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Out-of-equilibrium internal fields may lead to interesting
nonlinear phenomena, dynamical phase transitions 
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<latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit>

Current, I
<latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit>

<latexit sha1_base64="ay+l8cPoYUAS/TCyqSgM/4P0eAE=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpii4LIrisYB/QljKZ3LRDJ5M4MxFC6FbwXwQXIujGD/AP/BunbRa29cDA4Zwz3HuuF3OmtOP8WIWV1bX1jeKmvbW9s7tX2j9oqiiRFBo04pFse0QBZwIammkO7VgCCT0OLW90PfFbjyAVi8S9TmPohWQgWMAo0Ubql8pdDwZMZPAgiJQkPRvbN3YXhP9HMSmn4kyBl4mbkzLKUe+Xvrt+RJMQhKacKNVxnVj3MiI1oxzGdjdREBM6IgPIphXG+MRIPg4iaZ7QeKrO5UioVBp6JhkSPVSL3kT8z+skOrjqZUzEiQZBZ4OChGMd4ck9sM8kUM1TTCg1+yZEmz3okEhCtbmbbcq7i1WXSbNacS8qzl21XDvPz1BER+gYnSIXXaIaukV11EAUPaNX9IE+rSfrxXqz3mfRgpX/OURzsL5+AZohl+A=</latexit>

E

px
<latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit>

py
<latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit>

<latexit sha1_base64="ay+l8cPoYUAS/TCyqSgM/4P0eAE=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpii4LIrisYB/QljKZ3LRDJ5M4MxFC6FbwXwQXIujGD/AP/BunbRa29cDA4Zwz3HuuF3OmtOP8WIWV1bX1jeKmvbW9s7tX2j9oqiiRFBo04pFse0QBZwIammkO7VgCCT0OLW90PfFbjyAVi8S9TmPohWQgWMAo0Ubql8pdDwZMZPAgiJQkPRvbN3YXhP9HMSmn4kyBl4mbkzLKUe+Xvrt+RJMQhKacKNVxnVj3MiI1oxzGdjdREBM6IgPIphXG+MRIPg4iaZ7QeKrO5UioVBp6JhkSPVSL3kT8z+skOrjqZUzEiQZBZ4OChGMd4ck9sM8kUM1TTCg1+yZEmz3okEhCtbmbbcq7i1WXSbNacS8qzl21XDvPz1BER+gYnSIXXaIaukV11EAUPaNX9IE+rSfrxXqz3mfRgpX/OURzsL5+AZohl+A=</latexit>

E



I.  Robust (and not-as-robust) topological transport

II.  Current-induced gap opening in 1D helical edge modes

III.   Extensions and connections

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="YuwvUnCzUch8YIruEWhizms3rtY=">AAACF3icbVBNSwMxEM36WevXqkcvwSoolGW3IOpNFMSDQi1WhVrKbDptQ7PZJckKpfgvvPhXvHhQxKve/Dem7R60+mDg5b0ZMvPCRHBtfP/LmZicmp6Zzc3l5xcWl5bdldUrHaeKYZXFIlY3IWgUXGLVcCPwJlEIUSjwOuweD/zrO1Sax/LS9BKsR9CWvMUZGCs1XO8IhIKoSE8ESh2iahdpGUB3sUhBNul5xb4rZ3S75AcHO17DLfiePwT9S4KMFEiGcsP9vG3GLI1QGiZA61rgJ6beB2U4E3ifv001JsC60MaapRIi1PX+8K57umWVJm3FypY0dKj+nOhDpHUvCm1nBKajx72B+J9XS01rv97nMkkNSjb6qJUKamI6CIk2uUJmRM8SYIrbXSnrgAJmbJR5G0IwfvJfclXygl3PvygVDjezOHJknWyQbRKQPXJITkmZVAkjD+SJvJBX59F5dt6c91HrhJPNrJFfcD6+AUk2nBI=</latexit>

Balram, Flensberg, Paaske, and MR, PRL (2019).
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<latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit>

py
<latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit>

<latexit sha1_base64="ay+l8cPoYUAS/TCyqSgM/4P0eAE=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpii4LIrisYB/QljKZ3LRDJ5M4MxFC6FbwXwQXIujGD/AP/BunbRa29cDA4Zwz3HuuF3OmtOP8WIWV1bX1jeKmvbW9s7tX2j9oqiiRFBo04pFse0QBZwIammkO7VgCCT0OLW90PfFbjyAVi8S9TmPohWQgWMAo0Ubql8pdDwZMZPAgiJQkPRvbN3YXhP9HMSmn4kyBl4mbkzLKUe+Xvrt+RJMQhKacKNVxnVj3MiI1oxzGdjdREBM6IgPIphXG+MRIPg4iaZ7QeKrO5UioVBp6JhkSPVSL3kT8z+skOrjqZUzEiQZBZ4OChGMd4ck9sM8kUM1TTCg1+yZEmz3okEhCtbmbbcq7i1WXSbNacS8qzl21XDvPz1BER+gYnSIXXaIaukV11EAUPaNX9IE+rSfrxXqz3mfRgpX/OURzsL5+AZohl+A=</latexit>

E

px
<latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit><latexit sha1_base64="V3LCGH61V9/7VitOlFuwQI13i0w=">AAACBnicbVDLSsNAFJ3UV42vqEs3g6UgLkpSBF0W3LisYB/QlDCZ3LRDJ5M4MxFD6V7wXwQXIujGtX/g35i2WdjWAwOHc85w77l+wpnStv1jlNbWNza3ytvmzu7e/oF1eNRWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/uh66nceQCoWizudJdCPyECwkFGic8mzqq4PAybGcC+IlCQ7n5iJ92i6III/mmdV7Jo9A14lTkEqqEDTs77dIKZpBEJTTpTqOXai+2MiNaMcJqabKkgIHZEBjGclJriaSwEOY5k/ofFMXciRSKks8vNkRPRQLXtT8T+vl+rwqj9mIkk1CDofFKYc6xhPL4IDJoFqnmFCab5vSnS+Bx0SSajOL2fm5Z3lqqukXa85ds25rVcaF8UZyugEnaIz5KBL1EA3qIlaiKJn9Io+0KfxZLwYb8b7PFoyij/HaAHG1y+BpJjy</latexit>

py
<latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit><latexit sha1_base64="3X6RUf8uY1IgDHKDSzRSGyk2fUg=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUmKoMuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXEzPxMtMFEfzRPKtq1+0Z8CpxSlJFJVqe9e0GMU0jEJpyolTfsRM9yInUjHKYmG6qICF0TIaQz0pMcK2QAhzGsnhC45m6kCORUlnkF8mI6JFa9qbif14/1eH1IGciSTUIOh8UphzrGE8vggMmgWqeYUJpsW9KdLEHHRFJqC4uZxblneWqq6TTqDt23blrVJuX5Rkq6BSdoXPkoCvURLeohdqIomf0ij7Qp/FkvBhvxvs8umaUf07QAoyvX4MwmPM=</latexit>

<latexit sha1_base64="ay+l8cPoYUAS/TCyqSgM/4P0eAE=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpii4LIrisYB/QljKZ3LRDJ5M4MxFC6FbwXwQXIujGD/AP/BunbRa29cDA4Zwz3HuuF3OmtOP8WIWV1bX1jeKmvbW9s7tX2j9oqiiRFBo04pFse0QBZwIammkO7VgCCT0OLW90PfFbjyAVi8S9TmPohWQgWMAo0Ubql8pdDwZMZPAgiJQkPRvbN3YXhP9HMSmn4kyBl4mbkzLKUe+Xvrt+RJMQhKacKNVxnVj3MiI1oxzGdjdREBM6IgPIphXG+MRIPg4iaZ7QeKrO5UioVBp6JhkSPVSL3kT8z+skOrjqZUzEiQZBZ4OChGMd4ck9sM8kUM1TTCg1+yZEmz3okEhCtbmbbcq7i1WXSbNacS8qzl21XDvPz1BER+gYnSIXXaIaukV11EAUPaNX9IE+rSfrxXqz3mfRgpX/OURzsL5+AZohl+A=</latexit>

E

<latexit sha1_base64="7GG/QMhEmmULCC699PkidJBuy/w="></latexit>

Zhao et al., arXiv (2020).

The Plan

<latexit sha1_base64="1pTECjjzjHBvq6DA8wdWKyk1k+Y="></latexit>vs.



�B

{�I
++++++++++++++++++++++++++  +++++++

- - - - - - - - - - - - - - - - - - -   - - - - - - - - - - - - - -

VH

RH � VH/I

Hall resistance relates transverse voltage to applied current



Figure adapted from nobelprize.org
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h/e2 = 25812.807557(18)�

Measurement Standard

<latexit sha1_base64="p4Tz26AsmZSTwP5LdbnPUKrRtno="></latexit>

5

<latexit sha1_base64="sozxOxh/rHPLV5onulpDhtwy0hk="></latexit>

RH(k⌦)

<latexit sha1_base64="DZJ7LaaTQDj6Nq307Al+NRKa7F4="></latexit>

B (T)
<latexit sha1_base64="GWmqsjoDIZRhl7a73CBC3mIBx20="></latexit>

0

<latexit sha1_base64="GWmqsjoDIZRhl7a73CBC3mIBx20="></latexit>

0

<latexit sha1_base64="p4Tz26AsmZSTwP5LdbnPUKrRtno="></latexit>

5

<latexit sha1_base64="53h3tKMItcwkMBBMuWajt47v5jU="></latexit>

10

<latexit sha1_base64="vXa398qUFb/YyjsaJQMHOHl1vng="></latexit>

RH = h/⌫e2

<latexit sha1_base64="FXMnAzSmC/ZqvMJDU9LxWhCtYTI="></latexit>

Thouless, Kohmoto, Nightingale, and den Nijs, PRL (1982).
<latexit sha1_base64="CP/ksO4npDCSYQVnj5AO+69NXc0="></latexit>

Avron, Seiler, and Simon, PRL (1983).

Key theoretical insights:

<latexit sha1_base64="Zq3r5zKgbgCy0ZiuBRJpaERHvL0="></latexit>

Haldane, PRL (1988).

Hall resistance features extremely flat stapes at low T, high B



Quantum anomalous Hall effect: robust quantization at H = 0

Cr0.15(Bi0.1Sb0.9)1.85Te3

Figure adapted from:

<latexit sha1_base64="2OYyg7ORRLt15XugYAV8lVhG/8Q="></latexit>

Fox et al., PRB (2018).

Part-per-million quantization in QAH effect:

<latexit sha1_base64="IQfu96Z3wxB7xZ0OhuSGRInjD10="></latexit>

Chang et al., Science (2013).



