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Motivation

Energy conservation of a tunneling event

• coupling energy EC has to be taken into account
. EQD + Eenv + EC = E′

QD + E′
env + E′

C

• coupling energy EC

– is related to coherences between QD and environment

– enables off–resonant and higher–order tunneling pro-
cesses LL et al., PRB 111, 085103 (2025)

Destruction of quantum coherence can pump energy into a system Schulman et al. PRL 97 240405 (2006)

Model and method
• non–interacting single–level QD coupled to two fermionic and baths:
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• exact solution with Heisenberg equation and Laplace transform technique Topp et al. EPL 110 67003 (2015)

d
dtcH(t) =

i
ℏ [H, cH(t)]

d
dtaH,ν,k(t) =

i
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[
H, aH,ν,k(t)

]
 Laplace trans.−−−−−−−−→ solve linear equations

inv. Laplace trans.−−−−−−−−−−−→ cH(t) & aH,ν,k(t)

Pumping scheme I: Coupling/Decoupling
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 <latexit sha1_base64="Y6/sph0hMN1FEKtM2WIlo2gFRYg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRKpj2XBjcsK9gFNKJPpTTt0MhlmJoUS+htuXCji1p9x5984abPQ1gMXDufcy733hJIzbVz32yltbG5t75R3K3v7B4dH1eOTjk5SRaFNE56oXkg0cCagbZjh0JMKSBxy6IaT+9zvTkFplognM5MQxGQkWMQoMVby/SlRIDXjiagMqjW37i6A14lXkBoq0BpUv/xhQtMYhKGcaN33XGmCjCjDKId5xU81SEInZAR9SwWJQQfZ4uY5vrDKEEeJsiUMXqi/JzISaz2LQ9sZEzPWq14u/uf1UxPdBRkTMjUg6HJRlHJsEpwHgIdMATV8ZgmhitlbMR0TRaixMeUheKsvr5POVd27qV8/NmrNRhFHGZ2hc3SJPHSLmugBtVAbUSTRM3pFb07qvDjvzseyteQUM6foD5zPH/GYkZc=</latexit>"

<latexit sha1_base64="bY2stQxtcIjQkYWTXUx286rOBxo=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0kKVo8FLx4r2A9oQ9lsN+nSzW7Y3Qg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcqZNp737Wxsbm3v7Jb2yvsHh0cV9/iko2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBtObud+95EqzaR4MNOUBgmOBYsYwcZKQ7eijZIiRkRmdp2Ih27Vq3kLoHXiF6QKBVpD92swkiRLqDCEY637vpeaIMfKMMLprDzINE0xmeCY9i0VOKE6yBeHz9CFVUYoksqWMGih/p7IcaL1NAltZ4LNWK96c/E/r5+Z6CbImUgzQwVZLooyjoxE8xTQiClKDJ9agoli9lZExlhhYmxWZRuCv/ryOunUa36jdnVfrzYbRRwlOINzuAQfrqEJd9CCNhDI4Ble4c15cl6cd+dj2brhFDOn8AfO5w8dfpNb</latexit>

strong coupling
<latexit sha1_base64="Vmp/F2t6wiaMUY32etB2lYh7R+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0kKVo8FLx4r2A9sQ9lsJu3SzSbsboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJEPZpKiH9Oh5BFn1FjpMUSWZKnAkAzKFbfqLkDWiZeTCuRoDspf/TBhWYzSMEG17nluavwpVYYzgbNSP9OYUjamQ+xZKmmM2p8uLp6RC6uEJEqULWnIQv09MaWx1pM4sJ0xNSO96s3F/7xeZqIbf8plmhmUbLkoygQxCZm/T0KukBkxsYQyxe2thI2ooszYkEo2BG/15XXSrlW9evXqvlZp1PM4inAG53AJHlxDA+6gCS1gIOEZXuHN0c6L8+58LFsLTj5zCn/gfP4AXVyQrw==</latexit>

