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Outline

• What	is	thermoelectricity?

• The	transport	coefficients	and	the	Onsager	matrix

• Thermodynamics	of	thermoelectricity

• The	Aharonov-Bohm	heat	engine
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Thermoelectricity

You	generate	an	electrical	current	from	a	thermal	gradient

You	generate	a	heat	current	from	a	voltage	bias

• Thermocouple

�T
<latexit sha1_base64="KeAgqEMK80RCjxZT/GKpxsJzTc0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjQg8cK/YI2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfntJ1Sax7JhJgn6ER1KHnJGjZU6vTsUhpJGv1R2K+4cZJV4OSlDjnq/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7vlJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUtCF4yy+vkla14l1Wqg9X5Vo1j6MAp3AGF+DBNdTgHurQBAYCnuEV3pxH58V5dz4WrWtOPnMCf+B8/gBbc494</latexit>

V
<latexit sha1_base64="ocFoXWG/LXKdTT8Ib39aykjvbwQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDry+Mzg==</latexit>

1821:	Thomas	Johann	Seebeck 1834:	Jean-Charles	Peltier

1850	:	Lord	Kelvin	conjectured	both	effects	are	related

1931	:	Reciprocal	relations	by	Lars	Onsager



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

• Fermionic	reservoirs

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>

f(µ, T,E) ⇠ f(µ0, T0, E) +
@f

@µ

����
µ=µ0

(µ� µ0) +
@f

@T

����
T=T0

(T � T0)
<latexit sha1_base64="9+dEopkhQMINt1GLtD4qnRNSeE0="></latexit>

@f

@µ
=

✓
� @f

@E

◆
=

1

4kBT

1

cosh2[E � µ/(kBT )]
<latexit sha1_base64="0z8WBqB2Sl7hzfu4VTX5sHXRAqk="></latexit>

@f

@T
=

E � µ

T

✓
� @f

@E

◆

<latexit sha1_base64="rScqZjTorcHVH16PL1PBa7OTjP0="></latexit>



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

• Fermionic	reservoirs

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>

f(µ, T,E) ⇠ f(µ0, T0, E) +
@f

@µ

����
µ=µ0

(µ� µ0) +
@f

@T

����
T=T0

(T � T0)
<latexit sha1_base64="9+dEopkhQMINt1GLtD4qnRNSeE0="></latexit>

@f

@µ
=

✓
� @f

@E

◆
=

1

4kBT

1

cosh2[E � µ/(kBT )]
<latexit sha1_base64="0z8WBqB2Sl7hzfu4VTX5sHXRAqk="></latexit>

@f

@T
=

E � µ

T

✓
� @f

@E

◆

<latexit sha1_base64="rScqZjTorcHVH16PL1PBa7OTjP0="></latexit>

fL(µ, T )� fR(µ0, T0) ⇠
✓
� @f

@E

◆
eV +

E � µ0

T0

✓
� @f

@E

◆
�T

<latexit sha1_base64="FKDuBCCei40fy3nFPxOnOEs+wvA="></latexit>

• Difference	of	Fermi	distributions



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>

fL(µ, T )� fR(µ0, T0) ⇠
✓
� @f

@E

◆
eV +

E � µ0

T0

✓
� @f

@E

◆
�T

<latexit sha1_base64="FKDuBCCei40fy3nFPxOnOEs+wvA="></latexit>

• Difference	of	Fermi	distributions



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>

fL(µ, T )� fR(µ0, T0) ⇠
✓
� @f

@E

◆
eV +

E � µ0

T0

✓
� @f

@E

◆
�T

<latexit sha1_base64="FKDuBCCei40fy3nFPxOnOEs+wvA="></latexit>

• Difference	of	Fermi	distributions

• Currents
I =

2e

h

Z
dE T (E) (fL � fR)

<latexit sha1_base64="kXarh4NQSiAaTEuyftRWMhpqhGg="></latexit>

J =
2

h

Z
dE (E � µ)T (E) (fL � fR)

<latexit sha1_base64="KiWTrYorPXSoMxuaS/yk2oBnvKs="></latexit>



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>
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<latexit sha1_base64="FKDuBCCei40fy3nFPxOnOEs+wvA="></latexit>
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<latexit sha1_base64="vtMiDDFjWkSI5fH620mWDPe/4+4="></latexit>

Onsager	matrix



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>
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✓
� @f

@E

◆
eV +

E � µ0

T0

✓
� @f

@E

◆
�T
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✓
I
J

◆
=

✓
G ↵
↵T K 0

◆✓
�V
�T

◆

<latexit sha1_base64="vtMiDDFjWkSI5fH620mWDPe/4+4="></latexit>

Onsager	matrix

Time-reversal	symmetric



Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>
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Quantum	transport
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Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>
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Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>
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Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>

T0 +�T
<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>

�T ⌧ T0
<latexit sha1_base64="1sdXuE2MMoGjHhA6sOa2e7/Ptgs=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtR0GNADx4j5AXZZZmddJIhsw9megNhyZ948aCIV//Em3/jJNmDJhY0FFXddHeFqRQaHefb2tjc2t7ZLe2V9w8Oj47tk9O2TjLFocUTmahuyDRIEUMLBUropgpYFErohOP7ud+ZgNIiiZs4TcGP2DAWA8EZGimwbe8BJDLapJ6UtBk4gV1xqs4CdJ24BamQAo3A/vL6Cc8iiJFLpnXPdVL0c6ZQcAmzspdpSBkfsyH0DI1ZBNrPF5fP6KVR+nSQKFMx0oX6eyJnkdbTKDSdEcORXvXm4n9eL8PBnZ+LOM0QYr5cNMgkxYTOY6B9oYCjnBrCuBLmVspHTDGOJqyyCcFdfXmdtGtV97pae7qp1GtFHCVyTi7IFXHJLamTR9IgLcLJhDyTV/Jm5daL9W59LFs3rGLmjPyB9fkDpUGSUA==</latexit>
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Quantum	transport

µ0
<latexit sha1_base64="HumkBvICkw55Zq3zFj2WLcDyyDA=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrzjjTxve/vdLG5tb2Tnm3srd/cHhUPT5p69QqQkOS8lR1Y6wpZ5KGhhlOu5miWMScduLJ3dzvPFGlWSofzTSjkcAjyRJGsHFS2Bd24A+qNb/uL4DWSVCQGhRoDapf/WFKrKDSEI617gV+ZqIcK8MIp7NK32qaYTLBI9pzVGJBdZQvjp2hC6cMUZIqV9Kghfp7IsdC66mIXafAZqxXvbn4n9ezJrmNciYza6gky0WJ5cikaP45GjJFieFTRzBRzN2KyBgrTIzLp+JCCFZfXiftRj24qjcermvNRhFHGc7gHC4hgBtowj20IAQCDJ7hFd486b14797HsrXkFTOn8Afe5w9/VI5t</latexit>

µ0 + eV
<latexit sha1_base64="dcTcslBcCwmZnDB10i/QET9HK/o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlx16U9l1yQbDVL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m188JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU8GXCEzYmIJZYrbWwkbUUWZsSGVbAje8surpFWrepfV2v1VpV7L4yjCCZzCOXhwDXW4gwY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5AwBwj8U=</latexit>

eV
<latexit sha1_base64="bfDVpERDWgryEreCMbTwOQpPTQY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAduDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2rWqd1Wt3dcrjVoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+AG2bjT0=</latexit>

• Linear	response	regime eV ⌧ µ0
<latexit sha1_base64="aXZG6IR2sk/QyMxBxtTo3EnKfio=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAdklzA7mU2GzMwu8xDCkt/w4kERr/6MN//GSbIHTSxoKKq66e6KM8608f1vr7SxubW9U96t7O0fHB5Vj086OrWK0DZJeap6MdaUM0nbhhlOe5miWMScduPJ3dzvPlGlWSofzTSjkcAjyRJGsHFSSDso5ByFwg78QbXm1/0F0DoJClKDAq1B9SscpsQKKg3hWOt+4GcmyrEyjHA6q4RW0wyTCR7RvqMSC6qjfHHzDF04ZYiSVLmSBi3U3xM5FlpPRew6BTZjverNxf+8vjXJbZQzmVlDJVkuSixHJkXzANCQKUoMnzqCiWLuVkTGWGFiXEwVF0Kw+vI66TTqwVW98XBdazaKOMpwBudwCQHcQBPuoQVtIJDBM7zCm2e9F+/d+1i2lrxi5hT+wPv8AeM5kOI=</latexit>
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<latexit sha1_base64="tnU9OB93c0lcmXhh7g1CZ5u7Ai8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY8BPXiMkBcka5id9CZDZmeXmVklhPyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqLSPJY1M0rQj2hf8pAzaqz0UOu65Jx0blEYSmrdQtEtuTOQZeJlpAgZqt3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ1dPyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCa3/MZZIalGy+KEwFMTGZRkB6XCEzYmQJZYrbWwkbUEWZsUHlbQje4svLpFEueRel8v1lsVLO4sjBMZzAGXhwBRW4gyrUgYGCZ3iFN+fJeXHenY9564qTzRzBHzifP0ItkQI=</latexit>

T0
<latexit sha1_base64="DBnIIG7wS0Lo7Or3W8oAFqkbpSQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWOEvCBZwuxkNhkyj2VmVghLfsGLB0W8+kPe/Btnkz1oYkFDUdVNd1eUcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajab3ud99otowJVt2ltBQ4LFkMSPY5lJr6KNhperX/AXQOgkKUoUCzWHlazBSJBVUWsKxMf3AT2yYYW0Z4XReHqSGJphM8Zj2HZVYUBNmi1vn6NIpIxQr7UpatFB/T2RYGDMTkesU2E7MqpeL/3n91MZ3YcZkkloqyXJRnHJkFcofRyOmKbF85ggmmrlbEZlgjYl18ZRdCMHqy+ukU68F17X64021US/iKME5XMAVBHALDXiAJrSBwASe4RXePOG9eO/ex7J1wytmzuAPvM8fJh2NmQ==</latexit>
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Non-zero	only	if	T	asymmetric	in	energy
How	to	design	efficient	thermoelectric	devices?



