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2b
<latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit><latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit><latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit>

bx = B5
zy

<latexit sha1_base64="XPqjMorSf7v+cMcgjlGePkKBPyc=">AAAB9HicdVBNTwIxEO36ifiFevTSSEw8kaKAcDAhePGIiQgJLJtu6UJDt7tpu+q64X948aDGqz/Gm//GAmuiRl8yyct7M5mZ54acKY3Qh7WwuLS8sppZy65vbG5t53Z2r1UQSUJbJOCB7LhYUc4EbWmmOe2EkmLf5bTtjs+nfvuGSsUCcaXjkNo+HgrmMYK1kfqucwfPYKNfdu5hDJ1cHhUqqIpOqhAV0AyGFGularkCi6mSBymaTu69NwhI5FOhCcdKdYso1HaCpWaE00m2FykaYjLGQ9o1VGCfKjuZXT2Bh0YZQC+QpoSGM/X7RIJ9pWLfNZ0+1iP125uKf3ndSHtVO2EijDQVZL7IizjUAZxGAAdMUqJ5bAgmkplbIRlhiYk2QWVNCF+fwv9J67hQK6DLUr7eSNPIgH1wAI5AEZyCOrgATdACBEjwAJ7As3VrPVov1uu8dcFKZ/bAD1hvnyZhkTA=</latexit><latexit sha1_base64="XPqjMorSf7v+cMcgjlGePkKBPyc=">AAAB9HicdVBNTwIxEO36ifiFevTSSEw8kaKAcDAhePGIiQgJLJtu6UJDt7tpu+q64X948aDGqz/Gm//GAmuiRl8yyct7M5mZ54acKY3Qh7WwuLS8sppZy65vbG5t53Z2r1UQSUJbJOCB7LhYUc4EbWmmOe2EkmLf5bTtjs+nfvuGSsUCcaXjkNo+HgrmMYK1kfqucwfPYKNfdu5hDJ1cHhUqqIpOqhAV0AyGFGularkCi6mSBymaTu69NwhI5FOhCcdKdYso1HaCpWaE00m2FykaYjLGQ9o1VGCfKjuZXT2Bh0YZQC+QpoSGM/X7RIJ9pWLfNZ0+1iP125uKf3ndSHtVO2EijDQVZL7IizjUAZxGAAdMUqJ5bAgmkplbIRlhiYk2QWVNCF+fwv9J67hQK6DLUr7eSNPIgH1wAI5AEZyCOrgATdACBEjwAJ7As3VrPVov1uu8dcFKZ/bAD1hvnyZhkTA=</latexit><latexit sha1_base64="XPqjMorSf7v+cMcgjlGePkKBPyc=">AAAB9HicdVBNTwIxEO36ifiFevTSSEw8kaKAcDAhePGIiQgJLJtu6UJDt7tpu+q64X948aDGqz/Gm//GAmuiRl8yyct7M5mZ54acKY3Qh7WwuLS8sppZy65vbG5t53Z2r1UQSUJbJOCB7LhYUc4EbWmmOe2EkmLf5bTtjs+nfvuGSsUCcaXjkNo+HgrmMYK1kfqucwfPYKNfdu5hDJ1cHhUqqIpOqhAV0AyGFGularkCi6mSBymaTu69NwhI5FOhCcdKdYso1HaCpWaE00m2FykaYjLGQ9o1VGCfKjuZXT2Bh0YZQC+QpoSGM/X7RIJ9pWLfNZ0+1iP125uKf3ndSHtVO2EijDQVZL7IizjUAZxGAAdMUqJ5bAgmkplbIRlhiYk2QWVNCF+fwv9J67hQK6DLUr7eSNPIgH1wAI5AEZyCOrgATdACBEjwAJ7As3VrPVov1uu8dcFKZ/bAD1hvnyZhkTA=</latexit>

Magnetic field Pseudo magnetic field

kx ! kx +Bzy
<latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit><latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit><latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit>

