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Fractionalized &

Correlated matter Democracy

Part II - A 
The Berry Curvature Dipole 

of metals
Part I 

“Smoking gun” probes for U(1) 
spin liquids with fermi surfaces 

Part II - B 
Quantum electric field lines 
in QDM and 6 vertex models



After 37 years no reasonable explanation for 
the fractional plateaus which is not a 
fractionalized state of matter has appeared

W. Pan, H. L. Stormer, D. C. Tsui, L. N. Pfeiffer, 
K. W. Baldwin, and K. W. West
Phys. Rev. Lett. 90, 016801, 2003



Smoking gun evidence beyond transport?



Smoking gun evidence beyond transport?

Mitali Banerjee, Moty Heiblum, 
Amir Rosenblatt, Yuval Oreg, 
Dima E. Feldman, Ady Stern & 
Vladimir Umansky, Nature 
545, 75 (2017)

Quantized heat transport:



Outline Part I 
“Smoking gun” probes for U(1) spin 

liquids with gapless fermions 

1) Spinons in U(1) spin liquids are electrically neutral particles but they develop 
Landau levels under physical magnetic fields.

2) These liquids display cyclotron 
resonance and magnetisation 
oscillations (de-Haas van alphen) and 
are an insulators.

Peng Rao



Spinon Fermi surface and Composite 
Fermi liquid
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Bosons form Laughlin state:

Fermion forms fermi sea:

Composite fermi surface:
Bosons form trivial Mott insulator:

Spinon fermi surface:
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Fermion forms fermi sea:
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Electron

Fermion

Boson



Spinon Fermi surface

Bosons form trivial Mott insulator:

Spinon fermi surface:

Fermion forms fermi sea:
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Simplest case: electrons in half-filled lattice

Slave-boson

Electron

Spinfull  
neutral fermion

Spinless  
charged bosonc†�r = f†
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Electron

Fermion

Boson



Spinon Fermi surface

Bosons form trivial Mott insulator:

Spinon fermi surface:

Fermion forms fermi sea:

✏F
<latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit><latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit><latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit><latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit>

Simplest case: electrons in half-filled lattice

Slave-boson

Electron

Spinfull  
neutral fermion

Spinless  
charged bosonc†�r = f†

�rb
†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

Electron

Fermion

Boson

Compact U(1) gauge field qspinonU(1) = 1
<latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit><latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit><latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit><latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit>

qbosonU(1) = �1
<latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit><latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit><latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit><latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit>

Is compact QED coupled to a fermi surface 
stable to confinement?

Probably yes in 2+1D
Sung-Sik Lee, Phys. Rev. B 78, 085129 (2008)

Yes in 3+1D and above

Instanton has infinite scaling dimension



Spinon Fermi surface

Bosons form trivial Mott insulator:

Spinon fermi surface:

Fermion forms fermi sea:

✏F
<latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit><latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit><latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit><latexit sha1_base64="C/0AIY5Q6N5BGt4zDZPMMLNc2U0=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWwttkvJprNtaDZZkqxQSv+FFw+KePXfePPfmLZ70NYXAg/vzJCZN0oFN9b3v73Cyura+kZxs7S1vbO7V94/aBqVaYYNpoTSrYgaFFxiw3IrsJVqpEkk8CEaXk/rD0+oDVfy3o5SDBPalzzmjFpnPXYwNVwo2b3plit+1Z+JLEOQQwVy1bvlr05PsSxBaZmgxrQDP7XhmGrLmcBJqZMZTCkb0j62HUqaoAnHs40n5MQ5PRIr7Z60ZOb+nhjTxJhRErnOhNqBWaxNzf9q7czGl+GYyzSzKNn8ozgTxCoyPZ/0uEZmxcgBZZq7XQkbUE2ZdSGVXAjB4snL0DyrBo7vziu1qzyOIhzBMZxCABdQg1uoQwMYSHiGV3jzjPfivXsf89aCl88cwh95nz+X55DZ</latexit>

Simplest case: electrons in half-filled lattice

Slave-boson

Electron

Spinfull  
neutral fermion

Spinless  
charged bosonc†�r = f†

�rb
†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

Electron

Fermion

Boson

Compact U(1) gauge field qspinonU(1) = 1
<latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit><latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit><latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit><latexit sha1_base64="nHsg7G7YdkeynJMRfVHBX41f85M=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAvoxVBL8LQi8cJdhtstaRZuoUlaU1SYZRe/CpePCji1Y/hzW9jtvWgmw8Efjzv+/LmfcKEUaUd59sqLS2vrK6V1ysbm1vbO/buXkvFqcTEwzGLZSdEijAqiKepZqSTSIJ4yEg7HF1P6u1HIhWNxZ0eJ8TnaCBoRDHSxgrsg4cg82ruSX6f9SSHKqEiFvmlG9hVp+5MBRfBLaAKCjUD+6vXj3HKidCYIaW6rpNoP0NSU8xIXumliiQIj9CAdA0KxInys+kBOTw2Th9GsTRPaDh1f09kiCs15qHp5EgP1XxtYv5X66Y6uvAzKpJUE4Fni6KUQR3DSRqwTyXBmo0NICyp+SvEQyQR1iazignBnT95EVqnddfw7Vm1cVXEUQaH4AjUgAvOQQPcgCbwAAY5eAav4M16sl6sd+tj1lqyipl98EfW5w/TDpXm</latexit>

qbosonU(1) = �1
<latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit><latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit><latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit><latexit sha1_base64="ruk9dZvu2KLrPxQjhnRBkYiGxKI=">AAACAHicbZBPS8MwGMbT+W/Of1UPHrwEhzAPjlYEvQhDLx4n2G2w1ZJm6RaWJjVJhVF68at48aCIVz+GN7+N2daDTh8I/Hje9+XN+4QJo0o7zpdVWlhcWl4pr1bW1jc2t+ztnZYSqcTEw4IJ2QmRIoxy4mmqGekkkqA4ZKQdjq4m9fYDkYoKfqvHCfFjNOA0ohhpYwX23n2QeTX3KL/LejKGoVCC5xfHbmBXnbozFfwLbgFVUKgZ2J+9vsBpTLjGDCnVdZ1E+xmSmmJG8kovVSRBeIQGpGuQo5goP5sekMND4/RhJKR5XMOp+3MiQ7FS4zg0nTHSQzVfm5j/1bqpjs79jPIk1YTj2aIoZVALOEkD9qkkWLOxAYQlNX+FeIgkwtpkVjEhuPMn/4XWSd01fHNabVwWcZTBPjgANeCCM9AA16AJPIBBDp7AC3i1Hq1n6816n7WWrGJmF/yS9fENY7WVnQ==</latexit>

Perhaps no exactly solvable model (a la Kitaev)  
exists for this phase of matter