Thermodynamics	of	thermoelectricity

K.	Behnia,	Fundamentals	of	thermoelectricity,	Oxford	University	Press	
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Each	system	that	conserves	energy	and	number	of	particles	will	give	rise	to	thermoelectric	effect
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Each	system	that	conserves	energy	and	number	of	particles	will	give	rise	to	thermoelectric	effect
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Thermopower:
Entropy	flow	per	charge	carrier
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Each	system	that	conserves	number	of	particles	will	give	rise	to	thermoelectric	effect
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Thermopower:
Entropy	flow	per	charge	carrier

Thermodynamics	of	thermoelectricity



Thermodynamics	and	Onsager	matrix

• Entropy	production	in	terms	of	currents	and	thermodynamic	forces

ṡ = JQFQ + JeFe
<latexit sha1_base64="rdWqg+iwNkGsBsDTYp7eSnMms5E=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiCUJMq6EYoCCKuWrAPaEOYTG/aoZMHMxOhhH6GG3/FjQtF3Hbn3zhps7CtBwbOnHMv997jxZxJZVk/xsrq2vrGZmGruL2zu7dvHhw2ZZQICg0a8Ui0PSKBsxAaiikO7VgACTwOLW94l/mtZxCSReGTGsXgBKQfMp9RorTkmhfdXqRSOca3+NGt425A1IASnt6P9e9cazCngWuWrLI1BV4mdk5KKEfNNSd6Ak0CCBXlRMqObcXKSYlQjHIYF7uJhJjQIelDR9OQBCCddHrYGJ9qpYf9SOgXKjxV/3akJJByFHi6MltSLnqZ+J/XSZR/46QsjBMFIZ0N8hOOVYSzlHCPCaCKjzQhVDC9K6YDIghVOsuiDsFePHmZNCtl+7JcqV+VqpU8jgI6RifoDNnoGlXRA6qhBqLoBb2hD/RpvBrvxpfxPStdMfKeIzQHY/IL9rafDw==</latexit>

= K 0T 2F2
Q +GTF2

e + 2↵T 2FQFe
<latexit sha1_base64="tlRsgWF9kcHKBWn9S/kPUTQ0Ydw=">AAACQnicbVDLSgMxFM34rPU16tJNsIiCUGaqoBuhIKjgpoW+pB3LnTRtQzMPkoxQhn6bG7/AnR/gxoUibl2YTmdhWw8ETs49h9wcN+RMKst6NRYWl5ZXVjNr2fWNza1tc2e3JoNIEFolAQ9EwwVJOfNpVTHFaSMUFDyX07o7uBrP649USBb4FTUMqeNBz2ddRkBpqW3eX+K7I1x5KOCWB6pPgMfXo3ZZ30/wDa5MqTRRtRN42If50LS5beasvJUAzxM7JTmUotQ2X1qdgEQe9RXhIGXTtkLlxCAUI5yOsq1I0hDIAHq0qakPHpVOnFQwwoda6eBuIPTxFU7Uv4kYPCmHnqud4yXl7Gws/jdrRqp74cTMDyNFfTJ5qBtxrAI87hN3mKBE8aEmQATTu2LSBwFE6dazugR79svzpFbI26f5QvksVyykdWTQPjpAx8hG56iIblEJVRFBT+gNfaBP49l4N76M74l1wUgze2gKxs8v6patjQ==</latexit>

• Second	law:	valid	for	all	forces

G,K 0 � 0
<latexit sha1_base64="NMScV8bQ44it4ixW0DlHIl5HcmE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA9SNiNgh4DHhS8RDAPyC5hdtKbDJl9ODMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SeCK23b39bS8srq2npho7i5tb2zW9rbb6o4lQwbLBaxbPtUoeARNjTXAtuJRBr6Alv+8Hrit55QKh5HD3qUoBfSfsQDzqg2kntzRu5OiNvHR2J3S2W7Yk9BFomTkzLkqHdLX24vZmmIkWaCKtVx7ER7GZWaM4HjopsqTCgb0j52DI1oiMrLpjePybFReiSIpalIk6n6eyKjoVKj0DedIdUDNe9NxP+8TqqDKy/jUZJqjNhsUZAKomMyCYD0uESmxcgQyiQ3txI2oJIybWIqmhCc+ZcXSbNacc4r1fuLcq2ax1GAQziCU3DgEmpwC3VoAIMEnuEV3qzUerHerY9Z65KVzxzAH1ifP3RKj/Q=</latexit>

K 0 � GS2T
<latexit sha1_base64="0eKnovc3KHcFTLUd81+cS2wEZfI=">AAAB+HicbVBNS8NAEN34WetHox69LBbRU0mioMeCBwUvFfsFbSyb7bRdutnE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF8ScKe0439bS8srq2npuI7+5tb1TsHf36ipKJIUajXgkmwFRwJmAmmaaQzOWQMKAQyMYXk78xiNIxSJR1aMY/JD0BesxSrSROnbh5hi3+/CAr/DdvYerHbvolJwp8CJxM1JEGSod+6vdjWgSgtCUE6VarhNrPyVSM8phnG8nCmJCh6QPLUMFCUH56fTwMT4yShf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif10p078JPmYgTDYLOFvUSjnWEJyngLpNANR8ZQqhk5lZMB0QSqk1WeROCO//yIql7Jfe05N2eFcteFkcOHaBDdIJcdI7K6BpVUA1RlKBn9IrerCfrxXq3PmatS1Y2s4/+wPr8AeSOkT4=</latexit>

K.	Behnia,	Fundamentals	of	thermoelectricity,	Oxford	University	Press	

• Figure	of	merit

T +�T
<latexit sha1_base64="+zKcnLWG5+4o7NTBiKdJHSq68pI=">AAAB83icbVBNS8NAEN34WetX1aOXxSIIQkmqoMeCHjxW6Bc0oWy2k3bpZhN2J0Ip/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZkBKRQ0UaCETqqBxaGEdji6m/ntJ9BGJKqB4xSCmA2UiARnaCW/QS+pfw8SGW30SmW34s5BV4mXkzLJUe+Vvvx+wrMYFHLJjOl6borBhGkUXMK06GcGUsZHbABdSxWLwQST+c1Tem6VPo0SbUshnau/JyYsNmYch7YzZjg0y95M/M/rZhjdBhOh0gxB8cWiKJMUEzoLgPaFBo5ybAnjWthbKR8yzTjamIo2BG/55VXSqla8q0r18bpcq+ZxFMgpOSMXxCM3pEYeSJ00CScpeSav5M3JnBfn3flYtK45+cwJ+QPn8wcYQJBf</latexit>

T
<latexit sha1_base64="mW078VCRjO3EMXzJqTn7NP8+kvQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF49V+gVtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK302CSDcsWtuguQdeLlpAI5GoPyV38YszTiCpmkxvQ8N0E/oxoFk3xW6qeGJ5RN6Ij3LFU04sbPFpfOyIVVhiSMtS2FZKH+nshoZMw0CmxnRHFsVr25+J/XSzG89TOhkhS5YstFYSoJxmT+NhkKzRnKqSWUaWFvJWxMNWVowynZELzVl9dJu1b1rqq1h+tKvZbHUYQzOIdL8OAG6nAPDWgBgxCe4RXenInz4rw7H8vWgpPPnMIfOJ8/Ae6M9g==</latexit>

J
���
I=0

= K�T
<latexit sha1_base64="07HfilAkxN+kjk8Ufl/6ZNP8x9Q=">AAACBnicbVDJSgNBFOxxjXEb9ShCYxA8hZko6CUQ1IPLJUI2yAxDT6cnadKz0P1GCENOXvwVLx4U8eo3ePNv7CwHTSxoKKrq8fqVnwiuwLK+jYXFpeWV1dxafn1jc2vb3NltqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOn3L0d+84FJxeOoBoOEuSHpRjzglICWPPPg1rngXUdHwMtuytYQl/Eddq6YAIJrnlmwitYYeJ7YU1JAU1Q988vpxDQNWQRUEKXatpWAmxEJnAo2zDupYgmhfdJlbU0jEjLlZuMzhvhIKx0cxFK/CPBY/T2RkVCpQejrZEigp2a9kfif104hOHczHiUpsIhOFgWpwBDjUSe4wyWjIAaaECq5/iumPSIJBd1cXpdgz548Txqlon1SLN2fFiqlaR05tI8O0TGy0RmqoGtURXVE0SN6Rq/ozXgyXox342MSXTCmM3voD4zPH6rnl0U=</latexit>