k± b
<latexit sha1_base64="oPqKtO8DH9iVr8JUkLAZj90yQ/0=">AAACAHicdVDLSgMxFM3UV62vUTeCm2ARXA2Z1j7cFd24rOBYoTOUTJppQzMPkoxQhrrxV9y4UHHrZ7jzb8z0ASp6IHByzr3ce4+fcCYVQp9GYWl5ZXWtuF7a2Nza3jF3925knApCHRLzWNz6WFLOIuoopji9TQTFoc9pxx9d5H7njgrJ4uhajRPqhXgQsYARrLTUMw/cEKuhH2SjiZuEcPHzJz2zjKxKvVJv1CCyqnWEbKRJrdq0kQ1tC01RBnO0e+aH249JGtJIEY6l7NooUV6GhWKE00nJTSVNMBnhAe1qGuGQSi+bXjCBx1rpwyAW+kUKTtXvHRkOpRyHvq7MN5S/vVz8y+umKmh6GYuSVNGIzAYFKYcqhnkcsM8EJYqPNcFEML0rJEMsMFE6tJIOYXEp/J84FevMQlen5db5PI0iOARH4ATYoAFa4BK0gQMIuAeP4Bm8GA/Gk/FqvM1KC8a8Zx/8gPH+BdMll1g=</latexit><latexit sha1_base64="oPqKtO8DH9iVr8JUkLAZj90yQ/0=">AAACAHicdVDLSgMxFM3UV62vUTeCm2ARXA2Z1j7cFd24rOBYoTOUTJppQzMPkoxQhrrxV9y4UHHrZ7jzb8z0ASp6IHByzr3ce4+fcCYVQp9GYWl5ZXWtuF7a2Nza3jF3925knApCHRLzWNz6WFLOIuoopji9TQTFoc9pxx9d5H7njgrJ4uhajRPqhXgQsYARrLTUMw/cEKuhH2SjiZuEcPHzJz2zjKxKvVJv1CCyqnWEbKRJrdq0kQ1tC01RBnO0e+aH249JGtJIEY6l7NooUV6GhWKE00nJTSVNMBnhAe1qGuGQSi+bXjCBx1rpwyAW+kUKTtXvHRkOpRyHvq7MN5S/vVz8y+umKmh6GYuSVNGIzAYFKYcqhnkcsM8EJYqPNcFEML0rJEMsMFE6tJIOYXEp/J84FevMQlen5db5PI0iOARH4ATYoAFa4BK0gQMIuAeP4Bm8GA/Gk/FqvM1KC8a8Zx/8gPH+BdMll1g=</latexit><latexit sha1_base64="oPqKtO8DH9iVr8JUkLAZj90yQ/0=">AAACAHicdVDLSgMxFM3UV62vUTeCm2ARXA2Z1j7cFd24rOBYoTOUTJppQzMPkoxQhrrxV9y4UHHrZ7jzb8z0ASp6IHByzr3ce4+fcCYVQp9GYWl5ZXWtuF7a2Nza3jF3925knApCHRLzWNz6WFLOIuoopji9TQTFoc9pxx9d5H7njgrJ4uhajRPqhXgQsYARrLTUMw/cEKuhH2SjiZuEcPHzJz2zjKxKvVJv1CCyqnWEbKRJrdq0kQ1tC01RBnO0e+aH249JGtJIEY6l7NooUV6GhWKE00nJTSVNMBnhAe1qGuGQSi+bXjCBx1rpwyAW+kUKTtXvHRkOpRyHvq7MN5S/vVz8y+umKmh6GYuSVNGIzAYFKYcqhnkcsM8EJYqPNcFEML0rJEMsMFE6tJIOYXEp/J84FevMQlen5db5PI0iOARH4ATYoAFa4BK0gQMIuAeP4Bm8GA/Gk/FqvM1KC8a8Zx/8gPH+BdMll1g=</latexit>

A. Cortijo, Y. Ferreiros, K. Landsteiner, M. A. H.  Vozmediano PRL (2016)
C. X. Liu, P. Ye, X. L.Qi PRB (2013)

Stephan Rachel, Ilja Göthel, Daniel P. Arovas, and Matthias Vojta PRL (2016)



Levy et al Science (2010)  (Crommie Group, Berkeley) Gomes et al Nature (2012) (Manoharan Group, Stanford)

Graphene



What is specific to 3D?



Dirac/Weyl

kz kz

En /
p
n

<latexit sha1_base64="u53DnC5hdhp+cKwbyglw93GQPYA=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyHT2oe7ogguK1hb6Awlk6ZtaCYzJhmhDsVfceNCxa0f4s6/MX0IKnrgwuGce7n3niDmTGmEPqzMwuLS8kp2Nbe2vrG5ZW/vXKsokYQ2SMQj2QqwopwJ2tBMc9qKJcVhwGkzGJ5N/OYtlYpF4kqPYuqHuC9YjxGsjdSx9847AnqxjGIdQU/dSJ2KccfOI6dQLpQrJYicYhkhFxlSKlZd5ELXQVPkwRz1jv3udSOShFRowrFSbRfF2k+x1IxwOs55iaIxJkPcp21DBQ6p8tPp9WN4aJQu7EXSlNBwqn6fSHGo1CgMTGeI9UD99ibiX1470b2qnzIRJ5oKMlvUSzg0n06igF0mKdF8ZAgmkplbIRlgiYk2geVMCF+fwv9Jo+CcOOjyOF87naeRBfvgABwBF1RADVyAOmgAAu7AA3gCz9a99Wi9WK+z1ow1n9kFP2C9fQJR05Vc</latexit><latexit sha1_base64="u53DnC5hdhp+cKwbyglw93GQPYA=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyHT2oe7ogguK1hb6Awlk6ZtaCYzJhmhDsVfceNCxa0f4s6/MX0IKnrgwuGce7n3niDmTGmEPqzMwuLS8kp2Nbe2vrG5ZW/vXKsokYQ2SMQj2QqwopwJ2tBMc9qKJcVhwGkzGJ5N/OYtlYpF4kqPYuqHuC9YjxGsjdSx9847AnqxjGIdQU/dSJ2KccfOI6dQLpQrJYicYhkhFxlSKlZd5ELXQVPkwRz1jv3udSOShFRowrFSbRfF2k+x1IxwOs55iaIxJkPcp21DBQ6p8tPp9WN4aJQu7EXSlNBwqn6fSHGo1CgMTGeI9UD99ibiX1470b2qnzIRJ5oKMlvUSzg0n06igF0mKdF8ZAgmkplbIRlgiYk2geVMCF+fwv9Jo+CcOOjyOF87naeRBfvgABwBF1RADVyAOmgAAu7AA3gCz9a99Wi9WK+z1ow1n9kFP2C9fQJR05Vc</latexit><latexit sha1_base64="u53DnC5hdhp+cKwbyglw93GQPYA=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyHT2oe7ogguK1hb6Awlk6ZtaCYzJhmhDsVfceNCxa0f4s6/MX0IKnrgwuGce7n3niDmTGmEPqzMwuLS8kp2Nbe2vrG5ZW/vXKsokYQ2SMQj2QqwopwJ2tBMc9qKJcVhwGkzGJ5N/OYtlYpF4kqPYuqHuC9YjxGsjdSx9847AnqxjGIdQU/dSJ2KccfOI6dQLpQrJYicYhkhFxlSKlZd5ELXQVPkwRz1jv3udSOShFRowrFSbRfF2k+x1IxwOs55iaIxJkPcp21DBQ6p8tPp9WN4aJQu7EXSlNBwqn6fSHGo1CgMTGeI9UD99ibiX1470b2qnzIRJ5oKMlvUSzg0n06igF0mKdF8ZAgmkplbIRlgiYk2geVMCF+fwv9Jo+CcOOjyOF87naeRBfvgABwBF1RADVyAOmgAAu7AA3gCz9a99Wi9WK+z1ow1n9kFP2C9fQJR05Vc</latexit>

