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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>

1� 2µm

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

What	is	a	mesoscopic	quantum	thermal	machine?

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



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>

1� 2µm

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

What	is	a	mesoscopic	quantum	thermal	machine?

• Take	advantage	of	quantum	properties	to	enhance	efficiency

• Fundamental	bounds	set	by	QM?	->	see	Fabien	Clivaz’	talk

• Generate	quantum	resources	for	QIP	:	no	classical	counterpart

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



Information	in	mesoscopic	quantum	thermal	machines

Aharonov-Bohm	heat	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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</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>

Classical	information	is	detrimental Quantum	information	is	the	output

Entanglement	engines

• Take	advantage	of	quantum	properties	to	enhance	efficiency

• Fundamental	bounds	set	by	QM?	->	see	Fabien	Clivaz’	talk

• Generate	quantum	resources	for	QIP	:	no	classical	counterpart



Information	in	mesoscopic	quantum	thermal	machines

Aharonov-Bohm	heat	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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</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>
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Part	1:	Aharonov-Bohm	quantum	heat	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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>

Josefsson et	al.,	Nat.	Nano.	13	(2018) Samuelsson	et	al.,	PRL	118	(2017)

Some	examples

Elouard,	Jordan,	PRL	120	(2018)
Buffoni et	al.,	PRL	122	(2019)



Part	1:	Aharonov-Bohm	quantum	heat	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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>

Efficient	and	highly	tunable

Phase-coherent	mesoscopic	engine

Promising	towards	experiments

arXiv:1905.12672

Josefsson et	al.,	Nat.	Nano.	13	(2018) Samuelsson	et	al.,	PRL	118	(2017) Elouard,	Jordan,	PRL	120	(2018)
Buffoni et	al.,	PRL	122	(2019)

Some	examples



Part	1:	Aharonov-Bohm	quantum	heat	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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>

• Linear	response	regime,	Landauer-Büttiker approach

• Transmission	probability

✓
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<latexit sha1_base64="NIwI0Tixzi/t2P1WmDuYz1SxHFM="></latexit>
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<latexit sha1_base64="fG3R80p9Hmcvg9bNPZHsBlsIZ8E="></latexit>

With	thermopower
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<latexit sha1_base64="UwjuHDwYWdJbm3TFHCTlkyiTjm0="></latexit>

Haack,	Giazotto,	arXiv:1905.12672



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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>

Part	1:	Aharonov-Bohm	quantum	heat	engine

Haack,	Giazotto,	arXiv:1905.12672

Vg
<latexit sha1_base64="FAqpdB0GhVgeB334HkGNyhOoImE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmO0mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZhGkoecUWOlh1Y/6pcrbtWdg6wSLycVyNHol796g4RlMUrDBNW667mp8SdUGc4ETku9TGNK2YhG2LVU0hi1P5mfOiVnVhmQMFG2pCFz9ffEhMZaj+PAdsbUDPWyNxP/87qZCa/9CZdpZlCyxaIwE8QkZPY3GXCFzIixJZQpbm8lbEgVZcamU7IheMsvr5JWrepdVGv3l5X6TR5HEU7gFM7Bgyuowx00oAkMIniGV3hzhPPivDsfi9aCk88cwx84nz8ooo2w</latexit>

�AB
<latexit sha1_base64="jSohEZYAsGo0TBXfyAMVLDPI5I0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtguKp6sVjBfsh7VKyabYNTbJLkhXKsr/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49up336iSrNIPphJTH2Bh5KFjGBjpcdeY8T66fVN1i9X3Ko7A1omXk4qkKPRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q6lEguq/XR2cIZOrDJAYaRsSYNm6u+JFAutJyKwnQKbkV70puJ/Xjcx4aWfMhknhkoyXxQmHJkITb9HA6YoMXxiCSaK2VsRGWGFibEZlWwI3uLLy6RVq3pn1dr9eaV+lcdRhCM4hlPw4ALqcAcNaAIBAc/wCm+Ocl6cd+dj3lpw8plD+APn8wd0C5An</latexit>

eV
g

<latexit sha1_base64="YYt2QNfqIT0JAluLUdTZVLJwtb8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZV8JK3+sF+pujV3DrJKvIJUoUCzX/nqDRKWxSgNE1TrruemJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dkrOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0mrXvMua/WHq2rjuoijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w88145F</latexit>