J = ↵TVth +K 0�T
<latexit sha1_base64="4Ek4nbiuwGX33f1xGungYbnNoFg=">AAACCnicbVDLSgNBEJyNrxhfqx69jAZREMJuFPQiBPQgeomQFyQhzE5ms0NmZ5eZXiEsOXvxV7x4UMSrX+DNv3HyOGhiQUNR1U13lxcLrsFxvq3MwuLS8kp2Nbe2vrG5ZW/v1HSUKMqqNBKRanhEM8ElqwIHwRqxYiT0BKt7/auRX39gSvNIVmAQs3ZIepL7nBIwUsfev8WXuEVEHBBcwbVOCsEQn+C7I9y6ZgKM2LHzTsEZA88Td0ryaIpyx/5qdSOahEwCFUTrpuvE0E6JAk4FG+ZaiWYxoX3SY01DJQmZbqfjV4b40Chd7EfKlAQ8Vn9PpCTUehB6pjMkEOhZbyT+5zUT8C/aKZdxAkzSySI/ERgiPMoFd7liFMTAEEIVN7diGhBFKJj0ciYEd/bleVIrFtzTQvH+LF8qTuPIoj10gI6Ri85RCd2gMqoiih7RM3pFb9aT9WK9Wx+T1ow1ndlFf2B9/gAKOpfm</latexit>

I = 0 , GVth = �↵�T
<latexit sha1_base64="BRD2qrD55g+ulJokLPOHmbrESKE="></latexit>

Vth = S�T
<latexit sha1_base64="p63yFXmXT1kvv/biCoR3cj0VXus=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JUQS9CQQ8eK/YL2hA22227dLMJuxMhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2//wD48ausoUZS1aCQi1Q2IZoJL1gIOgnVjxUgYCNYJJjczv/PIlOaRbEIaMy8kI8mHnBIwkm+X234G4ym+xg/9WyaA4Cb27YpTdebAq8TNSQXlaPj2V38Q0SRkEqggWvdcJwYvIwo4FWxa6ieaxYROyIj1DJUkZNrL5sdP8alRBngYKVMS8Fz9PZGRUOs0DExnSGCsl72Z+J/XS2B45WVcxgkwSReLhonAEOFZEnjAFaMgUkMIVdzciumYKELB5FUyIbjLL6+Sdq3qnldr9xeVei2Po4iO0Qk6Qy66RHV0hxqohShK0TN6RW/Wk/VivVsfi9aClc+U0R9Ynz/gKZOQ</latexit>

= (K 0 �GS2T )�T
<latexit sha1_base64="LeWcv2iGWN+hnSeg45jtye6z8Z8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR68KSREE3QkFBwU3FvqCNZTKdtEMnkzAzEUqoG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jYyc/MLi0vZ5dzK6tr6hrm5VZNhLDCp4pCFouEhSRjlpKqoYqQRCYICj5G6178Y+fUHIiQNeUUNIuIGqMupTzFSWmqbO+ewcHMAj+DV3b0DK4ewdUmYQrDSNvNW0RoDzhI7JXmQotw2v1qdEMcB4QozJGXTtiLlJkgoihkZ5lqxJBHCfdQlTU05Coh0k/EHQ7ivlQ70Q6GLKzhWf08kKJByEHi6M0CqJ6e9kfif14yVf+YmlEexIhxPFvkxgyqEozhghwqCFRtogrCg+laIe0ggrHRoOR2CPf3yLKk5Rfu46Nye5EtOGkcW7II9UAA2OAUlcA3KoAoweATP4BW8GU/Gi/FufExaM0Y6sw3+wPj8AVTek5Q=</latexit>

ZT ⌘ GS2T

K
<latexit sha1_base64="gFrwU2nWSh/fEUN6TUF2QFkMP+0="></latexit>

K
0

<latexit sha1_base64="bA6KSLulT1ADZljSElyBUBJv1sY=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbRU0jS0NZbwYvgpYqthTaUzXbTLt18sLsRSug/8OJBEa/+I2/+GzdtBRV9MPB4b4aZeX7CmVSW9WEUVlbX1jeKm6Wt7Z3dvfL+QUfGqSC0TWIei66PJeUsom3FFKfdRFAc+pze+ZOL3L+7p0KyOLpV04R6IR5FLGAEKy3dXJ0OyhXLPG/UHLeGLNOy6rZj58Spu1UX2VrJUYElWoPye38YkzSkkSIcS9mzrUR5GRaKEU5npX4qaYLJBI9oT9MIh1R62fzSGTrRyhAFsdAVKTRXv09kOJRyGvq6M8RqLH97ufiX10tV0PAyFiWpohFZLApSjlSM8rfRkAlKFJ9qgolg+lZExlhgonQ4JR3C16fof9JxTLtqOtdupeks4yjCERzDGdhQhyZcQgvaQCCAB3iCZ2NiPBovxuuitWAsZw7hB4y3T17sjTY=</latexit>

�
G
S
2
T

<latexit sha1_base64="eIF8vd49Q+g1SRIxhtlFRnd80ug=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4sSSj2HZXcKHLin1JO5ZMmrahmcyQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733+JHg2iD04WSWlldW17LruY3Nre2d/O5eU4exoqxBQxGqtk80E1yyhuFGsHakGAl8wVr++CL1W/dMaR7KuplEzAvIUPIBp8RY6fYEXsKbOxfWe/kCKiKEMMYwJbh0jiypVMouLkOcWhYFsECtl3/v9kMaB0waKojWHYwi4yVEGU4Fm+a6sWYRoWMyZB1LJQmY9pLZwVN4ZJU+HITKljRwpn6fSEig9STwbWdAzEj/9lLxL68Tm0HZS7iMYsMknS8axAKaEKbfwz5XjBoxsYRQxe2tkI6IItTYjHI2hK9P4f+k6RbxadG9PitU3UUcWXAADsExwKAEquAK1EADUBCAB/AEnh3lPDovzuu8NeMsZvbBDzhvn8GJjwk=</latexit>



Good	thermoelectric	devices

• Energy-asymmetric	transmission	probability
• Electrons	and	holes	contribute	differently
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• Tunable



Good	thermoelectric	devices

Haack,	Giazotto,	PRB	100	(2019)

• Energy-asymmetric	transmission	probability
• Electrons	and	holes	contribute	differently
• Low	thermal	conductance	but	high	electrical	conductance
• Tunable

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>✏

<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

✏
<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

Aharonov-Bohm	quantum	heat	engine
With	Francesco	Giazotto (Experimentalist,	Pisa)



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>

Aharonov-Bohm	quantum	heat	engine
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>

Haack,	Giazotto,	PRB	100	(2019)



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>

Aharonov-Bohm	quantum	heat	engine

Thermoelectric	effects	become	important:	ZT	>	1

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>

Z
T
m
a
x
(L

=
2µ

m
)

<latexit sha1_base64="YRneoorqc4tCynPR+hmcT5FALOs=">AAACC3icbVA9SwNBEN3zM8avqKXNkiDEJtydgjZCwMbCIkK+MAlhb7OXLNm9O3bnJOFIb+NfsbFQxNY/YOe/cZNcoYkPBh7vzTAzz4sE12Db39bK6tr6xmZmK7u9s7u3nzs4rOswVpTVaChC1fSIZoIHrAYcBGtGihHpCdbwhtdTv/HAlOZhUIVxxDqS9APuc0rASN1c/r7abQMbQSLJaIKLt/gKu7gtY5yqk9NurmCX7BnwMnFSUkApKt3cV7sX0liyAKggWrccO4JOQhRwKtgk2441iwgdkj5rGRoQyXQnmf0ywSdG6WE/VKYCwDP190RCpNZj6ZlOSWCgF72p+J/XisG/7CQ8iGJgAZ0v8mOBIcTTYHCPK0ZBjA0hVHFzK6YDoggFE1/WhOAsvrxM6m7JOSu5d+eFspvGkUHHKI+KyEEXqIxuUAXVEEWP6Bm9ojfryXqx3q2PeeuKlc4coT+wPn8ALMKZzw==</latexit>

Z
T
m
a
x
(L

=
6µ

m
)

<latexit sha1_base64="p1IP3jUuQhDqbwPzAgL3EzyeQak=">AAACC3icbVA9SwNBEN2LXzF+nVraLAlCbMJdFLURAjYWFhHyhUkIe5tNsmT37tidk4QjvY1/xcZCEVv/gJ3/xk1yhSY+GHi8N8PMPC8UXIPjfFupldW19Y30ZmZre2d3z94/qOkgUpRVaSAC1fCIZoL7rAocBGuEihHpCVb3htdTv/7AlOaBX4FxyNqS9H3e45SAkTp29r7SaQEbQSzJaILzt/gKn+OWjHCiTk46ds4pODPgZeImJIcSlDv2V6sb0EgyH6ggWjddJ4R2TBRwKtgk04o0Cwkdkj5rGuoTyXQ7nv0ywcdG6eJeoEz5gGfq74mYSK3H0jOdksBAL3pT8T+vGUHvsh1zP4yA+XS+qBcJDAGeBoO7XDEKYmwIoYqbWzEdEEUomPgyJgR38eVlUisW3NNC8e4sVyomcaTREcqiPHLRBSqhG1RGVUTRI3pGr+jNerJerHfrY96aspKZQ/QH1ucPMwqZ0w==</latexit>

Haack,	Giazotto,	PRB	100	(2019)



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

Aharonov-Bohm	quantum	heat	engine

Haack,	Giazotto,	PRB	100	(2019)



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>

Aharonov-Bohm	quantum	heat	engine

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>

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>

✏
<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

✏
<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

Effect	of	non-perfectly	transmitting	T-junctions	->	Resonant	tunneling



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>

Aharonov-Bohm	quantum	heat	engine

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>

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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0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

1
<latexit sha1_base64="58N8iZhPhP8YbIeRpqOkwM6Xbak=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWanr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHVNjKM=</latexit>

