGFQRXBSFexRQbBiI00QFlT/FeIBEggrXWhBl2AvrrxMmk7FPq84d9VizcnqyIMjcAxKwAYXoAZuQR00AAZP4AW8gXfj2Xg1PozPWTRnZDOH4A+M719qF57u</latexit>

3.	Flow	diagram

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

{|001i, |010i}
<latexit sha1_base64="2xdB1LhwFnHzovPU4xD/RTJtWbA=">AAACE3icbVDLSsNAFL2pr1pfUZduBosgIiWpgi4LblxWsA9oQplMJ+3QySTMTIQS+g9u/BU3LhRx68adf+O0TUFbDwwczjmXO/cECWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmilNJaIPEPJbtACvKmaANzTSn7URSHAWctoLhzcRvPVCpWCzu9SihfoT7goWMYG2krn3mZcgzAY0cx0WexKLP6flccp25hLxx1y47FWcKtEzcnJQhR71rf3m9mKQRFZpwrFTHdRLtZ1hqRjgdl7xU0QSTIe7TjqECR1T52fSmMToxSg+FsTRPaDRVf09kOFJqFAUmGWE9UIveRPzP66Q6vPYzJpJUU0Fmi8KUIx2jSUGoxyQlmo8MwUQy81dEBlhiok2NJVOCu3jyMmlWK+5FpXp3Wa5V8zqKcATHcAouXEENbqEODSDwCM/wCm/Wk/VivVsfs2jBymcO4Q+szx+KWZwF</latexit>

|011i
<latexit sha1_base64="Nx2E0+7XcC7YpG2rz3oMMC0G2A4=">AAAB+nicbVBNS8NAEJ34WetXq0cvi0XwVJIq6LHgxWMF+wFNKJvtpl262YTdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgslY9aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PRzcxvP3BtRKLucZzyIKYDJSLBKFqpVyr71kXieh7xNVUDyXulilt15yCrxMtJBXI0eqUvv5+wLOYKmaTGdD03xWBCNQom+bToZ4anlI3ogHctVTTmJpjMT5+SM6v0SZRoWwrJXP09MaGxMeM4tJ0xxaFZ9mbif143w+g6mAiVZsgVWyyKMkkwIbMcSF9ozlCOLaFMC3srYUOqKUObVtGG4C2/vEpatap3Ua3dXVbqtTyOApzAKZyDB1dQh1toQBMYPMIzvMKb8+S8OO/Ox6J1zclnjuEPnM8f3uSTDQ==</latexit>

|111i
<latexit sha1_base64="NSKIGUuY3Inog7lVkGJfjb1ax+Q=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVLJV0GPBi8cK9gOaUDbbTbt0swm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nbX1jc2t7dJOeXdv/+DQrRy1dZIpylo0EYnqhkQzwSVrGW4E66aKkTgUrBOOb2Z+54EpzRN5byYpC2IylDzilBgr9d2Kb12DMMbIV0QOBeu7Va/mzYFWCS5IFQo0++6XP0hoFjNpqCBa97CXmiAnynAq2LTsZ5qlhI7JkPUslSRmOsjnp0/RmVUGKEqULWnQXP09kZNY60kc2s6YmJFe9mbif14vM9F1kHOZZoZJulgUZQKZBM1yQAOuGDViYgmhittbER0RRaixaZVtCHj55VXSrtfwRa1+d1lt1Is4SnACp3AOGK6gAbfQhBZQeIRneIU358l5cd6dj0XrmlPMHMMfOJ8/4HKTDg==</latexit>

|211i
<latexit sha1_base64="iCeiDe50vXoEdkb25cXIS3g5kjA=">AAAB+nicbVBNS8NAEJ34WetXq0cvi0XwVJIq6LHgxWMF+wFNKJvtpl262YTdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgslY9aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PRzcxvP3BtRKLucZzyIKYDJSLBKFqpVyr71kVS8zzia6oGkvdKFbfqzkFWiZeTCuRo9Epffj9hWcwVMkmN6XpuisGEahRM8mnRzwxPKRvRAe9aqmjMTTCZnz4lZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xuhtF1MBEqzZArtlgUZZJgQmY5kL7QnKEcW0KZFvZWwoZUU4Y2raINwVt+eZW0alXvolq7u6zUa3kcBTiBUzgHD66gDrfQgCYweIRneIU358l5cd6dj0XrmpPPHMMfOJ8/4gCTDw==</latexit>