decoupled

<latexit sha1_base64="Czwi9HoaHxBoORmzvyQwWJSA730=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQFq8uCG5cV7APaUCaTSTt0Mokzk0IM/Q43LhRx68e482+cpllo64ELZ865l7n3eDFnStv2t1Xa2Nza3invVvb2Dw6PqscnXRUlktAOiXgk+x5WlDNBO5ppTvuxpDj0OO1509uF35tRqVgkHnQaUzfEY8ECRrA2kjtJPcl89pS/RtWaXbdzoHXiFKQGBdqj6tfQj0gSUqEJx0oNHDvWboalZoTTeWWYKBpjMsVjOjBU4JAqN8uXnqMLo/goiKQpoVGu/p7IcKhUGnqmM8R6ola9hfifN0h0cONmTMSJpoIsPwoSjnSEFgkgn0lKNE8NwUQysysiEywx0SanignBWT15nXQbdadZv7pv1FrNIo4ynME5XIID19CCO2hDBwg8wjO8wps1s16sd+tj2VqyiplT+APr8wdiDZJ4</latexit> hy
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<latexit sha1_base64="ph+m/h4qGlMuvHo79HY5kd5/44Q=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsJuwAeegl48RjAPSJYwO9ubDJmdWWZmhRjyJV48KOLVT/Hm3zhJ9qCJBQ1FVTfdXWHKmTae9+0U1tY3NreK26Wd3b39sntw2NIyUxSaVHKpOiHRwJmApmGGQydVQJKQQzsc3c789iMozaR4MOMUgoQMBIsZJcZKfbesDaTYv8ZckoiJQd+teFVvDrxK/JxUUI5G3/3qRZJmCQhDOdG663upCSZEGUY5TEu9TENK6IgMoGupIAnoYDI/fIpPrRLhWCpbwuC5+ntiQhKtx0loOxNihnrZm4n/ed3MxFfBhIk0MyDoYlGccWwknqWAI6aAGj62hFDF7K2YDoki1NisSjYEf/nlVdKqVf2L6vl9rVK/yeMoomN0gs6Qjy5RHd2hBmoiijL0jF7Rm/PkvDjvzseiteDkM0foD5zPH9EMko4=</latexit>

step 1: loading
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 <latexit sha1_base64="Y6/sph0hMN1FEKtM2WIlo2gFRYg=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRKpj2XBjcsK9gFNKJPpTTt0MhlmJoUS+htuXCji1p9x5984abPQ1gMXDufcy733hJIzbVz32yltbG5t75R3K3v7B4dH1eOTjk5SRaFNE56oXkg0cCagbZjh0JMKSBxy6IaT+9zvTkFplognM5MQxGQkWMQoMVby/SlRIDXjiagMqjW37i6A14lXkBoq0BpUv/xhQtMYhKGcaN33XGmCjCjDKId5xU81SEInZAR9SwWJQQfZ4uY5vrDKEEeJsiUMXqi/JzISaz2LQ9sZEzPWq14u/uf1UxPdBRkTMjUg6HJRlHJsEpwHgIdMATV8ZgmhitlbMR0TRaixMeUheKsvr5POVd27qV8/NmrNRhFHGZ2hc3SJPHSLmugBtVAbUSTRM3pFb07qvDjvzseyteQUM6foD5zPH/GYkZc=</latexit>"

<latexit sha1_base64="Vmp/F2t6wiaMUY32etB2lYh7R+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0kKVo8FLx4r2A9sQ9lsJu3SzSbsboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJEPZpKiH9Oh5BFn1FjpMUSWZKnAkAzKFbfqLkDWiZeTCuRoDspf/TBhWYzSMEG17nluavwpVYYzgbNSP9OYUjamQ+xZKmmM2p8uLp6RC6uEJEqULWnIQv09MaWx1pM4sJ0xNSO96s3F/7xeZqIbf8plmhmUbLkoygQxCZm/T0KukBkxsYQyxe2thI2ooszYkEo2BG/15XXSrlW9evXqvlZp1PM4inAG53AJHlxDA+6gCS1gIOEZXuHN0c6L8+58LFsLTj5zCn/gfP4AXVyQrw==</latexit>