1/4
<latexit sha1_base64="s+yqkvGP518SOnQ7+r4NupiOJOQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQeJuDOgx4MVjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5aMYJ+hEdSB5yRo2VHrzLaq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreVblyXy3VLrI48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDVcONGg==</latexit>

3/4
<latexit sha1_base64="JbpFwlW1UB1XdXKwg6ZSCJftIVg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8SNxNAnoMePEY0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz321lb39jc2s7t5Hf39g8OC0fHTR0limGDRSJS7YBqFFxiw3AjsB0rpGEgsBWMb2d+6wmV5pF8NJMY/ZAOJR9wRo2VHipX1V6h6JbcOcgq8TJShAz1XuGr249YEqI0TFCtO54bGz+lynAmcJrvJhpjysZ0iB1LJQ1R++n81Ck5t0qfDCJlSxoyV39PpDTUehIGtjOkZqSXvZn4n9dJzODGT7mME4OSLRYNEkFMRGZ/kz5XyIyYWEKZ4vZWwkZUUWZsOnkbgrf88ipplktepVS+rxZrl1kcOTiFM7gAD66hBndQhwYwGMIzvMKbI5wX5935WLSuOdnMCfyB8/kDWM+NHA==</latexit>

�AB/�0
<latexit sha1_base64="Zsxs5556GgCWQHb1Zxut41Qxvwk=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuKpJFXRZdeOygr1AG8JkOmmHTiZhZlIooW/ixoUibn0Td76N0zQLbf1h4OM/53DO/EHCmdKO822V1tY3NrfK25Wd3b39A/vwqK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHw/r3cmVCoWiyc9TagX4aFgISNYG8u37X5zxPzs9m52kZPj21Wn5uRCq+AWUIVCTd/+6g9ikkZUaMKxUj3XSbSXYakZ4XRW6aeKJpiM8ZD2DAocUeVl+eUzdGacAQpjaZ7QKHd/T2Q4UmoaBaYzwnqklmtz879aL9XhjZcxkaSaCrJYFKYc6RjNY0ADJinRfGoAE8nMrYiMsMREm7AqJgR3+cur0K7X3Mta/fGq2qgXcZThBE7hHFy4hgY8QBNaQGACz/AKb1ZmvVjv1seitWQVM8fwR9bnD2v0ktE=</latexit>

2⇡
<latexit sha1_base64="o2we4ogH9qdH/pDB9nLErX3Xy3g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aytb2xubZd2yrt7+weHlaPjlk4yxdBniUhUJ6QaBZfoG24EdlKFNA4FtsPx3cxvP6HSPJGPZpJiENOh5BFn1FjJr5NeyvuVqltz5yCrxCtIFQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fk3CoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg2yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW06jXvqlZ/uK42Los4SnAKZ3ABHtxAA+6hCT4w4PAMr/DmSOfFeXc+Fq1rTjFzAn/gfP4AEb6OIQ==</latexit>

0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

⇡
<latexit sha1_base64="hRHXb1qZN9DW23SWptFWm95EBbs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeuglol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5ltXZ/Valf5HEU4QRO4Rw8uIY63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wdKbY27</latexit>

e
V
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h
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)]

<latexit sha1_base64="Q1esXt8ceFNylpi7V0/30NoY0so=">AAACB3icbVBNS8MwGE79nPOr6lGQ4BAmyGynoMeBFw8eJrgPaEtJ03QLS9qSpINRdvPiX/HiQRGv/gVv/hvTbQfdfCB5H57nfUneJ0gZlcqyvo2l5ZXVtfXSRnlza3tn19zbb8skE5i0cMIS0Q2QJIzGpKWoYqSbCoJ4wEgnGNwUfmdIhKRJ/KBGKfE46sU0ohgpLfnmEYHuGWz7vaI4d/pyeQbPq3049MNTzzcrVs2aAC4Se0YqYIamb365YYIzTmKFGZLSsa1UeTkSimJGxmU3kyRFeIB6xNE0RpxIL5/sMYYnWglhlAh9YgUn6u+JHHEpRzzQnRypvpz3CvE/z8lUdO3lNE4zRWI8fSjKGFQJLEKBIRUEKzbSBGFB9V8h7iOBsNLRlXUI9vzKi6Rdr9kXtfr9ZaVRn8VRAofgGFSBDa5AA9yCJmgBDB7BM3gFb8aT8WK8Gx/T1iVjNnMA/sD4/AH5PpYn</latexit>

5
<latexit sha1_base64="O81HbD3PcBeCTub0ATBmTFuPxYc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuVPQY8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6te9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCW3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3I4sjDCZzCOXhwA1W4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3tdjKc=</latexit>

10
<latexit sha1_base64="7Zn4EE+SbqRURB4gRs69lte0Rfw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD57bL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpFWrepfV2v1VpX6Rx1GEEziFc/DgGupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP+MijN0=</latexit>

12.5
<latexit sha1_base64="j0ZhFumNQ+3BXuETTUVLJcSF+1Y=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg4SkKnosePFYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXeruzs7u0fVA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek7vc7zxRpVksH800oYHAI8kiRrDJJb/uXg+qNc/15kCrxC9IDQo0B9Wv/jAmqaDSEI617vleYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQbZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwV9+eZW0665/6dYfrmqNiyKOMpzAKZyDDzfQgHtoQgsIjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4AxweNVg==</latexit>

2.5
<latexit sha1_base64="tpZDQd2Bg+hwGuO+niXmZEuQ2bA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJBURY8FLx4r2g9oQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dlZW19Y3Ngtbxe2d3b390sFhQyeZYlhniUhUK6QaBZdYN9wIbKUKaRwKbIbD26nffEKleSIfzSjFIKZ9ySPOqLHSQ8W96pbKnuvNQJaJn5My5Kh1S1+dXsKyGKVhgmrd9r3UBGOqDGcCJ8VOpjGlbEj72LZU0hh1MJ6dOiGnVumRKFG2pCEz9ffEmMZaj+LQdsbUDPSiNxX/89qZiW6CMZdpZlCy+aIoE8QkZPo36XGFzIiRJZQpbm8lbEAVZcamU7Qh+IsvL5NGxfUv3Mr9Zbl6nsdRgGM4gTPw4RqqcAc1qAODPjzDK7w5wnlx3p2PeeuKk88cwR84nz9XSI0b</latexit>

7.5
<latexit sha1_base64="pdeTFkroRrU0sI+vM58F6zAkfrI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBgyy7VanHghePFe0HtEvJptk2NMkuSVYoS3+CFw+KePUXefPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7czv/1ElWaxfDSThAYCDyWLGMHGSg8197pfrniuNwdaJX5OKpCj0S9/9QYxSQWVhnCsddf3EhNkWBlGOJ2WeqmmCSZjPKRdSyUWVAfZ/NQpOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3nd1EQ3QcZkkhoqyWJRlHJkYjT7Gw2YosTwiSWYKGZvRWSEFSbGplOyIfjLL6+SVtX1L93q/VWlfpHHUYQTOIVz8KEGdbiDBjSBwBCe4RXeHO68OO/Ox6K14OQzx/AHzucPXuaNIA==</latexit>

✏ = 0.1
<latexit sha1_base64="5BWo0h7KfgHlJ5j97SUEpOEfbtk=">AAAB9XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqofYgFLx4rGA/oI1ls920SzebsLtRSuj/8OJBEa/+F2/+G7dpBBV9MPB4b4aZeX7MmdKO82EVVlbX1jeKm6Wt7Z3dvfL+QUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vRy4XfvqFQsEjd6FlMvxGPBAkawNtLtgMaK8UigC+TY7rBccexGBrQk9VpOGi5ybSdDBXK0huX3wSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0u3qOTowyQkEkTQmNMvX7RIpDpWahbzpDrCfqt7cQ//L6iQ7OvZSJONFUkOWiIOFIR2gRARoxSYnmM0MwkczcisgES0y0CapkQvj6FP1POlXbPbOr17VKs5rHUYQjOIZTcKEOTbiCFrSBgIQHeIJn6956tF6s12VrwcpnDuEHrLdPqSeR7w==</latexit>

✏
<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

✏
<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

Effect	of	non-perfectly	transmitting	T-junctions	->	Resonant	tunneling
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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>

Aharonov-Bohm	quantum	heat	engine

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>

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>

0
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12.5

0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

1
<latexit sha1_base64="58N8iZhPhP8YbIeRpqOkwM6Xbak=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWanr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHVNjKM=</latexit>

1/4
<latexit sha1_base64="s+yqkvGP518SOnQ7+r4NupiOJOQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQeJuDOgx4MVjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5aMYJ+hEdSB5yRo2VHrzLaq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreVblyXy3VLrI48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDVcONGg==</latexit>

3/4
<latexit sha1_base64="JbpFwlW1UB1XdXKwg6ZSCJftIVg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8SNxNAnoMePEY0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz321lb39jc2s7t5Hf39g8OC0fHTR0limGDRSJS7YBqFFxiw3AjsB0rpGEgsBWMb2d+6wmV5pF8NJMY/ZAOJR9wRo2VHipX1V6h6JbcOcgq8TJShAz1XuGr249YEqI0TFCtO54bGz+lynAmcJrvJhpjysZ0iB1LJQ1R++n81Ck5t0qfDCJlSxoyV39PpDTUehIGtjOkZqSXvZn4n9dJzODGT7mME4OSLRYNEkFMRGZ/kz5XyIyYWEKZ4vZWwkZUUWZsOnkbgrf88ipplktepVS+rxZrl1kcOTiFM7gAD66hBndQhwYwGMIzvMKbI5wX5935WLSuOdnMCfyB8/kDWM+NHA==</latexit>