2D topological insulator hosts “helical” edge states

<latexit sha1_base64="DomH7uEmVYDiht5Vh6Tl93EI88o="></latexit>

S. Oh, Science (2013).

Theoretical prediction:
<latexit sha1_base64="6Sh2GAtNoQiCR+xvy1ZUTAFK2E0="></latexit>

Kane and Mele, PRL (2005).
<latexit sha1_base64="lflmyt/GvOhyDqNUTkC5iPeIFdc="></latexit>

Bernevig, Hughes and Zhang, Science (2006).

* TRS : back scattering is forbidden



Quantum spin Hall effect: robust quantization at H = 0?

<latexit sha1_base64="DUGuBGMVtGWjiNmnbfRBBLL9f/4="></latexit>

König et al., Science (2007).

Figure adapted from:

HgTe quantum well



Quantum spin Hall effect: robust quantization at H = 0?

<latexit sha1_base64="DUGuBGMVtGWjiNmnbfRBBLL9f/4="></latexit>

König et al., Science (2007).
<latexit sha1_base64="YjJol0Nx4qTg93qHSzlucnCYqMs="></latexit>

Wu et al., Science (2018).

Figure adapted from: Figure adapted from:

HgTe quantum well WTe2 monolayer
<latexit sha1_base64="yCtAcWjcJdVwVaJtAcczTOgC1ws="></latexit>

T = 5 K



Part 1I

Current-induced gap opening in 1D helical edge modes



TRS: matrix element for elastic backscattering vanishes

Current, I
<latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit>

U(x)
<latexit sha1_base64="76NzaB/SwtzJn1hH3JeAYrKVHas="></latexit><latexit sha1_base64="Iru1eSKH3jy4Zk74UmTJ9Lft3G0="></latexit><latexit sha1_base64="Iru1eSKH3jy4Zk74UmTJ9Lft3G0="></latexit><latexit sha1_base64="FZaTzCLqR4vJI/NgujYLcR/v7bM="></latexit>

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

U
<latexit sha1_base64="RefIZB/x+Rnh6QN41nmEi59lTHE="></latexit><latexit sha1_base64="A5SqmwWyOj4h2B1GDF4w3ggS/Ks="></latexit><latexit sha1_base64="A5SqmwWyOj4h2B1GDF4w3ggS/Ks="></latexit><latexit sha1_base64="rGDyVLYmX8I3oV0ZwYt+jVNoy+w="></latexit>



E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

Flowing current breaks time-reversal symmetry…

-

*
* Feedback ( e - e interactions )

* relax Sz conservation



Generically, spin quantization axis is energy dependent

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)

<latexit sha1_base64="Be3qGZEb3lKn4b1Ci1ezX7DdIv0=">AAACGnicbVDLSgMxFM34tr5GXbq5WARFKDNaURdCQRddKtgHOHW4k6ZtmMyDJCPW0j8R/BfBhQq6cePfmNa6qHohcDjnJLnnBKngSjvOpzUxOTU9Mzs3n1tYXFpesVfXqirJJGUVmohE1gNUTPCYVTTXgtVTyTAKBKsF4elAr90wqXgSX+puyhoRtmPe4hS1oXz7uOz3PBmBe9bfDnfgBLxOgBJuIARP8XaE/h3sgifMi02E8Hr/h7717bxTcIYDf4E7AnkymnPffvGaCc0iFmsqUKkr10l1o4dScypYP+dliqVIQ2yz3jBYH7YM1YRWIs2JNQzZMR9GSnWjwDgj1B31WxuQ/2lXmW4dNXo8TjPNYvr9USsToBMYtARNLhnVogtIqdk3Q232oB2USLVpM2fCu7+j/gXVvYJ7UHAuivlScVTDHNkgm2SbuOSQlEiZnJMKoeSBPJE38m7dW4/Ws/X6bZ2wRnfWydhYH18KZZ43</latexit>

H1D(k) = ~vk�z + �k
3
�x

<latexit sha1_base64="QjNS1ruE9dYbHtW6dMmtLPOjJgU=">AAACFXicbVDLSgMxFM34rPVVdekmWIUKZZgpii4LLnQhWB/VQlvKnUzqhGYyw+ROoZZ+h+C/CC5EsBvX/o1pnY2PA4Gbc07IPceLpdDoOJ/WzOzc/MJibim/vLK6tl7Y2LzVUZowXmeRjJKGB5pLoXgdBUreiBMOoSf5ndc7meh3fZ5oEakbHMS8HcK9El3BAA3VKRxcsyAUPpbpFbCAyzLtR4pexDFXZQrKp6cSHkIwl9rVOS1VHLeyb3cKRcd2pqB/BzcbiiRDrVMYt/yIpSFXyCRo3XSdGNtDSFAwyUf5Vqp5DKwH93w4zTSie4byaTdKzFFIp+wPH4RaD0LPOEPAQP/WJuR/WjPF7nF7KFScIlfs+6NuKilGdFIQ9UXCGcoBBcbMvimg2YMFkABDU2TehHd/R/073FZs99B2LivF6m5WQ45skx1SIi45IlVyRmqkThh5Ii/knYytR+vZerXevq0zVvZmi/yA9fEFJU+bUg==</latexit>

Schmidt, Rachel, von Oppen, and Glazman, PRL (2012).

See, for example:

<latexit sha1_base64="lOSAM225eDHVbqU03a8t8kXhY38="></latexit>

Ortiz, Molina, Platero, and Lunde, PRB (2016).

- - Eof. .
. . - - -

- - oof

oof off



Due to spin-orbit coupling, current induces spin polarization

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)

<latexit sha1_base64="Be3qGZEb3lKn4b1Ci1ezX7DdIv0=">AAACGnicbVDLSgMxFM34tr5GXbq5WARFKDNaURdCQRddKtgHOHW4k6ZtmMyDJCPW0j8R/BfBhQq6cePfmNa6qHohcDjnJLnnBKngSjvOpzUxOTU9Mzs3n1tYXFpesVfXqirJJGUVmohE1gNUTPCYVTTXgtVTyTAKBKsF4elAr90wqXgSX+puyhoRtmPe4hS1oXz7uOz3PBmBe9bfDnfgBLxOgBJuIARP8XaE/h3sgifMi02E8Hr/h7717bxTcIYDf4E7AnkymnPffvGaCc0iFmsqUKkr10l1o4dScypYP+dliqVIQ2yz3jBYH7YM1YRWIs2JNQzZMR9GSnWjwDgj1B31WxuQ/2lXmW4dNXo8TjPNYvr9USsToBMYtARNLhnVogtIqdk3Q232oB2USLVpM2fCu7+j/gXVvYJ7UHAuivlScVTDHNkgm2SbuOSQlEiZnJMKoeSBPJE38m7dW4/Ws/X6bZ2wRnfWydhYH18KZZ43</latexit>

H1D(k) = ~vk�z + �k
3
�x

µr
<latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit>

µl
<latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit> µ̄

<latexit sha1_base64="ZsVUalidECNS+seUGXquM718DPI=">AAACDHicbVDLSsNAFJ34rPUVdekmWARRKEkRdFlw47KCfUBTys30ph06mcSZiVBCf0HwXwQXIujGhX/g3zhts7CtFwYO55yZuecECWdKu+6PtbK6tr6xWdgqbu/s7u3bB4cNFaeSYp3GPJatABRyJrCumebYSiRCFHBsBsObid58RKlYLO71KMFOBH3BQkZBG6prX/gB9pnI8EGAlDA6Hxf9AGTmR6lBKHp/lK5dcsvudJxl4OWgRPKpde1vvxfTNEKhKQel2p6b6E4GUjPK0byfKkyADqGP2TTK2Dk1VM8JY2mO0M6UnfNBpNQoCowzAj1Qi9qE/E9rpzq87mRMJKlGQWcfhSl3dOxMenF6TCLVfOQApWbfFLTZgw5AAtWmv6IJ7y1GXQaNStnzyt5dpVS9zGsokGNyQs6IR65IldySGqkTSp7JK/kgn9aT9WK9We8z64qV3zkic2N9/QJ2sZuv</latexit><latexit sha1_base64="ZsVUalidECNS+seUGXquM718DPI=">AAACDHicbVDLSsNAFJ34rPUVdekmWARRKEkRdFlw47KCfUBTys30ph06mcSZiVBCf0HwXwQXIujGhX/g3zhts7CtFwYO55yZuecECWdKu+6PtbK6tr6xWdgqbu/s7u3bB4cNFaeSYp3GPJatABRyJrCumebYSiRCFHBsBsObid58RKlYLO71KMFOBH3BQkZBG6prX/gB9pnI8EGAlDA6Hxf9AGTmR6lBKHp/lK5dcsvudJxl4OWgRPKpde1vvxfTNEKhKQel2p6b6E4GUjPK0byfKkyADqGP2TTK2Dk1VM8JY2mO0M6UnfNBpNQoCowzAj1Qi9qE/E9rpzq87mRMJKlGQWcfhSl3dOxMenF6TCLVfOQApWbfFLTZgw5AAtWmv6IJ7y1GXQaNStnzyt5dpVS9zGsokGNyQs6IR65IldySGqkTSp7JK/kgn9aT9WK9We8z64qV3zkic2N9/QJ2sZuv</latexit><latexit sha1_base64="ZsVUalidECNS+seUGXquM718DPI=">AAACDHicbVDLSsNAFJ34rPUVdekmWARRKEkRdFlw47KCfUBTys30ph06mcSZiVBCf0HwXwQXIujGhX/g3zhts7CtFwYO55yZuecECWdKu+6PtbK6tr6xWdgqbu/s7u3bB4cNFaeSYp3GPJatABRyJrCumebYSiRCFHBsBsObid58RKlYLO71KMFOBH3BQkZBG6prX/gB9pnI8EGAlDA6Hxf9AGTmR6lBKHp/lK5dcsvudJxl4OWgRPKpde1vvxfTNEKhKQel2p6b6E4GUjPK0byfKkyADqGP2TTK2Dk1VM8JY2mO0M6UnfNBpNQoCowzAj1Qi9qE/E9rpzq87mRMJKlGQWcfhSl3dOxMenF6TCLVfOQApWbfFLTZgw5AAtWmv6IJ7y1GXQaNStnzyt5dpVS9zGsokGNyQs6IR65IldySGqkTSp7JK/kgn9aT9WK9We8z64qV3zkic2N9/QJ2sZuv</latexit><latexit sha1_base64="ZsVUalidECNS+seUGXquM718DPI=">AAACDHicbVDLSsNAFJ34rPUVdekmWARRKEkRdFlw47KCfUBTys30ph06mcSZiVBCf0HwXwQXIujGhX/g3zhts7CtFwYO55yZuecECWdKu+6PtbK6tr6xWdgqbu/s7u3bB4cNFaeSYp3GPJatABRyJrCumebYSiRCFHBsBsObid58RKlYLO71KMFOBH3BQkZBG6prX/gB9pnI8EGAlDA6Hxf9AGTmR6lBKHp/lK5dcsvudJxl4OWgRPKpde1vvxfTNEKhKQel2p6b6E4GUjPK0byfKkyADqGP2TTK2Dk1VM8JY2mO0M6UnfNBpNQoCowzAj1Qi9qE/E9rpzq87mRMJKlGQWcfhSl3dOxMenF6TCLVfOQApWbfFLTZgw5AAtWmv6IJ7y1GXQaNStnzyt5dpVS9zGsokGNyQs6IR65IldySGqkTSp7JK/kgn9aT9WK9We8z64qV3zkic2N9/QJ2sZuv</latexit>