decoupled
<latexit sha1_base64="yyEgX1J227BV2xwDZoHSwm7wibg=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHZJRI8kXjxiIo8ENmR26IUJs7PrzCyGEL7DiweN8erHePNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj27nfGqPSPJYPZpKgH9GB5CFn1FjJf0I6IixO7So56BVLbtldgKwTLyMlyFDvFb+6/ZilEUrDBNW647mJ8adUGc4EzgrdVGNC2YgOsGOppBFqf7o4ekYurNInYaxsSUMW6u+JKY20nkSB7YyoGepVby7+53VSE974Uy6T1KBky0VhKoiJyTwB0ucKmRETSyhT3N5K2JAqyozNqWBD8FZfXifNStmrlq/uK6VaNYsjD2dwDpfgwTXU4A7q0AAGj/AMr/DmjJ0X5935WLbmnGzmFP7A+fwB25CSIQ==</latexit>

weak coupling

<latexit sha1_base64="wn/xzY2rZbkodouqY0YPdF9YZ88=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHYDPvAU9OIxgnlAsoTZ2U4yZHZmmZlVwppP8eJBEa9+iTf/xkmyB00saCiquunuChPOtPG8b2dldW19Y7OwVdze2d3bd0sHTS1TRaFBJZeqHRINnAloGGY4tBMFJA45tMLRzdRvPYDSTIp7M04giMlAsD6jxFip55a0gQRXr3AquCQRE4OeW/Yq3gx4mfg5KaMc9Z771Y0kTWMQhnKidcf3EhNkRBlGOUyK3VRDQuiIDKBjqSAx6CCbnT7BJ1aJcF8qW8Lgmfp7IiOx1uM4tJ0xMUO96E3F/7xOavqXQcZEkhoQdL6on3JsJJ7mgCOmgBo+toRQxeytmA6JItTYtIo2BH/x5WXSrFb888rZXbVcu87jKKAjdIxOkY8uUA3dojpqIIoe0TN6RW/Ok/PivDsf89YVJ585RH/gfP4AgH2Thg==</latexit>

step 2: unloading

<latexit sha1_base64="XJWE0a7gnIc+N1pr7eyVDw2kT9g=">AAACFHicbVA9SwNBEN3z2/MrammzGARBCHcBo2VAC8sEjAoxhLnNJFmyt3vszikh+CNs/Cs2ForYWtj5b7yLKTT6YODx3gwz86JESUdB8OnNzM7NLywuLfsrq2vrG4XNrQtnUiuwIYwy9ioCh0pqbJAkhVeJRYgjhZfR4CT3L2/QOmn0OQ0TbMXQ07IrBVAmtQsH9VMuHTdCpInEju/fSupz4AItgdQ8sSaCSCpJQ79dKAalYAz+l4QTUmQT1NqFj+uOEWmMmoQC55phkFBrBJakUHjnX6cOExAD6GEzoxpidK3R+Kk7vpcpHd41NitNfKz+nBhB7NwwjrLOGKjvpr1c/M9rptQ9bo2kTlJCLb4XdVPFyfA8Id6RFgWpYUZAWJndykUfLAjKcsxDCKdf/ksuyqWwUjqsl4vVyiSOJbbDdtk+C9kRq7IzVmMNJtg9e2TP7MV78J68V+/tu3XGm8xss1/w3r8A3q+ddA==</latexit>

QD is occupied
with a certain probability

<latexit sha1_base64="ulTbLg+CMjOZVrUQeOWIw0YiiHA=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEN5akYHVZ0IXLFuwD2lAmk0k7dDIJMxMhhuLGX3HjQhG3foU7/8ZJm4W2HrhwOOde7r3HixmVyra/jdLK6tr6RnnT3Nre2d2z9g86MkoEJm0csUj0PCQJo5y0FVWM9GJBUOgx0vUm17nfvSdC0ojfqTQmbohGnAYUI6WloXXUujn3kBpDB45TT1CfPswc0xxaFbtqzwCXiVOQCijQHFpfAz/CSUi4wgxJ2XfsWLkZEopiRqbmIJEkRniCRqSvKUchkW42e2EKT7XiwyASuriCM/X3RIZCKdPQ052hPlcuern4n9dPVHDlZpTHiSIczxcFCYMqgnke0KeCYMVSTRAWVN8K8RgJhJVOLQ/BWXx5mXRqVadevWjVKo16EUcZHIMTcAYccAka4BY0QRtg8AiewSt4M56MF+Pd+Ji3loxi5hD8gfH5Az+Dlgc=</latexit>