2�c
<latexit sha1_base64="+i/J1xJb+s8J0Y+UzH9bkmR0tH8=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME88BkCb2TSTJkZnaZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsUq6Q5QSe7RXKvsVfw6ySoKclCFHvVf66vZjmkqmLBVoTCfwExtmqC2ngk2L3dSwBOkYh6zjqELJTJjNL56Sc6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUtGFECy/vEqa1UpwWaneX5Vr1TyOApzCGVxAANdQgzuoQwMoKHiGV3jzjPfivXsfi9Y1L585gT/wPn8AwXqQRQ==</latexit>

P011

�
2�h/3 + 2�c

�
= �h/3

�
P111 + P211

�
<latexit sha1_base64="BbtteyTrY3SWNHX4Rks9gM/t8XA="></latexit>

Goes	out Comes	in



Example:	GHZ	states	with	N=3

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

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>

|GHZi = | i = 1p
2

�
|100i+ |011i

�

<latexit sha1_base64="KbSXiBHzR99uenvaU8q46ylNyqQ="></latexit>

| ̄i = 1p
2

�
|111i+ |022i

�

<latexit sha1_base64="xoP5/uBUOORSNiIYsLZW3/akIrE="></latexit>

|Ri = |200i
<latexit sha1_base64="FnbBT/lCWiv/AbtQVjH7XrRzcL4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZxT6gHUomzbShmcyQ3BFK6Qe48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPkEhh0HW/nKXlldW19dxGfnNre2e3sLdfN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMriZ+455rI2J1h8OE+xHtKREKRtFKnUKxbV0kt6StqepJTi7JTCm77o9mU27JnYIsEi8jRchQ7RQ+292YpRFXyCQ1puW5CfojqlEwycf5dmp4QtmA9njLUkUjbvzR9JgxObZKl4Sxtk8hmaq/J0Y0MmYYBTYZUeybeW8i/ue1Ugwv/JFQSYpcsdmiMJUEYzJphnSF5gzl0BLKtLB/JaxPNWVo+8vbErz5kxdJvVzyTkvlm7NipZzVkYNDOIIT8OAcKnANVagBgwd4ghd4dR6dZ+fNeZ9Fl5xs5gD+wPn4BjQamcI=</latexit>

Hint = g
�
|200ih111|+ |200ih022|+ h.c.

�
<latexit sha1_base64="uzqwyUbiJ0bfSxd4VPANeqXj/0g="></latexit>

3.	Flow	diagram

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

{|001i, |010i}
<latexit sha1_base64="2xdB1LhwFnHzovPU4xD/RTJtWbA=">AAACE3icbVDLSsNAFL2pr1pfUZduBosgIiWpgi4LblxWsA9oQplMJ+3QySTMTIQS+g9u/BU3LhRx68adf+O0TUFbDwwczjmXO/cECWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmilNJaIPEPJbtACvKmaANzTSn7URSHAWctoLhzcRvPVCpWCzu9SihfoT7goWMYG2krn3mZcgzAY0cx0WexKLP6flccp25hLxx1y47FWcKtEzcnJQhR71rf3m9mKQRFZpwrFTHdRLtZ1hqRjgdl7xU0QSTIe7TjqECR1T52fSmMToxSg+FsTRPaDRVf09kOFJqFAUmGWE9UIveRPzP66Q6vPYzJpJUU0Fmi8KUIx2jSUGoxyQlmo8MwUQy81dEBlhiok2NJVOCu3jyMmlWK+5FpXp3Wa5V8zqKcATHcAouXEENbqEODSDwCM/wCm/Wk/VivVsfs2jBymcO4Q+szx+KWZwF</latexit>