�AB/�0
<latexit sha1_base64="Zsxs5556GgCWQHb1Zxut41Qxvwk=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuKpJFXRZdeOygr1AG8JkOmmHTiZhZlIooW/ixoUibn0Td76N0zQLbf1h4OM/53DO/EHCmdKO822V1tY3NrfK25Wd3b39A/vwqK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHw/r3cmVCoWiyc9TagX4aFgISNYG8u37X5zxPzs9m52kZPj21Wn5uRCq+AWUIVCTd/+6g9ikkZUaMKxUj3XSbSXYakZ4XRW6aeKJpiM8ZD2DAocUeVl+eUzdGacAQpjaZ7QKHd/T2Q4UmoaBaYzwnqklmtz879aL9XhjZcxkaSaCrJYFKYc6RjNY0ADJinRfGoAE8nMrYiMsMREm7AqJgR3+cur0K7X3Mta/fGq2qgXcZThBE7hHFy4hgY8QBNaQGACz/AKb1ZmvVjv1seitWQVM8fwR9bnD2v0ktE=</latexit>

2⇡
<latexit sha1_base64="o2we4ogH9qdH/pDB9nLErX3Xy3g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aytb2xubZd2yrt7+weHlaPjlk4yxdBniUhUJ6QaBZfoG24EdlKFNA4FtsPx3cxvP6HSPJGPZpJiENOh5BFn1FjJr5NeyvuVqltz5yCrxCtIFQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fk3CoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg2yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW06jXvqlZ/uK42Los4SnAKZ3ABHtxAA+6hCT4w4PAMr/DmSOfFeXc+Fq1rTjFzAn/gfP4AEb6OIQ==</latexit>

0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

⇡
<latexit sha1_base64="hRHXb1qZN9DW23SWptFWm95EBbs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeuglol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5ltXZ/Valf5HEU4QRO4Rw8uIY63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wdKbY27</latexit>
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<latexit sha1_base64="Q1esXt8ceFNylpi7V0/30NoY0so=">AAACB3icbVBNS8MwGE79nPOr6lGQ4BAmyGynoMeBFw8eJrgPaEtJ03QLS9qSpINRdvPiX/HiQRGv/gVv/hvTbQfdfCB5H57nfUneJ0gZlcqyvo2l5ZXVtfXSRnlza3tn19zbb8skE5i0cMIS0Q2QJIzGpKWoYqSbCoJ4wEgnGNwUfmdIhKRJ/KBGKfE46sU0ohgpLfnmEYHuGWz7vaI4d/pyeQbPq3049MNTzzcrVs2aAC4Se0YqYIamb365YYIzTmKFGZLSsa1UeTkSimJGxmU3kyRFeIB6xNE0RpxIL5/sMYYnWglhlAh9YgUn6u+JHHEpRzzQnRypvpz3CvE/z8lUdO3lNE4zRWI8fSjKGFQJLEKBIRUEKzbSBGFB9V8h7iOBsNLRlXUI9vzKi6Rdr9kXtfr9ZaVRn8VRAofgGFSBDa5AA9yCJmgBDB7BM3gFb8aT8WK8Gx/T1iVjNnMA/sD4/AH5PpYn</latexit>

5
<latexit sha1_base64="O81HbD3PcBeCTub0ATBmTFuPxYc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuVPQY8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6te9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCW3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3I4sjDCZzCOXhwA1W4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3tdjKc=</latexit>

10
<latexit sha1_base64="7Zn4EE+SbqRURB4gRs69lte0Rfw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD57bL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpFWrepfV2v1VpX6Rx1GEEziFc/DgGupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP+MijN0=</latexit>

12.5
<latexit sha1_base64="j0ZhFumNQ+3BXuETTUVLJcSF+1Y=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg4SkKnosePFYwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXeruzs7u0fVA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek7vc7zxRpVksH800oYHAI8kiRrDJJb/uXg+qNc/15kCrxC9IDQo0B9Wv/jAmqaDSEI617vleYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQbZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwV9+eZW0665/6dYfrmqNiyKOMpzAKZyDDzfQgHtoQgsIjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4AxweNVg==</latexit>

2.5
<latexit sha1_base64="tpZDQd2Bg+hwGuO+niXmZEuQ2bA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJBURY8FLx4r2g9oQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dlZW19Y3Ngtbxe2d3b390sFhQyeZYlhniUhUK6QaBZdYN9wIbKUKaRwKbIbD26nffEKleSIfzSjFIKZ9ySPOqLHSQ8W96pbKnuvNQJaJn5My5Kh1S1+dXsKyGKVhgmrd9r3UBGOqDGcCJ8VOpjGlbEj72LZU0hh1MJ6dOiGnVumRKFG2pCEz9ffEmMZaj+LQdsbUDPSiNxX/89qZiW6CMZdpZlCy+aIoE8QkZPo36XGFzIiRJZQpbm8lbEAVZcamU7Qh+IsvL5NGxfUv3Mr9Zbl6nsdRgGM4gTPw4RqqcAc1qAODPjzDK7w5wnlx3p2PeeuKk88cwR84nz9XSI0b</latexit>

7.5
<latexit sha1_base64="pdeTFkroRrU0sI+vM58F6zAkfrI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBgyy7VanHghePFe0HtEvJptk2NMkuSVYoS3+CFw+KePUXefPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7czv/1ElWaxfDSThAYCDyWLGMHGSg8197pfrniuNwdaJX5OKpCj0S9/9QYxSQWVhnCsddf3EhNkWBlGOJ2WeqmmCSZjPKRdSyUWVAfZ/NQpOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3nd1EQ3QcZkkhoqyWJRlHJkYjT7Gw2YosTwiSWYKGZvRWSEFSbGplOyIfjLL6+SVtX1L93q/VWlfpHHUYQTOIVz8KEGdbiDBjSBwBCe4RXeHO68OO/Ox6K14OQzx/AHzucPXuaNIA==</latexit>

✏ = 0.1
<latexit sha1_base64="5BWo0h7KfgHlJ5j97SUEpOEfbtk=">AAAB9XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqofYgFLx4rGA/oI1ls920SzebsLtRSuj/8OJBEa/+F2/+G7dpBBV9MPB4b4aZeX7MmdKO82EVVlbX1jeKm6Wt7Z3dvfL+QUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vRy4XfvqFQsEjd6FlMvxGPBAkawNtLtgMaK8UigC+TY7rBccexGBrQk9VpOGi5ybSdDBXK0huX3wSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0u3qOTowyQkEkTQmNMvX7RIpDpWahbzpDrCfqt7cQ//L6iQ7OvZSJONFUkOWiIOFIR2gRARoxSYnmM0MwkczcisgES0y0CapkQvj6FP1POlXbPbOr17VKs5rHUYQjOIZTcKEOTbiCFrSBgIQHeIJn6956tF6s12VrwcpnDuEHrLdPqSeR7w==</latexit>

✏
<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

✏
<latexit sha1_base64="3jMLJbPCI9MO7+VaLTLSNqx09iQ=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU9mthdpbwYvHCvYD2qVk02wbmk3WJCuUpX/CiwdFvPp3vPlvTLcrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PulomitAOkVyqfoA15UzQjmGG036sKI4CTnvB7Grp9+6p0kyKWzOPqR/hiWAhI9hYqT+ksWZcilG54labGdCKNOo5aXrIq7oZKpCjPSq/D8eSJBEVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSwWOqPbT7N4FOrPKGIVS2RIGZer3iRRHWs+jwHZG2Ez1b28p/uUNEhNe+ikTcWKoIKtFYcKRkWj5PBozRYnhc0swUczeisgUK0yMjahkQ/j6FP1PurWqd1Gt3dQrrVoeRxFO4BTOwYMGtOAa2tABAhwe4AmenTvn0XlxXletBSefOYYfcN4+AR6JkKc=</latexit>

T-junctions’ transmission parameter ✏
<latexit sha1_base64="kC3YqheSZXV7/LW4tiPJ1bfoCdE=">AAACHXicbVBNS8NAFNz4WetX1aOXxSJ6sSS1oMeCF48VrBaaUDbbF13dbMLui1hC/4gX/4oXD4p48CL+Gze1B20dWBhm3vD2TZhKYdB1v5yZ2bn5hcXSUnl5ZXVtvbKxeWGSTHNo80QmuhMyA1IoaKNACZ1UA4tDCZfh7UnhX96BNiJR5zhIIYjZlRKR4Ayt1Ks0fIR7zM8PbjLFC8nsUdRMmViYIkRTplkMCJoOqQ+pEbKIVd2aOwKdJt6YVMkYrV7lw+8nPItBIZfMmK7nphjkTKPgEoZlPzOQMn7LrqBrqbIbTZCPrhvSXav0aZRo+xTSkfo7kbPYmEEc2smY4bWZ9ArxP6+bYXQc5EKlGYLiP4uiTFJMaFEV7QsNHOXAEsa1sH+l/NrWwW0bpmxL8CZPniYX9Zp3WKufNarN+riOEtkmO2SfeOSINMkpaZE24eSBPJEX8uo8Os/Om/P+MzrjjDNb5A+cz2/476MG</latexit>
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<latexit sha1_base64="J2ZmrOO5flSju06q1Wd/9KbwUWo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJSSVEEvQsGLBw8VbCs0oWy2m3bpbhJ2J2IJBf+KFw+KePV3ePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7LR2nirImjUWs7gOimeARawIHwe4TxYgMBGsHw6uJ335gSvM4uoNRwnxJ+hEPOSVgpK59cIMvcQ17FezJFHvAHiGT465ddqrOFHiRuDkpoxyNrv3l9WKaShYBFUTrjusk4GdEAaeCjUteqllC6JD0WcfQiEim/Wx6/hgfG6WHw1iZigBP1d8TGZFaj2RgOiWBgZ73JuJ/XieF8MLPeJSkwCI6WxSmAkOMJ1ngHleMghgZQqji5lZMB0QRCiaxkgnBnX95kbRqVfe0Wrs9K9creRxFdIiO0Aly0Tmqo2vUQE1EUYae0St6s56sF+vd+pi1Fqx8Zh/9gfX5A9JIlBI=</latexit>