<latexit sha1_base64="wqSgDOyHVr4/D7zs3dUeKffoHik=">AAACF3icbVDLSgMxFM34tr6qLnURFMWNZUZ87RTc6E7BtkJTy500U4OZmZDcEevQDxH8EjeCCxF149K/MW3dVL0QOJxzwr3nhFpJi77/5Q0Nj4yOjU9MFqamZ2bnivMLFZtmhosyT1VqLkKwQslElFGiEhfaCIhDJarh9VFXr94IY2WanGNbi3oMrURGkgM6qlHcZQqSlhLUNu4oM33MQGuT3tJNyiIDPGdNoRBYnHXybaYlvek0iqt+ye8N/QuCH7B6uL588ni5c3DaKL6xZsqzWCTIFVhbC3yN9RwMSq5Ep8AyKzTwa2iJvJeqQ9cc1aRRatxLkPbYAR/E1rbj0DljwCv7W+uS/2m1DKP9ei4TnaFIeH9RlCmKKe1WRJvSCI6qTYFzd28G6O7gV+CqQFdlwYUPfkf9CypbpWCn5J+5FnzSnwmyRFbIBgnIHjkkx+SUlAknD+SZvJMP79578l681751yPv5s0gGxvv8Bt3CodY=</latexit>

hszi ⇡ � �µ

4⇡v

<latexit sha1_base64="tcATqFgGM68wGqzUMByc/Y1EwfY=">AAACD3icbVDLSgMxFM34rPU16tJNsAi6KTOtUjdCwY3LCvYBnbbcSTNtaOZBkimUYT5C8Av8BkFwIYJu9A/8E5emj01bDwRuzrmXe89xI86ksqwfY2V1bX1jM7OV3d7Z3ds3Dw5rMowFoVUS8lA0XJCUs4BWFVOcNiJBwXc5rbuDm7FeH1IhWRjcq1FEWz70AuYxAkpTHTPvAI/6gK+x4wkgicP1bBccF0Ti+HHaLqSJ09e/dnHYLqYdM2flrQnwcmHPilz53P0tPT9dVDrmt9MNSezTQBEOUjZtK1KtBIRihNM068SSRkAG0KPJxE2KTzXVxV4o9AsUnrBzfeBLOfJd3emD6stFbUz+pzVj5V21EhZEsaIBmS7yYo5ViMfR4C4TlCg+wkCIvjcGpe8gfdC5KB1hVpu3F60uF7VC3r7MW3c6BQtNkUHH6ASdIRuVUBndogqqIoIe0Sv6QJ/Gg/FivBnv09YVYzZzhOZgfP0BfhCf4Q==</latexit>

↵ =
�µ̄2
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Dimensionless S.O.C.:

<latexit sha1_base64="k+zsuqGayjU9p84NNUB/raRbIJw=">AAAB4XicbVDLSgMxFL3xWetr1J1ugkVwVWYE0WXBjQsXrdgHtKVk0kwbmnmQ3BHK0A8QXYigGz/HnX/gX/gJpo9NWw8EDueccO+5fqKkQdf9ISura+sbm7mt/PbO7t6+c3BYM3GquajyWMW64TMjlIxEFSUq0Ui0YKGvRN0f3Iz9+qPQRsbRAw4T0Q5ZL5KB5AytdN/KOk7BLboT0GXizUih5FR+v+6On8sd57vVjXkaigi5YsY0PTfBdsY0Sq7EKN9KjUgYH7CeyCb7jeiZlbo0iLV9EdKJOpdjoTHD0LfJkGHfLHpj8T+vmWJw3c5klKQoIj4dFKSKYkzHZWlXasFRDSnj3O6bMrR78D7TjKM9St6W9xarLpPaRdG7LLoVewUXpsjBCZzCOXhwBSW4hTJUgUMAL/AOH4STJ/JK3qbRFTL7cwRzIJ9/MrGNJA==</latexit>

{<latexit sha1_base64="VKmE+u81O+W8s/G5n3iy4SEVIME=">AAAB6XicbVC7SgNBFL3rM4mvqKXNYBAsJOwKomXAxjKCeWA2hNnZ2WTI7Oyyc0cIIY2NtWAhgjbW/oh/4Nfo5NEk8cDA4Zwz3HtukEqh0XV/nJXVtfWNzVy+sLW9s7tX3D+o68RkjNdYIpOsGVDNpVC8hgIlb6YZp3EgeSPoX4/9xgPPtEjUHQ5S3o5pV4lIMIpWuvdDLpESPzadYsktuxOQZeLNSKmSfwq/fh/Pqp3itx8mzMRcIZNU65bnptge0gwFk3xU8I3mKWV92uXDyZ4jcmKlkERJZp9CMlHncjTWehAHNhlT7OlFbyz+57UMRlftoVCpQa7YdFBkJMGEjEuTUGScoRwQypjd11C0e7AezShDe5yCLe8tVl0m9fOyd1F2b+0VXJgiB0dwDKfgwSVU4AaqUAMGCl7gHT6cvvPsvDpv0+iKM/tzCHNwPv8AIcyQqg==</latexit>

�µ

<latexit sha1_base64="bsz5rV3ZMJmcRiZU9taVjhRNpyI=">AAACHXicbVDLSgMxFM34tr6qLnURFMWNZUYUXQgKbnRXwVbB1HInzbTBzExI7pSWod8i+BnuBRERdCP+jWnrxseFwOGcE+49J9RKWvT9T29kdGx8YnJqujAzOze/UFxcqto0M1xUeKpScxWCFUomooISlbjSRkAcKnEZ3p709cu2MFamyQV2tajF0ExkJDmgo+rFQ6YgaSpBbb1DmRliBlqbtEO3HVK6BSwywHPWEAqBxVkv32Va0navXlz3S/5g6F8QfIP1483Vs4ebvaNyvfjMGinPYpEgV2DtdeBrrOVgUHIlegWWWaGB30JT5INsPbrhqAaNUuNegnTA/vBBbG03Dp0zBmzZ31qf/E+7zjA6qOUy0RmKhA8XRZmimNJ+UbQhjeCouhQ4d/dmgO4O3gJXBbpCCy588DvqX1DdKQV7Jf/cteCT4UyRFbJGtkhA9skxOSVlUiGc3JMn8kbevTvv0XvxXofWEe/7zzL5Md7HF8PlpHI=</latexit>
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Current-induced spin density:

small parameter

& of



Through e-e interaction, spin-polarization makes exchange field

contact interaction 
strength

<latexit sha1_base64="Fh9aHx70Yd2l6Ninfqbco3MobLE="></latexit>

H
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1D (k) = [~vk � ghszi/~]�z +
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3 � ghsxi/~
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E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)

µr
<latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit>

µl
<latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit>
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Gap proportional to current, interaction and SOC strength

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)

µl
<latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit><latexit sha1_base64="pm1rx7/sqQIvYRiQtCBBAfEqYks=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOZ6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFCVeZyQ==</latexit>

<latexit sha1_base64="Fh9aHx70Yd2l6Ninfqbco3MobLE="></latexit>

H
MF
1D (k) = [~vk � ghszi/~]�z +

⇥
�k

3 � ghsxi/~
⇤
�x

Minimal splitting between bands:
<latexit sha1_base64="DD2f3ZTFxG13u6nPuv8UtQ7eF7s="></latexit>
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Weak spin-orbit:

<latexit sha1_base64="JgITlXeLRtH2SzmZOl0ScwR2HOs="></latexit>

g

~v
�µ

µ̄
⌧ 1

Weak interaction, small current:

<latexit sha1_base64="WlAJ2UUDYdOBkkZj2az7E+uELvs=">AAACFXicbVC7SgNBFL0b3/G1amkzGARtwq5RtBEEG0sFo4KThLuzs2Zw9sHMrBCW/Q7B0m+wFSxE0MbaP7F08miMHhi4c8693HtOkEmhjed9OZWJyanpmdm56vzC4tKyu7J6odNcMd5kqUzVVYCaS5HwphFG8qtMcYwDyS+D2+O+fnnHlRZpcm56GW/FeJOISDA0luq4uxRl1kVySGikkBVU2tkQaYCqoHFetnfKgnbtr924azdKQqUkfseteXVvAPK38EdF7Wg7+N5/etw97bgfNExZHvPEMIlaX/teZloFKiOY5GWV5ppnyG7xhhcDTyXZtFRIolTZlxgyYH/1Yax1Lw5sZ4ymq8e1Pvmfdp2b6KBViCTLDU/YcFGUS2JS0g+IhEJxZmSPIGP23hyNvYN10aZjbJBVa94ft/q3uNip+3t178ym4MEQs7AOG7AFPuzDEZzAKTSBwQO8wDt8OPfOs/PqvA1bK85oZg1+wfn8ATwoocI=</latexit>

↵ =
�µ̄2

~3v3 ⌧ 1

Balram, Flensberg, Paaske, and MR, PRL (2019).

<latexit sha1_base64="pSZuwX4m4BH+mXi7wwzSFwSgoy0=">AAACF3icbVBNSwMxEM36bf2qevQSrEKFsuyWgnorCuJBoYq1hbaU2XTahmazS5IVSvFfePGvePGgiFe9+W9Maw/a+mDg5b0ZMvOCWHBtPO/LmZmdm19YXFpOrayurW+kN7dudZQohmUWiUhVA9AouMSy4UZgNVYIYSCwEvROh37lDpXmkbwx/RgbIXQkb3MGxkrNtHsCQkGYo2cCpQ5QdXK0BKB7mKMgW/Ty2r6vL2g27/nHB24znfFcbwQ6TfwxyZAxSs30Z70VsSREaZgArWu+F5vGAJThTOB9qp5ojIH1oIM1SyWEqBuD0V33dN8qLdqOlC1p6Ej9PTGAUOt+GNjOEExXT3pD8T+vlpj2UWPAZZwYlOzno3YiqInoMCTa4gqZEX1LgClud6WsCwqYsVGmbAj+5MnT5Dbv+gW3cJXPFPfGcSyRHbJLssQnh6RIzkmJlAkjD+SJvJBX59F5dt6c95/WGWc8s03+wPn4BkoqnBU=</latexit>

µr
<latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit><latexit sha1_base64="JqX9om4etvdG2ODO+isF6c8hwiA=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPOF6QEP/7C+VXVqznTsZeCWoIrKafrWtxcmJIuBK8KwlD3XSVW/wEJRwkBvySSkmIzwAIppjLF9qqnQjhKhH1f2lJ3z4VjKPA60M8ZqKBe1Cfmf1stUdN0vKE8zBZzMFkUZs1ViTzqxQyqAKJbbmBB9b4aVvoMMscBE6e5MHd5djLoM2vWa69bcu3q1cVnWUEHH6ASdIxddoQa6RU3UQgQ9o1f0gT6NJ+PFeDPeZ9YVo/xzhObG+PoFEp+Zzw==</latexit>



Current-induced band modification enables backscattering

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)

Balram, Flensberg, Paaske, and MR, PRL (2019).