|011i
<latexit sha1_base64="Nx2E0+7XcC7YpG2rz3oMMC0G2A4=">AAAB+nicbVBNS8NAEJ34WetXq0cvi0XwVJIq6LHgxWMF+wFNKJvtpl262YTdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgslY9aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PRzcxvP3BtRKLucZzyIKYDJSLBKFqpVyr71kXieh7xNVUDyXulilt15yCrxMtJBXI0eqUvv5+wLOYKmaTGdD03xWBCNQom+bToZ4anlI3ogHctVTTmJpjMT5+SM6v0SZRoWwrJXP09MaGxMeM4tJ0xxaFZ9mbif143w+g6mAiVZsgVWyyKMkkwIbMcSF9ozlCOLaFMC3srYUOqKUObVtGG4C2/vEpatap3Ua3dXVbqtTyOApzAKZyDB1dQh1toQBMYPMIzvMKb8+S8OO/Ox6J1zclnjuEPnM8f3uSTDQ==</latexit>

|111i
<latexit sha1_base64="NSKIGUuY3Inog7lVkGJfjb1ax+Q=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVLJV0GPBi8cK9gOaUDbbTbt0swm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nbX1jc2t7dJOeXdv/+DQrRy1dZIpylo0EYnqhkQzwSVrGW4E66aKkTgUrBOOb2Z+54EpzRN5byYpC2IylDzilBgr9d2Kb12DMMbIV0QOBeu7Va/mzYFWCS5IFQo0++6XP0hoFjNpqCBa97CXmiAnynAq2LTsZ5qlhI7JkPUslSRmOsjnp0/RmVUGKEqULWnQXP09kZNY60kc2s6YmJFe9mbif14vM9F1kHOZZoZJulgUZQKZBM1yQAOuGDViYgmhittbER0RRaixaZVtCHj55VXSrtfwRa1+d1lt1Is4SnACp3AOGK6gAbfQhBZQeIRneIU358l5cd6dj0XrmlPMHMMfOJ8/4HKTDg==</latexit>

|211i
<latexit sha1_base64="iCeiDe50vXoEdkb25cXIS3g5kjA=">AAAB+nicbVBNS8NAEJ34WetXq0cvi0XwVJIq6LHgxWMF+wFNKJvtpl262YTdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgslY9aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PRzcxvP3BtRKLucZzyIKYDJSLBKFqpVyr71kVS8zzia6oGkvdKFbfqzkFWiZeTCuRo9Epffj9hWcwVMkmN6XpuisGEahRM8mnRzwxPKRvRAe9aqmjMTTCZnz4lZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xuhtF1MBEqzZArtlgUZZJgQmY5kL7QnKEcW0KZFvZWwoZUU4Y2raINwVt+eZW0alXvolq7u6zUa3kcBTiBUzgHD66gDrfQgCYweIRneIU358l5cd6dj0XrmpPPHMMfOJ8/4gCTDw==</latexit>

2�c
<latexit sha1_base64="+i/J1xJb+s8J0Y+UzH9bkmR0tH8=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME88BkCb2TSTJkZnaZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsUq6Q5QSe7RXKvsVfw6ySoKclCFHvVf66vZjmkqmLBVoTCfwExtmqC2ngk2L3dSwBOkYh6zjqELJTJjNL56Sc6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUtGFECy/vEqa1UpwWaneX5Vr1TyOApzCGVxAANdQgzuoQwMoKHiGV3jzjPfivXsfi9Y1L585gT/wPn8AwXqQRQ==</latexit>