En /
p
n

<latexit sha1_base64="u53DnC5hdhp+cKwbyglw93GQPYA=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyHT2oe7ogguK1hb6Awlk6ZtaCYzJhmhDsVfceNCxa0f4s6/MX0IKnrgwuGce7n3niDmTGmEPqzMwuLS8kp2Nbe2vrG5ZW/vXKsokYQ2SMQj2QqwopwJ2tBMc9qKJcVhwGkzGJ5N/OYtlYpF4kqPYuqHuC9YjxGsjdSx9847AnqxjGIdQU/dSJ2KccfOI6dQLpQrJYicYhkhFxlSKlZd5ELXQVPkwRz1jv3udSOShFRowrFSbRfF2k+x1IxwOs55iaIxJkPcp21DBQ6p8tPp9WN4aJQu7EXSlNBwqn6fSHGo1CgMTGeI9UD99ibiX1470b2qnzIRJ5oKMlvUSzg0n06igF0mKdF8ZAgmkplbIRlgiYk2geVMCF+fwv9Jo+CcOOjyOF87naeRBfvgABwBF1RADVyAOmgAAu7AA3gCz9a99Wi9WK+z1ow1n9kFP2C9fQJR05Vc</latexit><latexit sha1_base64="u53DnC5hdhp+cKwbyglw93GQPYA=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyHT2oe7ogguK1hb6Awlk6ZtaCYzJhmhDsVfceNCxa0f4s6/MX0IKnrgwuGce7n3niDmTGmEPqzMwuLS8kp2Nbe2vrG5ZW/vXKsokYQ2SMQj2QqwopwJ2tBMc9qKJcVhwGkzGJ5N/OYtlYpF4kqPYuqHuC9YjxGsjdSx9847AnqxjGIdQU/dSJ2KccfOI6dQLpQrJYicYhkhFxlSKlZd5ELXQVPkwRz1jv3udSOShFRowrFSbRfF2k+x1IxwOs55iaIxJkPcp21DBQ6p8tPp9WN4aJQu7EXSlNBwqn6fSHGo1CgMTGeI9UD99ibiX1470b2qnzIRJ5oKMlvUSzg0n06igF0mKdF8ZAgmkplbIRlgiYk2geVMCF+fwv9Jo+CcOOjyOF87naeRBfvgABwBF1RADVyAOmgAAu7AA3gCz9a99Wi9WK+z1ow1n9kFP2C9fQJR05Vc</latexit><latexit sha1_base64="u53DnC5hdhp+cKwbyglw93GQPYA=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyHT2oe7ogguK1hb6Awlk6ZtaCYzJhmhDsVfceNCxa0f4s6/MX0IKnrgwuGce7n3niDmTGmEPqzMwuLS8kp2Nbe2vrG5ZW/vXKsokYQ2SMQj2QqwopwJ2tBMc9qKJcVhwGkzGJ5N/OYtlYpF4kqPYuqHuC9YjxGsjdSx9847AnqxjGIdQU/dSJ2KccfOI6dQLpQrJYicYhkhFxlSKlZd5ELXQVPkwRz1jv3udSOShFRowrFSbRfF2k+x1IxwOs55iaIxJkPcp21DBQ6p8tPp9WN4aJQu7EXSlNBwqn6fSHGo1CgMTGeI9UD99ibiX1470b2qnzIRJ5oKMlvUSzg0n06igF0mKdF8ZAgmkplbIRlgiYk2geVMCF+fwv9Jo+CcOOjyOF87naeRBfvgABwBF1RADVyAOmgAAu7AA3gCz9a99Wi9WK+z1ow1n9kFP2C9fQJR05Vc</latexit>

2b
<latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit><latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit><latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit>