QD-bath 1 hybridization

<latexit sha1_base64="asA5sWDL0K/zmsSGZfofZyd3uLw=">AAACE3icbVDLSsNAFJ34rPEVdelmsAjioiQFq8uCLly2YB/QhjKZ3rRDJ5MwMymE0n9w46+4caGIWzfu/BsnbRfaemDgcM69zD0nSDhT2nW/rbX1jc2t7cKOvbu3f3DoHB03VZxKCg0a81i2A6KAMwENzTSHdiKBRAGHVjC6zf3WGKRisXjQWQJ+RAaChYwSbaSecwkcqJaxwBHJMAcyBmzbegi4foeZ0DEOiB7ism3bPafoltwZ8CrxFqSIFqj1nK9uP6ZpBEJTTpTqeG6i/QmRmlEOU7ubKkgIHZEBdAwVJALlT2aZpvjcKH0cxtI8ofFM/b0xIZFSWRSYychcqJa9XPzP66Q6vPEnTCSpBkHnH4UpxyZqXhDuM2ka4ZkhhEpmbsV0SCSh2tSYl+AtR14lzXLJq5Su6uVitbKoo4BO0Rm6QB66RlV0j2qogSh6RM/oFb1ZT9aL9W59zEfXrMXOCfoD6/MHsC2bbg==</latexit>

electron may leave
the QD into bath 2

<latexit sha1_base64="fIdfPSZtWQhsm2srRhCHcSlY1Sk=">AAACC3icbVDLSgMxFM34rONr1KWb0CK4scwUrC4LunDZgn1AW0omvdOGZpIhyQildO/GX3HjQhG3/oA7/8ZM24W2HggczrmX3HPChDNtfP/bWVvf2Nzazu24u3v7B4fe0XFDy1RRqFPJpWqFRANnAuqGGQ6tRAGJQw7NcHST+c0HUJpJcW/GCXRjMhAsYpQYK/W8fB8oGWMZYdet3V6ExAxxgKkcggJBwapuzyv4RX8GvEqCBSmgBao976vTlzSNQRjKidbtwE9Md0KUYZTD1O2kGhJCR2QAbUsFiUF3J7MsU3xmlT6OpLJPGDxTf29MSKz1OA7tZGyP1cteJv7ntVMTXXcnTCSpscnmH0Upx0birBjcZwqo4WNLCFXM3orpkChCja0vKyFYjrxKGqViUC5e1kqFSnlRRw6dojw6RwG6QhV0h6qojih6RM/oFb05T86L8+58zEfXnMXOCfoD5/MHJduX5g==</latexit>

decay of
QD-bath 1 coherence

<latexit sha1_base64="hn2zTu1WmteGJvTmbiqNkMsvIOc=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBbBVUkKVpcFNy4r2Ae0oUwmk3boZBJmJoUYCm78FTcuFHHrT7jzb5ykWWjrgQtnzrmXufd4MaNS2fa3UVlb39jcqm6bO7t7+wfW4VFXRonApIMjFom+hyRhlJOOooqRfiwICj1Get70Jvd7MyIkjfi9SmPihmjMaUAxUloaWSeT1BPUpw/FG84QpxJPiISmObJqdt0uAFeJU5IaKNEeWV9DP8JJSLjCDEk5cOxYuRkSimJG5uYwkSRGeIrGZKApRyGRblbcMIfnWvFhEAldXMFC/T2RoVDKNPR0Z4jURC57ufifN0hUcO1mlMeJIhwvPgoSBlUE80CgTwXBiqWaICyo3hXiCRIIKx1bHoKzfPIq6TbqTrN+edeotZplHFVwCs7ABXDAFWiBW9AGHYDBI3gGr+DNeDJejHfjY9FaMcqZY/AHxucPVR6XQw==</latexit>