P011

�
2�h/3 + 2�c

�
= �h/3

�
P111 + P211

�
<latexit sha1_base64="BbtteyTrY3SWNHX4Rks9gM/t8XA="></latexit>

Goes	out Comes	in

Po

PS
=

�h
�h + 6�c

<latexit sha1_base64="yweCFKgOIlGIxoBcG26HQsjb48o=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDJTRbsRCm5cVrQP6JQhk2ba0CQzJBmhDPMrbvwVNy4U6U78GdN2EG09kHByzr3c3BPEjCrtOJ9WYWV1bX2juFna2t7Z3bP3D1oqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Obqd9+JFLRSDzocUx6HA0EDSlG2ki+XfNCiXDa8KPMXPcZvIZzxRsgzpE/zH4YPIOXMH/gzLfLTsWZAS4TNydlkKPh2xOvH+GEE6ExQ0p1XSfWvRRJTTEjWclLFIkRHqEB6RoqECeql842zOCJUfowjKQ5QsOZ+rsjRVypMQ9MJUd6qBa9qfif1010WOulVMSJJgLPB4UJgzqC07hgn0qCNRsbgrCk5q8QD5EJSJtQSyYEd3HlZdKqVtzzSvXuolyv5nEUwRE4BqfABVegDm5BAzQBBk/gBbyBd+vZerU+rMm8tGDlPYfgD6yvbyGno2o=</latexit>

1.	Autonomy	condition

ER = �(2)
h

<latexit sha1_base64="2KkxR6Vj8db52QMuHHx40HceMhA=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhXsLMKOhFCKjgMYpZIBmHnk4ladKz0N0jxCH4K148KOLV//Dm39hJ5qCJDwoe71VRVc+POZPKsr6N3MLi0vJKfrWwtr6xuWVu79RllAgKNRrxSDR9IoGzEGqKKQ7NWAAJfA4Nf3Ax9hsPICSLwjs1jMENSC9kXUaJ0pJn7l15t/gcty+BK+L179OSczTyzKJVtibA88TOSBFlqHrmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NA1JANJNJ9eP8KFWOrgbCV2hwhP190RKAimHga87A6L6ctYbi/95rUR1z9yUhXGiIKTTRd2EYxXhcRS4wwRQxYeaECqYvhXTPhGEKh1YQYdgz748T+pO2T4uOzcnxYqTxZFH++gAlZCNTlEFXaMqqiGKHtEzekVvxpPxYrwbH9PWnJHN7KI/MD5/ADz5k8A=</latexit>

E111 = �(1)
h + 2�(1)

c
<latexit sha1_base64="72pgfDMoFhVaoBGUoGjaqEz6ALI=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyxCpVAmo6AboaCCywr2Au04ZNJMG5q5kGSEMsxDuPFV3LhQxK0Ld76NaTuCtv4Q+PnOOZyc34s5k8qyvoyFxaXlldXCWnF9Y3Nr29zZbcooEYQ2SMQj0fawpJyFtKGY4rQdC4oDj9OWN7wY11v3VEgWhbdqFFMnwP2Q+YxgpZFrVq7cFCGUwXPYvaRcYXdwl5bRUQYr0P5BZIpcs2RVrYngvEG5KYFcddf87PYikgQ0VIRjKTvIipWTYqEY4TQrdhNJY0yGuE872oY4oNJJJ0dl8FCTHvQjoV+o4IT+nkhxIOUo8HRngNVAztbG8L9aJ1H+mZOyME4UDcl0kZ9wqCI4Tgj2mKBE8ZE2mAim/wrJAAtMlM6xqENAsyfPm6ZdRcdV++akVLPzOApgHxyAMkDgFNTANaiDBiDgATyBF/BqPBrPxpvxPm1dMPKZPfBHxsc3yHSbew==</latexit>