�AB/�0
<latexit sha1_base64="m5JYhSxQBVpYZSRv7n6Mg3DESbA=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFWTKuqy6sZlBXuBNoTJdNIOnVyYmYgl5FXcuFDErS/izrdxmmahrT8MfPznHM6Z34s5k8qyvo3Syura+kZ5s7K1vbO7Z+5XOzJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTW5n9e4jFZJF4YOaxtQJ8ChkPiNYacs1q4PWmLnp9U2GTlHOlmvWrLqVCy2DXUANCrVc82swjEgS0FARjqXs21asnBQLxQinWWWQSBpjMsEj2tcY4oBKJ81vz9CxdobIj4R+oUK5+3sixYGU08DTnQFWY7lYm5n/1fqJ8q+clIVxomhI5ov8hCMVoVkQaMgEJYpPNWAimL4VkTEWmCgdV0WHYC9+eRk6jbp9Vm/cn9eaF0UcZTiEIzgBGy6hCXfQgjYQeIJneIU3IzNejHfjY95aMoqZA/gj4/MHIRiTKQ==</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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>

Part	1:	Aharonov-Bohm	quantum	heat	engine

Haack,	Giazotto,	arXiv:1905.12672

Vg
<latexit sha1_base64="FAqpdB0GhVgeB334HkGNyhOoImE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmO0mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZhGkoecUWOlh1Y/6pcrbtWdg6wSLycVyNHol796g4RlMUrDBNW667mp8SdUGc4ETku9TGNK2YhG2LVU0hi1P5mfOiVnVhmQMFG2pCFz9ffEhMZaj+PAdsbUDPWyNxP/87qZCa/9CZdpZlCyxaIwE8QkZPY3GXCFzIixJZQpbm8lbEgVZcamU7IheMsvr5JWrepdVGv3l5X6TR5HEU7gFM7Bgyuowx00oAkMIniGV3hzhPPivDsfi9aCk88cwx84nz8ooo2w</latexit>

�AB
<latexit sha1_base64="jSohEZYAsGo0TBXfyAMVLDPI5I0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtguKp6sVjBfsh7VKyabYNTbJLkhXKsr/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49up336iSrNIPphJTH2Bh5KFjGBjpcdeY8T66fVN1i9X3Ko7A1omXk4qkKPRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q6lEguq/XR2cIZOrDJAYaRsSYNm6u+JFAutJyKwnQKbkV70puJ/Xjcx4aWfMhknhkoyXxQmHJkITb9HA6YoMXxiCSaK2VsRGWGFibEZlWwI3uLLy6RVq3pn1dr9eaV+lcdRhCM4hlPw4ALqcAcNaAIBAc/wCm+Ocl6cd+dj3lpw8plD+APn8wd0C5An</latexit>

eV
g

<latexit sha1_base64="YYt2QNfqIT0JAluLUdTZVLJwtb8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZV8JK3+sF+pujV3DrJKvIJUoUCzX/nqDRKWxSgNE1TrruemJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dkrOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0mrXvMua/WHq2rjuoijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w88145F</latexit>

