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Mesoscopic physics is defined by physical length scales

5mm

Classical	transport Quantum	transport

:	Geometrical	length	of	the	systemL
<latexit sha1_base64="Fkl1DG+l6k6qn6EOog2FDnqaVGk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcOPCRQv2AW0ok+mkHTt5MDMRSugXuHGhiFs/yZ1/46StoKIHLhzOuZd77/ETzqSyrA+jsLa+sblV3C7t7O7tH5QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe060+vcr97T4VkcXSrZgn1QjyOWMAIVlpq3QzLFcu8rFcdt4os07JqtmPnxKm5Fy6ytZKjAis0h+X3wSgmaUgjRTiWsm9bifIyLBQjnM5Lg1TSBJMpHtO+phEOqfSyxaFzdKaVEQpioStSaKF+n8hwKOUs9HVniNVE/vZy8S+vn6qg7mUsSlJFI7JcFKQcqRjlX6MRE5QoPtMEE8H0rYhMsMBE6WxKOoSvT9H/pOOY9oXptNxKo76KowgncArnYEMNGnANTWgDAQoP8ATPxp3xaLwYr8vWgrGaOYYfMN4+AQHzjQw=</latexit>

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

l�
<latexit sha1_base64="gjzu7UcMaY5pjTBDe7mzf3ZG74Y=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS0NZbwYvHCrYW2lA22227drMJuxuhhP4HLx4U8er/8ea/cdNWUNEHA4/3ZpiZFyacKe04H1ZhbX1jc6u4XdrZ3ds/KB8edVScSkLbJOax7IZYUc4EbWumOe0mkuIo5PQ2nF7m/u09lYrF4kbPEhpEeCzYiBGsjdThg34yYYNyxbEvGjXPryHHdpy667k58ep+1UeuUXJUYIXWoPzeH8YkjajQhGOleq6T6CDDUjPC6bzUTxVNMJniMe0ZKnBEVZAtrp2jM6MM0SiWpoRGC/X7RIYjpWZRaDojrCfqt5eLf3m9VI8aQcZEkmoqyHLRKOVIxyh/HQ2ZpETzmSGYSGZuRWSCJSbaBFQyIXx9iv4nHc92q7Z37VeajVUcRTiBUzgHF+rQhCtoQRsI3MEDPMGzFVuP1ov1umwtWKuZY/gB6+0T8wyPWg==</latexit>

lin
<latexit sha1_base64="kb8vUOE4GoFjMpNvc7jrHLhut8A=">AAAB7XicdVBNS8NAFHypX7V+VT16WSyCp5Ckoa23ghePFWwttKFstpt27WYTdjdCKf0PXjwo4tX/481/46atoKIDC8PMe+ybCVPOlHacD6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBEdkOsKGeCtjXTnHZTSXEccnobTi5z//aeSsUScaOnKQ1iPBIsYgRrI3X4YMbEfFCuOPZFo+b5NeTYjlN3PTcnXt2v+sg1So4KrNAalN/7w4RkMRWacKxUz3VSHcyw1IxwOi/1M0VTTCZ4RHuGChxTFcwW187RmVGGKEqkeUKjhfp9Y4ZjpaZxaCZjrMfqt5eLf3m9TEeNwORJM00FWX4UZRzpBOXR0ZBJSjSfGoKJZOZWRMZYYqJNQSVTwldS9D/peLZbtb1rv9JsrOoowgmcwjm4UIcmXEEL2kDgDh7gCZ6txHq0XqzX5WjBWu0cww9Yb58/OI+M</latexit>

:	Elastic	scattering	length	
(typical	length	between	two	scattering	events,	without	energy	exchange)
:	Inelastic	scattering	length
(typical	length	over	which	an	energy	kT has	been	exchanged)
:	Quantum	phase-coherence	length

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

L = 250nm
<latexit sha1_base64="UqLhod6YrcVwcajzxVDWE2bsjlM=">AAAB+nicdVDLSgNBEJz1GeMr0aOXwSB4CrubmMSDEPDiwUME84AkhNnJJBkyO7vM9Kphzad48aCIV7/Em3/jbBJBRQsaiqpuuru8UHANtv1hLS2vrK6tpzbSm1vbO7uZ7F5DB5GirE4DEaiWRzQTXLI6cBCsFSpGfE+wpjc+T/zmDVOaB/IaJiHr+mQo+YBTAkbqZbKX+Ay7JzbuALuDWPrTXiZn508rJbdYwnbetsuO6yTELRcLRewYJUEOLVDrZd47/YBGPpNABdG67dghdGOigFPBpulOpFlI6JgMWdtQSXymu/Hs9Ck+MkofDwJlSgKeqd8nYuJrPfE90+kTGOnfXiL+5bUjGFS6MZdhBEzS+aJBJDAEOMkB97liFMTEEEIVN7diOiKKUDBppU0IX5/i/0nDzTuFvHtVzFXdRRwpdIAO0TFyUBlV0QWqoTqi6BY9oCf0bN1bj9aL9TpvXbIWM/voB6y3T7r/kv8=</latexit>