C ⇠ T
<latexit sha1_base64="iYt1QO6kQ/SRGzkQMvbS/rL1xAc=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy2I3LCr1BO5RMmmlDcxmTjFCGvoQbF4q49XXc+Tam7Sy09YfAx3/OIef8UcKZsb7/7RU2Nre2d4q7pb39g8Oj8vFJ26hUE9oiiivdjbChnEnassxy2k00xSLitBNN6vN654lqw5Rs2mlCQ4FHksWMYOusbh31DROoOShX/Kq/EFqHIIcK5GoMyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOdQYkFNmC32naEL5wxRrLR70qKF+3siw8KYqYhcp8B2bFZrc/O/Wi+18W2YMZmklkqy/ChOObIKzY9HQ6YpsXzqABPN3K6IjLHGxLqISi6EYPXkdWhfVQPHD9eV2l0eRxHO4BwuIYAbqME9NKAFBDg8wyu8eY/ei/fufSxbC14+cwp/5H3+AP9Pj0Y=</latexit><latexit sha1_base64="iYt1QO6kQ/SRGzkQMvbS/rL1xAc=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy2I3LCr1BO5RMmmlDcxmTjFCGvoQbF4q49XXc+Tam7Sy09YfAx3/OIef8UcKZsb7/7RU2Nre2d4q7pb39g8Oj8vFJ26hUE9oiiivdjbChnEnassxy2k00xSLitBNN6vN654lqw5Rs2mlCQ4FHksWMYOusbh31DROoOShX/Kq/EFqHIIcK5GoMyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOdQYkFNmC32naEL5wxRrLR70qKF+3siw8KYqYhcp8B2bFZrc/O/Wi+18W2YMZmklkqy/ChOObIKzY9HQ6YpsXzqABPN3K6IjLHGxLqISi6EYPXkdWhfVQPHD9eV2l0eRxHO4BwuIYAbqME9NKAFBDg8wyu8eY/ei/fufSxbC14+cwp/5H3+AP9Pj0Y=</latexit><latexit sha1_base64="iYt1QO6kQ/SRGzkQMvbS/rL1xAc=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy2I3LCr1BO5RMmmlDcxmTjFCGvoQbF4q49XXc+Tam7Sy09YfAx3/OIef8UcKZsb7/7RU2Nre2d4q7pb39g8Oj8vFJ26hUE9oiiivdjbChnEnassxy2k00xSLitBNN6vN654lqw5Rs2mlCQ4FHksWMYOusbh31DROoOShX/Kq/EFqHIIcK5GoMyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOdQYkFNmC32naEL5wxRrLR70qKF+3siw8KYqYhcp8B2bFZrc/O/Wi+18W2YMZmklkqy/ChOObIKzY9HQ6YpsXzqABPN3K6IjLHGxLqISi6EYPXkdWhfVQPHD9eV2l0eRxHO4BwuIYAbqME9NKAFBDg8wyu8eY/ei/fufSxbC14+cwp/5H3+AP9Pj0Y=</latexit><latexit sha1_base64="iYt1QO6kQ/SRGzkQMvbS/rL1xAc=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy2I3LCr1BO5RMmmlDcxmTjFCGvoQbF4q49XXc+Tam7Sy09YfAx3/OIef8UcKZsb7/7RU2Nre2d4q7pb39g8Oj8vFJ26hUE9oiiivdjbChnEnassxy2k00xSLitBNN6vN654lqw5Rs2mlCQ4FHksWMYOusbh31DROoOShX/Kq/EFqHIIcK5GoMyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOdQYkFNmC32naEL5wxRrLR70qKF+3siw8KYqYhcp8B2bFZrc/O/Wi+18W2YMZmklkqy/ChOObIKzY9HQ6YpsXzqABPN3K6IjLHGxLqISi6EYPXkdWhfVQPHD9eV2l0eRxHO4BwuIYAbqME9NKAFBDg8wyu8eY/ei/fufSxbC14+cwp/5H3+AP9Pj0Y=</latexit>

C ⇠ T 2/3
<latexit sha1_base64="YlzhV3k+3jzqHZJGCV085/FrNbk=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV3WmCrosduOyQm/QTksmzbShSWZIMkoZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyBzFn2rjut7O2vrG5tZ3bye/u7R8cFo6OmzpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F4+qs3nqkSrNI1s0kpr7AQ8lCRrCxVq+KupoJVO+l5curab9QdEvuXGgVvAyKkKnWL3x1BxFJBJWGcKx1x3Nj46dYGUY4nea7iaYxJmM8pB2LEguq/XR+9RSdW2eAwkjZJw2au78nUiy0nojAdgpsRnq5NjP/q3USE976KZNxYqgki0VhwpGJ0CwCNGCKEsMnFjBRzN6KyAgrTIwNKm9D8Ja/vArNcsmz/HBdrNxlceTgFM7gAjy4gQrcQw0aQEDBM7zCm/PkvDjvzseidc3JZk7gj5zPH9fOkWw=</latexit><latexit sha1_base64="YlzhV3k+3jzqHZJGCV085/FrNbk=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV3WmCrosduOyQm/QTksmzbShSWZIMkoZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyBzFn2rjut7O2vrG5tZ3bye/u7R8cFo6OmzpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F4+qs3nqkSrNI1s0kpr7AQ8lCRrCxVq+KupoJVO+l5curab9QdEvuXGgVvAyKkKnWL3x1BxFJBJWGcKx1x3Nj46dYGUY4nea7iaYxJmM8pB2LEguq/XR+9RSdW2eAwkjZJw2au78nUiy0nojAdgpsRnq5NjP/q3USE976KZNxYqgki0VhwpGJ0CwCNGCKEsMnFjBRzN6KyAgrTIwNKm9D8Ja/vArNcsmz/HBdrNxlceTgFM7gAjy4gQrcQw0aQEDBM7zCm/PkvDjvzseidc3JZk7gj5zPH9fOkWw=</latexit><latexit sha1_base64="YlzhV3k+3jzqHZJGCV085/FrNbk=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV3WmCrosduOyQm/QTksmzbShSWZIMkoZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyBzFn2rjut7O2vrG5tZ3bye/u7R8cFo6OmzpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F4+qs3nqkSrNI1s0kpr7AQ8lCRrCxVq+KupoJVO+l5curab9QdEvuXGgVvAyKkKnWL3x1BxFJBJWGcKx1x3Nj46dYGUY4nea7iaYxJmM8pB2LEguq/XR+9RSdW2eAwkjZJw2au78nUiy0nojAdgpsRnq5NjP/q3USE976KZNxYqgki0VhwpGJ0CwCNGCKEsMnFjBRzN6KyAgrTIwNKm9D8Ja/vArNcsmz/HBdrNxlceTgFM7gAjy4gQrcQw0aQEDBM7zCm/PkvDjvzseidc3JZk7gj5zPH9fOkWw=</latexit><latexit sha1_base64="YlzhV3k+3jzqHZJGCV085/FrNbk=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV3WmCrosduOyQm/QTksmzbShSWZIMkoZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyBzFn2rjut7O2vrG5tZ3bye/u7R8cFo6OmzpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F4+qs3nqkSrNI1s0kpr7AQ8lCRrCxVq+KupoJVO+l5curab9QdEvuXGgVvAyKkKnWL3x1BxFJBJWGcKx1x3Nj46dYGUY4nea7iaYxJmM8pB2LEguq/XR+9RSdW2eAwkjZJw2au78nUiy0nojAdgpsRnq5NjP/q3USE976KZNxYqgki0VhwpGJ0CwCNGCKEsMnFjBRzN6KyAgrTIwNKm9D8Ja/vArNcsmz/HBdrNxlceTgFM7gAjy4gQrcQw0aQEDBM7zCm/PkvDjvzseidc3JZk7gj5zPH9fOkWw=</latexit>

“Non-Fermi liquid”:

Spinon fermi surface

Landau Fermi liquid

Motrunich, Phys. Rev. B 72, 045105 (2005)



Where could it be?