Magnetic field Pseudo magnetic field

k± b
<latexit sha1_base64="oPqKtO8DH9iVr8JUkLAZj90yQ/0=">AAACAHicdVDLSgMxFM3UV62vUTeCm2ARXA2Z1j7cFd24rOBYoTOUTJppQzMPkoxQhrrxV9y4UHHrZ7jzb8z0ASp6IHByzr3ce4+fcCYVQp9GYWl5ZXWtuF7a2Nza3jF3925knApCHRLzWNz6WFLOIuoopji9TQTFoc9pxx9d5H7njgrJ4uhajRPqhXgQsYARrLTUMw/cEKuhH2SjiZuEcPHzJz2zjKxKvVJv1CCyqnWEbKRJrdq0kQ1tC01RBnO0e+aH249JGtJIEY6l7NooUV6GhWKE00nJTSVNMBnhAe1qGuGQSi+bXjCBx1rpwyAW+kUKTtXvHRkOpRyHvq7MN5S/vVz8y+umKmh6GYuSVNGIzAYFKYcqhnkcsM8EJYqPNcFEML0rJEMsMFE6tJIOYXEp/J84FevMQlen5db5PI0iOARH4ATYoAFa4BK0gQMIuAeP4Bm8GA/Gk/FqvM1KC8a8Zx/8gPH+BdMll1g=</latexit><latexit sha1_base64="oPqKtO8DH9iVr8JUkLAZj90yQ/0=">AAACAHicdVDLSgMxFM3UV62vUTeCm2ARXA2Z1j7cFd24rOBYoTOUTJppQzMPkoxQhrrxV9y4UHHrZ7jzb8z0ASp6IHByzr3ce4+fcCYVQp9GYWl5ZXWtuF7a2Nza3jF3925knApCHRLzWNz6WFLOIuoopji9TQTFoc9pxx9d5H7njgrJ4uhajRPqhXgQsYARrLTUMw/cEKuhH2SjiZuEcPHzJz2zjKxKvVJv1CCyqnWEbKRJrdq0kQ1tC01RBnO0e+aH249JGtJIEY6l7NooUV6GhWKE00nJTSVNMBnhAe1qGuGQSi+bXjCBx1rpwyAW+kUKTtXvHRkOpRyHvq7MN5S/vVz8y+umKmh6GYuSVNGIzAYFKYcqhnkcsM8EJYqPNcFEML0rJEMsMFE6tJIOYXEp/J84FevMQlen5db5PI0iOARH4ATYoAFa4BK0gQMIuAeP4Bm8GA/Gk/FqvM1KC8a8Zx/8gPH+BdMll1g=</latexit><latexit sha1_base64="oPqKtO8DH9iVr8JUkLAZj90yQ/0=">AAACAHicdVDLSgMxFM3UV62vUTeCm2ARXA2Z1j7cFd24rOBYoTOUTJppQzMPkoxQhrrxV9y4UHHrZ7jzb8z0ASp6IHByzr3ce4+fcCYVQp9GYWl5ZXWtuF7a2Nza3jF3925knApCHRLzWNz6WFLOIuoopji9TQTFoc9pxx9d5H7njgrJ4uhajRPqhXgQsYARrLTUMw/cEKuhH2SjiZuEcPHzJz2zjKxKvVJv1CCyqnWEbKRJrdq0kQ1tC01RBnO0e+aH249JGtJIEY6l7NooUV6GhWKE00nJTSVNMBnhAe1qGuGQSi+bXjCBx1rpwyAW+kUKTtXvHRkOpRyHvq7MN5S/vVz8y+umKmh6GYuSVNGIzAYFKYcqhnkcsM8EJYqPNcFEML0rJEMsMFE6tJIOYXEp/J84FevMQlen5db5PI0iOARH4ATYoAFa4BK0gQMIuAeP4Bm8GA/Gk/FqvM1KC8a8Zx/8gPH+BdMll1g=</latexit>

Landau levels Pseudo-Landau levels

E
<latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit><latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit><latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit><latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit> E

<latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit><latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit><latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit><latexit sha1_base64="W/Edg6DTK7AfMoTG1N+XlLJJWrc=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiCB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9y+/Oa42roo4yHMExnIIHF9CAW2hCCxhIeIZXeHO08+K8Ox/z0ZJT7BzCHzifP6+8kOk=</latexit>