See	A.	Fontcuberta’s talk



Mesoscopic physics is defined by physical length scales

5mm

Classical	transport Quantum	transport

:	Geometrical	length	of	the	systemL
<latexit sha1_base64="Fkl1DG+l6k6qn6EOog2FDnqaVGk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcOPCRQv2AW0ok+mkHTt5MDMRSugXuHGhiFs/yZ1/46StoKIHLhzOuZd77/ETzqSyrA+jsLa+sblV3C7t7O7tH5QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe060+vcr97T4VkcXSrZgn1QjyOWMAIVlpq3QzLFcu8rFcdt4os07JqtmPnxKm5Fy6ytZKjAis0h+X3wSgmaUgjRTiWsm9bifIyLBQjnM5Lg1TSBJMpHtO+phEOqfSyxaFzdKaVEQpioStSaKF+n8hwKOUs9HVniNVE/vZy8S+vn6qg7mUsSlJFI7JcFKQcqRjlX6MRE5QoPtMEE8H0rYhMsMBE6WxKOoSvT9H/pOOY9oXptNxKo76KowgncArnYEMNGnANTWgDAQoP8ATPxp3xaLwYr8vWgrGaOYYfMN4+AQHzjQw=</latexit>

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

l�
<latexit sha1_base64="gjzu7UcMaY5pjTBDe7mzf3ZG74Y=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS0NZbwYvHCrYW2lA22227drMJuxuhhP4HLx4U8er/8ea/cdNWUNEHA4/3ZpiZFyacKe04H1ZhbX1jc6u4XdrZ3ds/KB8edVScSkLbJOax7IZYUc4EbWumOe0mkuIo5PQ2nF7m/u09lYrF4kbPEhpEeCzYiBGsjdThg34yYYNyxbEvGjXPryHHdpy667k58ep+1UeuUXJUYIXWoPzeH8YkjajQhGOleq6T6CDDUjPC6bzUTxVNMJniMe0ZKnBEVZAtrp2jM6MM0SiWpoRGC/X7RIYjpWZRaDojrCfqt5eLf3m9VI8aQcZEkmoqyHLRKOVIxyh/HQ2ZpETzmSGYSGZuRWSCJSbaBFQyIXx9iv4nHc92q7Z37VeajVUcRTiBUzgHF+rQhCtoQRsI3MEDPMGzFVuP1ov1umwtWKuZY/gB6+0T8wyPWg==</latexit>

lin
<latexit sha1_base64="kb8vUOE4GoFjMpNvc7jrHLhut8A=">AAAB7XicdVBNS8NAFHypX7V+VT16WSyCp5Ckoa23ghePFWwttKFstpt27WYTdjdCKf0PXjwo4tX/481/46atoKIDC8PMe+ybCVPOlHacD6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBEdkOsKGeCtjXTnHZTSXEccnobTi5z//aeSsUScaOnKQ1iPBIsYgRrI3X4YMbEfFCuOPZFo+b5NeTYjlN3PTcnXt2v+sg1So4KrNAalN/7w4RkMRWacKxUz3VSHcyw1IxwOi/1M0VTTCZ4RHuGChxTFcwW187RmVGGKEqkeUKjhfp9Y4ZjpaZxaCZjrMfqt5eLf3m9TEeNwORJM00FWX4UZRzpBOXR0ZBJSjSfGoKJZOZWRMZYYqJNQSVTwldS9D/peLZbtb1rv9JsrOoowgmcwjm4UIcmXEEL2kDgDh7gCZ6txHq0XqzX5WjBWu0cww9Yb58/OI+M</latexit>

:	Elastic	scattering	length	
(typical	length	between	two	scattering	events,	without	energy	exchange)
:	Inelastic	scattering	length
(typical	length	over	which	an	energy	kT has	been	exchanged)
:	Quantum	phase-coherence	length