Triangular lattice Hubbard model at half-filling

Electron

Fermion

bosonc†�r = f†
�rb

†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

Electron

Fermion

Boson

t � U
<latexit sha1_base64="KRPWkoZwZ+XXsX69D/kXSs0B/u4=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7SZdu8mG3YlQSv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCTwqDrfjultfWNza3ydmVnd2//oHp41DIq14z7TEmlOyE1XIqU+yhQ8k6mOU1Cydvh6HZWbz9xbYRKH3Cc8SChcSoiwShaq4W9OCZ+v1pz6+5cZBW8AmpQqNmvfvUGiuUJT5FJakzXczMMJlSjYJJPK73c8IyyEY1512JKE26CyXzbKTmzzoBEStuXIpm7vycmNDFmnIS2M6E4NMu1mflfrZtjdB1MRJrlyFO2+CjKJUFFZqeTgdCcoRxboEwLuythQ6opQxtQxYbgLZ+8Cq2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJvjA4BGe4RXeHOW8OO/Ox6K15BQzx/BHzucPE8KOyQ==</latexit><latexit sha1_base64="KRPWkoZwZ+XXsX69D/kXSs0B/u4=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7SZdu8mG3YlQSv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCTwqDrfjultfWNza3ydmVnd2//oHp41DIq14z7TEmlOyE1XIqU+yhQ8k6mOU1Cydvh6HZWbz9xbYRKH3Cc8SChcSoiwShaq4W9OCZ+v1pz6+5cZBW8AmpQqNmvfvUGiuUJT5FJakzXczMMJlSjYJJPK73c8IyyEY1512JKE26CyXzbKTmzzoBEStuXIpm7vycmNDFmnIS2M6E4NMu1mflfrZtjdB1MRJrlyFO2+CjKJUFFZqeTgdCcoRxboEwLuythQ6opQxtQxYbgLZ+8Cq2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJvjA4BGe4RXeHOW8OO/Ox6K15BQzx/BHzucPE8KOyQ==</latexit><latexit sha1_base64="KRPWkoZwZ+XXsX69D/kXSs0B/u4=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7SZdu8mG3YlQSv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCTwqDrfjultfWNza3ydmVnd2//oHp41DIq14z7TEmlOyE1XIqU+yhQ8k6mOU1Cydvh6HZWbz9xbYRKH3Cc8SChcSoiwShaq4W9OCZ+v1pz6+5cZBW8AmpQqNmvfvUGiuUJT5FJakzXczMMJlSjYJJPK73c8IyyEY1512JKE26CyXzbKTmzzoBEStuXIpm7vycmNDFmnIS2M6E4NMu1mflfrZtjdB1MRJrlyFO2+CjKJUFFZqeTgdCcoRxboEwLuythQ6opQxtQxYbgLZ+8Cq2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJvjA4BGe4RXeHOW8OO/Ox6K15BQzx/BHzucPE8KOyQ==</latexit><latexit sha1_base64="KRPWkoZwZ+XXsX69D/kXSs0B/u4=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7SZdu8mG3YlQSv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCTwqDrfjultfWNza3ydmVnd2//oHp41DIq14z7TEmlOyE1XIqU+yhQ8k6mOU1Cydvh6HZWbz9xbYRKH3Cc8SChcSoiwShaq4W9OCZ+v1pz6+5cZBW8AmpQqNmvfvUGiuUJT5FJakzXczMMJlSjYJJPK73c8IyyEY1512JKE26CyXzbKTmzzoBEStuXIpm7vycmNDFmnIS2M6E4NMu1mflfrZtjdB1MRJrlyFO2+CjKJUFFZqeTgdCcoRxboEwLuythQ6opQxtQxYbgLZ+8Cq2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJvjA4BGe4RXeHOW8OO/Ox6K15BQzx/BHzucPE8KOyQ==</latexit>

t ⌧ U
<latexit sha1_base64="+CnVWicgL3v1JfO3NlKSwOoCNyw=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdu8mG3YlQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DIq04z7TEmlOyE1XIqE+yhQ8k6qOY1Dydvh+HZWbz9xbYRKHnCS8iCmw0REglG0Vgt7UhK/X625dXcusgpeATUo1OxXv3oDxbKYJ8gkNabruSkGOdUomOTTSi8zPKVsTIe8azGhMTdBPt92Ss6sMyCR0vYlSObu74mcxsZM4tB2xhRHZrk2M/+rdTOMroNcJGmGPGGLj6JMElRkdjoZCM0ZyokFyrSwuxI2opoytAFVbAje8smr0Lqoe5bvL2uNmyKOMpzAKZyDB1fQgDtogg8MHuEZXuHNUc6L8+58LFpLTjFzDH/kfP4AIwOO0w==</latexit><latexit sha1_base64="+CnVWicgL3v1JfO3NlKSwOoCNyw=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdu8mG3YlQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DIq04z7TEmlOyE1XIqE+yhQ8k6qOY1Dydvh+HZWbz9xbYRKHnCS8iCmw0REglG0Vgt7UhK/X625dXcusgpeATUo1OxXv3oDxbKYJ8gkNabruSkGOdUomOTTSi8zPKVsTIe8azGhMTdBPt92Ss6sMyCR0vYlSObu74mcxsZM4tB2xhRHZrk2M/+rdTOMroNcJGmGPGGLj6JMElRkdjoZCM0ZyokFyrSwuxI2opoytAFVbAje8smr0Lqoe5bvL2uNmyKOMpzAKZyDB1fQgDtogg8MHuEZXuHNUc6L8+58LFpLTjFzDH/kfP4AIwOO0w==</latexit><latexit sha1_base64="+CnVWicgL3v1JfO3NlKSwOoCNyw=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdu8mG3YlQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DIq04z7TEmlOyE1XIqE+yhQ8k6qOY1Dydvh+HZWbz9xbYRKHnCS8iCmw0REglG0Vgt7UhK/X625dXcusgpeATUo1OxXv3oDxbKYJ8gkNabruSkGOdUomOTTSi8zPKVsTIe8azGhMTdBPt92Ss6sMyCR0vYlSObu74mcxsZM4tB2xhRHZrk2M/+rdTOMroNcJGmGPGGLj6JMElRkdjoZCM0ZyokFyrSwuxI2opoytAFVbAje8smr0Lqoe5bvL2uNmyKOMpzAKZyDB1fQgDtogg8MHuEZXuHNUc6L8+58LFpLTjFzDH/kfP4AIwOO0w==</latexit><latexit sha1_base64="+CnVWicgL3v1JfO3NlKSwOoCNyw=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdu8mG3YlQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DIq04z7TEmlOyE1XIqE+yhQ8k6qOY1Dydvh+HZWbz9xbYRKHnCS8iCmw0REglG0Vgt7UhK/X625dXcusgpeATUo1OxXv3oDxbKYJ8gkNabruSkGOdUomOTTSi8zPKVsTIe8azGhMTdBPt92Ss6sMyCR0vYlSObu74mcxsZM4tB2xhRHZrk2M/+rdTOMroNcJGmGPGGLj6JMElRkdjoZCM0ZyokFyrSwuxI2opoytAFVbAje8smr0Lqoe5bvL2uNmyKOMpzAKZyDB1fQgDtogg8MHuEZXuHNUc6L8+58LFpLTjFzDH/kfP4AIwOO0w==</latexit>