�AB/�0
<latexit sha1_base64="m5JYhSxQBVpYZSRv7n6Mg3DESbA=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFWTKuqy6sZlBXuBNoTJdNIOnVyYmYgl5FXcuFDErS/izrdxmmahrT8MfPznHM6Z34s5k8qyvo3Syura+kZ5s7K1vbO7Z+5XOzJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTW5n9e4jFZJF4YOaxtQJ8ChkPiNYacs1q4PWmLnp9U2GTlHOlmvWrLqVCy2DXUANCrVc82swjEgS0FARjqXs21asnBQLxQinWWWQSBpjMsEj2tcY4oBKJ81vz9CxdobIj4R+oUK5+3sixYGU08DTnQFWY7lYm5n/1fqJ8q+clIVxomhI5ov8hCMVoVkQaMgEJYpPNWAimL4VkTEWmCgdV0WHYC9+eRk6jbp9Vm/cn9eaF0UcZTiEIzgBGy6hCXfQgjYQeIJneIU3IzNejHfjY95aMoqZA/gj4/MHIRiTKQ==</latexit>

ZT = GS2T/th
<latexit sha1_base64="TdrhCLDl/ioyd6w/aeh123lL1AE=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZ0ZBd0IBRe6rNgXtuOQSdM2NJMJSUYoQ8GNv+LGhSJu/Ql3/o1pOwttPXDhcM693HtPKBhV2nG+rdzC4tLySn61sLa+sbllb+/UVZxITGo4ZrFshkgRRjmpaaoZaQpJUBQy0ggHl2O/8UCkojGv6qEgfoR6nHYpRtpIgb13V4UX8Are3nuwCo9he4CEQEGq+6PALjolZwI4T9yMFEGGSmB/tTsxTiLCNWZIqZbrCO2nSGqKGRkV2okiAuEB6pGWoRxFRPnp5IcRPDRKB3ZjaYprOFF/T6QoUmoYhaYzQrqvZr2x+J/XSnT33E8pF4kmHE8XdRMGdQzHgcAOlQRrNjQEYUnNrRD3kURYm9gKJgR39uV5UvdK7knJuzktlr0sjjzYBwfgCLjgDJTBNaiAGsDgETyDV/BmPVkv1rv1MW3NWdnMLvgD6/MHpaaVlw==</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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>

Part	1:	Aharonov-Bohm	quantum	heat	engine

Thermoelectric	properties:	ZT	coeff >	1
Haack,	Giazotto,	arXiv:1905.12672

Vg
<latexit sha1_base64="FAqpdB0GhVgeB334HkGNyhOoImE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmO0mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZhGkoecUWOlh1Y/6pcrbtWdg6wSLycVyNHol796g4RlMUrDBNW667mp8SdUGc4ETku9TGNK2YhG2LVU0hi1P5mfOiVnVhmQMFG2pCFz9ffEhMZaj+PAdsbUDPWyNxP/87qZCa/9CZdpZlCyxaIwE8QkZPY3GXCFzIixJZQpbm8lbEgVZcamU7IheMsvr5JWrepdVGv3l5X6TR5HEU7gFM7Bgyuowx00oAkMIniGV3hzhPPivDsfi9aCk88cwx84nz8ooo2w</latexit>

�AB
<latexit sha1_base64="jSohEZYAsGo0TBXfyAMVLDPI5I0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtguKp6sVjBfsh7VKyabYNTbJLkhXKsr/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49up336iSrNIPphJTH2Bh5KFjGBjpcdeY8T66fVN1i9X3Ko7A1omXk4qkKPRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q6lEguq/XR2cIZOrDJAYaRsSYNm6u+JFAutJyKwnQKbkV70puJ/Xjcx4aWfMhknhkoyXxQmHJkITb9HA6YoMXxiCSaK2VsRGWGFibEZlWwI3uLLy6RVq3pn1dr9eaV+lcdRhCM4hlPw4ALqcAcNaAIBAc/wCm+Ocl6cd+dj3lpw8plD+APn8wd0C5An</latexit>

eV
g

<latexit sha1_base64="YYt2QNfqIT0JAluLUdTZVLJwtb8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZV8JK3+sF+pujV3DrJKvIJUoUCzX/nqDRKWxSgNE1TrruemJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dkrOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0mrXvMua/WHq2rjuoijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w88145F</latexit>