E022 = 2�(2)
c

<latexit sha1_base64="Oa7uw/u8LHQkKOLVw+mxZfCkXgU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmioBuhoILLCvYBbQyT6aQdOnkwcyOUEHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvff4ieAKLOvbWFhcWl5ZLawV1zc2t7bNnd2GilNJWZ3GIpYtnygmeMTqwEGwViIZCX3Bmv7gcuQ3H5hUPI7uYJgwNyS9iAecEtCSZ+5fe5nlODm+wA7uXDEBxKP3Wdk5zj2zZFWsMfA8saekhKaoeeZXpxvTNGQRUEGUattWAm5GJHAqWF7spIolhA5Ij7U1jUjIlJuNf8jxkVa6OIilrgjwWP09kZFQqWHo686QQF/NeiPxP6+dQnDuZjxKUmARnSwKUoEhxqNAcJdLRkEMNSFUcn0rpn0iCQUdW1GHYM++PE8aTsU+qTi3p6WqM42jgA7QISojG52hKrpBNVRHFD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QORPJWD</latexit>

�(2)
c = �(2)

h /2
<latexit sha1_base64="JqSv+CG5j4DtAxBHL+salG+io5Q=">AAACCnicbZC7SgNBFIZn4y3G26qlzWgQYhN3V0EbIaCFZQRzgWRdZiezyZDZCzNnhbCktvFVbCwUsfUJ7HwbJ8kWGv1h4Oc753Dm/H4iuALL+jIKC4tLyyvF1dLa+sbmlrm901RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH15O6q17JhWPo1sYJcwNST/iAacENPLM/e4VE0A8epdVnKMxvsA5GMzAseOZZatqTYX/Gjs3ZZSr7pmf3V5M05BFQAVRqmNbCbgZkcCpYONSN1UsIXRI+qyjbURCptxsesoYH2rSw0Es9YsAT+nPiYyESo1CX3eGBAZqvjaB/9U6KQTnbsajJAUW0dmiIBUYYjzJBfe4ZBTESBtCJdd/xXRAJKGg0yvpEOz5k/+aplO1T6rOzWm55uRxFNEeOkAVZKMzVEPXqI4aiKIH9IRe0KvxaDwbb8b7rLVg5DO76JeMj28cA5iO</latexit>

�(1)
c = (�(2)

h ��(1)
h )/2

<latexit sha1_base64="RUpTAvk22LEB5WJTyEkYSUtxVyI=">AAACHXicbVDNS8MwHE3n15xfVY9egkPYDs62DvQiDPTgcYL7gK2WNEu3sDQtSSqMsn/Ei/+KFw+KePAi/jdmWw9z80Hg5b33I/k9P2ZUKsv6MXIrq2vrG/nNwtb2zu6euX/QlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/vJ74rUciJI34vRrFxA1Rn9OAYqS05JnV7g1hCnn4IS3Z5TG8gqVMGWjFKY9P4dxdJ8rwzPHMolWxpoDLxM5IEWSoe+ZXtxfhJCRcYYak7NhWrNwUCUUxI+NCN5EkRniI+qSjKUchkW463W4MT7TSg0Ek9OEKTtX5iRSFUo5CXydDpAZy0ZuI/3mdRAWXbkp5nCjC8eyhIGFQRXBSFexRQbBiI00QFlT/FeIBEggrXWhBl2AvrrxMmk7FPq84d9VizcnqyIMjcAxKwAYXoAZuQR00AAZP4AW8gXfj2Xg1PozPWTRnZDOH4A+M719qF57u</latexit>