Metal 120 AFM

t ⇠ U
<latexit sha1_base64="w2t8IMzsEW8uJxrq1bS3fM2J3v8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdupvE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VLE3EeBkndSzakKJW+H49tZvf3EtRFJ/ICTlAeKDmMRCUbRWh0kPSMU8fvVmlt35yKr4BVQg0LNfvWrN0hYpniMTFJjup6bYpBTjYJJPq30MsNTysZ0yLsWY6q4CfL5vlNyZp0BiRJtX4xk7v6eyKkyZqJC26kojsxybWb+V+tmGF0HuYjTDHnMFh9FmSSYkNnxZCA0ZygnFijTwu5K2IhqytBGVLEheMsnr0Lrou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAk+MJDwDK/w5jw6L86787FoLTnFzDH8kfP5A0x9j3g=</latexit><latexit sha1_base64="w2t8IMzsEW8uJxrq1bS3fM2J3v8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdupvE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VLE3EeBkndSzakKJW+H49tZvf3EtRFJ/ICTlAeKDmMRCUbRWh0kPSMU8fvVmlt35yKr4BVQg0LNfvWrN0hYpniMTFJjup6bYpBTjYJJPq30MsNTysZ0yLsWY6q4CfL5vlNyZp0BiRJtX4xk7v6eyKkyZqJC26kojsxybWb+V+tmGF0HuYjTDHnMFh9FmSSYkNnxZCA0ZygnFijTwu5K2IhqytBGVLEheMsnr0Lrou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAk+MJDwDK/w5jw6L86787FoLTnFzDH8kfP5A0x9j3g=</latexit><latexit sha1_base64="w2t8IMzsEW8uJxrq1bS3fM2J3v8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdupvE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VLE3EeBkndSzakKJW+H49tZvf3EtRFJ/ICTlAeKDmMRCUbRWh0kPSMU8fvVmlt35yKr4BVQg0LNfvWrN0hYpniMTFJjup6bYpBTjYJJPq30MsNTysZ0yLsWY6q4CfL5vlNyZp0BiRJtX4xk7v6eyKkyZqJC26kojsxybWb+V+tmGF0HuYjTDHnMFh9FmSSYkNnxZCA0ZygnFijTwu5K2IhqytBGVLEheMsnr0Lrou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAk+MJDwDK/w5jw6L86787FoLTnFzDH8kfP5A0x9j3g=</latexit><latexit sha1_base64="w2t8IMzsEW8uJxrq1bS3fM2J3v8=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdupvE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VLE3EeBkndSzakKJW+H49tZvf3EtRFJ/ICTlAeKDmMRCUbRWh0kPSMU8fvVmlt35yKr4BVQg0LNfvWrN0hYpniMTFJjup6bYpBTjYJJPq30MsNTysZ0yLsWY6q4CfL5vlNyZp0BiRJtX4xk7v6eyKkyZqJC26kojsxybWb+V+tmGF0HuYjTDHnMFh9FmSSYkNnxZCA0ZygnFijTwu5K2IhqytBGVLEheMsnr0Lrou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAk+MJDwDK/w5jw6L86787FoLTnFzDH8kfP5A0x9j3g=</latexit>

Spinon fermi  
surface?

Gia-Wei Chern et al. PRB 97, 035120 (2018)

Spin wave  
theory

Motrunich, PRB 72, 045105 (2005)

SS. Lee and PA. Lee, PRL 95, 036403 (2005)



Where could it be?

Triangular lattice organic materials

Electron

Fermion

bosonc†�r = f†
�rb

†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

Electron

Fermion

Boson

d-mit � ET
<latexit sha1_base64="r7HRuULeIdDjNxUZhvBuYfB/jfs=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4MYyI4IuiyK4rNAbdIZyJk3b0GQmJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+SPJmTae9+0U1tY3NreK26Wd3b39sntw2NJJqghtkoQnqhOBppzFtGmY4bQjFQURcdqOxrezevuRKs2SuGEmkoYChjEbMALGWj23HIxBSjjPAiXwXWPacyte1ZsLr4KfQwXlqvfcr6CfkFTQ2BAOWnd9T5owA2UY4XRaClJNJZAxDGnXYgyC6jCbHz7Fp9bp40Gi7IsNnru/JzIQWk9EZDsFmJFers3M/2rd1Ayuw4zFMjU0JotFg5Rjk+BZCrjPFCWGTywAUczeiskIFBBjsyrZEPzlL69C66LqW364rNRu8jiK6BidoDPkoytUQ/eojpqIoBQ9o1f05jw5L86787FoLTj5zBH6I+fzBy6gksM=</latexit><latexit sha1_base64="r7HRuULeIdDjNxUZhvBuYfB/jfs=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4MYyI4IuiyK4rNAbdIZyJk3b0GQmJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+SPJmTae9+0U1tY3NreK26Wd3b39sntw2NJJqghtkoQnqhOBppzFtGmY4bQjFQURcdqOxrezevuRKs2SuGEmkoYChjEbMALGWj23HIxBSjjPAiXwXWPacyte1ZsLr4KfQwXlqvfcr6CfkFTQ2BAOWnd9T5owA2UY4XRaClJNJZAxDGnXYgyC6jCbHz7Fp9bp40Gi7IsNnru/JzIQWk9EZDsFmJFers3M/2rd1Ayuw4zFMjU0JotFg5Rjk+BZCrjPFCWGTywAUczeiskIFBBjsyrZEPzlL69C66LqW364rNRu8jiK6BidoDPkoytUQ/eojpqIoBQ9o1f05jw5L86787FoLTj5zBH6I+fzBy6gksM=</latexit><latexit sha1_base64="r7HRuULeIdDjNxUZhvBuYfB/jfs=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4MYyI4IuiyK4rNAbdIZyJk3b0GQmJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+SPJmTae9+0U1tY3NreK26Wd3b39sntw2NJJqghtkoQnqhOBppzFtGmY4bQjFQURcdqOxrezevuRKs2SuGEmkoYChjEbMALGWj23HIxBSjjPAiXwXWPacyte1ZsLr4KfQwXlqvfcr6CfkFTQ2BAOWnd9T5owA2UY4XRaClJNJZAxDGnXYgyC6jCbHz7Fp9bp40Gi7IsNnru/JzIQWk9EZDsFmJFers3M/2rd1Ayuw4zFMjU0JotFg5Rjk+BZCrjPFCWGTywAUczeiskIFBBjsyrZEPzlL69C66LqW364rNRu8jiK6BidoDPkoytUQ/eojpqIoBQ9o1f05jw5L86787FoLTj5zBH6I+fzBy6gksM=</latexit><latexit sha1_base64="r7HRuULeIdDjNxUZhvBuYfB/jfs=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4MYyI4IuiyK4rNAbdIZyJk3b0GQmJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+SPJmTae9+0U1tY3NreK26Wd3b39sntw2NJJqghtkoQnqhOBppzFtGmY4bQjFQURcdqOxrezevuRKs2SuGEmkoYChjEbMALGWj23HIxBSjjPAiXwXWPacyte1ZsLr4KfQwXlqvfcr6CfkFTQ2BAOWnd9T5owA2UY4XRaClJNJZAxDGnXYgyC6jCbHz7Fp9bp40Gi7IsNnru/JzIQWk9EZDsFmJFers3M/2rd1Ayuw4zFMjU0JotFg5Rjk+BZCrjPFCWGTywAUczeiskIFBBjsyrZEPzlL69C66LqW364rNRu8jiK6BidoDPkoytUQ/eojpqIoBQ9o1f05jw5L86787FoLTj5zBH6I+fzBy6gksM=</latexit>