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

L = 250nm
<latexit sha1_base64="UqLhod6YrcVwcajzxVDWE2bsjlM=">AAAB+nicdVDLSgNBEJz1GeMr0aOXwSB4CrubmMSDEPDiwUME84AkhNnJJBkyO7vM9Kphzad48aCIV7/Em3/jbBJBRQsaiqpuuru8UHANtv1hLS2vrK6tpzbSm1vbO7uZ7F5DB5GirE4DEaiWRzQTXLI6cBCsFSpGfE+wpjc+T/zmDVOaB/IaJiHr+mQo+YBTAkbqZbKX+Ay7JzbuALuDWPrTXiZn508rJbdYwnbetsuO6yTELRcLRewYJUEOLVDrZd47/YBGPpNABdG67dghdGOigFPBpulOpFlI6JgMWdtQSXymu/Hs9Ck+MkofDwJlSgKeqd8nYuJrPfE90+kTGOnfXiL+5bUjGFS6MZdhBEzS+aJBJDAEOMkB97liFMTEEEIVN7diOiKKUDBppU0IX5/i/0nDzTuFvHtVzFXdRRwpdIAO0TFyUBlV0QWqoTqi6BY9oCf0bN1bj9aL9TpvXbIWM/voB6y3T7r/kv8=</latexit>

l�  lin ⌧ L
<latexit sha1_base64="jyuFVbgTfShrsJZc83yjGxrkhzQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZcFNy5cVLAPaEKYTG/aoZNJnJkIJdSNv+LGhSJu/Qt3/o3TNgttPTBwOOde7pwTppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdji8mvjtB5CKJeJOj1LwY9IXLGKUaCMF9iEPvHTAsMfhHvMgZ2JsOMc3gV1xqs4UeJG4BamgAo3A/vJ6Cc1iEJpyolTXdVLt50RqRjmMy16mICV0SPrQNVSQGJSfTxOM8YlRejhKpHlC46n6eyMnsVKjODSTMdEDNe9NxP+8bqajS9+kSjMNgs4ORRnHOsGTOnCPSaCajwwhVDLzV0wHRBKqTWllU4I7H3mRtGpV96xauz2v1GtFHSV0hI7RKXLRBaqja9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8fcgSWLw==</latexit>



Mesoscopic physics is defined by physical length scales

5mm

Classical	transport Quantum	transport

:	Geometrical	length	of	the	systemL
<latexit sha1_base64="Fkl1DG+l6k6qn6EOog2FDnqaVGk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcOPCRQv2AW0ok+mkHTt5MDMRSugXuHGhiFs/yZ1/46StoKIHLhzOuZd77/ETzqSyrA+jsLa+sblV3C7t7O7tH5QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe060+vcr97T4VkcXSrZgn1QjyOWMAIVlpq3QzLFcu8rFcdt4os07JqtmPnxKm5Fy6ytZKjAis0h+X3wSgmaUgjRTiWsm9bifIyLBQjnM5Lg1TSBJMpHtO+phEOqfSyxaFzdKaVEQpioStSaKF+n8hwKOUs9HVniNVE/vZy8S+vn6qg7mUsSlJFI7JcFKQcqRjlX6MRE5QoPtMEE8H0rYhMsMBE6WxKOoSvT9H/pOOY9oXptNxKo76KowgncArnYEMNGnANTWgDAQoP8ATPxp3xaLwYr8vWgrGaOYYfMN4+AQHzjQw=</latexit>

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

l�
<latexit sha1_base64="gjzu7UcMaY5pjTBDe7mzf3ZG74Y=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS0NZbwYvHCrYW2lA22227drMJuxuhhP4HLx4U8er/8ea/cdNWUNEHA4/3ZpiZFyacKe04H1ZhbX1jc6u4XdrZ3ds/KB8edVScSkLbJOax7IZYUc4EbWumOe0mkuIo5PQ2nF7m/u09lYrF4kbPEhpEeCzYiBGsjdThg34yYYNyxbEvGjXPryHHdpy667k58ep+1UeuUXJUYIXWoPzeH8YkjajQhGOleq6T6CDDUjPC6bzUTxVNMJniMe0ZKnBEVZAtrp2jM6MM0SiWpoRGC/X7RIYjpWZRaDojrCfqt5eLf3m9VI8aQcZEkmoqyHLRKOVIxyh/HQ2ZpETzmSGYSGZuRWSCJSbaBFQyIXx9iv4nHc92q7Z37VeajVUcRTiBUzgHF+rQhCtoQRsI3MEDPMGzFVuP1ov1umwtWKuZY/gB6+0T8wyPWg==</latexit>