<latexit sha1_base64="pSZuwX4m4BH+mXi7wwzSFwSgoy0=">AAACF3icbVBNSwMxEM36bf2qevQSrEKFsuyWgnorCuJBoYq1hbaU2XTahmazS5IVSvFfePGvePGgiFe9+W9Maw/a+mDg5b0ZMvOCWHBtPO/LmZmdm19YXFpOrayurW+kN7dudZQohmUWiUhVA9AouMSy4UZgNVYIYSCwEvROh37lDpXmkbwx/RgbIXQkb3MGxkrNtHsCQkGYo2cCpQ5QdXK0BKB7mKMgW/Ty2r6vL2g27/nHB24znfFcbwQ6TfwxyZAxSs30Z70VsSREaZgArWu+F5vGAJThTOB9qp5ojIH1oIM1SyWEqBuD0V33dN8qLdqOlC1p6Ej9PTGAUOt+GNjOEExXT3pD8T+vlpj2UWPAZZwYlOzno3YiqInoMCTa4gqZEX1LgClud6WsCwqYsVGmbAj+5MnT5Dbv+gW3cJXPFPfGcSyRHbJLssQnh6RIzkmJlAkjD+SJvJBX59F5dt6c95/WGWc8s03+wPn4BkoqnBU=</latexit>

<latexit sha1_base64="eCpClNr7219YzfbDJ1l2zuWTwwc="></latexit>

U(x)

<latexit sha1_base64="9svd6YK/IGwvxsaQ8aZ+asIntiI="></latexit>

U

Elastic backscattering 
matrix element:

<latexit sha1_base64="jMWIHiqw7JHsDYZWyTcKyj5PA6s="></latexit>

h MF
r | MF

l i ⇡ ghsxi
~µ̄



Backscattering rate ~ (current)2, (interaction)2, (SOC)2

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)

Balram, Flensberg, Paaske, and MR, PRL (2019).

<latexit sha1_base64="pSZuwX4m4BH+mXi7wwzSFwSgoy0=">AAACF3icbVBNSwMxEM36bf2qevQSrEKFsuyWgnorCuJBoYq1hbaU2XTahmazS5IVSvFfePGvePGgiFe9+W9Maw/a+mDg5b0ZMvOCWHBtPO/LmZmdm19YXFpOrayurW+kN7dudZQohmUWiUhVA9AouMSy4UZgNVYIYSCwEvROh37lDpXmkbwx/RgbIXQkb3MGxkrNtHsCQkGYo2cCpQ5QdXK0BKB7mKMgW/Ty2r6vL2g27/nHB24znfFcbwQ6TfwxyZAxSs30Z70VsSREaZgArWu+F5vGAJThTOB9qp5ojIH1oIM1SyWEqBuD0V33dN8qLdqOlC1p6Ej9PTGAUOt+GNjOEExXT3pD8T+vlpj2UWPAZZwYlOzno3YiqInoMCTa4gqZEX1LgClud6WsCwqYsVGmbAj+5MnT5Dbv+gW3cJXPFPfGcSyRHbJLssQnh6RIzkmJlAkjD+SJvJBX59F5dt6c95/WGWc8s03+wPn4BkoqnBU=</latexit>

<latexit sha1_base64="9svd6YK/IGwvxsaQ8aZ+asIntiI="></latexit>

U

Elastic backscattering 
matrix element:

<latexit sha1_base64="jMWIHiqw7JHsDYZWyTcKyj5PA6s="></latexit>

h MF
r | MF

l i ⇡ ghsxi
~µ̄

Elastic backscattering rate:
<latexit sha1_base64="ettmdEEu9xsOH02yu1kHz6hYuOI="></latexit>

1

⌧
/ ↵2

✓
g

~v
�µ

µ̄

◆2

<latexit sha1_base64="tcATqFgGM68wGqzUMByc/Y1EwfY=">AAACD3icbVDLSgMxFM34rPU16tJNsAi6KTOtUjdCwY3LCvYBnbbcSTNtaOZBkimUYT5C8Av8BkFwIYJu9A/8E5emj01bDwRuzrmXe89xI86ksqwfY2V1bX1jM7OV3d7Z3ds3Dw5rMowFoVUS8lA0XJCUs4BWFVOcNiJBwXc5rbuDm7FeH1IhWRjcq1FEWz70AuYxAkpTHTPvAI/6gK+x4wkgicP1bBccF0Ti+HHaLqSJ09e/dnHYLqYdM2flrQnwcmHPilz53P0tPT9dVDrmt9MNSezTQBEOUjZtK1KtBIRihNM068SSRkAG0KPJxE2KTzXVxV4o9AsUnrBzfeBLOfJd3emD6stFbUz+pzVj5V21EhZEsaIBmS7yYo5ViMfR4C4TlCg+wkCIvjcGpe8gfdC5KB1hVpu3F60uF7VC3r7MW3c6BQtNkUHH6ASdIRuVUBndogqqIoIe0Sv6QJ/Gg/FivBnv09YVYzZzhOZgfP0BfhCf4Q==</latexit>

↵ =
�µ̄2

~3v3

Dimensionless S.O.C.:

<latexit sha1_base64="OVQpglxgrPjiBhbiLXQgkoBFi5Q="></latexit>

U(x)U(x0) / �(x� x0)

In -12



Current-induced edge state breakdown
reflected in nonlinear I-V characteristic

Balram, Flensberg, Paaske, and MR, PRL (2019).

<latexit sha1_base64="pSZuwX4m4BH+mXi7wwzSFwSgoy0=">AAACF3icbVBNSwMxEM36bf2qevQSrEKFsuyWgnorCuJBoYq1hbaU2XTahmazS5IVSvFfePGvePGgiFe9+W9Maw/a+mDg5b0ZMvOCWHBtPO/LmZmdm19YXFpOrayurW+kN7dudZQohmUWiUhVA9AouMSy4UZgNVYIYSCwEvROh37lDpXmkbwx/RgbIXQkb3MGxkrNtHsCQkGYo2cCpQ5QdXK0BKB7mKMgW/Ty2r6vL2g27/nHB24znfFcbwQ6TfwxyZAxSs30Z70VsSREaZgArWu+F5vGAJThTOB9qp5ojIH1oIM1SyWEqBuD0V33dN8qLdqOlC1p6Ej9PTGAUOt+GNjOEExXT3pD8T+vlpj2UWPAZZwYlOzno3YiqInoMCTa4gqZEX1LgClud6WsCwqYsVGmbAj+5MnT5Dbv+gW3cJXPFPfGcSyRHbJLssQnh6RIzkmJlAkjD+SJvJBX59F5dt6c95/WGWc8s03+wPn4BkoqnBU=</latexit>

I

<latexit sha1_base64="D2hIK39hJ/vrN/JG86Z0+K9f7ek="></latexit>

V

<latexit sha1_base64="MrfTFKHFzFGVP6ZElk9IX6swtns="></latexit>

I = e2

h V

<latexit sha1_base64="/ZNUQWlKw6Keu+p97IkvMDzb2ac="></latexit>

E
<latexit sha1_base64="MPwXNbeW+YS25pRbDwTrM0WUi1E=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GVBBJcV7AOaUiaTm3boZBJnJkII3Qr+i+BCBN34Af6Bf+O0zcK2Hhg4nHOGe8/1E86Udpwfa2V1bX1js7Rlb+/s7u2XDw5bKk4lhSaNeSw7PlHAmYCmZppDJ5FAIp9D2x9dT/z2I0jFYnGvswR6ERkIFjJKtJH65Yrnw4CJHB4EkZJk52P7xvZABH8Uk3KqzhR4mbgFqaACjX752wtimkYgNOVEqa7rJLqXE6kZ5TC2vVRBQuiIDCCfVhjjUyMFOIyleULjqTqXI5FSWeSbZET0UC16E/E/r5vq8KqXM5GkGgSdDQpTjnWMJ/fAAZNANc8wodTsmxJt9qBDIgnV5m62Ke8uVl0mrVrVdaruXa1SvyjOUELH6ASdIRddojq6RQ3URBQ9o1f0gT6tJ+vFerPeZ9EVq/hzhOZgff0CmM+X3A==</latexit><latexit sha1_base64="MPwXNbeW+YS25pRbDwTrM0WUi1E=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GVBBJcV7AOaUiaTm3boZBJnJkII3Qr+i+BCBN34Af6Bf+O0zcK2Hhg4nHOGe8/1E86Udpwfa2V1bX1js7Rlb+/s7u2XDw5bKk4lhSaNeSw7PlHAmYCmZppDJ5FAIp9D2x9dT/z2I0jFYnGvswR6ERkIFjJKtJH65Yrnw4CJHB4EkZJk52P7xvZABH8Uk3KqzhR4mbgFqaACjX752wtimkYgNOVEqa7rJLqXE6kZ5TC2vVRBQuiIDCCfVhjjUyMFOIyleULjqTqXI5FSWeSbZET0UC16E/E/r5vq8KqXM5GkGgSdDQpTjnWMJ/fAAZNANc8wodTsmxJt9qBDIgnV5m62Ke8uVl0mrVrVdaruXa1SvyjOUELH6ASdIRddojq6RQ3URBQ9o1f0gT6tJ+vFerPeZ9EVq/hzhOZgff0CmM+X3A==</latexit><latexit sha1_base64="MPwXNbeW+YS25pRbDwTrM0WUi1E=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GVBBJcV7AOaUiaTm3boZBJnJkII3Qr+i+BCBN34Af6Bf+O0zcK2Hhg4nHOGe8/1E86Udpwfa2V1bX1js7Rlb+/s7u2XDw5bKk4lhSaNeSw7PlHAmYCmZppDJ5FAIp9D2x9dT/z2I0jFYnGvswR6ERkIFjJKtJH65Yrnw4CJHB4EkZJk52P7xvZABH8Uk3KqzhR4mbgFqaACjX752wtimkYgNOVEqa7rJLqXE6kZ5TC2vVRBQuiIDCCfVhjjUyMFOIyleULjqTqXI5FSWeSbZET0UC16E/E/r5vq8KqXM5GkGgSdDQpTjnWMJ/fAAZNANc8wodTsmxJt9qBDIgnV5m62Ke8uVl0mrVrVdaruXa1SvyjOUELH6ASdIRddojq6RQ3URBQ9o1f0gT6tJ+vFerPeZ9EVq/hzhOZgff0CmM+X3A==</latexit><latexit sha1_base64="MPwXNbeW+YS25pRbDwTrM0WUi1E=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GVBBJcV7AOaUiaTm3boZBJnJkII3Qr+i+BCBN34Af6Bf+O0zcK2Hhg4nHOGe8/1E86Udpwfa2V1bX1js7Rlb+/s7u2XDw5bKk4lhSaNeSw7PlHAmYCmZppDJ5FAIp9D2x9dT/z2I0jFYnGvswR6ERkIFjJKtJH65Yrnw4CJHB4EkZJk52P7xvZABH8Uk3KqzhR4mbgFqaACjX752wtimkYgNOVEqa7rJLqXE6kZ5TC2vVRBQuiIDCCfVhjjUyMFOIyleULjqTqXI5FSWeSbZET0UC16E/E/r5vq8KqXM5GkGgSdDQpTjnWMJ/fAAZNANc8wodTsmxJt9qBDIgnV5m62Ke8uVl0mrVrVdaruXa1SvyjOUELH6ASdIRddojq6RQ3URBQ9o1f0gT6tJ+vFerPeZ9EVq/hzhOZgff0CmM+X3A==</latexit>