d-mit conducts heat like a metal in spite of being 
an electrical insulator



Low energy effective theory

Electron

Fermion

bosonc†�r = f†
�rb

†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

Electron

Fermion

Boson

U(1) gauge theory:

carries physical charge

anything gauge invariant 
and allowed by symmetry

Integrate out bosons

Internal fields want to “track” probe physical fields 

L = Lf (p� a) +
✏

2
(e� E)2 � 1

2µ
(b�B)2 + · · ·

<latexit sha1_base64="j1PkgWTAhwc7exEIOBwiVg9e/Ww="></latexit><latexit sha1_base64="j1PkgWTAhwc7exEIOBwiVg9e/Ww="></latexit><latexit sha1_base64="j1PkgWTAhwc7exEIOBwiVg9e/Ww="></latexit><latexit sha1_base64="j1PkgWTAhwc7exEIOBwiVg9e/Ww="></latexit>

L = Lf (p� a) + Lb(p+ a�A) + · · ·
<latexit sha1_base64="xxBifulcdcG+zWeQeM9ans9fVJ0=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAIldKSiKAIQtWNCxcV7AXaEE6mk3bo5MLMRCih7+LGV3HjQiluXPguTtosausPAx//OYc553cjRoU0zW8tt7K6tr6R3yxsbe/s7un7B00RxhyTBg5ZyNsuCMJoQBqSSkbaESfgu4y03OFdWm89Ey5oGDzJUURsH/oB9SgGqSxHv+r6IAcYWPIwvp5jxytFFTgtz1tuKSpD5UaZuBdK4ehFs2pOZSyDlUERZao7+qTbC3Hsk0BiBkJ0LDOSdgJcUszIuNCNBYkAD6FPOgoD8Imwk+mNY+NEOT3DC7l6gTSm7vxEAr4QI99VnenKYrGWmv/VOrH0Lu2EBlEsSYBnH3kxM2RopIEZPcoJlmykADCnalcDD4ADlirWggrBWjx5GZpnVUvx43mxdpvFkUdH6BiVkIUuUA3dozpqIIxe0Bv6QJ/aq/auTbSvWWtOy2YO0R9pP79C/qP5</latexit><latexit sha1_base64="xxBifulcdcG+zWeQeM9ans9fVJ0=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAIldKSiKAIQtWNCxcV7AXaEE6mk3bo5MLMRCih7+LGV3HjQiluXPguTtosausPAx//OYc553cjRoU0zW8tt7K6tr6R3yxsbe/s7un7B00RxhyTBg5ZyNsuCMJoQBqSSkbaESfgu4y03OFdWm89Ey5oGDzJUURsH/oB9SgGqSxHv+r6IAcYWPIwvp5jxytFFTgtz1tuKSpD5UaZuBdK4ehFs2pOZSyDlUERZao7+qTbC3Hsk0BiBkJ0LDOSdgJcUszIuNCNBYkAD6FPOgoD8Imwk+mNY+NEOT3DC7l6gTSm7vxEAr4QI99VnenKYrGWmv/VOrH0Lu2EBlEsSYBnH3kxM2RopIEZPcoJlmykADCnalcDD4ADlirWggrBWjx5GZpnVUvx43mxdpvFkUdH6BiVkIUuUA3dozpqIIxe0Bv6QJ/aq/auTbSvWWtOy2YO0R9pP79C/qP5</latexit><latexit sha1_base64="xxBifulcdcG+zWeQeM9ans9fVJ0=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAIldKSiKAIQtWNCxcV7AXaEE6mk3bo5MLMRCih7+LGV3HjQiluXPguTtosausPAx//OYc553cjRoU0zW8tt7K6tr6R3yxsbe/s7un7B00RxhyTBg5ZyNsuCMJoQBqSSkbaESfgu4y03OFdWm89Ey5oGDzJUURsH/oB9SgGqSxHv+r6IAcYWPIwvp5jxytFFTgtz1tuKSpD5UaZuBdK4ehFs2pOZSyDlUERZao7+qTbC3Hsk0BiBkJ0LDOSdgJcUszIuNCNBYkAD6FPOgoD8Imwk+mNY+NEOT3DC7l6gTSm7vxEAr4QI99VnenKYrGWmv/VOrH0Lu2EBlEsSYBnH3kxM2RopIEZPcoJlmykADCnalcDD4ADlirWggrBWjx5GZpnVUvx43mxdpvFkUdH6BiVkIUuUA3dozpqIIxe0Bv6QJ/aq/auTbSvWWtOy2YO0R9pP79C/qP5</latexit><latexit sha1_base64="xxBifulcdcG+zWeQeM9ans9fVJ0=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAIldKSiKAIQtWNCxcV7AXaEE6mk3bo5MLMRCih7+LGV3HjQiluXPguTtosausPAx//OYc553cjRoU0zW8tt7K6tr6R3yxsbe/s7un7B00RxhyTBg5ZyNsuCMJoQBqSSkbaESfgu4y03OFdWm89Ey5oGDzJUURsH/oB9SgGqSxHv+r6IAcYWPIwvp5jxytFFTgtz1tuKSpD5UaZuBdK4ehFs2pOZSyDlUERZao7+qTbC3Hsk0BiBkJ0LDOSdgJcUszIuNCNBYkAD6FPOgoD8Imwk+mNY+NEOT3DC7l6gTSm7vxEAr4QI99VnenKYrGWmv/VOrH0Lu2EBlEsSYBnH3kxM2RopIEZPcoJlmykADCnalcDD4ADlirWggrBWjx5GZpnVUvx43mxdpvFkUdH6BiVkIUuUA3dozpqIIxe0Bv6QJ/aq/auTbSvWWtOy2YO0R9pP79C/qP5</latexit>



Spinons in magnetic fields

Electron

Fermion

Boson
U(1) gauge theory:

H = Hf (p� a) +
✏

2
(e� E)2 +

1

2µ
(b�B)2 + · · ·

<latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="ERyHvC6Eq4rm1IPr4+y6ghFNRKo="></latexit><latexit sha1_base64="ERyHvC6Eq4rm1IPr4+y6ghFNRKo="></latexit><latexit sha1_base64="E3WpQKouYxgI4xe1waiuwVU3crU="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="ERyHvC6Eq4rm1IPr4+y6ghFNRKo="></latexit><latexit sha1_base64="ERyHvC6Eq4rm1IPr4+y6ghFNRKo="></latexit><latexit sha1_base64="E3WpQKouYxgI4xe1waiuwVU3crU="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit><latexit sha1_base64="ZOfWECd6qvGnQ3oSm1Vjcipsz/M="></latexit>

c†�r = f†
�rb

†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

E ⇡ Ef (b) +
(b�B)2

2µ
<latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit><latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit><latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit><latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit>