lin
<latexit sha1_base64="kb8vUOE4GoFjMpNvc7jrHLhut8A=">AAAB7XicdVBNS8NAFHypX7V+VT16WSyCp5Ckoa23ghePFWwttKFstpt27WYTdjdCKf0PXjwo4tX/481/46atoKIDC8PMe+ybCVPOlHacD6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBEdkOsKGeCtjXTnHZTSXEccnobTi5z//aeSsUScaOnKQ1iPBIsYgRrI3X4YMbEfFCuOPZFo+b5NeTYjlN3PTcnXt2v+sg1So4KrNAalN/7w4RkMRWacKxUz3VSHcyw1IxwOi/1M0VTTCZ4RHuGChxTFcwW187RmVGGKEqkeUKjhfp9Y4ZjpaZxaCZjrMfqt5eLf3m9TEeNwORJM00FWX4UZRzpBOXR0ZBJSjSfGoKJZOZWRMZYYqJNQSVTwldS9D/peLZbtb1rv9JsrOoowgmcwjm4UIcmXEEL2kDgDh7gCZ6txHq0XqzX5WjBWu0cww9Yb58/OI+M</latexit>

:	Elastic	scattering	length	
(typical	length	between	two	scattering	events,	without	energy	exchange)
:	Inelastic	scattering	length
(typical	length	over	which	an	energy	kT has	been	exchanged)
:	Quantum	phase-coherence	length

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

L = 250nm
<latexit sha1_base64="UqLhod6YrcVwcajzxVDWE2bsjlM=">AAAB+nicdVDLSgNBEJz1GeMr0aOXwSB4CrubmMSDEPDiwUME84AkhNnJJBkyO7vM9Kphzad48aCIV7/Em3/jbBJBRQsaiqpuuru8UHANtv1hLS2vrK6tpzbSm1vbO7uZ7F5DB5GirE4DEaiWRzQTXLI6cBCsFSpGfE+wpjc+T/zmDVOaB/IaJiHr+mQo+YBTAkbqZbKX+Ay7JzbuALuDWPrTXiZn508rJbdYwnbetsuO6yTELRcLRewYJUEOLVDrZd47/YBGPpNABdG67dghdGOigFPBpulOpFlI6JgMWdtQSXymu/Hs9Ck+MkofDwJlSgKeqd8nYuJrPfE90+kTGOnfXiL+5bUjGFS6MZdhBEzS+aJBJDAEOMkB97liFMTEEEIVN7diOiKKUDBppU0IX5/i/0nDzTuFvHtVzFXdRRwpdIAO0TFyUBlV0QWqoTqi6BY9oCf0bN1bj9aL9TpvXbIWM/voB6y3T7r/kv8=</latexit>

l� ⇠ L  lin
<latexit sha1_base64="Ov2ZHZRA2eqfv+J+8C0zoZvdHpM=">AAACHHicbVC7TsMwFHV4lvIKMLJYtEhMVdIiwYjEwsBQJApITRQ57m1r1Xlg3yCqKB/Cwq+wMIAQCwMSf4MbOvA6kq2jc+617z1hKoVGx/mwZmbn5hcWK0vV5ZXVtXV7Y/NCJ5ni0OGJTNRVyDRIEUMHBUq4ShWwKJRwGY6OJ/7lDSgtkvgcxyn4ERvEoi84QyMFdstDuMW8vMvXcgW9Iq/LwEuHgnpaRPS0XhTUk3BNZZCLuAjsmtNwStC/xJ2SGpmiHdhvXi/hWQQxcsm07rpOin7OFAouoah6mYaU8REbQNfQmEWg/bwcp6C7RunRfqLMiZGW6veOnEVaj6PQVEYMh/q3NxH/87oZ9g99s0+aIcT866N+JikmdJIU7QkFHOXYEMaVMLNSPmSKcTR5Vk0I7u+V/5KLZsNtNZpn+7Wjw2kcFbJNdsgecckBOSInpE06hJM78kCeyLN1bz1aL9brV+mMNe3ZIj9gvX8CCByigA==</latexit>

l�  lin ⌧ L
<latexit sha1_base64="jyuFVbgTfShrsJZc83yjGxrkhzQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZcFNy5cVLAPaEKYTG/aoZNJnJkIJdSNv+LGhSJu/Qt3/o3TNgttPTBwOOde7pwTppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdji8mvjtB5CKJeJOj1LwY9IXLGKUaCMF9iEPvHTAsMfhHvMgZ2JsOMc3gV1xqs4UeJG4BamgAo3A/vJ6Cc1iEJpyolTXdVLt50RqRjmMy16mICV0SPrQNVSQGJSfTxOM8YlRejhKpHlC46n6eyMnsVKjODSTMdEDNe9NxP+8bqajS9+kSjMNgs4ORRnHOsGTOnCPSaCajwwhVDLzV0wHRBKqTWllU4I7H3mRtGpV96xauz2v1GtFHSV0hI7RKXLRBaqja9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8fcgSWLw==</latexit>