Example:	GHZ	states	with	N=3

Tavakoli,	Haack,	Brunner,	Brask,	arXiv:1906.00022

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>

|GHZi = | i = 1p
2

�
|100i+ |011i

�

<latexit sha1_base64="KbSXiBHzR99uenvaU8q46ylNyqQ="></latexit>

| ̄i = 1p
2

�
|111i+ |022i

�

<latexit sha1_base64="xoP5/uBUOORSNiIYsLZW3/akIrE="></latexit>

|Ri = |200i
<latexit sha1_base64="FnbBT/lCWiv/AbtQVjH7XrRzcL4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZxT6gHUomzbShmcyQ3BFK6Qe48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPkEhh0HW/nKXlldW19dxGfnNre2e3sLdfN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMriZ+455rI2J1h8OE+xHtKREKRtFKnUKxbV0kt6StqepJTi7JTCm77o9mU27JnYIsEi8jRchQ7RQ+292YpRFXyCQ1puW5CfojqlEwycf5dmp4QtmA9njLUkUjbvzR9JgxObZKl4Sxtk8hmaq/J0Y0MmYYBTYZUeybeW8i/ue1Ugwv/JFQSYpcsdmiMJUEYzJphnSF5gzl0BLKtLB/JaxPNWVo+8vbErz5kxdJvVzyTkvlm7NipZzVkYNDOIIT8OAcKnANVagBgwd4ghd4dR6dZ+fNeZ9Fl5xs5gD+wPn4BjQamcI=</latexit>

Hint = g
�
|200ih111|+ |200ih022|+ h.c.

�
<latexit sha1_base64="uzqwyUbiJ0bfSxd4VPANeqXj/0g="></latexit>

P011

�
2�h/3 + 2�c

�
= �h/3

�
P111 + P211

�
<latexit sha1_base64="BbtteyTrY3SWNHX4Rks9gM/t8XA="></latexit>

Goes	out Comes	in

Po

PS
=

�h
�h + 6�c

<latexit sha1_base64="yweCFKgOIlGIxoBcG26HQsjb48o=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDJTRbsRCm5cVrQP6JQhk2ba0CQzJBmhDPMrbvwVNy4U6U78GdN2EG09kHByzr3c3BPEjCrtOJ9WYWV1bX2juFna2t7Z3bP3D1oqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Obqd9+JFLRSDzocUx6HA0EDSlG2ki+XfNCiXDa8KPMXPcZvIZzxRsgzpE/zH4YPIOXMH/gzLfLTsWZAS4TNydlkKPh2xOvH+GEE6ExQ0p1XSfWvRRJTTEjWclLFIkRHqEB6RoqECeql842zOCJUfowjKQ5QsOZ+rsjRVypMQ9MJUd6qBa9qfif1010WOulVMSJJgLPB4UJgzqC07hgn0qCNRsbgrCk5q8QD5EJSJtQSyYEd3HlZdKqVtzzSvXuolyv5nEUwRE4BqfABVegDm5BAzQBBk/gBbyBd+vZerU+rMm8tGDlPYfgD6yvbyGno2o=</latexit>

In	the	filtered	subspace,	normalization:

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

�h/3
<latexit sha1_base64="xqLt7ELTBZEyNN4/yejzykaJmPI=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aQV9Fjw4rGC/cA2lMl20y7d3YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpu6ThVhDZJzGPVCVFTziRtGmY47SSKogg5bYfj25nffqJKs1g+mElCA4FDySJG0FjpsTdEIbA/uqz1S2Wv4s3hrhI/J2XI0eiXvnqDmKSCSkM4at31vcQEGSrDCKfTYi/VNEEyxiHtWipRUB1k84un7rlVBm4UK1vSuHP190SGQuuJCG2nQDPSy95M/M/rpia6CTImk9RQSRaLopS7JnZn77sDpigxfGIJEsXsrS4ZoUJibEhFG4K//PIqaVUrfq1Svb8q16t5HAU4hTO4AB+uoQ530IAmEJDwDK/w5mjnxXl3Phata04+cwJ/4Hz+AOUHkFo=</latexit>

{|001i, |010i}
<latexit sha1_base64="2xdB1LhwFnHzovPU4xD/RTJtWbA=">AAACE3icbVDLSsNAFL2pr1pfUZduBosgIiWpgi4LblxWsA9oQplMJ+3QySTMTIQS+g9u/BU3LhRx68adf+O0TUFbDwwczjmXO/cECWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmilNJaIPEPJbtACvKmaANzTSn7URSHAWctoLhzcRvPVCpWCzu9SihfoT7goWMYG2krn3mZcgzAY0cx0WexKLP6flccp25hLxx1y47FWcKtEzcnJQhR71rf3m9mKQRFZpwrFTHdRLtZ1hqRjgdl7xU0QSTIe7TjqECR1T52fSmMToxSg+FsTRPaDRVf09kOFJqFAUmGWE9UIveRPzP66Q6vPYzJpJUU0Fmi8KUIx2jSUGoxyQlmo8MwUQy81dEBlhiok2NJVOCu3jyMmlWK+5FpXp3Wa5V8zqKcATHcAouXEENbqEODSDwCM/wCm/Wk/VivVsfs2jBymcO4Q+szx+KWZwF</latexit>