x
<latexit sha1_base64="c0SbIIVv0msxLqa6bw/+J03gVPs=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjcsK9gFNKZPJTTt0MokzEzGEbgX/RXAhgm78AP/Av3HaZmFbDwwczjnDvef6CWdKO86PtbK6tr6xWdqyt3d29/bLB4ctFaeSQpPGPJYdnyjgTEBTM82hk0ggkc+h7Y+uJ377AaRisbjTWQK9iAwECxkl2kj9csXzYcBEDveCSEmy87H9aHsggj+KSTlVZwq8TNyCVFCBRr/87QUxTSMQmnKiVNd1Et3LidSMchjbXqogIXREBpBPK4zxqZECHMbSPKHxVJ3LkUipLPJNMiJ6qBa9ifif1011eNXLmUhSDYLOBoUpxzrGk3vggEmgmmeYUGr2TYk2e9AhkYRqczfblHcXqy6TVq3qOlX3tlapXxRnKKFjdILOkIsuUR3doAZqIoqe0Sv6QJ/Wk/VivVnvs+iKVfw5QnOwvn4B57OYDw==</latexit><latexit sha1_base64="c0SbIIVv0msxLqa6bw/+J03gVPs=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjcsK9gFNKZPJTTt0MokzEzGEbgX/RXAhgm78AP/Av3HaZmFbDwwczjnDvef6CWdKO86PtbK6tr6xWdqyt3d29/bLB4ctFaeSQpPGPJYdnyjgTEBTM82hk0ggkc+h7Y+uJ377AaRisbjTWQK9iAwECxkl2kj9csXzYcBEDveCSEmy87H9aHsggj+KSTlVZwq8TNyCVFCBRr/87QUxTSMQmnKiVNd1Et3LidSMchjbXqogIXREBpBPK4zxqZECHMbSPKHxVJ3LkUipLPJNMiJ6qBa9ifif1011eNXLmUhSDYLOBoUpxzrGk3vggEmgmmeYUGr2TYk2e9AhkYRqczfblHcXqy6TVq3qOlX3tlapXxRnKKFjdILOkIsuUR3doAZqIoqe0Sv6QJ/Wk/VivVnvs+iKVfw5QnOwvn4B57OYDw==</latexit><latexit sha1_base64="c0SbIIVv0msxLqa6bw/+J03gVPs=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjcsK9gFNKZPJTTt0MokzEzGEbgX/RXAhgm78AP/Av3HaZmFbDwwczjnDvef6CWdKO86PtbK6tr6xWdqyt3d29/bLB4ctFaeSQpPGPJYdnyjgTEBTM82hk0ggkc+h7Y+uJ377AaRisbjTWQK9iAwECxkl2kj9csXzYcBEDveCSEmy87H9aHsggj+KSTlVZwq8TNyCVFCBRr/87QUxTSMQmnKiVNd1Et3LidSMchjbXqogIXREBpBPK4zxqZECHMbSPKHxVJ3LkUipLPJNMiJ6qBa9ifif1011eNXLmUhSDYLOBoUpxzrGk3vggEmgmmeYUGr2TYk2e9AhkYRqczfblHcXqy6TVq3qOlX3tlapXxRnKKFjdILOkIsuUR3doAZqIoqe0Sv6QJ/Wk/VivVnvs+iKVfw5QnOwvn4B57OYDw==</latexit><latexit sha1_base64="c0SbIIVv0msxLqa6bw/+J03gVPs=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjcsK9gFNKZPJTTt0MokzEzGEbgX/RXAhgm78AP/Av3HaZmFbDwwczjnDvef6CWdKO86PtbK6tr6xWdqyt3d29/bLB4ctFaeSQpPGPJYdnyjgTEBTM82hk0ggkc+h7Y+uJ377AaRisbjTWQK9iAwECxkl2kj9csXzYcBEDveCSEmy87H9aHsggj+KSTlVZwq8TNyCVFCBRr/87QUxTSMQmnKiVNd1Et3LidSMchjbXqogIXREBpBPK4zxqZECHMbSPKHxVJ3LkUipLPJNMiJ6qBa9ifif1011eNXLmUhSDYLOBoUpxzrGk3vggEmgmmeYUGr2TYk2e9AhkYRqczfblHcXqy6TVq3qOlX3tlapXxRnKKFjdILOkIsuUR3doAZqIoqe0Sv6QJ/Wk/VivVnvs+iKVfw5QnOwvn4B57OYDw==</latexit>

µ0
<latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit><latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit><latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit><latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit>

L
<latexit sha1_base64="5BUmGpRhPQkTYR/gk7vSZBF+ibM=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjQsXFewDmlImk5t26GQSZyZCCN0K/ovgQgTd+AH+gX/jtM3Cth4YOJxzhnvP9RPOlHacH2tldW19Y7O0ZW/v7O7tlw8OWypOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sfXU/89iNIxWJxr7MEehEZCBYySrSR+uWK58OAiRweBJGSZOdj+9b2QAR/FJNyqs4UeJm4BamgAo1++dsLYppGIDTlRKmu6yS6lxOpGeUwtr1UQULoiAwgn1YY41MjBTiMpXlC46k6lyORUlnkm2RE9FAtehPxP6+b6vCqlzORpBoEnQ0KU451jCf3wAGTQDXPMKHU7JsSbfagQyIJ1eZutinvLlZdJq1a1XWq7l2tUr8ozlBCx+gEnSEXXaI6ukEN1EQUPaNX9IE+rSfrxXqz3mfRFav4c4TmYH39AqOjl+M=</latexit><latexit sha1_base64="5BUmGpRhPQkTYR/gk7vSZBF+ibM=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjQsXFewDmlImk5t26GQSZyZCCN0K/ovgQgTd+AH+gX/jtM3Cth4YOJxzhnvP9RPOlHacH2tldW19Y7O0ZW/v7O7tlw8OWypOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sfXU/89iNIxWJxr7MEehEZCBYySrSR+uWK58OAiRweBJGSZOdj+9b2QAR/FJNyqs4UeJm4BamgAo1++dsLYppGIDTlRKmu6yS6lxOpGeUwtr1UQULoiAwgn1YY41MjBTiMpXlC46k6lyORUlnkm2RE9FAtehPxP6+b6vCqlzORpBoEnQ0KU451jCf3wAGTQDXPMKHU7JsSbfagQyIJ1eZutinvLlZdJq1a1XWq7l2tUr8ozlBCx+gEnSEXXaI6ukEN1EQUPaNX9IE+rSfrxXqz3mfRFav4c4TmYH39AqOjl+M=</latexit><latexit sha1_base64="5BUmGpRhPQkTYR/gk7vSZBF+ibM=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjQsXFewDmlImk5t26GQSZyZCCN0K/ovgQgTd+AH+gX/jtM3Cth4YOJxzhnvP9RPOlHacH2tldW19Y7O0ZW/v7O7tlw8OWypOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sfXU/89iNIxWJxr7MEehEZCBYySrSR+uWK58OAiRweBJGSZOdj+9b2QAR/FJNyqs4UeJm4BamgAo1++dsLYppGIDTlRKmu6yS6lxOpGeUwtr1UQULoiAwgn1YY41MjBTiMpXlC46k6lyORUlnkm2RE9FAtehPxP6+b6vCqlzORpBoEnQ0KU451jCf3wAGTQDXPMKHU7JsSbfagQyIJ1eZutinvLlZdJq1a1XWq7l2tUr8ozlBCx+gEnSEXXaI6ukEN1EQUPaNX9IE+rSfrxXqz3mfRFav4c4TmYH39AqOjl+M=</latexit><latexit sha1_base64="5BUmGpRhPQkTYR/gk7vSZBF+ibM=">AAACBHicbVDLSsNAFJ34rPFVdelmsAjioiRF0GXBjQsXFewDmlImk5t26GQSZyZCCN0K/ovgQgTd+AH+gX/jtM3Cth4YOJxzhnvP9RPOlHacH2tldW19Y7O0ZW/v7O7tlw8OWypOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sfXU/89iNIxWJxr7MEehEZCBYySrSR+uWK58OAiRweBJGSZOdj+9b2QAR/FJNyqs4UeJm4BamgAo1++dsLYppGIDTlRKmu6yS6lxOpGeUwtr1UQULoiAwgn1YY41MjBTiMpXlC46k6lyORUlnkm2RE9FAtehPxP6+b6vCqlzORpBoEnQ0KU451jCf3wAGTQDXPMKHU7JsSbfagQyIJ1eZutinvLlZdJq1a1XWq7l2tUr8ozlBCx+gEnSEXXaI6ukEN1EQUPaNX9IE+rSfrxXqz3mfRFav4c4TmYH39AqOjl+M=</latexit>