Mesoscopic physics is defined by physical length scales

5mm

Classical	transport Quantum	transport

:	Geometrical	length	of	the	systemL
<latexit sha1_base64="Fkl1DG+l6k6qn6EOog2FDnqaVGk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXcOPCRQv2AW0ok+mkHTt5MDMRSugXuHGhiFs/yZ1/46StoKIHLhzOuZd77/ETzqSyrA+jsLa+sblV3C7t7O7tH5QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe060+vcr97T4VkcXSrZgn1QjyOWMAIVlpq3QzLFcu8rFcdt4os07JqtmPnxKm5Fy6ytZKjAis0h+X3wSgmaUgjRTiWsm9bifIyLBQjnM5Lg1TSBJMpHtO+phEOqfSyxaFzdKaVEQpioStSaKF+n8hwKOUs9HVniNVE/vZy8S+vn6qg7mUsSlJFI7JcFKQcqRjlX6MRE5QoPtMEE8H0rYhMsMBE6WxKOoSvT9H/pOOY9oXptNxKo76KowgncArnYEMNGnANTWgDAQoP8ATPxp3xaLwYr8vWgrGaOYYfMN4+AQHzjQw=</latexit>

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

l�
<latexit sha1_base64="gjzu7UcMaY5pjTBDe7mzf3ZG74Y=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS0NZbwYvHCrYW2lA22227drMJuxuhhP4HLx4U8er/8ea/cdNWUNEHA4/3ZpiZFyacKe04H1ZhbX1jc6u4XdrZ3ds/KB8edVScSkLbJOax7IZYUc4EbWumOe0mkuIo5PQ2nF7m/u09lYrF4kbPEhpEeCzYiBGsjdThg34yYYNyxbEvGjXPryHHdpy667k58ep+1UeuUXJUYIXWoPzeH8YkjajQhGOleq6T6CDDUjPC6bzUTxVNMJniMe0ZKnBEVZAtrp2jM6MM0SiWpoRGC/X7RIYjpWZRaDojrCfqt5eLf3m9VI8aQcZEkmoqyHLRKOVIxyh/HQ2ZpETzmSGYSGZuRWSCJSbaBFQyIXx9iv4nHc92q7Z37VeajVUcRTiBUzgHF+rQhCtoQRsI3MEDPMGzFVuP1ov1umwtWKuZY/gB6+0T8wyPWg==</latexit>

lin
<latexit sha1_base64="kb8vUOE4GoFjMpNvc7jrHLhut8A=">AAAB7XicdVBNS8NAFHypX7V+VT16WSyCp5Ckoa23ghePFWwttKFstpt27WYTdjdCKf0PXjwo4tX/481/46atoKIDC8PMe+ybCVPOlHacD6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBEdkOsKGeCtjXTnHZTSXEccnobTi5z//aeSsUScaOnKQ1iPBIsYgRrI3X4YMbEfFCuOPZFo+b5NeTYjlN3PTcnXt2v+sg1So4KrNAalN/7w4RkMRWacKxUz3VSHcyw1IxwOi/1M0VTTCZ4RHuGChxTFcwW187RmVGGKEqkeUKjhfp9Y4ZjpaZxaCZjrMfqt5eLf3m9TEeNwORJM00FWX4UZRzpBOXR0ZBJSjSfGoKJZOZWRMZYYqJNQSVTwldS9D/peLZbtb1rv9JsrOoowgmcwjm4UIcmXEEL2kDgDh7gCZ6txHq0XqzX5WjBWu0cww9Yb58/OI+M</latexit>