Ax = Bzy
<latexit sha1_base64="EBfT7UeA350vvd3pHLxDJnPG3iQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgQat24rODYwnQYMmmmDc08SDJiHfoZblyouPVv3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWl5ZXcuvFzY2t7Z3irt7NzJOBaE2iXksuj6WlLOI2oopTruJoDj0Oe34o4up37mlQrI4ulbjhLohHkQsYAQrLTnn3h08gy3vHo69YgmZ5Vq5Vq9CZFZqCFlIk2qlYSELWiaaoQQWaHvF914/JmlII0U4ltKxUKLcDAvFCKeTQi+VNMFkhAfU0TTCIZVuNjt5Ao+00odBLHRFCs7U7xMZDqUch77uDLEayt/eVPzLc1IVNNyMRUmqaETmi4KUQxXD6f+wzwQlio81wUQwfSskQywwUTqlgg7h61P4P7HL5qmJrk5KzdYijTw4AIfgGFigDprgErSBDQiIwQN4As+GMh6NF+N13pozFjP74AeMt09o3pA8</latexit><latexit sha1_base64="EBfT7UeA350vvd3pHLxDJnPG3iQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgQat24rODYwnQYMmmmDc08SDJiHfoZblyouPVv3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWl5ZXcuvFzY2t7Z3irt7NzJOBaE2iXksuj6WlLOI2oopTruJoDj0Oe34o4up37mlQrI4ulbjhLohHkQsYAQrLTnn3h08gy3vHo69YgmZ5Vq5Vq9CZFZqCFlIk2qlYSELWiaaoQQWaHvF914/JmlII0U4ltKxUKLcDAvFCKeTQi+VNMFkhAfU0TTCIZVuNjt5Ao+00odBLHRFCs7U7xMZDqUch77uDLEayt/eVPzLc1IVNNyMRUmqaETmi4KUQxXD6f+wzwQlio81wUQwfSskQywwUTqlgg7h61P4P7HL5qmJrk5KzdYijTw4AIfgGFigDprgErSBDQiIwQN4As+GMh6NF+N13pozFjP74AeMt09o3pA8</latexit><latexit sha1_base64="EBfT7UeA350vvd3pHLxDJnPG3iQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgQat24rODYwnQYMmmmDc08SDJiHfoZblyouPVv3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWl5ZXcuvFzY2t7Z3irt7NzJOBaE2iXksuj6WlLOI2oopTruJoDj0Oe34o4up37mlQrI4ulbjhLohHkQsYAQrLTnn3h08gy3vHo69YgmZ5Vq5Vq9CZFZqCFlIk2qlYSELWiaaoQQWaHvF914/JmlII0U4ltKxUKLcDAvFCKeTQi+VNMFkhAfU0TTCIZVuNjt5Ao+00odBLHRFCs7U7xMZDqUch77uDLEayt/eVPzLc1IVNNyMRUmqaETmi4KUQxXD6f+wzwQlio81wUQwfSskQywwUTqlgg7h61P4P7HL5qmJrk5KzdYijTw4AIfgGFigDprgErSBDQiIwQN4As+GMh6NF+N13pozFjP74AeMt09o3pA8</latexit>

bx = B5
zy

<latexit sha1_base64="XPqjMorSf7v+cMcgjlGePkKBPyc=">AAAB9HicdVBNTwIxEO36ifiFevTSSEw8kaKAcDAhePGIiQgJLJtu6UJDt7tpu+q64X948aDGqz/Gm//GAmuiRl8yyct7M5mZ54acKY3Qh7WwuLS8sppZy65vbG5t53Z2r1UQSUJbJOCB7LhYUc4EbWmmOe2EkmLf5bTtjs+nfvuGSsUCcaXjkNo+HgrmMYK1kfqucwfPYKNfdu5hDJ1cHhUqqIpOqhAV0AyGFGularkCi6mSBymaTu69NwhI5FOhCcdKdYso1HaCpWaE00m2FykaYjLGQ9o1VGCfKjuZXT2Bh0YZQC+QpoSGM/X7RIJ9pWLfNZ0+1iP125uKf3ndSHtVO2EijDQVZL7IizjUAZxGAAdMUqJ5bAgmkplbIRlhiYk2QWVNCF+fwv9J67hQK6DLUr7eSNPIgH1wAI5AEZyCOrgATdACBEjwAJ7As3VrPVov1uu8dcFKZ/bAD1hvnyZhkTA=</latexit><latexit sha1_base64="XPqjMorSf7v+cMcgjlGePkKBPyc=">AAAB9HicdVBNTwIxEO36ifiFevTSSEw8kaKAcDAhePGIiQgJLJtu6UJDt7tpu+q64X948aDGqz/Gm//GAmuiRl8yyct7M5mZ54acKY3Qh7WwuLS8sppZy65vbG5t53Z2r1UQSUJbJOCB7LhYUc4EbWmmOe2EkmLf5bTtjs+nfvuGSsUCcaXjkNo+HgrmMYK1kfqucwfPYKNfdu5hDJ1cHhUqqIpOqhAV0AyGFGularkCi6mSBymaTu69NwhI5FOhCcdKdYso1HaCpWaE00m2FykaYjLGQ9o1VGCfKjuZXT2Bh0YZQC+QpoSGM/X7RIJ9pWLfNZ0+1iP125uKf3ndSHtVO2EijDQVZL7IizjUAZxGAAdMUqJ5bAgmkplbIRlhiYk2QWVNCF+fwv9J67hQK6DLUr7eSNPIgH1wAI5AEZyCOrgATdACBEjwAJ7As3VrPVov1uu8dcFKZ/bAD1hvnyZhkTA=</latexit><latexit sha1_base64="XPqjMorSf7v+cMcgjlGePkKBPyc=">AAAB9HicdVBNTwIxEO36ifiFevTSSEw8kaKAcDAhePGIiQgJLJtu6UJDt7tpu+q64X948aDGqz/Gm//GAmuiRl8yyct7M5mZ54acKY3Qh7WwuLS8sppZy65vbG5t53Z2r1UQSUJbJOCB7LhYUc4EbWmmOe2EkmLf5bTtjs+nfvuGSsUCcaXjkNo+HgrmMYK1kfqucwfPYKNfdu5hDJ1cHhUqqIpOqhAV0AyGFGularkCi6mSBymaTu69NwhI5FOhCcdKdYso1HaCpWaE00m2FykaYjLGQ9o1VGCfKjuZXT2Bh0YZQC+QpoSGM/X7RIJ9pWLfNZ0+1iP125uKf3ndSHtVO2EijDQVZL7IizjUAZxGAAdMUqJ5bAgmkplbIRlhiYk2QWVNCF+fwv9J67hQK6DLUr7eSNPIgH1wAI5AEZyCOrgATdACBEjwAJ7As3VrPVov1uu8dcFKZ/bAD1hvnyZhkTA=</latexit>
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Zero magnetic field, periodic boundary conditions