�AB/�0
<latexit sha1_base64="m5JYhSxQBVpYZSRv7n6Mg3DESbA=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFWTKuqy6sZlBXuBNoTJdNIOnVyYmYgl5FXcuFDErS/izrdxmmahrT8MfPznHM6Z34s5k8qyvo3Syura+kZ5s7K1vbO7Z+5XOzJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTW5n9e4jFZJF4YOaxtQJ8ChkPiNYacs1q4PWmLnp9U2GTlHOlmvWrLqVCy2DXUANCrVc82swjEgS0FARjqXs21asnBQLxQinWWWQSBpjMsEj2tcY4oBKJ81vz9CxdobIj4R+oUK5+3sixYGU08DTnQFWY7lYm5n/1fqJ8q+clIVxomhI5ov8hCMVoVkQaMgEJYpPNWAimL4VkTEWmCgdV0WHYC9+eRk6jbp9Vm/cn9eaF0UcZTiEIzgBGy6hCXfQgjYQeIJneIU3IzNejHfjY95aMoqZA/gj4/MHIRiTKQ==</latexit>

ZT = GS2T/th
<latexit sha1_base64="TdrhCLDl/ioyd6w/aeh123lL1AE=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZ0ZBd0IBRe6rNgXtuOQSdM2NJMJSUYoQ8GNv+LGhSJu/Ql3/o1pOwttPXDhcM693HtPKBhV2nG+rdzC4tLySn61sLa+sbllb+/UVZxITGo4ZrFshkgRRjmpaaoZaQpJUBQy0ggHl2O/8UCkojGv6qEgfoR6nHYpRtpIgb13V4UX8Are3nuwCo9he4CEQEGq+6PALjolZwI4T9yMFEGGSmB/tTsxTiLCNWZIqZbrCO2nSGqKGRkV2okiAuEB6pGWoRxFRPnp5IcRPDRKB3ZjaYprOFF/T6QoUmoYhaYzQrqvZr2x+J/XSnT33E8pF4kmHE8XdRMGdQzHgcAOlQRrNjQEYUnNrRD3kURYm9gKJgR39uV5UvdK7knJuzktlr0sjjzYBwfgCLjgDJTBNaiAGsDgETyDV/BmPVkv1rv1MW3NWdnMLvgD6/MHpaaVlw==</latexit>
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)

<latexit sha1_base64="YRneoorqc4tCynPR+hmcT5FALOs=">AAACC3icbVA9SwNBEN3zM8avqKXNkiDEJtydgjZCwMbCIkK+MAlhb7OXLNm9O3bnJOFIb+NfsbFQxNY/YOe/cZNcoYkPBh7vzTAzz4sE12Db39bK6tr6xmZmK7u9s7u3nzs4rOswVpTVaChC1fSIZoIHrAYcBGtGihHpCdbwhtdTv/HAlOZhUIVxxDqS9APuc0rASN1c/r7abQMbQSLJaIKLt/gKu7gtY5yqk9NurmCX7BnwMnFSUkApKt3cV7sX0liyAKggWrccO4JOQhRwKtgk2441iwgdkj5rGRoQyXQnmf0ywSdG6WE/VKYCwDP190RCpNZj6ZlOSWCgF72p+J/XisG/7CQ8iGJgAZ0v8mOBIcTTYHCPK0ZBjA0hVHFzK6YDoggFE1/WhOAsvrxM6m7JOSu5d+eFspvGkUHHKI+KyEEXqIxuUAXVEEWP6Bm9ojfryXqx3q2PeeuKlc4coT+wPn8ALMKZzw==</latexit>
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<latexit sha1_base64="p1IP3jUuQhDqbwPzAgL3EzyeQak=">AAACC3icbVA9SwNBEN2LXzF+nVraLAlCbMJdFLURAjYWFhHyhUkIe5tNsmT37tidk4QjvY1/xcZCEVv/gJ3/xk1yhSY+GHi8N8PMPC8UXIPjfFupldW19Y30ZmZre2d3z94/qOkgUpRVaSAC1fCIZoL7rAocBGuEihHpCVb3htdTv/7AlOaBX4FxyNqS9H3e45SAkTp29r7SaQEbQSzJaILzt/gKn+OWjHCiTk46ds4pODPgZeImJIcSlDv2V6sb0EgyH6ggWjddJ4R2TBRwKtgk04o0Cwkdkj5rGuoTyXQ7nv0ywcdG6eJeoEz5gGfq74mYSK3H0jOdksBAL3pT8T+vGUHvsh1zP4yA+XS+qBcJDAGeBoO7XDEKYmwIoYqbWzEdEEUomPgyJgR38eVlUisW3NNC8e4sVyomcaTREcqiPHLRBSqhG1RGVUTRI3pGr+jNerJerHfrY96aspKZQ/QH1ucPMwqZ0w==</latexit>