:	Elastic	scattering	length	
(typical	length	between	two	scattering	events,	without	energy	exchange)
:	Inelastic	scattering	length
(typical	length	over	which	an	energy	kT has	been	exchanged)
:	Quantum	phase-coherence	length

le
<latexit sha1_base64="5LXVEAMDYLDvqCICN52bAVZQVB4=">AAAB6nicdVBNS8NAEN34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnkkKLxjyW3ZAo4ExASzPNoZtIIFHIoRNOr3K/cw9SsVjc6VkCQUTGgo0YJdpIt3wAg1LZsS/rVc+vYsd2nJrruTnxan7Fx65RcpTRCs1B6b0/jGkagdCUE6V6rpPoICNSM8phXuynChJCp2QMPUMFiUAF2eLUOT43yhCPYmlKaLxQv09kJFJqFoWmMyJ6on57ufiX10v1qB5kTCSpBkGXi0YpxzrG+d94yCRQzWeGECqZuRXTCZGEapNO0YTw9Sn+n7Q9263Y3o1fbtRXcRTQKTpDF8hFNdRA16iJWoiiMXpAT+jZ4taj9WK9LlvXrNXMCfoB6+0TppOOBA==</latexit>

L = 250nm
<latexit sha1_base64="UqLhod6YrcVwcajzxVDWE2bsjlM=">AAAB+nicdVDLSgNBEJz1GeMr0aOXwSB4CrubmMSDEPDiwUME84AkhNnJJBkyO7vM9Kphzad48aCIV7/Em3/jbBJBRQsaiqpuuru8UHANtv1hLS2vrK6tpzbSm1vbO7uZ7F5DB5GirE4DEaiWRzQTXLI6cBCsFSpGfE+wpjc+T/zmDVOaB/IaJiHr+mQo+YBTAkbqZbKX+Ay7JzbuALuDWPrTXiZn508rJbdYwnbetsuO6yTELRcLRewYJUEOLVDrZd47/YBGPpNABdG67dghdGOigFPBpulOpFlI6JgMWdtQSXymu/Hs9Ck+MkofDwJlSgKeqd8nYuJrPfE90+kTGOnfXiL+5bUjGFS6MZdhBEzS+aJBJDAEOMkB97liFMTEEEIVN7diOiKKUDBppU0IX5/i/0nDzTuFvHtVzFXdRRwpdIAO0TFyUBlV0QWqoTqi6BY9oCf0bN1bj9aL9TpvXbIWM/voB6y3T7r/kv8=</latexit>

l� ⇠ L  lin
<latexit sha1_base64="Ov2ZHZRA2eqfv+J+8C0zoZvdHpM=">AAACHHicbVC7TsMwFHV4lvIKMLJYtEhMVdIiwYjEwsBQJApITRQ57m1r1Xlg3yCqKB/Cwq+wMIAQCwMSf4MbOvA6kq2jc+617z1hKoVGx/mwZmbn5hcWK0vV5ZXVtXV7Y/NCJ5ni0OGJTNRVyDRIEUMHBUq4ShWwKJRwGY6OJ/7lDSgtkvgcxyn4ERvEoi84QyMFdstDuMW8vMvXcgW9Iq/LwEuHgnpaRPS0XhTUk3BNZZCLuAjsmtNwStC/xJ2SGpmiHdhvXi/hWQQxcsm07rpOin7OFAouoah6mYaU8REbQNfQmEWg/bwcp6C7RunRfqLMiZGW6veOnEVaj6PQVEYMh/q3NxH/87oZ9g99s0+aIcT866N+JikmdJIU7QkFHOXYEMaVMLNSPmSKcTR5Vk0I7u+V/5KLZsNtNZpn+7Wjw2kcFbJNdsgecckBOSInpE06hJM78kCeyLN1bz1aL9brV+mMNe3ZIj9gvX8CCByigA==</latexit>

Ballistic	transport:

Diffusive	transport: le  l� ⇠ L ⌧ lin
<latexit sha1_base64="CUgBH0HlKuBokLwalHyiG0MLc2A=">AAACCnicdVC7SgNBFJ31GeMramkzGgSrsJtsYtIFbCwsIpgHZJdldnKTDJl9ODMrhJDaxl+xsVDE1i+w82+cbCKo6IGBwzn3cuccP+ZMKtP8MJaWV1bX1jMb2c2t7Z3d3N5+S0aJoNCkEY9ExycSOAuhqZji0IkFkMDn0PZH5zO/fQtCsii8VuMY3IAMQtZnlCgtebkj7gF2ONxg7jnxkGFHsgBfaolrZcLCqZfLmwW7UqoUazglNbuoSdkq2VYZWwUzRR4t0PBy704vokkAoaKcSNm1zFi5EyIUoxymWSeREBM6IgPoahqSAKQ7SaNM8YlWergfCf1ChVP1+8aEBFKOA19PBkQN5W9vJv7ldRPVr7o6T5woCOn8UD/hWEV41gvuMQFU8bEmhAqm/4rpkAhClW4vq0v4Sor/J61iwSoVild2vl5d1JFBh+gYnSILnaE6ukAN1EQU3aEH9ISejXvj0XgxXuejS8Zi5wD9gPH2CTBvmfE=</latexit>