hybridization vanisches

<latexit sha1_base64="DY+sa8KF/0hOZKCxuZPnbROCNjw=">AAAB9HicbVDLTgJBEJzFF64v1KOXiWDiieySiB5JvHjERMAENmR26IUJsw9neknIhu/w4kFjvPox3vwbB9iDgpV0UqnqTneXn0ih0XG+rcLG5tb2TnHX3ts/ODwqHZ+0dZwqDi0ey1g9+kyDFBG0UKCEx0QBC30JHX98O/c7E1BaxNEDThPwQjaMRCA4QyN5LEBQtIJ9t2Lb/VLZqToL0HXi5qRMcjT7pa/eIOZpCBFyybTuuk6CXsYUCi5hZvdSDQnjYzaErqERC0F72eLoGb0wyoAGsTIVIV2ovycyFmo9DX3TGTIc6VVvLv7ndVMMbrxMREmKEPHloiCVFGM6T4AOhAKOcmoI40qYWykfMcW4iULPQ3BXX14n7VrVrVev7mvlRj2Po0jOyDm5JC65Jg1yR5qkRTh5Is/klbxZE+vFerc+lq0FK585JX9gff4AbzKQig==</latexit>

after t1

<latexit sha1_base64="R8ZHNOjs5Rokyj/+PBJ25gg9EuM=">AAAB9HicbVBNT8JAEN3iF9Yv1KOXjWDiibQkokcSLx4xETCBhmyXKWzYbuvulIQQfocXDxrj1R/jzX9jCz0o+JJJXt6bycw8P5bCoON8W4WNza3tneKuvbd/cHhUOj5pmyjRHFo8kpF+9JkBKRS0UKCEx1gDC30JHX98m/mdCWgjIvWA0xi8kA2VCARnmEoeCxA0rWC/VrHtfqnsVJ0F6Dpxc1ImOZr90ldvEPEkBIVcMmO6rhOjN2MaBZcwt3uJgZjxMRtCN6WKhWC82eLoOb1IlQENIp2WQrpQf0/MWGjMNPTTzpDhyKx6mfif100wuPFmQsUJguLLRUEiKUY0S4AOhAaOcpoSxrVIb6V8xDTjaRQmC8FdfXmdtGtVt169uq+VG/U8jiI5I+fkkrjkmjTIHWmSFuHkiTyTV/JmTawX6936WLYWrHzmlPyB9fkDcLmQiw==</latexit>

after t2

<latexit sha1_base64="5B8ysEs5s2+cwPXyNfT4CJBsWmw=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBC8uGw2ySbeAl48RjQPSNYwO+lNhsw+mJkVwpJP8OJBEa9+kTf/xtkkgooWNBRV3XR3eTFnUlnWh7Gyura+sZnbym/v7O7tFw4O2zJKBIUWjXgkuh6RwFkILcUUh24sgAQeh443ucz8zj0IyaLwVk1jcAMyCpnPKFFauoG780GhaJkXdceu2tgyLatml52M2LWKXcYlrWQooiWag8J7fxjRJIBQUU6k7JWsWLkpEYpRDrN8P5EQEzohI+hpGpIApJvOT53hU60MsR8JXaHCc/X7REoCKaeBpzsDosbyt5eJf3m9RPl1N2VhnCgI6WKRn3CsIpz9jYdMAFV8qgmhgulbMR0TQajS6eR1CF+f4v9J2zZLjlm9rhQbzjKOHDpGJ+gMlVANNdAVaqIWomiEHtATeja48Wi8GK+L1hVjOXOEfsB4+wRJto3K</latexit>