T = 0.5K
<latexit sha1_base64="DnfOuFhb1BXHbjR+rA2IQK160Vo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBQwlJVfQiFLwIXir0C5pQNttNu3SzCbsboYT+DS8eFPHqn/Hmv3Hb5qCtDwYe780wMy9IOFPacb6twtr6xuZWcbu0s7u3f1A+PGqrOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfzfzOE5WKxaKpJwn1IzwULGQEayN5TXSLHPsKeVX00C9XHNuZA60SNycVyNHol7+8QUzSiApNOFaq5zqJ9jMsNSOcTkteqmiCyRgPac9QgSOq/Gx+8xSdGWWAwliaEhrN1d8TGY6UmkSB6YywHqllbyb+5/VSHd74GRNJqqkgi0VhypGO0SwANGCSEs0nhmAimbkVkRGWmGgTU8mE4C6/vEraNdu9sGuPl5V6NY+jCCdwCufgwjXU4R4a0AICCTzDK7xZqfVivVsfi9aClc8cwx9Ynz+LZI9X</latexit>

Z
T
m
a
x

<latexit sha1_base64="PdPsOI87Fy6xBSieZtgblbMB9/0=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkpSBT0WvHis0C9sQ9hsN+3SzSbsTqQ19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tgobm1vbO8Xd0t7+wWHZPjpu6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1gnGt3O/88iU5rFswjRhXkSGkoecEjCSb5cfmn7WBzaBLCKT2cy3K07VWQCvEzcnFZSj4dtf/UFM04hJoIJo3XOdBLyMKOBUsFmpn2qWEDomQ9YzVJKIaS9bHD7D50YZ4DBWpiTghfp7IiOR1tMoMJ0RgZFe9ebif14vhfDGy7hMUmCSLheFqcAQ43kKeMAVoyCmhhCquLkV0xFRhILJqmRCcFdfXiftWtW9rNburyr1Wh5HEZ2iM3SBXHSN6ugONVALUZSiZ/SK3qwn68V6tz6WrQUrnzlBf2B9/gCEapOZ</latexit>

�L/L = 0.3
<latexit sha1_base64="zFzJYfXV7hqau3kS4Avtygp+XSY=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwIDFpBb0IBS8ePFSwH9CGstlM2qWbTdjdiKX0r3jxoIhX/4g3/43bNgdtfTDweG+GmXlBypnSrvttrayurW9sFraK2zu7e/v2QampkkxSaNCEJ7IdEAWcCWhopjm0UwkkDji0guHN1G89glQsEQ96lIIfk75gEaNEG6lnl7ohcE3wHT43dY1dp9qzy67jzoCXiZeTMspR79lf3TChWQxCU06U6nhuqv0xkZpRDpNiN1OQEjokfegYKkgMyh/Pbp/gE6OEOEqkKaHxTP09MSaxUqM4MJ0x0QO16E3F/7xOpqMrf8xEmmkQdL4oyjjWCZ4GgUMmgWo+MoRQycytmA6IJFSbuIomBG/x5WXSrDhe1ancX5RrZ3kcBXSEjtEp8tAlqqFbVEcNRNETekav6M2aWC/Wu/Uxb12x8plD9AfW5w9BipHo</latexit>

0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

2
<latexit sha1_base64="UUb8Kz17eE1R6FyuGqU/dQhbsTQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWatb65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV77Jaa15V6hd5HEU4gVM4Bw+uoQ530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXbRjKQ=</latexit>

4
<latexit sha1_base64="ud69VEI4g0/Hc8Kff9d/w0dHW30=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuDOgx4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv77SdUmsfywUwS9CM6lDzkjBorNar9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCW3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe9flSqNaql1lceThDM7hEjy4gRrcQx2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB3nZjKY=</latexit>

6
<latexit sha1_base64="QVwmLucC8fTUWQPzJ9PlDmpMJJ4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPUY8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6te9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCW3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3I4sjDCZzCOXhwA1W4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3zhjKg=</latexit>

8
<latexit sha1_base64="/HgdJnIk4TbHJlKN7aTPGQ6PSC4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFMwx4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv77SdUmsfywUwS9CM6lDzkjBorNar9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCqj/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10qqUvetypXFTql1lceThDM7hEjy4hRrcQx2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB3/pjKo=</latexit>

10
<latexit sha1_base64="7Zn4EE+SbqRURB4gRs69lte0Rfw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD57bL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpFWrepfV2v1VpX6Rx1GEEziFc/DgGupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP+MijN0=</latexit>

12
<latexit sha1_base64="VdOt0S2Rg0E5LO/X/W4yUNmA5NA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD16tX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSatW9S6rtfurSv0ij6MIJ3AK5+DBNdThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwDmKozf</latexit>

0.5
<latexit sha1_base64="sNws6NnF+B6mX7riS/eX2j6+yKo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJBURY8FLx4r2g9oQ9lsN+3SzSbsToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMM15niUx0K6SGS6F4HQVK3ko1p3EoeTMc3k795hPXRiTqEUcpD2LaVyISjKKVHjz3qlsqe643A1kmfk7KkKPWLX11egnLYq6QSWpM2/dSDMZUo2CST4qdzPCUsiHt87alisbcBOPZqRNyapUeiRJtSyGZqb8nxjQ2ZhSHtjOmODCL3lT8z2tnGN0EY6HSDLli80VRJgkmZPo36QnNGcqRJZRpYW8lbEA1ZWjTKdoQ/MWXl0mj4voXbuX+slw9z+MowDGcwBn4cA1VuIMa1IFBH57hFd4c6bw4787HvHXFyWeO4A+czx9UPI0Z</latexit>

0.1
<latexit sha1_base64="HCFZ1LdOvq27EwSqY82m8f3gQw8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg4SkCnosePFY0X5AG8pmO2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmhang2njet1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObmd+6wmV5ol8NOMUg5gOJI84o8ZKD57r98oVz/XmIKvEz0kFctR75a9uP2FZjNIwQbXu+F5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRDfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQ/OWXV0mz6vqXbvX+qlK7yOMowgmcwjn4cA01uIM6NIDBAJ7hFd4c4bw4787HorXg5DPH8AfO5w9OLI0V</latexit>

0.2
<latexit sha1_base64="g42Y/avNaP1pEv5WwJSrL0Mk9cM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg4SkCnosePFY0X5AG8pmO2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmhang2njet1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObmd+6wmV5ol8NOMUg5gOJI84o8ZKD55b7ZUrnuvNQVaJn5MK5Kj3yl/dfsKyGKVhgmrd8b3UBBOqDGcCp6VupjGlbEQH2LFU0hh1MJmfOiVnVumTKFG2pCFz9ffEhMZaj+PQdsbUDPWyNxP/8zqZiW6CCZdpZlCyxaIoE8QkZPY36XOFzIixJZQpbm8lbEgVZcamU7Ih+Msvr5Jm1fUv3er9VaV2kcdRhBM4hXPw4RpqcAd1aACDATzDK7w5wnlx3p2PRWvByWeO4Q+czx9PsI0W</latexit>

0.3
<latexit sha1_base64="sAybX9dgegK5dmKDImLXhQwgZBc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJC0gh4LXjxWtB/QhrLZbtqlm03YnQil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dtbWNza3tgs7xd29/YPD0tFx0ySZZrzBEpnodkgNl0LxBgqUvJ1qTuNQ8lY4up35rSeujUjUI45THsR0oEQkGEUrPXhutVcqe643B1klfk7KkKPeK311+wnLYq6QSWpMx/dSDCZUo2CST4vdzPCUshEd8I6lisbcBJP5qVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGN0EE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdoQ/OWXV0mz4vpVt3J/Va5d5nEU4BTO4AJ8uIYa3EEdGsBgAM/wCm+OdF6cd+dj0brm5DMn8AfO5w9RNI0X</latexit>

Effect	of	non-perfectly	transmitting	T-junctions	->	Resonant	tunneling

Relies	only	on	single-particle	phase-coherent	effects

Haack,	Giazotto,	PRB	100	(2019)



Outlook

• Non-linear	regime

• Autonomous	machines

• Versatile	platform	- >	rectifier,	thermal	diode

• Other	applications

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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<latexit sha1_base64="J2ZmrOO5flSju06q1Wd/9KbwUWo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJSSVEEvQsGLBw8VbCs0oWy2m3bpbhJ2J2IJBf+KFw+KePV3ePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7LR2nirImjUWs7gOimeARawIHwe4TxYgMBGsHw6uJ335gSvM4uoNRwnxJ+hEPOSVgpK59cIMvcQ17FezJFHvAHiGT465ddqrOFHiRuDkpoxyNrv3l9WKaShYBFUTrjusk4GdEAaeCjUteqllC6JD0WcfQiEim/Wx6/hgfG6WHw1iZigBP1d8TGZFaj2RgOiWBgZ73JuJ/XieF8MLPeJSkwCI6WxSmAkOMJ1ngHleMghgZQqji5lZMB0QRCiaxkgnBnX95kbRqVfe0Wrs9K9creRxFdIiO0Aly0Tmqo2vUQE1EUYae0St6s56sF+vd+pi1Fqx8Zh/9gfX5A9JIlBI=</latexit>