2b
<latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit><latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit><latexit sha1_base64="5jcgw0WToADnAObOEL0PjVuJwEI=">AAAB8XicdVBPS8MwHE3nvzn/TT16CQ7BU8nmnN1t6MXjBOsGXRlplm5haVOSVBhlH8OLBxWvfhtvfhvTrYKKPgg83vv9yPu9IOFMaYQ+rNLK6tr6RnmzsrW9s7tX3T+4UyKVhLpEcCH7AVaUs5i6mmlO+4mkOAo47QXTq9zv3VOpmIhv9SyhfoTHMQsZwdpIXmMQYT0JwiyYD6s1ZLeQg84ciGy0gCH1dtM5b8F6odRAge6w+j4YCZJGNNaEY6W8Okq0n2GpGeF0XhmkiiaYTPGYeobGOKLKzxaR5/DEKCMYCmlerOFC/b6R4UipWRSYyTyh+u3l4l+el+rQ8TMWJ6mmMVl+FKYcagHz++GISUo0nxmCiWQmKyQTLDHRpqWKKeHrUvg/cRt220Y3zVrnsmijDI7AMTgFdXABOuAadIELCBDgATyBZ0tbj9aL9bocLVnFziH4AevtEwwVkU8=</latexit>
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<latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit><latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit><latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit>
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B 6= 0

hyi
<latexit sha1_base64="jUI745l1R6UdAcOHtdcrpSdImV0=">AAACBHicdVBNSwMxEM36bf2qetRDsAielmyrtd5ELx4VrArdUrLpbBvMZpdkViilFy/+FS8eVLz6I7z5b0xrBRV9MPDy3gyZeVGmpEXG3r2Jyanpmdm5+cLC4tLySnF17cKmuRFQF6lKzVXELSipoY4SFVxlBngSKbiMro+H/uUNGCtTfY69DJoJ72gZS8HRSa3iZqggxlBx3VFAezQ0stPF0IzerWKJ+eVqubq/R5lfqTIWMEf2KrWABTTw2QglMsZpq/gWtlORJ6BRKG5tI2AZNvvcoBQKBoUwt5Bxcc070HBU8wRssz+6YkC3ndKmcWpcaaQj9ftEnyfW9pLIdSYcu/a3NxT/8ho5xrVmX+osR9Di86M4VxRTOoyEtqUBgarnCBdGul2p6HLDBbrgCi6Er0vp/6Re9g98drZbOjwapzFHNsgW2SEB2SeH5ISckjoR5Jbck0fy5N15D96z9/LZOuGNZ9bJD3ivH1B6mKw=</latexit><latexit sha1_base64="jUI745l1R6UdAcOHtdcrpSdImV0=">AAACBHicdVBNSwMxEM36bf2qetRDsAielmyrtd5ELx4VrArdUrLpbBvMZpdkViilFy/+FS8eVLz6I7z5b0xrBRV9MPDy3gyZeVGmpEXG3r2Jyanpmdm5+cLC4tLySnF17cKmuRFQF6lKzVXELSipoY4SFVxlBngSKbiMro+H/uUNGCtTfY69DJoJ72gZS8HRSa3iZqggxlBx3VFAezQ0stPF0IzerWKJ+eVqubq/R5lfqTIWMEf2KrWABTTw2QglMsZpq/gWtlORJ6BRKG5tI2AZNvvcoBQKBoUwt5Bxcc070HBU8wRssz+6YkC3ndKmcWpcaaQj9ftEnyfW9pLIdSYcu/a3NxT/8ho5xrVmX+osR9Di86M4VxRTOoyEtqUBgarnCBdGul2p6HLDBbrgCi6Er0vp/6Re9g98drZbOjwapzFHNsgW2SEB2SeH5ISckjoR5Jbck0fy5N15D96z9/LZOuGNZ9bJD3ivH1B6mKw=</latexit><latexit sha1_base64="jUI745l1R6UdAcOHtdcrpSdImV0=">AAACBHicdVBNSwMxEM36bf2qetRDsAielmyrtd5ELx4VrArdUrLpbBvMZpdkViilFy/+FS8eVLz6I7z5b0xrBRV9MPDy3gyZeVGmpEXG3r2Jyanpmdm5+cLC4tLySnF17cKmuRFQF6lKzVXELSipoY4SFVxlBngSKbiMro+H/uUNGCtTfY69DJoJ72gZS8HRSa3iZqggxlBx3VFAezQ0stPF0IzerWKJ+eVqubq/R5lfqTIWMEf2KrWABTTw2QglMsZpq/gWtlORJ6BRKG5tI2AZNvvcoBQKBoUwt5Bxcc070HBU8wRssz+6YkC3ndKmcWpcaaQj9ftEnyfW9pLIdSYcu/a3NxT/8ho5xrVmX+osR9Di86M4VxRTOoyEtqUBgarnCBdGul2p6HLDBbrgCi6Er0vp/6Re9g98drZbOjwapzFHNsgW2SEB2SeH5ISckjoR5Jbck0fy5N15D96z9/LZOuGNZ9bJD3ivH1B6mKw=</latexit>