e�

<latexit sha1_base64="5B8ysEs5s2+cwPXyNfT4CJBsWmw=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBC8uGw2ySbeAl48RjQPSNYwO+lNhsw+mJkVwpJP8OJBEa9+kTf/xtkkgooWNBRV3XR3eTFnUlnWh7Gyura+sZnbym/v7O7tFw4O2zJKBIUWjXgkuh6RwFkILcUUh24sgAQeh443ucz8zj0IyaLwVk1jcAMyCpnPKFFauoG780GhaJkXdceu2tgyLatml52M2LWKXcYlrWQooiWag8J7fxjRJIBQUU6k7JWsWLkpEYpRDrN8P5EQEzohI+hpGpIApJvOT53hU60MsR8JXaHCc/X7REoCKaeBpzsDosbyt5eJf3m9RPl1N2VhnCgI6WKRn3CsIpz9jYdMAFV8qgmhgulbMR0TQajS6eR1CF+f4v9J2zZLjlm9rhQbzjKOHDpGJ+gMlVANNdAVaqIWomiEHtATeja48Wi8GK+L1hVjOXOEfsB4+wRJto3K</latexit>

e�

<latexit sha1_base64="nARCuTvhqqTeS66zDVPKscbABBo=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWYKVpcFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeiBwOOdecu4JE8GN9bxvVNjY3NreKe6W9vYPDo/Kxydto1JNWYsqoXQ3JIYJLlnLcitYN9GMxKFgnXByO/c7T0wbruSDnSYsiMlI8ohTYp3UDokdY39QrnhVbwG8TvycVCBHc1D+6g8VTWMmLRXEmJ7vJTbIiLacCjYr9VPDEkInZMR6jkoSMxNki7QzfOGUIY6Udk9avFB/b2QkNmYah24ydvHMqjcX//N6qY1ugozLJLVM0uVHUSqwVXh+Oh5yzagVU0cI1dxlxXRMNKHWFVRyJfirJ6+Tdq3q16tX97VKo57XUYQzOIdL8OEaGnAHTWgBhUd4hld4Qwq9oHf0sRwtoHznFP4Aff4A3YyOog==</latexit>

bath 1
<latexit sha1_base64="NRkLpBinZhjpXYEXZ5xE/rUJgXY=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWYKVpcFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeiBwOOdecu4JE8GN9bxvVNjY3NreKe6W9vYPDo/Kxydto1JNWYsqoXQ3JIYJLlnLcitYN9GMxKFgnXByO/c7T0wbruSDnSYsiMlI8ohTYp3UDokd49qgXPGq3gJ4nfg5qUCO5qD81R8qmsZMWiqIMT3fS2yQEW05FWxW6qeGJYROyIj1HJUkZibIFmln+MIpQxwp7Z60eKH+3shIbMw0Dt1k7OKZVW8u/uf1UhvdBBmXSWqZpMuPolRgq/D8dDzkmlErpo4QqrnLiumYaEKtK6jkSvBXT14n7VrVr1ev7muVRj2vowhncA6X4MM1NOAOmtACCo/wDK/whhR6Qe/oYzlaQPnOKfwB+vwB3xCOow==</latexit>

bath 2
<latexit sha1_base64="nARCuTvhqqTeS66zDVPKscbABBo=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWYKVpcFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeiBwOOdecu4JE8GN9bxvVNjY3NreKe6W9vYPDo/Kxydto1JNWYsqoXQ3JIYJLlnLcitYN9GMxKFgnXByO/c7T0wbruSDnSYsiMlI8ohTYp3UDokdY39QrnhVbwG8TvycVCBHc1D+6g8VTWMmLRXEmJ7vJTbIiLacCjYr9VPDEkInZMR6jkoSMxNki7QzfOGUIY6Udk9avFB/b2QkNmYah24ydvHMqjcX//N6qY1ugozLJLVM0uVHUSqwVXh+Oh5yzagVU0cI1dxlxXRMNKHWFVRyJfirJ6+Tdq3q16tX97VKo57XUYQzOIdL8OEaGnAHTWgBhUd4hld4Qwq9oHf0sRwtoHznFP4Aff4A3YyOog==</latexit>