Ef (b) ⇡
�f

2
b2

<latexit sha1_base64="X9n/x5BtVsD6HfVu2b5MccY6A4k=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9Ai1E2ZKYIuiyK4rGAv0KlDJs20oZlkSDJiGWbvxldx40IRt76AO9/GtJ2Ftv4Q+PjPOZycP4gZVdpxvq3Cyura+kZxs7S1vbO7Z+8ftJVIJCYtLJiQ3QApwignLU01I91YEhQFjHSC8eW03rknUlHBb/UkJv0IDTkNKUbaWL5dvvLDanDioTiW4gF6oUQ49fCI+mGW1jMY3NV9u+LUnJngMrg5VECupm9/eQOBk4hwjRlSquc6se6nSGqKGclKXqJIjPAYDUnPIEcRUf10dksGj40zgKGQ5nENZ+7viRRFSk2iwHRGSI/UYm1q/lfrJTo876eUx4kmHM8XhQmDWsBpMHBAJcGaTQwgLKn5K8QjZOLQJr6SCcFdPHkZ2vWaa/jmtNK4yOMogiNQBlXggjPQANegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgj6zPH+prmlM=</latexit><latexit sha1_base64="X9n/x5BtVsD6HfVu2b5MccY6A4k=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9Ai1E2ZKYIuiyK4rGAv0KlDJs20oZlkSDJiGWbvxldx40IRt76AO9/GtJ2Ftv4Q+PjPOZycP4gZVdpxvq3Cyura+kZxs7S1vbO7Z+8ftJVIJCYtLJiQ3QApwignLU01I91YEhQFjHSC8eW03rknUlHBb/UkJv0IDTkNKUbaWL5dvvLDanDioTiW4gF6oUQ49fCI+mGW1jMY3NV9u+LUnJngMrg5VECupm9/eQOBk4hwjRlSquc6se6nSGqKGclKXqJIjPAYDUnPIEcRUf10dksGj40zgKGQ5nENZ+7viRRFSk2iwHRGSI/UYm1q/lfrJTo876eUx4kmHM8XhQmDWsBpMHBAJcGaTQwgLKn5K8QjZOLQJr6SCcFdPHkZ2vWaa/jmtNK4yOMogiNQBlXggjPQANegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgj6zPH+prmlM=</latexit><latexit sha1_base64="X9n/x5BtVsD6HfVu2b5MccY6A4k=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9Ai1E2ZKYIuiyK4rGAv0KlDJs20oZlkSDJiGWbvxldx40IRt76AO9/GtJ2Ftv4Q+PjPOZycP4gZVdpxvq3Cyura+kZxs7S1vbO7Z+8ftJVIJCYtLJiQ3QApwignLU01I91YEhQFjHSC8eW03rknUlHBb/UkJv0IDTkNKUbaWL5dvvLDanDioTiW4gF6oUQ49fCI+mGW1jMY3NV9u+LUnJngMrg5VECupm9/eQOBk4hwjRlSquc6se6nSGqKGclKXqJIjPAYDUnPIEcRUf10dksGj40zgKGQ5nENZ+7viRRFSk2iwHRGSI/UYm1q/lfrJTo876eUx4kmHM8XhQmDWsBpMHBAJcGaTQwgLKn5K8QjZOLQJr6SCcFdPHkZ2vWaa/jmtNK4yOMogiNQBlXggjPQANegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgj6zPH+prmlM=</latexit><latexit sha1_base64="X9n/x5BtVsD6HfVu2b5MccY6A4k=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9Ai1E2ZKYIuiyK4rGAv0KlDJs20oZlkSDJiGWbvxldx40IRt76AO9/GtJ2Ftv4Q+PjPOZycP4gZVdpxvq3Cyura+kZxs7S1vbO7Z+8ftJVIJCYtLJiQ3QApwignLU01I91YEhQFjHSC8eW03rknUlHBb/UkJv0IDTkNKUbaWL5dvvLDanDioTiW4gF6oUQ49fCI+mGW1jMY3NV9u+LUnJngMrg5VECupm9/eQOBk4hwjRlSquc6se6nSGqKGclKXqJIjPAYDUnPIEcRUf10dksGj40zgKGQ5nENZ+7viRRFSk2iwHRGSI/UYm1q/lfrJTo876eUx4kmHM8XhQmDWsBpMHBAJcGaTQwgLKn5K8QjZOLQJr6SCcFdPHkZ2vWaa/jmtNK4yOMogiNQBlXggjPQANegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgj6zPH+prmlM=</latexit>

T � !f =
b

mf
<latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="bus8+KDbyV7ZyUwSly8uiEmdwJc=">AAAB+3icbZBLSwMxFIXv1FetVatbEYJFcFVm3OhGENy4rNAXdIYhk2amoUlmSDJCGWblxr/ixoUi/g93/hvTx0JbDwQ+zkm4uSfKONPGdb+dysbm1vZOdbe2V98/OGwc1Xs6zRWhXZLyVA0irClnknYNM5wOMkWxiDjtR5O7Wd5/pEqzVHbMNKOBwIlkMSPYWCtsnHb8JEF+KmiCwxjdID9WmBRRWYgwLsNG0225c6F18JbQhKXaYePLH6UkF1QawrHWQ8/NTFBgZRjhtKz5uaYZJhOc0KFFiQXVQTFfo0Tn1hmhOFX2SIPm7u8XBRZaT0Vkbwpsxno1m5n/ZcPcxNdBwWSWGyrJYlCcc2RSNOsEjZiixPCpBUwUs39FZIxtD8Y2V7MleKsrr0PvsuVZfnChCidwBhfgwRXcwj20oQsEnuAF3uDdeXZenY9FXRVn2dsx/JHz+QMD/Zcd</latexit><latexit sha1_base64="bus8+KDbyV7ZyUwSly8uiEmdwJc=">AAAB+3icbZBLSwMxFIXv1FetVatbEYJFcFVm3OhGENy4rNAXdIYhk2amoUlmSDJCGWblxr/ixoUi/g93/hvTx0JbDwQ+zkm4uSfKONPGdb+dysbm1vZOdbe2V98/OGwc1Xs6zRWhXZLyVA0irClnknYNM5wOMkWxiDjtR5O7Wd5/pEqzVHbMNKOBwIlkMSPYWCtsnHb8JEF+KmiCwxjdID9WmBRRWYgwLsNG0225c6F18JbQhKXaYePLH6UkF1QawrHWQ8/NTFBgZRjhtKz5uaYZJhOc0KFFiQXVQTFfo0Tn1hmhOFX2SIPm7u8XBRZaT0Vkbwpsxno1m5n/ZcPcxNdBwWSWGyrJYlCcc2RSNOsEjZiixPCpBUwUs39FZIxtD8Y2V7MleKsrr0PvsuVZfnChCidwBhfgwRXcwj20oQsEnuAF3uDdeXZenY9FXRVn2dsx/JHz+QMD/Zcd</latexit><latexit sha1_base64="9fCjE3ElqIIeW86Ml5J99E1pu9I=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyVxoxuh6MZlhd6gCWEynaRD5xJmJkIJXbnxVdy4UMStz+DOt3HaZqGtPwx8/Occzpw/zhjVxvO+nZXVtfWNzcpWdXtnd2/fPTjsaJkrTNpYMql6MdKEUUHahhpGepkiiMeMdOPR7bTefSBKUylaZpyRkKNU0IRiZKwVuSetIE1hIDlJUZTAaxgkCuEinhQ8SiaRW/Pq3kxwGfwSaqBUM3K/goHEOSfCYIa07vteZsICKUMxI5NqkGuSITxCKelbFIgTHRazMybwzDoDmEhlnzBw5v6eKBDXesxj28mRGerF2tT8r9bPTXIVFlRkuSECzxclOYNGwmkmcEAVwYaNLSCsqP0rxENkczA2uaoNwV88eRk6F3Xf8r1Xa9yUcVTAMTgF58AHl6AB7kATtAEGj+AZvII358l5cd6dj3nrilPOHIE/cj5/AJFFmIo=</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit><latexit sha1_base64="O7lflVJ7lEMG2ZJV0l5gb2W43LE=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k6dCYTZiZCCVm58VXcuFDErc/gzrdx2mahrT8MfPznHM6cP0wZVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdJXIJCYdLJiQ/RApwmhCOppqRvqpJIiHjPTC8e203nsgUlGRtPUkJT5HcUIjipE2VmAft704hp7gJEZBBK+hF0mE87DIeRAVgV13Gs5McBncEuqgVCuwv7yhwBknicYMKTVwnVT7OZKaYkaKmpcpkiI8RjEZGEwQJ8rPZ2cU8NQ4QxgJaV6i4cz9PZEjrtSEh6aTIz1Si7Wp+V9tkOnoys9pkmaaJHi+KMoY1AJOM4FDKgnWbGIAYUnNXyEeIZODNsnVTAju4snL0D1vuIbvL+rNmzKOKjgCJ+AMuOASNMEdaIEOwOARPINX8GY9WS/Wu/Uxb61Y5cwh+CPr8weShZiO</latexit>