/ kx
<latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit><latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit><latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit>

Position momentum locking kx ! kx +Bzy
<latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit><latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit><latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit>
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kx ! kx +Bzy
<latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit><latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit><latexit sha1_base64="nS+imd+cZ5LQsxjW/ckzqsWtvkA=">AAAB+3icdVDLSgMxFM34rPU12qWbYBEEYci09uGu1I3LCtYW2mHIpGkbmnmQZMRxqL/ixoWKW3/EnX9jpq2gogdCDufcy733eBFnUiH0YSwtr6yurec28ptb2zu75t7+tQxjQWibhDwUXQ9LyllA24opTruRoNj3OO14k/PM79xQIVkYXKkkoo6PRwEbMoKVllyzMHFvYV+FMPtPYNO9g4lrFpFVqpaqtQpEVrmKkI00qZTrNrKhbaEZimCBlmu+9wchiX0aKMKxlD0bRcpJsVCMcDrN92NJI0wmeER7mgbYp9JJZ8tP4ZFWBnAYCv0CBWfq944U+1ImvqcrfazG8reXiX95vVgN607KgihWNCDzQcOYQ31slgQcMEGJ4okmmAimd4VkjAUmSueV1yF8XQr/J+2SdWahy9Nio7lIIwcOwCE4BjaogQa4AC3QBgQk4AE8gWfj3ng0XozXeemSsegpgB8w3j4BgTKTlg==</latexit>

hyi
<latexit sha1_base64="jUI745l1R6UdAcOHtdcrpSdImV0=">AAACBHicdVBNSwMxEM36bf2qetRDsAielmyrtd5ELx4VrArdUrLpbBvMZpdkViilFy/+FS8eVLz6I7z5b0xrBRV9MPDy3gyZeVGmpEXG3r2Jyanpmdm5+cLC4tLySnF17cKmuRFQF6lKzVXELSipoY4SFVxlBngSKbiMro+H/uUNGCtTfY69DJoJ72gZS8HRSa3iZqggxlBx3VFAezQ0stPF0IzerWKJ+eVqubq/R5lfqTIWMEf2KrWABTTw2QglMsZpq/gWtlORJ6BRKG5tI2AZNvvcoBQKBoUwt5Bxcc070HBU8wRssz+6YkC3ndKmcWpcaaQj9ftEnyfW9pLIdSYcu/a3NxT/8ho5xrVmX+osR9Di86M4VxRTOoyEtqUBgarnCBdGul2p6HLDBbrgCi6Er0vp/6Re9g98drZbOjwapzFHNsgW2SEB2SeH5ISckjoR5Jbck0fy5N15D96z9/LZOuGNZ9bJD3ivH1B6mKw=</latexit><latexit sha1_base64="jUI745l1R6UdAcOHtdcrpSdImV0=">AAACBHicdVBNSwMxEM36bf2qetRDsAielmyrtd5ELx4VrArdUrLpbBvMZpdkViilFy/+FS8eVLz6I7z5b0xrBRV9MPDy3gyZeVGmpEXG3r2Jyanpmdm5+cLC4tLySnF17cKmuRFQF6lKzVXELSipoY4SFVxlBngSKbiMro+H/uUNGCtTfY69DJoJ72gZS8HRSa3iZqggxlBx3VFAezQ0stPF0IzerWKJ+eVqubq/R5lfqTIWMEf2KrWABTTw2QglMsZpq/gWtlORJ6BRKG5tI2AZNvvcoBQKBoUwt5Bxcc070HBU8wRssz+6YkC3ndKmcWpcaaQj9ftEnyfW9pLIdSYcu/a3NxT/8ho5xrVmX+osR9Di86M4VxRTOoyEtqUBgarnCBdGul2p6HLDBbrgCi6Er0vp/6Re9g98drZbOjwapzFHNsgW2SEB2SeH5ISckjoR5Jbck0fy5N15D96z9/LZOuGNZ9bJD3ivH1B6mKw=</latexit><latexit sha1_base64="jUI745l1R6UdAcOHtdcrpSdImV0=">AAACBHicdVBNSwMxEM36bf2qetRDsAielmyrtd5ELx4VrArdUrLpbBvMZpdkViilFy/+FS8eVLz6I7z5b0xrBRV9MPDy3gyZeVGmpEXG3r2Jyanpmdm5+cLC4tLySnF17cKmuRFQF6lKzVXELSipoY4SFVxlBngSKbiMro+H/uUNGCtTfY69DJoJ72gZS8HRSa3iZqggxlBx3VFAezQ0stPF0IzerWKJ+eVqubq/R5lfqTIWMEf2KrWABTTw2QglMsZpq/gWtlORJ6BRKG5tI2AZNvvcoBQKBoUwt5Bxcc070HBU8wRssz+6YkC3ndKmcWpcaaQj9ftEnyfW9pLIdSYcu/a3NxT/8ho5xrVmX+osR9Di86M4VxRTOoyEtqUBgarnCBdGul2p6HLDBbrgCi6Er0vp/6Re9g98drZbOjwapzFHNsgW2SEB2SeH5ISckjoR5Jbck0fy5N15D96z9/LZOuGNZ9bJD3ivH1B6mKw=</latexit>