bath 1
<latexit sha1_base64="NRkLpBinZhjpXYEXZ5xE/rUJgXY=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWYKVpcFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeiBwOOdecu4JE8GN9bxvVNjY3NreKe6W9vYPDo/Kxydto1JNWYsqoXQ3JIYJLlnLcitYN9GMxKFgnXByO/c7T0wbruSDnSYsiMlI8ohTYp3UDokd49qgXPGq3gJ4nfg5qUCO5qD81R8qmsZMWiqIMT3fS2yQEW05FWxW6qeGJYROyIj1HJUkZibIFmln+MIpQxwp7Z60eKH+3shIbMw0Dt1k7OKZVW8u/uf1UhvdBBmXSWqZpMuPolRgq/D8dDzkmlErpo4QqrnLiumYaEKtK6jkSvBXT14n7VrVr1ev7muVRj2vowhncA6X4MM1NOAOmtACCo/wDK/whhR6Qe/oYzlaQPnOKfwB+vwB3xCOow==</latexit>

bath 2
<latexit sha1_base64="XLSujBGNTUmpYpRLc4Gh/1Ntp9Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKewGjB4DevCYiHlAEsLspDcZMju7zMwKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1Pbud++wmV5pF8NNMY+yEdSR5wRo2VHhp3g2LJLbsLkHXiZaQEGeqD4ldvGLEkRGmYoFp3PTc2/ZQqw5nAWaGXaIwpm9ARdi2VNETdTxeXzsiFVYYkiJQtachC/T2R0lDraejbzpCasV715uJ/XjcxwU0/5TJODEq2XBQkgpiIzN8mQ66QGTG1hDLF7a2EjamizNhwCjYEb/XlddKqlL1q+apRKdWqWRx5OINzuAQPrqEG91CHJjAI4Ble4c2ZOC/Ou/OxbM052cwp/IHz+QM2dY0f</latexit>

QD
<latexit sha1_base64="XLSujBGNTUmpYpRLc4Gh/1Ntp9Q=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKewGjB4DevCYiHlAEsLspDcZMju7zMwKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1Pbud++wmV5pF8NNMY+yEdSR5wRo2VHhp3g2LJLbsLkHXiZaQEGeqD4ldvGLEkRGmYoFp3PTc2/ZQqw5nAWaGXaIwpm9ARdi2VNETdTxeXzsiFVYYkiJQtachC/T2R0lDraejbzpCasV715uJ/XjcxwU0/5TJODEq2XBQkgpiIzN8mQ66QGTG1hDLF7a2EjamizNhwCjYEb/XlddKqlL1q+apRKdWqWRx5OINzuAQPrqEG91CHJjAI4Ble4c2ZOC/Ou/OxbM052cwp/IHz+QM2dY0f</latexit>

QD

<latexit sha1_base64="4R53LyRVK8MMd9agifWArNFxIfI="></latexit>

repeated coupling & decoupling
! decoupling process sets EC = 0

• current Ipump against applied voltage if Γ1 ≫ Γ2 ↔ driven by off–resonant tunneling processes

<latexit sha1_base64="tfS+0H72TPs/wMFyksRmCWZi4AY=">AAACHXicbVA9SwNBEN3zM55fUUubxSBoE+6CRsuAFpYKJgrJEfb2Jrpkb/fYnVNCyB+x8a/YWChiYSP+GzcfhRofDDzem2FmXpxJYTEIvryZ2bn5hcXCkr+8srq2XtzYbFidGw51rqU21zGzIIWCOgqUcJ0ZYGks4Srungz9qzswVmh1ib0MopTdKNERnKGT2sUDkMDRaGWptlxIyRBoDHgPoKjvxwxvaUiZSujFKd2zCBkN99vFUlAORqDTJJyQEpngvF38aCWa5yko5JJZ2wyDDKM+Myi4hIHfyi1kjHfZDTQdVSwFG/VH3w3orlMS2tHGlUI6Un9O9FlqbS+NXWfqzrV/vaH4n9fMsXMc9YXKcgTFx4s6uaSo6TAqmgjjspE9Rxg3wt1K+S0zjKML1HchhH9fniaNSjmslg8vKqVadRJHgWyTHbJHQnJEauSMnJM64eSBPJEX8uo9es/em/c+bp3xJjNb5Be8z29PoaAS</latexit>

electrons oscillate between
bath 1 and QD (step 1)