|011i
<latexit sha1_base64="Nx2E0+7XcC7YpG2rz3oMMC0G2A4=">AAAB+nicbVBNS8NAEJ34WetXq0cvi0XwVJIq6LHgxWMF+wFNKJvtpl262YTdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgslY9aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PRzcxvP3BtRKLucZzyIKYDJSLBKFqpVyr71kXieh7xNVUDyXulilt15yCrxMtJBXI0eqUvv5+wLOYKmaTGdD03xWBCNQom+bToZ4anlI3ogHctVTTmJpjMT5+SM6v0SZRoWwrJXP09MaGxMeM4tJ0xxaFZ9mbif143w+g6mAiVZsgVWyyKMkkwIbMcSF9ozlCOLaFMC3srYUOqKUObVtGG4C2/vEpatap3Ua3dXVbqtTyOApzAKZyDB1dQh1toQBMYPMIzvMKb8+S8OO/Ox6J1zclnjuEPnM8f3uSTDQ==</latexit>

|111i
<latexit sha1_base64="NSKIGUuY3Inog7lVkGJfjb1ax+Q=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVLJV0GPBi8cK9gOaUDbbTbt0swm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nbX1jc2t7dJOeXdv/+DQrRy1dZIpylo0EYnqhkQzwSVrGW4E66aKkTgUrBOOb2Z+54EpzRN5byYpC2IylDzilBgr9d2Kb12DMMbIV0QOBeu7Va/mzYFWCS5IFQo0++6XP0hoFjNpqCBa97CXmiAnynAq2LTsZ5qlhI7JkPUslSRmOsjnp0/RmVUGKEqULWnQXP09kZNY60kc2s6YmJFe9mbif14vM9F1kHOZZoZJulgUZQKZBM1yQAOuGDViYgmhittbER0RRaixaZVtCHj55VXSrtfwRa1+d1lt1Is4SnACp3AOGK6gAbfQhBZQeIRneIU358l5cd6dj0XrmlPMHMMfOJ8/4HKTDg==</latexit>

|211i
<latexit sha1_base64="iCeiDe50vXoEdkb25cXIS3g5kjA=">AAAB+nicbVBNS8NAEJ34WetXq0cvi0XwVJIq6LHgxWMF+wFNKJvtpl262YTdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgslY9aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PRzcxvP3BtRKLucZzyIKYDJSLBKFqpVyr71kVS8zzia6oGkvdKFbfqzkFWiZeTCuRo9Epffj9hWcwVMkmN6XpuisGEahRM8mnRzwxPKRvRAe9aqmjMTTCZnz4lZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xuhtF1MBEqzZArtlgUZZJgQmY5kL7QnKEcW0KZFvZWwoZUU4Y2raINwVt+eZW0alXvolq7u6zUa3kcBTiBUzgHD66gDrfQgCYweIRneIU358l5cd6dj0XrmpPPHMMfOJ8/4gCTDw==</latexit>

2�c
<latexit sha1_base64="+i/J1xJb+s8J0Y+UzH9bkmR0tH8=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME88BkCb2TSTJkZnaZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsUq6Q5QSe7RXKvsVfw6ySoKclCFHvVf66vZjmkqmLBVoTCfwExtmqC2ngk2L3dSwBOkYh6zjqELJTJjNL56Sc6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUtGFECy/vEqa1UpwWaneX5Vr1TyOApzCGVxAANdQgzuoQwMoKHiGV3jzjPfivXsfi9Y1L585gT/wPn8AwXqQRQ==</latexit>