T = 0.5K
<latexit sha1_base64="DnfOuFhb1BXHbjR+rA2IQK160Vo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBQwlJVfQiFLwIXir0C5pQNttNu3SzCbsboYT+DS8eFPHqn/Hmv3Hb5qCtDwYe780wMy9IOFPacb6twtr6xuZWcbu0s7u3f1A+PGqrOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfzfzOE5WKxaKpJwn1IzwULGQEayN5TXSLHPsKeVX00C9XHNuZA60SNycVyNHol7+8QUzSiApNOFaq5zqJ9jMsNSOcTkteqmiCyRgPac9QgSOq/Gx+8xSdGWWAwliaEhrN1d8TGY6UmkSB6YywHqllbyb+5/VSHd74GRNJqqkgi0VhypGO0SwANGCSEs0nhmAimbkVkRGWmGgTU8mE4C6/vEraNdu9sGuPl5V6NY+jCCdwCufgwjXU4R4a0AICCTzDK7xZqfVivVsfi9aClc8cwx9Ynz+LZI9X</latexit>

Z
T
m
a
x

<latexit sha1_base64="PdPsOI87Fy6xBSieZtgblbMB9/0=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkpSBT0WvHis0C9sQ9hsN+3SzSbsTqQ19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tgobm1vbO8Xd0t7+wWHZPjpu6zhVlLVoLGLVDYhmgkvWAg6CdRPFSBQI1gnGt3O/88iU5rFswjRhXkSGkoecEjCSb5cfmn7WBzaBLCKT2cy3K07VWQCvEzcnFZSj4dtf/UFM04hJoIJo3XOdBLyMKOBUsFmpn2qWEDomQ9YzVJKIaS9bHD7D50YZ4DBWpiTghfp7IiOR1tMoMJ0RgZFe9ebif14vhfDGy7hMUmCSLheFqcAQ43kKeMAVoyCmhhCquLkV0xFRhILJqmRCcFdfXiftWtW9rNburyr1Wh5HEZ2iM3SBXHSN6ugONVALUZSiZ/SK3qwn68V6tz6WrQUrnzlBf2B9/gCEapOZ</latexit>

�L/L = 0.3
<latexit sha1_base64="zFzJYfXV7hqau3kS4Avtygp+XSY=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwIDFpBb0IBS8ePFSwH9CGstlM2qWbTdjdiKX0r3jxoIhX/4g3/43bNgdtfTDweG+GmXlBypnSrvttrayurW9sFraK2zu7e/v2QampkkxSaNCEJ7IdEAWcCWhopjm0UwkkDji0guHN1G89glQsEQ96lIIfk75gEaNEG6lnl7ohcE3wHT43dY1dp9qzy67jzoCXiZeTMspR79lf3TChWQxCU06U6nhuqv0xkZpRDpNiN1OQEjokfegYKkgMyh/Pbp/gE6OEOEqkKaHxTP09MSaxUqM4MJ0x0QO16E3F/7xOpqMrf8xEmmkQdL4oyjjWCZ4GgUMmgWo+MoRQycytmA6IJFSbuIomBG/x5WXSrDhe1ancX5RrZ3kcBXSEjtEp8tAlqqFbVEcNRNETekav6M2aWC/Wu/Uxb12x8plD9AfW5w9BipHo</latexit>

0
<latexit sha1_base64="KJa6pDgxxeogIDVidSgL+lobpZs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNa8q9Ys8jiKcwCmcgwfXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHPJjKI=</latexit>

2
<latexit sha1_base64="UUb8Kz17eE1R6FyuGqU/dQhbsTQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWatb65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV77Jaa15V6hd5HEU4gVM4Bw+uoQ530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXbRjKQ=</latexit>

4
<latexit sha1_base64="ud69VEI4g0/Hc8Kff9d/w0dHW30=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuDOgx4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv77SdUmsfywUwS9CM6lDzkjBorNar9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCW3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe9flSqNaql1lceThDM7hEjy4gRrcQx2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB3nZjKY=</latexit>

6
<latexit sha1_base64="QVwmLucC8fTUWQPzJ9PlDmpMJJ4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPUY8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6te9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCW3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3I4sjDCZzCOXhwA1W4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3zhjKg=</latexit>

8
<latexit sha1_base64="/HgdJnIk4TbHJlKN7aTPGQ6PSC4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFMwx4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv77SdUmsfywUwS9CM6lDzkjBorNar9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCqj/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10qqUvetypXFTql1lceThDM7hEjy4hRrcQx2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB3/pjKo=</latexit>

10
<latexit sha1_base64="7Zn4EE+SbqRURB4gRs69lte0Rfw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD57bL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpFWrepfV2v1VpX6Rx1GEEziFc/DgGupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP+MijN0=</latexit>

12
<latexit sha1_base64="VdOt0S2Rg0E5LO/X/W4yUNmA5NA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD16tX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSatW9S6rtfurSv0ij6MIJ3AK5+DBNdThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwDmKozf</latexit>

0.5
<latexit sha1_base64="sNws6NnF+B6mX7riS/eX2j6+yKo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJBURY8FLx4r2g9oQ9lsN+3SzSbsToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMM15niUx0K6SGS6F4HQVK3ko1p3EoeTMc3k795hPXRiTqEUcpD2LaVyISjKKVHjz3qlsqe643A1kmfk7KkKPWLX11egnLYq6QSWpM2/dSDMZUo2CST4qdzPCUsiHt87alisbcBOPZqRNyapUeiRJtSyGZqb8nxjQ2ZhSHtjOmODCL3lT8z2tnGN0EY6HSDLli80VRJgkmZPo36QnNGcqRJZRpYW8lbEA1ZWjTKdoQ/MWXl0mj4voXbuX+slw9z+MowDGcwBn4cA1VuIMa1IFBH57hFd4c6bw4787HvHXFyWeO4A+czx9UPI0Z</latexit>

0.1
<latexit sha1_base64="HCFZ1LdOvq27EwSqY82m8f3gQw8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg4SkCnosePFY0X5AG8pmO2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmhang2njet1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObmd+6wmV5ol8NOMUg5gOJI84o8ZKD57r98oVz/XmIKvEz0kFctR75a9uP2FZjNIwQbXu+F5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRDfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQ/OWXV0mz6vqXbvX+qlK7yOMowgmcwjn4cA01uIM6NIDBAJ7hFd4c4bw4787HorXg5DPH8AfO5w9OLI0V</latexit>

0.2
<latexit sha1_base64="g42Y/avNaP1pEv5WwJSrL0Mk9cM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg4SkCnosePFY0X5AG8pmO2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmhang2njet1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObmd+6wmV5ol8NOMUg5gOJI84o8ZKD55b7ZUrnuvNQVaJn5MK5Kj3yl/dfsKyGKVhgmrd8b3UBBOqDGcCp6VupjGlbEQH2LFU0hh1MJmfOiVnVumTKFG2pCFz9ffEhMZaj+PQdsbUDPWyNxP/8zqZiW6CCZdpZlCyxaIoE8QkZPY36XOFzIixJZQpbm8lbEgVZcamU7Ih+Msvr5Jm1fUv3er9VaV2kcdRhBM4hXPw4RpqcAd1aACDATzDK7w5wnlx3p2PRWvByWeO4Q+czx9PsI0W</latexit>

0.3
<latexit sha1_base64="sAybX9dgegK5dmKDImLXhQwgZBc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJC0gh4LXjxWtB/QhrLZbtqlm03YnQil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dtbWNza3tgs7xd29/YPD0tFx0ySZZrzBEpnodkgNl0LxBgqUvJ1qTuNQ8lY4up35rSeujUjUI45THsR0oEQkGEUrPXhutVcqe643B1klfk7KkKPeK311+wnLYq6QSWpMx/dSDCZUo2CST4vdzPCUshEd8I6lisbcBJP5qVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGN0EE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdoQ/OWXV0mz4vpVt3J/Va5d5nEU4BTO4AJ8uIYa3EEdGsBgAM/wCm+OdF6cd+dj0brm5DMn8AfO5w9RNI0X</latexit>

T-junctions’ transmission parameter ✏
<latexit sha1_base64="kC3YqheSZXV7/LW4tiPJ1bfoCdE=">AAACHXicbVBNS8NAFNz4WetX1aOXxSJ6sSS1oMeCF48VrBaaUDbbF13dbMLui1hC/4gX/4oXD4p48CL+Gze1B20dWBhm3vD2TZhKYdB1v5yZ2bn5hcXSUnl5ZXVtvbKxeWGSTHNo80QmuhMyA1IoaKNACZ1UA4tDCZfh7UnhX96BNiJR5zhIIYjZlRKR4Ayt1Ks0fIR7zM8PbjLFC8nsUdRMmViYIkRTplkMCJoOqQ+pEbKIVd2aOwKdJt6YVMkYrV7lw+8nPItBIZfMmK7nphjkTKPgEoZlPzOQMn7LrqBrqbIbTZCPrhvSXav0aZRo+xTSkfo7kbPYmEEc2smY4bWZ9ArxP6+bYXQc5EKlGYLiP4uiTFJMaFEV7QsNHOXAEsa1sH+l/NrWwW0bpmxL8CZPniYX9Zp3WKufNarN+riOEtkmO2SfeOSINMkpaZE24eSBPJEX8uo8Os/Om/P+MzrjjDNb5A+cz2/476MG</latexit>

ZT	Figure	of	merit

Thank	you!