�f =
g

24⇡mf
<latexit sha1_base64="0k1o2zIx3lve8atcfiLb5kJn5ow=">AAACBHicbZDLSsNAFIZP6q3WW9RlN4NFcFWSUtCNUHTjsoJthSaEyXTSDp1JwsxEKCELN76KGxeKuPUh3Pk2Ti8Lbf1h4OM/53Dm/GHKmdKO822V1tY3NrfK25Wd3b39A/vwqKuSTBLaIQlP5H2IFeUsph3NNKf3qaRYhJz2wvH1tN57oFKxJL7Tk5T6Ag9jFjGCtbECu+qREQuiSy+SmOTDIm80kZcyJIKoCOyaU3dmQqvgLqAGC7UD+8sbJCQTNNaEY6X6rpNqP8dSM8JpUfEyRVNMxnhI+wZjLKjy89kRBTo1zgBFiTQv1mjm/p7IsVBqIkLTKbAeqeXa1Pyv1s90dOHnLE4zTWMyXxRlHOkETRNBAyYp0XxiABPJzF8RGWEThza5VUwI7vLJq9Bt1F3Dt81a62oRRxmqcAJn4MI5tOAG2tABAo/wDK/wZj1ZL9a79TFvLVmLmWP4I+vzB/v2l6c=</latexit><latexit sha1_base64="0k1o2zIx3lve8atcfiLb5kJn5ow=">AAACBHicbZDLSsNAFIZP6q3WW9RlN4NFcFWSUtCNUHTjsoJthSaEyXTSDp1JwsxEKCELN76KGxeKuPUh3Pk2Ti8Lbf1h4OM/53Dm/GHKmdKO822V1tY3NrfK25Wd3b39A/vwqKuSTBLaIQlP5H2IFeUsph3NNKf3qaRYhJz2wvH1tN57oFKxJL7Tk5T6Ag9jFjGCtbECu+qREQuiSy+SmOTDIm80kZcyJIKoCOyaU3dmQqvgLqAGC7UD+8sbJCQTNNaEY6X6rpNqP8dSM8JpUfEyRVNMxnhI+wZjLKjy89kRBTo1zgBFiTQv1mjm/p7IsVBqIkLTKbAeqeXa1Pyv1s90dOHnLE4zTWMyXxRlHOkETRNBAyYp0XxiABPJzF8RGWEThza5VUwI7vLJq9Bt1F3Dt81a62oRRxmqcAJn4MI5tOAG2tABAo/wDK/wZj1ZL9a79TFvLVmLmWP4I+vzB/v2l6c=</latexit><latexit sha1_base64="0k1o2zIx3lve8atcfiLb5kJn5ow=">AAACBHicbZDLSsNAFIZP6q3WW9RlN4NFcFWSUtCNUHTjsoJthSaEyXTSDp1JwsxEKCELN76KGxeKuPUh3Pk2Ti8Lbf1h4OM/53Dm/GHKmdKO822V1tY3NrfK25Wd3b39A/vwqKuSTBLaIQlP5H2IFeUsph3NNKf3qaRYhJz2wvH1tN57oFKxJL7Tk5T6Ag9jFjGCtbECu+qREQuiSy+SmOTDIm80kZcyJIKoCOyaU3dmQqvgLqAGC7UD+8sbJCQTNNaEY6X6rpNqP8dSM8JpUfEyRVNMxnhI+wZjLKjy89kRBTo1zgBFiTQv1mjm/p7IsVBqIkLTKbAeqeXa1Pyv1s90dOHnLE4zTWMyXxRlHOkETRNBAyYp0XxiABPJzF8RGWEThza5VUwI7vLJq9Bt1F3Dt81a62oRRxmqcAJn4MI5tOAG2tABAo/wDK/wZj1ZL9a79TFvLVmLmWP4I+vzB/v2l6c=</latexit><latexit sha1_base64="0k1o2zIx3lve8atcfiLb5kJn5ow=">AAACBHicbZDLSsNAFIZP6q3WW9RlN4NFcFWSUtCNUHTjsoJthSaEyXTSDp1JwsxEKCELN76KGxeKuPUh3Pk2Ti8Lbf1h4OM/53Dm/GHKmdKO822V1tY3NrfK25Wd3b39A/vwqKuSTBLaIQlP5H2IFeUsph3NNKf3qaRYhJz2wvH1tN57oFKxJL7Tk5T6Ag9jFjGCtbECu+qREQuiSy+SmOTDIm80kZcyJIKoCOyaU3dmQqvgLqAGC7UD+8sbJCQTNNaEY6X6rpNqP8dSM8JpUfEyRVNMxnhI+wZjLKjy89kRBTo1zgBFiTQv1mjm/p7IsVBqIkLTKbAeqeXa1Pyv1s90dOHnLE4zTWMyXxRlHOkETRNBAyYp0XxiABPJzF8RGWEThza5VUwI7vLJq9Bt1F3Dt81a62oRRxmqcAJn4MI5tOAG2tABAo/wDK/wZj1ZL9a79TFvLVmLmWP4I+vzB/v2l6c=</latexit>