Two-terminal	engine	close	to	optimal	efficiency

Haack,	Giazotto,	arXiv:1905.12672

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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>

Vg
<latexit sha1_base64="FAqpdB0GhVgeB334HkGNyhOoImE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoHgqePFY0X5AG8pmO0mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZhGkoecUWOlh1Y/6pcrbtWdg6wSLycVyNHol796g4RlMUrDBNW667mp8SdUGc4ETku9TGNK2YhG2LVU0hi1P5mfOiVnVhmQMFG2pCFz9ffEhMZaj+PAdsbUDPWyNxP/87qZCa/9CZdpZlCyxaIwE8QkZPY3GXCFzIixJZQpbm8lbEgVZcamU7IheMsvr5JWrepdVGv3l5X6TR5HEU7gFM7Bgyuowx00oAkMIniGV3hzhPPivDsfi9aCk88cwx84nz8ooo2w</latexit>

⌘max 6= ⌘(Pmax)
<latexit sha1_base64="fj8aOXlyrRmW9wBmH5LYSleBu2o=">AAACEHicdZBNSwMxEIazflu/qh69BIuol7KpYutN8OKxglWhW0o2nWowm12TWbEs/Qle/CtePCji1aM3/43ZtoKKDgRenneGybxhoqRF3//wxsYnJqemZ2YLc/MLi0vF5ZVTG6dGQEPEKjbnIbegpIYGSlRwnhjgUajgLLw6zP2zGzBWxvoEewm0In6hZVcKjg61i5sBIG8HCLeYRfy2TwMN1zSHW/VveLtdLPll3/cZYzQXrLrnO7G/X6uwGmW55apERlVvF9+DTizSCDQKxa1tMj/BVsYNSqGgXwhSCwkXV/wCmk5qHoFtZYOD+nTDkQ7txsY9jXRAv09kPLK2F4WuM+J4aX97OfzLa6bYrbUyqZMUQYvhom6qKMY0T4d2pAGBqucEF0a6v1JxyQ0X6DIsuBC+LqX/i9NKme2UK8e7pYPKKI4ZskbWyRZhpEoOyBGpkwYR5I48kCfy7N17j96L9zpsHfNGM6vkR3lvn5JXnYQ=</latexit>

Emblematic	phase-coherent	mesoscopic	device

Promising	for	experiments

Whitney,	PRL	112	(2014)



Information	in	quantum	thermal	machines

• Take	advantage	of	quantum	properties	to	enhance	efficiency

• Generate	quantum	resources	for	QIP	:	no	classical	counterpart

Aharonov-Bohm	heat	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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</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>

Entanglement	engines

Classical	information	is	detrimental Quantum	information	is	the	output



Part	II:	Entanglement	engines

Kaltenbaek et	al.,	Nat.	Phys.	6	(2010)

Lin	et	al.,	Nature	504	(2013)
Shankar	et	al.,	Nature	504	(2013)

Lots	of	external	controlComplex	HamiltoniansDissipation	is	detrimental

DiCarlo et	al.,	Nature	460	(2009)

Zu et	al.,	Nature	514	(2014)

Logical	two-qubit	gates

Controlled	unitary	processes Equilibrium	systems

Cooling	to	the	ground	state

Quantum	engineering

Bath	&	coupling	engineering

Aron	et	al.,	PRA	90	(2014)

How	to	generate	quantum	correlations?