<latexit sha1_base64="7Y/wHNNNB9R8R7YDOiLdXR8RKeg="></latexit>
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<latexit sha1_base64="njvnQBa/W9wbMRdcUYWEzjjvVRY=">AAACHHicbVDJSgNBEO2JW4xb1KOXxiB4CjMu0YsQ8OJJFMwCmRB6OjVJk56F7hoxDPMhXvwVLx4U8eJB8G/sxDlo9EHB6/eq6KrnxVJotO1PqzA3v7C4VFwurayurW+UN7eaOkoUhwaPZKTaHtMgRQgNFCihHStggSeh5Y3OJ37rFpQWUXiD4xi6ARuEwhecoZF65UMXkPVchDtM4ySIszPXV4ynTXr5U83SVv48z7JeuWJX7SnoX+LkpEJyXPXK724/4kkAIXLJtO44dozdlCkUXEJWchMNMeMjNoCOoSELQHfT6XEZ3TNKn/qRMhUinao/J1IWaD0OPNMZMBzqWW8i/ud1EvRPu6kI4wQh5N8f+YmkGNFJUrQvFHCUY0MYV8LsSvmQmXDQ5FkyITizJ/8lzYOqU6seXx9V6rU8jiLZIbtknzjkhNTJBbkiDcLJPXkkz+TFerCerFfr7bu1YOUz2+QXrI8vzrajrA==</latexit>

⌘pump =
V Npump

WC

<latexit sha1_base64="fxiR/FCZlqidhBKLaHGXNBd9Cbs=">AAACFHicbVDLSsNAFJ34rPUVdekmWAShUJKi1Y1QcKMbqWAf0IQwmU7aoZMHMzdiCfkIN/6KGxeKuHXhzr9x2mZRWw9cOJxzL/fe48WcSTDNH21peWV1bb2wUdzc2t7Z1ff2WzJKBKFNEvFIdDwsKWchbQIDTjuxoDjwOG17w6ux336gQrIovIdRTJ0A90PmM4JBSa5evnFtoI+QxkkQZ5e2LzBJb2e1LAXXKoNbzVy9ZFbMCYxFYuWkhHI0XP3b7kUkCWgIhGMpu5YZg5NiAYxwmhXtRNIYkyHu066iIQ6odNLJU5lxrJSe4UdCVQjGRJ2dSHEg5SjwVGeAYSDnvbH4n9dNwL9wUhbGCdCQTBf5CTcgMsYJGT0mKAE+UgQTwdStBhlglQuoHIsqBGv+5UXSqlasWuXs7rRUr+VxFNAhOkInyELnqI6uUQM1EUFP6AW9oXftWXvVPrTPaeuSls8coD/Qvn4BjqOfuw==</latexit>

Ipump =
Npump

t1 + t2

• pumping against bias • oscillations with t1 and t2

Pumping scheme II: Measurement induced pumping

Projective measurements:
• stroboscopically repeated measurements of the particle number

• state after measurement: ρni =
Pni

ρPni

tr(Pni
ρ)

⇒ deletion of QD–bath coherences

⇒ coupling energy vanishes after measurement: EC → 0

⇒ increase of energy ⇒ enables otherwise suppressed transitions

→Anti-Zeno effect Kofman et al., Nature 405:546 (2000)

•well chosen Γν(ω) ⇒ current Ipump against bias

• pumping regimes depend on duration of the
pumping cycle τm:

Weak measurement via a single–electron transistor (SET):
• projective measurement is unrealistic → simulating weak continues measurement via SET

• Redfield master–equation + fermionic reaction–coordinates mapping

.
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• Ipump is not an artefact of the projective measurement.

•weak measurement (small U) ⇒ small Ipump; strong measurement (large U) ⇒ large Ipump

Conclusion
• pumping against bias is possible

– both schemes rely on the same mechanisms →“pure quantum–effect”

• Non–Markovian effects enhance efficiency

– clear signatures of quantum coherences
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