l� ⇠ L  le ⌧ lin
<latexit sha1_base64="d4bQle6Pa8l6SwpCC21ECfL3UD0=">AAACCnicdVDLSgMxFM34rPVVdekmWgRXZaad1nZXcOPCRQX7gM4wZNLbNjTzMMkIpXTtxl9x40IRt36BO//GdFpBRQ+EHM65l+QcP+ZMKtP8MJaWV1bX1jMb2c2t7Z3d3N5+S0aJoNCkEY9ExycSOAuhqZji0IkFkMDn0PZH5zO/fQtCsii8VuMY3IAMQtZnlCgtebkj7jnxkGFHsgBfYofDDeYeaML1PWHh1MvlzYJdKVWKNZySml3UpGyVbKuMrYKZIo8WaHi5d6cX0SSAUFFOpOxaZqzcCRGKUQ7TrJNIiAkdkQF0NQ1JANKdpFGm+EQrPdyPhD6hwqn6fWNCAinHga8nA6KG8rc3E//yuonqV12dJ04UhHT+UD/hWEV41gvuMQFU8bEmhAqm/4rpkAhClW4vq0v4Sor/J61iwSoVild2vl5d1JFBh+gYnSILnaE6ukAN1EQU3aEH9ISejXvj0XgxXuejS8Zi5wD9gPH2CTCUmfE=</latexit>

l�  lin ⌧ L
<latexit sha1_base64="jyuFVbgTfShrsJZc83yjGxrkhzQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZcFNy5cVLAPaEKYTG/aoZNJnJkIJdSNv+LGhSJu/Qt3/o3TNgttPTBwOOde7pwTppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdji8mvjtB5CKJeJOj1LwY9IXLGKUaCMF9iEPvHTAsMfhHvMgZ2JsOMc3gV1xqs4UeJG4BamgAo3A/vJ6Cc1iEJpyolTXdVLt50RqRjmMy16mICV0SPrQNVSQGJSfTxOM8YlRejhKpHlC46n6eyMnsVKjODSTMdEDNe9NxP+8bqajS9+kSjMNgs4ORRnHOsGTOnCPSaCajwwhVDLzV0wHRBKqTWllU4I7H3mRtGpV96xauz2v1GtFHSV0hI7RKXLRBaqja9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8fcgSWLw==</latexit>
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Theoretical tools for quantum transport

• Semi-classical	approach
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Theoretical tools for quantum transport

• Semi-classical	approach

• Hamiltonian	approaches
(Green	functions,	master	equations)

• Scattering-matrix	approach	

Scattering-matrix	approach

Reservoirs Leads Scatterer

At	equilibrium

Fermionic	black-body	sources

Fermi-Dirac	distribution	:	 µ, T
<latexit sha1_base64="Q1ltKyuvPcXQUp5aaowD2pEodrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxQhIDyRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFR26hUE9oiiivdibChnEnassxy2kk0xSLi9CEa3878hyeqDVOyaScJDQUeShYzgq2T2j2RXqBmv1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/m1U3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGZJJaKsliUZxyZBWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSbtWDS6rtfurSr2Wx1GEEziFcwjgGupwBw1oAYFHeIZXePOU9+K9ex+L1oKXzxzDH3ifP79bjog=</latexit>

Source Drain

Webb	et	al.,	PRL	54	(1985)



Theoretical tools for quantum transport

• Semi-classical	approach

• Hamiltonian	approaches
(Green	functions,	master	equations)

• Scattering-matrix	approach	

Scattering-matrix	approach

Reservoirs Leads Scatterer

µ, T
<latexit sha1_base64="Q1ltKyuvPcXQUp5aaowD2pEodrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxQhIDyRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFR26hUE9oiiivdibChnEnassxy2kk0xSLi9CEa3878hyeqDVOyaScJDQUeShYzgq2T2j2RXqBmv1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/m1U3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGZJJaKsliUZxyZBWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSbtWDS6rtfurSr2Wx1GEEziFcwjgGupwBw1oAYFHeIZXePOU9+K9ex+L1oKXzxzDH3ifP79bjog=</latexit>