P̄111 + P̄022 + P̄011 + P̄122 = 1
<latexit sha1_base64="bFOnry19RZgxmbXpjXj5w/xvBHQ=">AAACK3icbVDLSgMxFM34rPU16tJNsAiCUCajoBuh6MZlBfuAdhgyaaYNzWSGJCOUof/jxl9xoQsfuPU/zLSD2NYDgXPPuZebe4KEM6Ud58NaWl5ZXVsvbZQ3t7Z3du29/aaKU0log8Q8lu0AK8qZoA3NNKftRFIcBZy2guFN7rceqFQsFvd6lFAvwn3BQkawNpJvX3cDLLP62M8QQmN4Cn9rx3Vn6zkf5f4VRNC3K07VmQAuElSQCihQ9+2Xbi8maUSFJhwr1UFOor0MS80Ip+NyN1U0wWSI+7RjqMARVV42uXUMj43Sg2EszRMaTtS/ExmOlBpFgemMsB6oeS8X//M6qQ4vvYyJJNVUkOmiMOVQxzAPDvaYpETzkSGYSGb+CskAS0y0ibdsQkDzJy+SpltFZ1X37rxSc4s4SuAQHIETgMAFqIFbUAcNQMAjeAZv4N16sl6tT+tr2rpkFTMHYAbW9w/qOqRQ</latexit>

P̄S + P̄o = 1/2 , P̄S

�
1 +

P̄o

P̄S

�
= 1/2

<latexit sha1_base64="Zh7vEhzfrBuu7d8tWOXvmdkwzdI="></latexit>

Ratio	is	conserved

P̄S ! 1

2
<latexit sha1_base64="1UURUmKDudJUoQJb7c+Gm0NmGuE=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjOjoMuCG5cV7QM6Q8mkmTY0kwxJRilhPsCNv+LGhSJu/QB3/o1pOwttPRA4nHMuN/dEKaNKu+63U1pZXVvfKG9WtrZ3dveq+wdtJTKJSQsLJmQ3QoowyklLU81IN5UEJREjnWh8NfU790QqKvidnqQkTNCQ05hipK3Ur9aCCEnTzPvmNoeBpMORRlKKBxjEEmHj5cbPbcqtuzPAZeIVpAYKNPvVr2AgcJYQrjFDSvU8N9WhQVJTzEheCTJFUoTHaEh6lnKUEBWa2TE5PLHKAMZC2sc1nKm/JwxKlJokkU0mSI/UojcV//N6mY4vQ0N5mmnC8XxRnDGoBZw2AwdUEqzZxBKEJbV/hXiEbAva9lexJXiLJy+Ttl/3zur+zXmt4Rd1lMEROAanwAMXoAGuQRO0AAaP4Bm8gjfnyXlx3p2PebTkFDOH4A+czx9A2Juw</latexit>

�h ⌧ �c
<latexit sha1_base64="qfqBNobEnuTFyfiSi22cw/VLSWw=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJWZKuiy4MZlBfuAzjBk0rQNTTJDkhHKUPBX3LhQxK3f4c6/MW1noa0HLpyccy+598QpZ9p43rdTWlvf2Nwqb1d2dvf2D9zDo7ZOMkVoiyQ8Ud0Ya8qZpC3DDKfdVFEsYk478fh25nceqdIskQ9mktJQ4KFkA0awsVLkngRDLASORijgHBUPErlVr+bNgVaJX5AqFGhG7lfQT0gmqDSEY617vpeaMMfKMMLptBJkmqaYjPGQ9iyVWFAd5vP1p+jcKn00SJQtadBc/T2RY6H1RMS2U2Az0sveTPzP62VmcBPmTKaZoZIsPhpkHJkEzbJAfaYoMXxiCSaK2V0RGWGFibGJVWwI/vLJq6Rdr/mXtfr9VbVRL+IowymcwQX4cA0NuIMmtIBADs/wCm/Ok/PivDsfi9aSU8wcwx84nz+OI5Us</latexit>