Can	we	use	thermal	machines?



Out-of-equilibrium	thermal	machines

• Various	systems:

• Atom	coupled	to	cavities	driven	by	incoherent	light
• Qubits	subject	to	noisy	channel	
• Mechanical	oscillators

• Specific	interaction	Hamiltonian	(Ising-type,	XX-type,	…)

Plenio,	Huelga,	PRL	88	(2002)
Eisler,	Zimboras,	PRA	71	(2005)
Hartmann	et	al.,	NJP	9	(2007)
Quiroga et	al.,	PRA	75	(2007)
Linden	et	al.,	PRL	105 (2010)
Bellomo et	a.,	NJP	15	(2013)
Brunner	et	al.,	PRE	89	(2014)
Brask et	al.,	NJP	17	(2015)
Boyanovsky et	al.,	PRA	96	(2017)

Generation	of	steady-state	entanglement
Using	only	incoherent	couplings	to	thermal	baths
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Brask,	Haack,	Brunner,	Huber,	NJP	17	(2015)

• Simple	model

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



Out-of-equilibrium	thermal	machines

• Various	systems:

• Atom	coupled	to	cavities	driven	by	incoherent	light
• Qubits	subject	to	noisy	channel	
• Mechanical	oscillators

• Specific	interaction	Hamiltonian	(Ising-type,	XX-type,	…)

Generation	of	steady-state	entanglement
Using	only	incoherent	couplings	to	thermal	baths
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Brask,	Haack,	Brunner,	Huber,	NJP	17	(2015)

• Simple	model

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

On-going	Circuit	QED	experiment	:	Group	of	Benjamin	Huard	(ENS	Lyon)

Plenio,	Huelga,	PRL	88	(2002)
Eisler,	Zimboras,	PRA	71	(2005)
Hartmann	et	al.,	NJP	9	(2007)
Quiroga et	al.,	PRA	75	(2007)
Linden	et	al.,	PRL	105 (2010)
Bellomo et	a.,	NJP	15	(2013)
Brunner	et	al.,	PRE	89	(2014)
Brask et	al.,	NJP	17	(2015)
Boyanovsky et	al.,	PRA	96	(2017)



Heralded	entanglement	engine

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

Working	substance

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>



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

Heralded	entanglement	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

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

• Local	probabilistic	reset:

⇢̇(t) = �i[H, ⇢(t)] + p
�
⌧ � ⇢(t)

�

⇢(t+ dt) = �i[H, ⇢(t)]dt+ p dt ⌧ + (1� p dt)⇢(t)

Thermal	state

Heralded	entanglement	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

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

• Local	probabilistic	reset:

⇢̇(t) = �i[H, ⇢(t)] + p
�
⌧ � ⇢(t)

�

⇢(t+ dt) = �i[H, ⇢(t)]dt+ p dt ⌧ + (1� p dt)⇢(t)

Thermal	state• Exact	mapping	with	Lindblad-type	ME

• Local	vs	global	ME

Haack	et	al.,	in	preparation

Hofer	et	al.,	NJP	19	(2017)
Gonzales	et	al.,	Open	Syst.	Inf.	Dyn.	24	(2018)
Mitchison,	Plenio,	NJP	20	(2018)

De	Chiara	et	al.,	NJP	20	(2018)
Cattaneo et	al.,	arXiv:1906.08893

Heralded	entanglement	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

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

• Local	probabilistic	reset:

⇢̇(t) = �i[H, ⇢(t)] + p
�
⌧ � ⇢(t)

�

⇢(t+ dt) = �i[H, ⇢(t)]dt+ p dt ⌧ + (1� p dt)⇢(t)

Thermal	state• Exact	mapping	with	Lindblad-type	ME

• Local	vs	global	ME

Haack	et	al.,	in	preparation

Hofer	et	al.,	NJP	19	(2017)
Gonzales	et	al.,	Open	Syst.	Inf.	Dyn.	24	(2018)
Mitchison,	Plenio,	NJP	20	(2018)

De	Chiara	et	al.,	NJP	20	(2018)
Cattaneo et	al.,	arXiv:1906.08893

Heralded	entanglement	engine

• Steady-state	is	weakly	entangled



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	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)

Heralded	entanglement	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)

Heralded	entanglement	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	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

Heralded	entanglement	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

Entanglement
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Heralded	entanglement	engine



Multipartite	entanglement?