No	dissipation

Incoming	&	outgoing	states

Incoming	states	@	equilibrium

At	equilibrium

Fermionic	black-body	sources

Fermi-Dirac	distribution	:	

Source Drain

Webb	et	al.,	PRL	54	(1985)



Theoretical tools for quantum transport

• Semi-classical	approach

• Hamiltonian	approaches
(Green	functions,	master	equations)

• Scattering-matrix	approach	

Scattering-matrix	approach

Reservoirs Leads Scatterer

µ, T
<latexit sha1_base64="Q1ltKyuvPcXQUp5aaowD2pEodrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxQhIDyRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFR26hUE9oiiivdibChnEnassxy2kk0xSLi9CEa3878hyeqDVOyaScJDQUeShYzgq2T2j2RXqBmv1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/m1U3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGZJJaKsliUZxyZBWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSbtWDS6rtfurSr2Wx1GEEziFcwjgGupwBw1oAYFHeIZXePOU9+K9ex+L1oKXzxzDH3ifP79bjog=</latexit>

No	dissipation

Incoming	&	outgoing	states

Incoming	states	@	equilibrium

Characterized	by	reflection	&
transmission	amplitudes

Charge	conservation
R+ T = 1

<latexit sha1_base64="L9d4Lj4rW3aFKjz8JW96Mo8/e9s=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+hFKHjxWKVf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/O/PYTVZpFsmEmMfUFHkoWMoKNlR4f0AVqoBvk9Yslt+zOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4bWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6RVKXvVcuX+slSrZHHk4QRO4Rw8uIIa3EEdmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEBQ46H</latexit>

At	equilibrium

Fermionic	black-body	sources

Fermi-Dirac	distribution	:	

Source Drain

Webb	et	al.,	PRL	54	(1985)



Theoretical tools for quantum transport

• Semi-classical	approach

• Hamiltonian	approaches
(Green	functions,	master	equations)

• Scattering-matrix	approach	

Scattering-matrix	approach

Reservoirs Leads Scatterer

µ, T
<latexit sha1_base64="Q1ltKyuvPcXQUp5aaowD2pEodrU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxQhIDyRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFR26hUE9oiiivdibChnEnassxy2kk0xSLi9CEa3878hyeqDVOyaScJDQUeShYzgq2T2j2RXqBmv1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/m1U3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGZJJaKsliUZxyZBWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSbtWDS6rtfurSr2Wx1GEEziFcwjgGupwBw1oAYFHeIZXePOU9+K9ex+L1oKXzxzDH3ifP79bjog=</latexit>

No	dissipation

Incoming	&	outgoing	states

Incoming	states	@	equilibrium

Characterized	by	reflection	&
transmission	amplitudes

Charge	conservation
R+ T = 1

<latexit sha1_base64="L9d4Lj4rW3aFKjz8JW96Mo8/e9s=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+hFKHjxWKVf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/O/PYTVZpFsmEmMfUFHkoWMoKNlR4f0AVqoBvk9Yslt+zOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4bWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6RVKXvVcuX+slSrZHHk4QRO4Rw8uIIa3EEdmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEBQ46H</latexit>

No	interaction,	single-particle	picture

Lots	of	analogies	with	quantum	optics	->	towards	quantum	information

At	equilibrium

Fermionic	black-body	sources

Fermi-Dirac	distribution	:	

Source Drain

Webb	et	al.,	PRL	54	(1985)



Theoretical tools for quantum transport

• Semi-classical	approach

• Hamiltonian	approaches
(Green	functions,	master	equations)

• Scattering-matrix	approach	

Scattering-matrix	approach

Reservoirs Leads Scatterer

µ, T
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No	dissipation

Incoming	&	outgoing	states

Incoming	states	@	equilibrium

Characterized	by	reflection	&
transmission	amplitudes

Charge	conservation
R+ T = 1
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No	interaction,	single-particle	picture

Lots	of	analogies	with	quantum	optics	->	towards	quantum	information

At	equilibrium

Fermionic	black-body	sources

Fermi-Dirac	distribution	:	

Source Drain

Webb	et	al.,	PRL	54	(1985)
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1. Introduction	to	mesoscopic	conductors

2. Scattering-matrix	approach	to	quantum	conduction

3. Example	of	a	Aharonov-Bohm	ring	(quantum	transport	in	presence	of	a	magnetic	field)

4. Towards	quantum	thermodynamics	(through	thermoelectricity)
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