0
<latexit sha1_base64="84KKedC4FNxSwheXwI6rxb/MNJI=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLia2Y3sggj+KSTk1Zwa8StyCVFGB5qDy7QUxTSMQmnKiVM91Et3PidSMcpjYXqogIXRMhpDPKkzwmZECHMbSPKHxTF3IkUipLPJNMiJ6pJa9qfif10t1eN3PmUhSDYLOB4UpxzrG03vggEmgmmeYUGr2TYk2e9ARkYRqczfblHeXq66Sdr3mOjX3rl5tXBZnKKMTdIrOkYuuUAPdoiZqIYqe0Sv6QJ/Wk/VivVnv82jJKv4cowVYX794U5fH</latexit><latexit sha1_base64="84KKedC4FNxSwheXwI6rxb/MNJI=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLia2Y3sggj+KSTk1Zwa8StyCVFGB5qDy7QUxTSMQmnKiVM91Et3PidSMcpjYXqogIXRMhpDPKkzwmZECHMbSPKHxTF3IkUipLPJNMiJ6pJa9qfif10t1eN3PmUhSDYLOB4UpxzrG03vggEmgmmeYUGr2TYk2e9ARkYRqczfblHeXq66Sdr3mOjX3rl5tXBZnKKMTdIrOkYuuUAPdoiZqIYqe0Sv6QJ/Wk/VivVnv82jJKv4cowVYX794U5fH</latexit><latexit sha1_base64="84KKedC4FNxSwheXwI6rxb/MNJI=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLia2Y3sggj+KSTk1Zwa8StyCVFGB5qDy7QUxTSMQmnKiVM91Et3PidSMcpjYXqogIXRMhpDPKkzwmZECHMbSPKHxTF3IkUipLPJNMiJ6pJa9qfif10t1eN3PmUhSDYLOB4UpxzrG03vggEmgmmeYUGr2TYk2e9ARkYRqczfblHeXq66Sdr3mOjX3rl5tXBZnKKMTdIrOkYuuUAPdoiZqIYqe0Sv6QJ/Wk/VivVnv82jJKv4cowVYX794U5fH</latexit><latexit sha1_base64="84KKedC4FNxSwheXwI6rxb/MNJI=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLia2Y3sggj+KSTk1Zwa8StyCVFGB5qDy7QUxTSMQmnKiVM91Et3PidSMcpjYXqogIXRMhpDPKkzwmZECHMbSPKHxTF3IkUipLPJNMiJ6pJa9qfif10t1eN3PmUhSDYLOB4UpxzrG03vggEmgmmeYUGr2TYk2e9ARkYRqczfblHeXq66Sdr3mOjX3rl5tXBZnKKMTdIrOkYuuUAPdoiZqIYqe0Sv6QJ/Wk/VivVnv82jJKv4cowVYX794U5fH</latexit>

eV
2

<latexit sha1_base64="/8rAcodHcrHCGZrs15mKSvdO3+o=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSKIi5oUQZcFNy4r2FZoS5lMb9qhk0mcuRFC6E8I/ovgQgTd9A/8G6dtFrb1wMCZc+6duff4seAaXffHKqytb2xuFbdLO7t7+wf24VFTR4li0GCRiNSjTzUILqGBHAU8xgpo6Ato+aPbqd96BqV5JB8wjaEb0oHkAWcUjdSzLzs+DLjM4ElSpWh6MS51MFCUZdAcZ1VzA9n/4/bssltxZ3BWiZeTMslR79mTTj9iSQgSmaBatz03xm5GFXImwLyfaIgpG9EBZLN1xs6ZkfpOEClzJDozdaGOhlqnoW8qQ4pDvexNxf+8doLBTTfjMk4QJJt/FCTCwciZZuP0uQKGInUoY2behKKZgw2piQNNhiWzvLe86ippViue4ffVcu0qj6FITsgpOSceuSY1ckfqpEEYeSXv5It8Wy/Wm/Vhfc5LC1bec0wWYE1+AY4onVg=</latexit><latexit sha1_base64="/8rAcodHcrHCGZrs15mKSvdO3+o=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSKIi5oUQZcFNy4r2FZoS5lMb9qhk0mcuRFC6E8I/ovgQgTd9A/8G6dtFrb1wMCZc+6duff4seAaXffHKqytb2xuFbdLO7t7+wf24VFTR4li0GCRiNSjTzUILqGBHAU8xgpo6Ato+aPbqd96BqV5JB8wjaEb0oHkAWcUjdSzLzs+DLjM4ElSpWh6MS51MFCUZdAcZ1VzA9n/4/bssltxZ3BWiZeTMslR79mTTj9iSQgSmaBatz03xm5GFXImwLyfaIgpG9EBZLN1xs6ZkfpOEClzJDozdaGOhlqnoW8qQ4pDvexNxf+8doLBTTfjMk4QJJt/FCTCwciZZuP0uQKGInUoY2behKKZgw2piQNNhiWzvLe86ippViue4ffVcu0qj6FITsgpOSceuSY1ckfqpEEYeSXv5It8Wy/Wm/Vhfc5LC1bec0wWYE1+AY4onVg=</latexit><latexit sha1_base64="/8rAcodHcrHCGZrs15mKSvdO3+o=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSKIi5oUQZcFNy4r2FZoS5lMb9qhk0mcuRFC6E8I/ovgQgTd9A/8G6dtFrb1wMCZc+6duff4seAaXffHKqytb2xuFbdLO7t7+wf24VFTR4li0GCRiNSjTzUILqGBHAU8xgpo6Ato+aPbqd96BqV5JB8wjaEb0oHkAWcUjdSzLzs+DLjM4ElSpWh6MS51MFCUZdAcZ1VzA9n/4/bssltxZ3BWiZeTMslR79mTTj9iSQgSmaBatz03xm5GFXImwLyfaIgpG9EBZLN1xs6ZkfpOEClzJDozdaGOhlqnoW8qQ4pDvexNxf+8doLBTTfjMk4QJJt/FCTCwciZZuP0uQKGInUoY2behKKZgw2piQNNhiWzvLe86ippViue4ffVcu0qj6FITsgpOSceuSY1ckfqpEEYeSXv5It8Wy/Wm/Vhfc5LC1bec0wWYE1+AY4onVg=</latexit><latexit sha1_base64="/8rAcodHcrHCGZrs15mKSvdO3+o=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSKIi5oUQZcFNy4r2FZoS5lMb9qhk0mcuRFC6E8I/ovgQgTd9A/8G6dtFrb1wMCZc+6duff4seAaXffHKqytb2xuFbdLO7t7+wf24VFTR4li0GCRiNSjTzUILqGBHAU8xgpo6Ato+aPbqd96BqV5JB8wjaEb0oHkAWcUjdSzLzs+DLjM4ElSpWh6MS51MFCUZdAcZ1VzA9n/4/bssltxZ3BWiZeTMslR79mTTj9iSQgSmaBatz03xm5GFXImwLyfaIgpG9EBZLN1xs6ZkfpOEClzJDozdaGOhlqnoW8qQ4pDvexNxf+8doLBTTfjMk4QJJt/FCTCwciZZuP0uQKGInUoY2behKKZgw2piQNNhiWzvLe86ippViue4ffVcu0qj6FITsgpOSceuSY1ckfqpEEYeSXv5It8Wy/Wm/Vhfc5LC1bec0wWYE1+AY4onVg=</latexit>µ0
<latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit><latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit><latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit><latexit sha1_base64="2ZEnM6GtoAGTqsqWo6LY+fJv5UI=">AAACCHicbVDLSsNAFJ34rPEVdekmWERxUZIi6LLgxmUF+4CmhMnkph06mcSZiRBCf0DwXwQXIujGpX/g3zhts7CtFwYO55zh3nOClFGpHOfHWFldW9/YrGyZ2zu7e/vWwWFbJpkg0CIJS0Q3wBIY5dBSVDHopgJwHDDoBKObid55BCFpwu9VnkI/xgNOI0qw0pRvnXkBDCgv4IFjIXB+MTa9OPMd0wMe/mF9q+rUnOnYy8AtQRWV0/Stby9MSBYDV4RhKXuuk6p+gYWihIHekklIMRnhARTTGGP7VFOhHSVCP67sKTvnw7GUeRxoZ4zVUC5qE/I/rZep6LpfUJ5mCjiZLYoyZqvEnnRih1QAUSy3MSH63gwrfQcZYoGJ0t2ZOry7GHUZtOs1V+O7erVxWdZQQcfoBJ0jF12hBrpFTdRCBD2jV/SBPo0n48V4M95n1hWj/HOE5sb4+gWsJpmM</latexit>

- eV2
<latexit sha1_base64="3TmkrZBdjf98EYf2N2yXbHD1wBY=">AAACGnicbVDLSgMxFM34rPVVdelmsAgiWGaKoO4KblxWsA/olJLJ3GlDM5kxuSOWoX8i+C+CCxV048a/MX0sbOuFwOGck+Se4yeCa3ScH2tpeWV1bT23kd/c2t7ZLezt13WcKgY1FotYNX2qQXAJNeQooJkooJEvoOH3r0d64wGU5rG8w0EC7Yh2JQ85o2ioTuHK86HLZQb3kipFB6fDvIfwiCrKzoYehoqyDOrDrGx4kMEfX6dQdErOeOxF4E5BkUyn2im8e0HM0ggkMkG1brlOgu2MKuRMgHk/1ZBQ1qddyMbBhvaxoQI7jJU5Eu0xO+OjkdaDyDfOiGJPz2sj8j+tlWJ42c64TFIEySYfhamwMbZHLdkBV8BQDGzKmNk3pWj2YD1q6kDTZt6Ed+ejLoJ6ueS6Jfe2XKycT2vIkUNyRE6ISy5IhdyQKqkRRp7JK/kkX9aT9WK9WR8T65I1vXNAZsb6/gX8FKHi</latexit><latexit sha1_base64="3TmkrZBdjf98EYf2N2yXbHD1wBY=">AAACGnicbVDLSgMxFM34rPVVdelmsAgiWGaKoO4KblxWsA/olJLJ3GlDM5kxuSOWoX8i+C+CCxV048a/MX0sbOuFwOGck+Se4yeCa3ScH2tpeWV1bT23kd/c2t7ZLezt13WcKgY1FotYNX2qQXAJNeQooJkooJEvoOH3r0d64wGU5rG8w0EC7Yh2JQ85o2ioTuHK86HLZQb3kipFB6fDvIfwiCrKzoYehoqyDOrDrGx4kMEfX6dQdErOeOxF4E5BkUyn2im8e0HM0ggkMkG1brlOgu2MKuRMgHk/1ZBQ1qddyMbBhvaxoQI7jJU5Eu0xO+OjkdaDyDfOiGJPz2sj8j+tlWJ42c64TFIEySYfhamwMbZHLdkBV8BQDGzKmNk3pWj2YD1q6kDTZt6Ed+ejLoJ6ueS6Jfe2XKycT2vIkUNyRE6ISy5IhdyQKqkRRp7JK/kkX9aT9WK9WR8T65I1vXNAZsb6/gX8FKHi</latexit><latexit sha1_base64="3TmkrZBdjf98EYf2N2yXbHD1wBY=">AAACGnicbVDLSgMxFM34rPVVdelmsAgiWGaKoO4KblxWsA/olJLJ3GlDM5kxuSOWoX8i+C+CCxV048a/MX0sbOuFwOGck+Se4yeCa3ScH2tpeWV1bT23kd/c2t7ZLezt13WcKgY1FotYNX2qQXAJNeQooJkooJEvoOH3r0d64wGU5rG8w0EC7Yh2JQ85o2ioTuHK86HLZQb3kipFB6fDvIfwiCrKzoYehoqyDOrDrGx4kMEfX6dQdErOeOxF4E5BkUyn2im8e0HM0ggkMkG1brlOgu2MKuRMgHk/1ZBQ1qddyMbBhvaxoQI7jJU5Eu0xO+OjkdaDyDfOiGJPz2sj8j+tlWJ42c64TFIEySYfhamwMbZHLdkBV8BQDGzKmNk3pWj2YD1q6kDTZt6Ed+ejLoJ6ueS6Jfe2XKycT2vIkUNyRE6ISy5IhdyQKqkRRp7JK/kkX9aT9WK9WR8T65I1vXNAZsb6/gX8FKHi</latexit><latexit sha1_base64="3TmkrZBdjf98EYf2N2yXbHD1wBY=">AAACGnicbVDLSgMxFM34rPVVdelmsAgiWGaKoO4KblxWsA/olJLJ3GlDM5kxuSOWoX8i+C+CCxV048a/MX0sbOuFwOGck+Se4yeCa3ScH2tpeWV1bT23kd/c2t7ZLezt13WcKgY1FotYNX2qQXAJNeQooJkooJEvoOH3r0d64wGU5rG8w0EC7Yh2JQ85o2ioTuHK86HLZQb3kipFB6fDvIfwiCrKzoYehoqyDOrDrGx4kMEfX6dQdErOeOxF4E5BkUyn2im8e0HM0ggkMkG1brlOgu2MKuRMgHk/1ZBQ1qddyMbBhvaxoQI7jJU5Eu0xO+OjkdaDyDfOiGJPz2sj8j+tlWJ42c64TFIEySYfhamwMbZHLdkBV8BQDGzKmNk3pWj2YD1q6kDTZt6Ed+ejLoJ6ueS6Jfe2XKycT2vIkUNyRE6ISy5IhdyQKqkRRp7JK/kkX9aT9WK9WR8T65I1vXNAZsb6/gX8FKHi</latexit>