Transmission	probability

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>

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>



Transmission	probability

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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<latexit sha1_base64="pehgpeCpZ9BFMtxRUIOm5UxhYXk="></latexit>

SL
<latexit sha1_base64="l3Q5Z7TU1iDH3iCXwYgveIuzUB4=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzYWFhEYj4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopUajf98vld2KOwdZJV5OypCj3i999QYxSyOukElqTNdzE/QzqlEwyafFXmp4QtmYDnnXUkUjbvxsfuqUnFtlQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMbPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2naINwVt+eZW0qhXvslJ9uCrXqnkcBTiFM7gAD66hBndQhyYwGMIzvMKbI50X5935WLSuOfnMCfyB8/kD+K2Nig==</latexit>

SR
<latexit sha1_base64="hURN6S5df1ubMWGgTSv8/rox77E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rFa+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbRSo9F/6JfKbsWdg6wSLydlyFHvl756g5ilEVfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGupohE3fjY/dUrOrTIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tO0YbgLb+8SlrVindZqd5flWvVPI4CnMIZXIAH11CDO6hDExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AEB1I2Q</latexit>

• T-junctions:	fully	transmitting

tAB = (tu + td)/2
<latexit sha1_base64="c683n3vZXE67iuRh7HSQk8OMsoI=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgRIS4GwW9CFEvHiOYByRhmZ2dTYbMzi4zvUJYc/BXvHhQxKu/4c2/cfI4aGJBQ1HVTXeXFwuuwba/rczC4tLySnY1t7a+sbmV396p6yhRlNVoJCLV9IhmgktWAw6CNWPFSOgJ1vD6NyO/8cCU5pG8h0HMOiHpSh5wSsBIbn4P3PTqeogvcRHcBB9jcP2jk7KbL9gleww8T5wpKaApqm7+q+1HNAmZBCqI1i3HjqGTEgWcCjbMtRPNYkL7pMtahkoSMt1Jx/cP8aFRfBxEypQEPFZ/T6Qk1HoQeqYzJNDTs95I/M9rJRBcdFIu4wSYpJNFQSIwRHgUBva5YhTEwBBCFTe3YtojilAwkeVMCM7sy/OkXi45p6Xy3VmhUp7GkUX76AAVkYPOUQXdoiqqIYoe0TN6RW/Wk/VivVsfk9aMNZ3ZRX9gff4Aq1CT4g==</latexit>

TAB = |tAB |2
<latexit sha1_base64="iKikKVP194FDw3GIQzw5nseULsM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRV0I1QdeOyQl/QxjCZTtqhkwczN0IJXbnxV9y4UMSt3+DOv3GaZqGtBwbOPede7tzjxYIrsKxvo7C0vLK6VlwvbWxube+Yu3stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3RzdRvPzCpeBQ2YBwzJyCDkPucEtCSax423PTqeoIvcU+3AYZZmRX3VdcsWxUrA14kdk7KKEfdNb96/YgmAQuBCqJU17ZicFIigVPBJqVeolhM6IgMWFfTkARMOWl2xgQfa6WP/UjqFwLO1N8TKQmUGgee7gwIDNW8NxX/87oJ+BdOysM4ARbS2SI/ERgiPM0E97lkFMRYE0Il13/FdEgkoaCTK+kQ7PmTF0mrWrFPK9W7s3KtmsdRRAfoCJ0gG52jGrpFddREFD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gBo/pfE</latexit>

• Different	types	of	trajectories

+ + + +tu =
<latexit sha1_base64="G7z9+Xp8AYj5u7jul/HBwv5k9ss=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvHisYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lb39jc2i7tlHf39g8OK0fHLZNkmnGfJTLRnZAaLoXiPgqUvJNqTuNQ8nY4vpv57SeujUjUI05SHsR0qEQkGEUr+djPyG2/UnVr7hxklXgFqUKBZr/y1RskLIu5QiapMV3PTTHIqU bBJJ+We5nhKWVjOuRdSxWNuQny+bFTcm6VAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafMo2BG/55VXSqte8y1r94araqBdxlOAUzuACPLiGBtxDE3xgIOAZXuHNUc6L8+58LFrXnGLmBP7A+fwBQquORQ==</latexit>

Büttiker et	al.,	PRA	30	(1984)
Nazarov,	Blanter “Quantum	Transport:	Introduction	to	Nanoscience”

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>



Transmission	probability

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>

SL
<latexit sha1_base64="l3Q5Z7TU1iDH3iCXwYgveIuzUB4=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzYWFhEYj4gOcLeZi9Zsrd37M4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopUajf98vld2KOwdZJV5OypCj3i999QYxSyOukElqTNdzE/QzqlEwyafFXmp4QtmYDnnXUkUjbvxsfuqUnFtlQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMbPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2naINwVt+eZW0qhXvslJ9uCrXqnkcBTiFM7gAD66hBndQhyYwGMIzvMKbI50X5935WLSuOfnMCfyB8/kD+K2Nig==</latexit>

SR
<latexit sha1_base64="hURN6S5df1ubMWGgTSv8/rox77E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rFa+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbRSo9F/6JfKbsWdg6wSLydlyFHvl756g5ilEVfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGupohE3fjY/dUrOrTIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tO0YbgLb+8SlrVindZqd5flWvVPI4CnMIZXIAH11CDO6hDExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AEB1I2Q</latexit>

TAB =
1� cos� cos ��+ cos(2⇡�AB/�0) (cos ��� cos�)

sin2 �+
⇣
cos�� cos ��+cos(2⇡�AB/�0)

2

⌘2

<latexit sha1_base64="d07gZt91RHeKy5bgomIcWTmyMnQ="></latexit>

� = (2L+ �L)

✓
k̃µ +

E � µ

~vd

◆
� eVgL

~vd
<latexit sha1_base64="waTGm1g47IfOxgdu3HIxc/2FS0Y="></latexit>

�� = �L

✓
k̃µ +

E � µ

~vd

◆
+

eVgL

~vd
<latexit sha1_base64="uZOXrcOLCsR4uMC0GWnp+Ql8GVQ="></latexit>

• Linearization	around	the	Fermi	energy µ
<latexit sha1_base64="9SrA6jllLtRtTOfZiRcTgEhUKpY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTTjJkZnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzvzWE2rDY/VoJwmGkg4VH3BGrZMeujLtlcp+xZ+DrJIgJ2XIUe+Vvrr9mKUSlWWCGtMJ/MSGGdWWM4HTYjc1mFA2pkPsOKqoRBNm81On5NwpfTKItStlyVz9PZFRacxERq5TUjsyy95M/M/rpHZwE2ZcJalFxRaLBqkgNiazv0mfa2RWTByhTHN3K2EjqimzLp2iCyFYfnmVNKuV4LJSvb8q16p5HAU4hTO4gACuoQZ3UIcGMBjCM7zCmye8F+/d+1i0rnn5zAn8gff5A1ncjco=</latexit>

• Depends	on	energy	E	,	on	arms’	imbalance								,	gate	voltage							and	magnetic	flux	�L
<latexit sha1_base64="f0mmwrnC9lXdVGy90e93J7O72W0=">AAAB73icbVA9SwNBEN2LXzF+RS1tFoNgFe6ioGXAxsIigvmA5Ah7e3PJkr29c3dOCCF/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DJJpjk0eSIT3QmYASkUNFGghE6qgcWBhHYwupn57SfQRiTqAccp+DEbKBEJztBKnV4IEhm965crbtWdg64SLycVkqPRL3/1woRnMSjkkhnT9dwU/QnTKLiEaamXGUgZH7EBdC1VLAbjT+b3TumZVUIaJdqWQjpXf09MWGzMOA5sZ8xwaJa9mfif180wuvYnQqUZguKLRVEmKSZ09jwNhQaOcmwJ41rYWykfMs042ohKNgRv+eVV0qpVvYtq7f6yUq/lcRTJCTkl58QjV6RObkmDNAknkjyTV/LmPDovzrvzsWgtOPnMMfkD5/MHgJOPkA==</latexit>

Vg
<latexit sha1_base64="ZMqj97I+C3n+Jpp+3kbNZis0OPg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rGi/YA2lM12ky7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4Lx7czvPHFtRKIecZJyP6aREqFgFK300B5Eg0rVrblzkFXiFaQKBZqDyld/mLAs5gqZpMb0PDdFP6caBZN8Wu5nhqeUjWnEe5YqGnPj5/NTp+TcKkMSJtqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UY3vi5UGmGXLHFojCTBBMy+5sMheYM5cQSyrSwtxI2opoytOmUbQje8surpF2veZe1+v1VtVEv4ijBKZzBBXhwDQ24gya0gEEEz/AKb450Xpx352PRuuYUMyfwB87nDyY6jag=</latexit>

�AB
<latexit sha1_base64="LHighxaZCbuvFxmqoCCjJxXcU2g=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHqxWME85BkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1kmP3fqQ9bLrm0mvVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2cETdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq6EILFl5dJs1oJzivV+4tyrZrHUYBjOIEzCOASanAHdWgAAQHP8ApvnvZevHfvY9664uUzR/AH3ucPcaOQHw==</latexit>

Haack,	Giazotto,	arXiv:1905.12672

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>