Cluster	states

GHZ	states

Dicke states	/	W-states

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

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

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>

For	a	GHZ	state For	cluster	and	W-states



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?
• 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>

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?
• 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>

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

Which	target	state	can	be	generated?



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?
• 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>

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

All	the	above!

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>

Which	target	state	can	be	generated?



Energy	conserving	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	state	can	be	generated?

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

All	the	above!

| ̄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>



Energy	conserving	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	state	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	eigenstate	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>
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<latexit sha1_base64="1E95mTa7oubVbyl/y3Ps3znB9w4="></latexit>



Proof

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>

1. Energy	conserving	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>

[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?

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	state	can	be	generated?

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

All	the	above!

| ̄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>



Next	?

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>

• Deterministic	machines	for	strong	entanglement?

• Experimental	platforms?

• Fundamental	limits	to	thermal	entanglement?

• Figures	of	merit	for	this	family	of	machines?

[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?

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	state	can	be	generated?

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

All	the	above!
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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>

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

Vg
<latexit sha1_base64="cyAmMjE3sjCnU8cH35rS3RnXroM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6aPWjfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MafcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QMnbo2s</latexit>

�AB
<latexit sha1_base64="iNh6G1RA8B2fSxuI6LzkJDgOxiI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6rXjxWsB/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp367SeqNIvkg5nE1Bd4KFnICDZWeuw1RqyfXt9k/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqsaDaT2cHZ+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMTXvkpk3FiqCTzRWHCkYnQ9Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFq1qndWrd2fV+oXeRxFOIJjOAUPLqEOd9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBy15Aj</latexit>

L1
<latexit sha1_base64="m+5xaYWV4liK51MZlvShet/veaU=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fusFxx7EYGtCT1Wk4aLnJtJ0MFcrSG5ffBKCJJSIUmHCvVd51YeymWmhFO56VBomiMyRSPad9QgUOqvDQ7dY5OjDJCQSRNCY0y9ftEikOlZqFvOkOsJ+q3txD/8vqJDi68lIk40VSQ5aIg4UhHaPE3GjFJieYzQzCRzNyKyARLTLRJp2RC+PoU/U86Vds9s6s3tUrzPI+jCEdwDKfgQh2acAUtaAOBMTzAEzxb3Hq0XqzXZWvBymcO4Qest0+bhY3/</latexit>

L2
<latexit sha1_base64="e9ygZRoxPvLAtDADG46i5w7v1kA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqsfZW8OLBQ0X7AW0om+2mXbrZhN2NUEJ/ghcPinj1F3nz37hNI6jog4HHezPMzPNjzpR2nA+rsLK6tr5R3Cxtbe/s7pX3DzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9aeXC797T6VikbjTs5h6IR4LFjCCtZFur4fVYbni2I0MaEnqtZw0XOTaToYK5GgNy++DUUSSkApNOFaq7zqx9lIsNSOczkuDRNEYkyke076hAodUeWl26hydGGWEgkiaEhpl6veJFIdKzULfdIZYT9RvbyH+5fUTHVx4KRNxoqkgy0VBwpGO0OJvNGKSEs1nhmAimbkVkQmWmGiTTsmE8PUp+p90qrZ7ZldvapXmeR5HEY7gGE7BhTo04Qpa0AYCY3iAJ3i2uPVovVivy9aClc8cwg9Yb5+dCY4A</latexit>

J
<latexit sha1_base64="MZMvOtgcUtvEX0aImLSXR/CFKPU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3K4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD54zjMY=</latexit>
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