oh Mela
i

Mrh



Current-induced edge state breakdown
reflected in nonlinear I-V characteristic

Balram, Flensberg, Paaske, and MR, PRL (2019).

<latexit sha1_base64="pSZuwX4m4BH+mXi7wwzSFwSgoy0=">AAACF3icbVBNSwMxEM36bf2qevQSrEKFsuyWgnorCuJBoYq1hbaU2XTahmazS5IVSvFfePGvePGgiFe9+W9Maw/a+mDg5b0ZMvOCWHBtPO/LmZmdm19YXFpOrayurW+kN7dudZQohmUWiUhVA9AouMSy4UZgNVYIYSCwEvROh37lDpXmkbwx/RgbIXQkb3MGxkrNtHsCQkGYo2cCpQ5QdXK0BKB7mKMgW/Ty2r6vL2g27/nHB24znfFcbwQ6TfwxyZAxSs30Z70VsSREaZgArWu+F5vGAJThTOB9qp5ojIH1oIM1SyWEqBuD0V33dN8qLdqOlC1p6Ej9PTGAUOt+GNjOEExXT3pD8T+vlpj2UWPAZZwYlOzno3YiqInoMCTa4gqZEX1LgClud6WsCwqYsVGmbAj+5MnT5Dbv+gW3cJXPFPfGcSyRHbJLssQnh6RIzkmJlAkjD+SJvJBX59F5dt6c95/WGWc8s03+wPn4BkoqnBU=</latexit>

V

<latexit sha1_base64="MrfTFKHFzFGVP6ZElk9IX6swtns="></latexit>

Rcontact

<latexit sha1_base64="QsnZnCd71BLmuyiwj8ogrNlVmMc="></latexit>

Rind(I)

<latexit sha1_base64="JFb5/N95EsOwISq0gCgkb+E/G0I="></latexit>

I

<latexit sha1_base64="D2hIK39hJ/vrN/JG86Z0+K9f7ek="></latexit>

I

<latexit sha1_base64="D2hIK39hJ/vrN/JG86Z0+K9f7ek="></latexit>

V

<latexit sha1_base64="MrfTFKHFzFGVP6ZElk9IX6swtns="></latexit>

I ⇠ V 1/3

<latexit sha1_base64="jXMNxGpbyMe99NHhgwrrBwJsNTo="></latexit>

I =
V

Rcontact +Rind(I)

<latexit sha1_base64="dMSJTgWnkSLO43wa7CA3zW7xpQA="></latexit>

I = e2

h V

<latexit sha1_base64="/ZNUQWlKw6Keu+p97IkvMDzb2ac="></latexit>

<latexit sha1_base64="WgwxohGDMxvZ0uCCziSYqPbFL3k="></latexit>

Rcontact = h/e2

Rind(I) / I2

I = Konta, ⇒ I
-

- In IV - # vs )

I3 n V



Part III

Extensions and connections



Interactions can “break” QSHE in a variety of ways

Spontaneous breaking of TRS:
<latexit sha1_base64="qoTaIjKDGjq4pcjSqxlraJ+URrg="></latexit>

Wu, Bernevig, and Zhang, PRL (2006).
<latexit sha1_base64="YrDGByFakYHWBiRRRjjhKHhVpKg="></latexit>

Xu and Moore, PRB (2006).

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)
<latexit sha1_base64="9svd6YK/IGwvxsaQ8aZ+asIntiI="></latexit>

U

Correction to linear conductance:
<latexit sha1_base64="GGoF30cmCxZUwoiqFCZvxRzKE7Q="></latexit>

�G ⇠ T 4

temperature
<latexit sha1_base64="QjNS1ruE9dYbHtW6dMmtLPOjJgU=">AAACFXicbVDLSgMxFM34rPVVdekmWIUKZZgpii4LLnQhWB/VQlvKnUzqhGYyw+ROoZZ+h+C/CC5EsBvX/o1pnY2PA4Gbc07IPceLpdDoOJ/WzOzc/MJibim/vLK6tl7Y2LzVUZowXmeRjJKGB5pLoXgdBUreiBMOoSf5ndc7meh3fZ5oEakbHMS8HcK9El3BAA3VKRxcsyAUPpbpFbCAyzLtR4pexDFXZQrKp6cSHkIwl9rVOS1VHLeyb3cKRcd2pqB/BzcbiiRDrVMYt/yIpSFXyCRo3XSdGNtDSFAwyUf5Vqp5DKwH93w4zTSie4byaTdKzFFIp+wPH4RaD0LPOEPAQP/WJuR/WjPF7nF7KFScIlfs+6NuKilGdFIQ9UXCGcoBBcbMvimg2YMFkABDU2TehHd/R/073FZs99B2LivF6m5WQ45skx1SIi45IlVyRmqkThh5Ii/knYytR+vZerXevq0zVvZmi/yA9fEFJU+bUg==</latexit>

Schmidt, Rachel, von Oppen, and Glazman, PRL (2012).

Disorder-assisted two-particle backscattering

I am
I of



Interactions can “break” QSHE in a variety of ways

E
<latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit><latexit sha1_base64="S5Yr/0KVjxK9bbXkhNokzfq3TxU=">AAACA3icbVDLSsNAFJ3UV42vqEs3oUUQFyUpgi4LIrisYB/QlDKZ3LRDJ5M4MxFC6FLwXwQXIujGH/AP/BunbRa29cDA4Zwz3HuunzAqleP8GKW19Y3NrfK2ubO7t39gHR61ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj++nvqdRxCSxvxeZQn0IzzkNKQEKy0NrIrnw5DyHB44FgJn5xPzxgMe/BEGVtWpOTPYq8QtSBUVaA6sby+ISRoBV4RhKXuuk6h+joWihMHE9FIJCSZjPIR81mBin2opsMNY6MeVPVMXcjiSMot8nYywGsllbyr+5/VSFV71c8qTVAEn80FhymwV29Nz2AEVQBTLbEyI3jfFSu9BRlhgovTZTF3eXa66Str1muvU3Lt6tXFRnKGMTlAFnSEXXaIGukVN1EIEPaNX9IE+jSfjxXgz3ufRklH8OUYLML5+AVzvl8g=</latexit>

k
<latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit><latexit sha1_base64="07cOzii0cVO2l3jPE0Nw+sYbHvQ=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpgi4LblxWsA9oSplMbtqhk0mcmQghdCv4L4ILEXTjB/gH/o3TNgvbemDgcM4Z7j3XTzhT2nF+rNLa+sbmVnnb3tnd2z+oHB61VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdR5CKxeJeZwn0IzIULGSUaCMNKlXPhyETOTwIIiXJLib22PZABH8Uk3Jqzgx4lbgFqaICzUHl2wtimkYgNOVEqZ7rJLqfE6kZ5TCxvVRBQuiYDCGfVZjgMyMFOIyleULjmbqQI5FSWeSbZET0SC17U/E/r5fq8LqfM5GkGgSdDwpTjnWMp/fAAZNANc8wodTsmxJt9qAjIgnV5m62Ke8uV10l7XrNNfyuXm1cFmcooxN0is6Ri65QA92iJmohip7RK/pAn9aT9WK9We/zaMkq/hyjBVhfv9OZmAI=</latexit>

<latexit sha1_base64="oBKVDuHewFzeSpunLu+VYYSgylA=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OipHBeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJrMJ9n</latexit>

"r(k)
<latexit sha1_base64="SrkBwmNOf9PFYNMVNal6dQnYrFo=">AAACFXicbVDLSsNAFJ3UV62vqks3wSJUFyUpii4LblxWsA9oSrmZ3rZDJ5M4MymE0O8Q/BfBhQh249q/cfpY2NYLA4dzznDvOX7EmdKO82NlNja3tneyu7m9/YPDo/zxSV2FsaRYoyEPZdMHhZwJrGmmOTYjiRD4HBv+8H6qN0YoFQvFk04ibAfQF6zHKGhDdfLXno99JlJ8FiAlJFfjnDcCiZFi3OgpHxeHlzkPRfePpZMvOCVnNvY6cBegQBZT7eQnXjekcYBCUw5KtVwn0u0UpGaUo1kZK4yADqGP6SzT2L4wVNfuhdI8oe0Zu+SDQKkk8I0zAD1Qq9qU/E9rxbp3106ZiGKNgs4X9WJu69CeFmR3mUSqeWIDpebeGLS5gw5AAtWmyJwJ765GXQf1csm9KTmP5UKlvKghS87IOSkSl9ySCnkgVVIjlLySd/JFJtaL9WZ9WJ9za8Za/DklS2N9/wJh0J9h</latexit>

"l(k)
<latexit sha1_base64="9svd6YK/IGwvxsaQ8aZ+asIntiI="></latexit>

U

Correction to linear conductance:
<latexit sha1_base64="GGoF30cmCxZUwoiqFCZvxRzKE7Q="></latexit>

�G ⇠ T 4

temperature
<latexit sha1_base64="QjNS1ruE9dYbHtW6dMmtLPOjJgU=">AAACFXicbVDLSgMxFM34rPVVdekmWIUKZZgpii4LLnQhWB/VQlvKnUzqhGYyw+ROoZZ+h+C/CC5EsBvX/o1pnY2PA4Gbc07IPceLpdDoOJ/WzOzc/MJibim/vLK6tl7Y2LzVUZowXmeRjJKGB5pLoXgdBUreiBMOoSf5ndc7meh3fZ5oEakbHMS8HcK9El3BAA3VKRxcsyAUPpbpFbCAyzLtR4pexDFXZQrKp6cSHkIwl9rVOS1VHLeyb3cKRcd2pqB/BzcbiiRDrVMYt/yIpSFXyCRo3XSdGNtDSFAwyUf5Vqp5DKwH93w4zTSie4byaTdKzFFIp+wPH4RaD0LPOEPAQP/WJuR/WjPF7nF7KFScIlfs+6NuKilGdFIQ9UXCGcoBBcbMvimg2YMFkABDU2TehHd/R/073FZs99B2LivF6m5WQ45skx1SIi45IlVyRmqkThh5Ii/knYytR+vZerXevq0zVvZmi/yA9fEFJU+bUg==</latexit>

Schmidt, Rachel, von Oppen, and Glazman, PRL (2012).