/ kx
<latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit><latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit><latexit sha1_base64="mH56Q0TnuRbhexuj2JBFLfPPZbA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKtfbgrunFZwbGF6VAyaaYNzSRDkhFL6We4caHi1r9x59+YPgQVPRA4nHMvuedEKWfaIPTh5FZW19Y38puFre2d3b3i/sGtlpki1CeSS9WJsKacCeobZjjtpIriJOK0HY0uZ377jirNpLgx45SGCR4IFjOCjZWCbqpkaiQc9e57xRJyy7VyrV6FyK3UEPKQJdVKw0Me9Fw0Rwks0eoV37t9SbKECkM41jrwUGrCCVaGEU6nhW6maYrJCA9oYKnACdXhZH7yFJ5YpQ9jqewTBs7V7xsTnGg9TiI7mWAz1L+9mfiXF2QmboQTJtLMUEEWH8UZhzbkLD/sM0WJ4WNLMFHM3grJECtMjG2pYEv4Sgr/J37ZPXfR9VmpebFsIw+OwDE4BR6ogya4Ai3gAwIkeABP4NkxzqPz4rwuRnPOcucQ/IDz9gkYVZFV</latexit>
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Peri et. al. Nat. Phys. (in press)
Jia et. al. Science 363, 148 (2019)

Strained acoustic crystals

Same chirality, opposite dispersion
Effective B~ 100 - 500 T
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Light induced strain
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Two “chiralities” live at different surfaces!
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Chiral anomaly



The chiral anomaly with chiral fields 
Quantum Field theory
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Covariant anomaly: the Fermi surface contribution

= enhancement of magneto-conductivity
D. T. Son, B. Spivak PRB (2013)
Many experiments (Ong, Hasan, Felser…)
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4⇡2~ (E ·B+E5 ·B5)

= enhancement of magneto-conductivity
D. T. Son, B. Spivak PRB (2013)
Many experiments (Ong, Hasan, Felser…)

Covariant anomaly: the Fermi surface contribution
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= strained induced enhancement of conductivity

AGG, J. Venderbos, A. Vishwanath, R. Ilan PRX (2016)
D. Pikulin, A. Chen, M. Franz PRX (2016)
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Covariant anomaly: the Fermi surface contribution
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= strained induced enhancement of conductivity

AGG, J. Venderbos, A. Vishwanath, R. Ilan PRX (2016)
D. Pikulin, A. Chen, M. Franz PRX (2016)
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Bardeen, Zumino Nuc. Phys. B (1984)

= enhancement of magneto-conductivity
D. T. Son, B. Spivak PRB (2013)
Many experiments (Ong, Hasan, Felser…)
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Fermi surface Bardeen Polynomials
�j = b⇥E
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terms are gone

has different coefficient

Landsteiner PRB (2014)
Gorbar et. al PRL (2017), PRB (2017)…

Bardeen, Zumino Nuc. Phys. B (1984)

Consistent anomaly: Fermi surface + bottom of the band
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Bardeen, Zumino Nuc. Phys. B (1984)
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cons = Jµ + �Jµ
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Consistent vs covariant pictures
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4⇡2~ (E ·B5 +E5 ·B)

@µJ
µ
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4⇡2~ (E ·B+E5 ·B5)
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Covariant anomaly Consistent anomaly

“Fermi surface” contribution

Landsteiner PRB (2014)

“Fermi surface” contribution + “band bottom”

Gorbar et. al PRL (2017), PRB (2017)…

(When) Is this 1/3 factor observable?

physical meaning?

Defining 5? Fermi arcs?

@µJ
µ
cons = 0
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PositionExample:(a) (b)
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Fermi arcs enable the 
covariant anomaly



The missing 1/3



Field theory prediction

Covariant anomaly Consistent anomaly
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Fermi surface contribution = 3 Total band contribution
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1) Choose a pseudo-field profile
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1) Choose a pseudo-field profile
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with well defined low energy chirality1) Choose a pseudo-field profile
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with well defined low energy chirality1) Choose a pseudo-field profile
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Count charge transversing Fermi surface
2) Calculate the Fermi surface contribution

with well defined low energy chirality1) Choose a pseudo-field profile

3) Calculate full band contribution
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Fermi surface contribution = 3 Total band contribution



Corrections to the field theory
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Length scales matter

Consistent vs covariant 
anomaly is well defined if



Lattice scales matter: a question for field theorists



Lattice scales matter: a question for field theorists
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Topological insulator

From lattice to field theory 

model

chiral density

Weyl node separation at low energies 
Vazifeh, Franz  PRL (2014)

h�5i

low energy field theory