Spontaneous breaking of TRS:
<latexit sha1_base64="qoTaIjKDGjq4pcjSqxlraJ+URrg="></latexit>

Wu, Bernevig, and Zhang, PRL (2006).
<latexit sha1_base64="YrDGByFakYHWBiRRRjjhKHhVpKg="></latexit>

Xu and Moore, PRB (2006).

Impurity spin polarized by current-induced spin polarization 

<latexit sha1_base64="wefimSeLrLP/5s1AXgop+g/CJiw="></latexit>

Väyrynen, Goldstein, Gefen, and Glazman, PRB (2014).

Correction to linear conductance:
<latexit sha1_base64="FLogxvnL+4utpIC2d6Ew2trmyZg="></latexit>

�G ⇠ (�Janiso)
2

anisotropic exchange

Disorder-assisted two-particle backscattering



Signatures of current-induced spin polarization observed
in nonlinear magnetotransport in monolayer WTe2

Figure adapted from:
<latexit sha1_base64="eawItI56iiiREfmwqde2K75W3fk="></latexit>

Zhao et al., arXiv:2010.09986.

<latexit sha1_base64="AwE0r7vkdm0/4FOktBzNRjZMFjw="></latexit>

� = 2I2f/V
2
f

Nonlinear conductance:

ac voltagesecond harmonic
current signal



Current-induced spin polarization opens gap 
in 3D TI surface state

<latexit sha1_base64="ay+l8cPoYUAS/TCyqSgM/4P0eAE=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpii4LIrisYB/QljKZ3LRDJ5M4MxFC6FbwXwQXIujGD/AP/BunbRa29cDA4Zwz3HuuF3OmtOP8WIWV1bX1jeKmvbW9s7tX2j9oqiiRFBo04pFse0QBZwIammkO7VgCCT0OLW90PfFbjyAVi8S9TmPohWQgWMAo0Ubql8pdDwZMZPAgiJQkPRvbN3YXhP9HMSmn4kyBl4mbkzLKUe+Xvrt+RJMQhKacKNVxnVj3MiI1oxzGdjdREBM6IgPIphXG+MRIPg4iaZ7QeKrO5UioVBp6JhkSPVSL3kT8z+skOrjqZUzEiQZBZ4OChGMd4ck9sM8kUM1TTCg1+yZEmz3okEhCtbmbbcq7i1WXSbNacS8qzl21XDvPz1BER+gYnSIXXaIaukV11EAUPaNX9IE+rSfrxXqz3mfRgpX/OURzsL5+AZohl+A=</latexit>

E

3D topological insulator

angle from
<latexit sha1_base64="L3yXEV8fJiDYHP9zo2pA0J8Y2FI="></latexit>

��K

Hexagonal warping, Bi2Te3 surface states:
<latexit sha1_base64="is7HH2p9uqJoC9J3vRAuYW6elyI="></latexit>

Fu, PRL (2009).

<latexit sha1_base64="6fsudcZhQzDxyH8bl/2nG3MJAZM="></latexit>

H2D(k) = ~v(k⇥ �) · ẑ+ �k
3 cos(3�k)�z

<latexit sha1_base64="pgdjlhw16VJCkUO5Uk4yjBftGvc=">AAACBnicbVDLSsNAFJ3UV42vqEs3wVIQFyUpiC4LblxWsA9oSphMbtuhk0mcmYghdC/4L4ILEXTj2j/wb5y2WdjWAwOHc85w77lBwqhUjvNjlNbWNza3ytvmzu7e/oF1eNSWcSoItEjMYtENsARGObQUVQy6iQAcBQw6wfh66nceQEga8zuVJdCP8JDTASVYacm3ql4AQ8pzuOdYCJydT8yx/2h6wMM/mm9VnJozg71K3IJUUIGmb317YUzSCLgiDEvZc51E9XMsFCUMJqaXSkgwGeMh5LMSE7uqpdAexEI/ruyZupDDkZRZFOhkhNVILntT8T+vl6rBVT+nPEkVcDIfNEiZrWJ7ehE7pAKIYpmNCdH7pljpPcgIC0yUvpypy7vLVVdJu15zL2rObb3ScIozlNEJOkVnyEWXqIFuUBO1EEHP6BV9oE/jyXgx3oz3ebRkFH+O0QKMr195/Jjt</latexit>

kx

<latexit sha1_base64="9t8lpmd6Fx/L4onnrUQAXr9eggk=">AAACBnicbVDLSsNAFJ34rPEVdelmsBTERUkKosuCG5cV7AOaEiaTm3boZBJnJkII3Qv+i+BCBN249g/8G9M2C9t6YOBwzhnuPddPOFPatn+MtfWNza3tyo65u7d/cGgdHXdUnEoKbRrzWPZ8ooAzAW3NNIdeIoFEPoeuP76Z+t1HkIrF4l5nCQwiMhQsZJToQvKsmuvDkIkcHgSRkmQXE3PsZaYLIvijeVbVrtsz4FXilKSKSrQ869sNYppGIDTlRKm+Yyd6kBOpGeUwMd1UQULomAwhn5WY4FohBTiMZfGExjN1IUcipbLIL5IR0SO17E3F/7x+qsPrQc5EkmoQdD4oTDnWMZ5eBAdMAtU8w4TSYt+U6GIPOiKSUF1czizKO8tVV0mnUXcu6/Zdo9q0yzNU0Ck6Q+fIQVeoiW5RC7URRc/oFX2gT+PJeDHejPd5dM0o/5ygBRhfv3uImO4=</latexit>

ky



Current-induced spin polarization opens gap 
in 3D TI surface state

<latexit sha1_base64="ay+l8cPoYUAS/TCyqSgM/4P0eAE=">AAACBHicbVDLSsNAFJ3UV42vqks3g0UQFyUpii4LIrisYB/QljKZ3LRDJ5M4MxFC6FbwXwQXIujGD/AP/BunbRa29cDA4Zwz3HuuF3OmtOP8WIWV1bX1jeKmvbW9s7tX2j9oqiiRFBo04pFse0QBZwIammkO7VgCCT0OLW90PfFbjyAVi8S9TmPohWQgWMAo0Ubql8pdDwZMZPAgiJQkPRvbN3YXhP9HMSmn4kyBl4mbkzLKUe+Xvrt+RJMQhKacKNVxnVj3MiI1oxzGdjdREBM6IgPIphXG+MRIPg4iaZ7QeKrO5UioVBp6JhkSPVSL3kT8z+skOrjqZUzEiQZBZ4OChGMd4ck9sM8kUM1TTCg1+yZEmz3okEhCtbmbbcq7i1WXSbNacS8qzl21XDvPz1BER+gYnSIXXaIaukV11EAUPaNX9IE+rSfrxXqz3mfRgpX/OURzsL5+AZohl+A=</latexit>

E

3D topological insulator

internal exchange field

Current, I
<latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit><latexit sha1_base64="TfXU/rvChxIRBeoWO4rPxuOCY4A=">AAAB63icbVDLSgMxFL1TX7W+qi7dBFvBhZSZIuiy0I3uKtgHtKVk0kwbmnmQ3Ail9CsEFyLoxp/xD/wb0+ls2nogcDjnJLnn+okUGl3318ltbe/s7uX3CweHR8cnxdOzlo6NYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/Ul/47ReutIijZ5wmvB/SUSQCwShaqVc3SvEIb0j5sTwoltyKm4JsEi8jJcjQGBR/esOYmdA+wCTVuuu5CfZnVKFgks8LPaN5QtmEjvgsnXROrqw0JEGs7ImQpOpKjoZaT0PfJkOKY73uLcT/vK7B4L4/E1FikEds+VFgJMGYLGqToVCcoZwSypid11C0c7AxVZShXU/BlvfWq26SVrXiuRXvqVqq3WZryMMFXMI1eHAHNXiABjSBQQJv8AlfTui8Ou/OxzKac7I757AC5/sPwtiNLg==</latexit>
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kx
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kx
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I 6= 0
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I = 0

<latexit sha1_base64="Tk6XebRwewDGmZbqW2QqzM5EsuQ="></latexit>

H
MF
2D (k) = ~v(k⇥ �) · ẑ+ �k

3 cos(3�k)�z � ghsi · �

Balram, Flensberg, Paaske, and MR, PRL (2019).
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Current-induced gap opening yields nonlinear Hall effect
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kx
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ky

Current-induced Berry monopole Nonlinear Hall effect from (equilibrium) Berry dipole

<latexit sha1_base64="K8ldb3/4qyQk3oYhS8EAFAbKKqM="></latexit>

Ma et al., Nature (2019).

Experiment: bilayer WTe2

Theory of nonlinear Hall effect due to Berry curvature dipole, application to TMDs:
<latexit sha1_base64="0uCfyzkQ+2RtjoNbZQPAd0aND48="></latexit>

Sodemann and Fu, PRL (2015).
<latexit sha1_base64="A8KmmUfYEl4KlgGD9CvbtR0yDHo="></latexit>

You, Fang, Xu, Kaxiras, and Low, PRB (2018).



Summary

* Electron-electron interactions and current-induced spin polarization can alter 
the underlying “electronic fabric” of material

* Picture reveals new mechanisms for nonlinear transport phenomena

* Similar ideas may apply to variety of materials, nonequilibrium internal fields

* Questions to explore: search for favorable materials, mechanisms to boost 
size of effects, signatures of current-induced Berry monopole, …
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