b ⇡ 1

1 + µ�f
B

<latexit sha1_base64="lhmPPKoYUFkfhgubDcJ9g0OtZbE=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARBKHMiKDLUjcuK9gLdIYhk2ba0CQTkoxYhm7d+CpuXCji1jdw59uYtrPQ1h8CH/85h5Pzx5JRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW6eZwqSFU5aqbow0YVSQlqGGka5UBPGYkU48up7WO/dEaZqKOzOWJORoIGhCMTLWilwYB0hKlT4EiUI49ye5fxbwDAZ4SKNkAhuRW/Vq3kxwGfwCqqBQM3K/gn6KM06EwQxp3fM9acIcKUMxI5NKkGkiER6hAelZFIgTHeazSybwxDp9mKTKPmHgzP09kSOu9ZjHtpMjM9SLtan5X62XmeQqzKmQmSECzxclGYMmhdNYYJ8qgg0bW0BYUftXiIfIRmJseBUbgr948jK0z2u+5duLar1RxFEGR+AYnAIfXII6uAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/5Hz+AOo/mc0=</latexit><latexit sha1_base64="lhmPPKoYUFkfhgubDcJ9g0OtZbE=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARBKHMiKDLUjcuK9gLdIYhk2ba0CQTkoxYhm7d+CpuXCji1jdw59uYtrPQ1h8CH/85h5Pzx5JRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW6eZwqSFU5aqbow0YVSQlqGGka5UBPGYkU48up7WO/dEaZqKOzOWJORoIGhCMTLWilwYB0hKlT4EiUI49ye5fxbwDAZ4SKNkAhuRW/Vq3kxwGfwCqqBQM3K/gn6KM06EwQxp3fM9acIcKUMxI5NKkGkiER6hAelZFIgTHeazSybwxDp9mKTKPmHgzP09kSOu9ZjHtpMjM9SLtan5X62XmeQqzKmQmSECzxclGYMmhdNYYJ8qgg0bW0BYUftXiIfIRmJseBUbgr948jK0z2u+5duLar1RxFEGR+AYnAIfXII6uAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/5Hz+AOo/mc0=</latexit><latexit sha1_base64="lhmPPKoYUFkfhgubDcJ9g0OtZbE=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARBKHMiKDLUjcuK9gLdIYhk2ba0CQTkoxYhm7d+CpuXCji1jdw59uYtrPQ1h8CH/85h5Pzx5JRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW6eZwqSFU5aqbow0YVSQlqGGka5UBPGYkU48up7WO/dEaZqKOzOWJORoIGhCMTLWilwYB0hKlT4EiUI49ye5fxbwDAZ4SKNkAhuRW/Vq3kxwGfwCqqBQM3K/gn6KM06EwQxp3fM9acIcKUMxI5NKkGkiER6hAelZFIgTHeazSybwxDp9mKTKPmHgzP09kSOu9ZjHtpMjM9SLtan5X62XmeQqzKmQmSECzxclGYMmhdNYYJ8qgg0bW0BYUftXiIfIRmJseBUbgr948jK0z2u+5duLar1RxFEGR+AYnAIfXII6uAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/5Hz+AOo/mc0=</latexit><latexit sha1_base64="lhmPPKoYUFkfhgubDcJ9g0OtZbE=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARBKHMiKDLUjcuK9gLdIYhk2ba0CQTkoxYhm7d+CpuXCji1jdw59uYtrPQ1h8CH/85h5Pzx5JRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW6eZwqSFU5aqbow0YVSQlqGGka5UBPGYkU48up7WO/dEaZqKOzOWJORoIGhCMTLWilwYB0hKlT4EiUI49ye5fxbwDAZ4SKNkAhuRW/Vq3kxwGfwCqqBQM3K/gn6KM06EwQxp3fM9acIcKUMxI5NKkGkiER6hAelZFIgTHeazSybwxDp9mKTKPmHgzP09kSOu9ZjHtpMjM9SLtan5X62XmeQqzKmQmSECzxclGYMmhdNYYJ8qgg0bW0BYUftXiIfIRmJseBUbgr948jK0z2u+5duLar1RxFEGR+AYnAIfXII6uAFN0AIYPIJn8ArenCfnxXl3PuatJaeYOQR/5Hz+AOo/mc0=</latexit>

Magnetic field present:

B = r⇥A

jb 6= 0

b = r⇥ a

jf = jb Mf = Mb

f†

4⇡M ⇡ � �f

1 + µ�f
B

<latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="e2JY+w7TgiYW/taaHSPjFAaexJ0=">AAACCnicbZBNS8MwHMb/nW9zTq1evQSHIKijFUGPohcvwgT3AmspaZZuYWkbklQcZV/Ci1/FiwdF/ADe/DZmWw+6+UDgyfMkJP9fKDhT2nG+rdLS8srqWnm9slHd3Nq2d6otlWaS0CZJeSo7IVaUs4Q2NdOcdoSkOA45bYfD60nffqBSsTS51yNB/Rj3ExYxgrWJAvv4zBMM3XpYCJk+nniRxCT3yIAF0Th3j7w4Q8UOXaHArjl1Zyq0aNzC1KBQI7C/vF5KspgmmnCsVNd1hPZzLDUjnI4rXqaowGSI+7RrbIJjqvx8OtUYHZikh6JUmpVoNE1/38hxrNQoDs3JGOuBmu8m4X9dN9PRhZ+zRGSaJmT2UJRxpFM0QYR6TFKi+cgYTCQzf0VkgA0YbUBWDAR3fuRF0zqtu8bfOVCGPdiHQ3DhHC7hBhrQBAJP8AJv8G49W6/WxwxXySq47cIfWZ8/YX+cqg==</latexit><latexit sha1_base64="e2JY+w7TgiYW/taaHSPjFAaexJ0=">AAACCnicbZBNS8MwHMb/nW9zTq1evQSHIKijFUGPohcvwgT3AmspaZZuYWkbklQcZV/Ci1/FiwdF/ADe/DZmWw+6+UDgyfMkJP9fKDhT2nG+rdLS8srqWnm9slHd3Nq2d6otlWaS0CZJeSo7IVaUs4Q2NdOcdoSkOA45bYfD60nffqBSsTS51yNB/Rj3ExYxgrWJAvv4zBMM3XpYCJk+nniRxCT3yIAF0Th3j7w4Q8UOXaHArjl1Zyq0aNzC1KBQI7C/vF5KspgmmnCsVNd1hPZzLDUjnI4rXqaowGSI+7RrbIJjqvx8OtUYHZikh6JUmpVoNE1/38hxrNQoDs3JGOuBmu8m4X9dN9PRhZ+zRGSaJmT2UJRxpFM0QYR6TFKi+cgYTCQzf0VkgA0YbUBWDAR3fuRF0zqtu8bfOVCGPdiHQ3DhHC7hBhrQBAJP8AJv8G49W6/WxwxXySq47cIfWZ8/YX+cqg==</latexit><latexit sha1_base64="fZybGe3LAVJmY9EPC16Fi54LZtE=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMiKDLUjduhAr2Ap2hZNJMG5pkQpIRy9CXcOOruHGhiFvBnW9j2s5Cqz8EvvznHJLzR5JRbTzvyyksLC4trxRXS2vrG5tb7vZOUyepwqSBE5aodoQ0YVSQhqGGkbZUBPGIkVY0vJzUW3dEaZqIWzOSJOSoL2hMMTLW6rrHZ4Gk8DpAUqrk/iSIFcJZgAe0G48z/yjgKcxvsAa7btmreFPBv+DnUAa56l33M+glOOVEGMyQ1h3fkybMkDIUMzIuBakmEuEh6pOORYE40WE23WoMD6zTg3Gi7BEGTt2fExniWo94ZDs5MgM9X5uY/9U6qYkvwowKmRoi8OyhOGXQJHASEexRRbBhIwsIK2r/CvEA2WCMDbJkQ/DnV/4LzdOKb/nGK1dreRxFsAf2wSHwwTmogitQBw2AwQN4Ai/g1Xl0np03533WWnDymV3wS87HNynYniY=</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit><latexit sha1_base64="XlNIBqcIZi/thf6SAO35cpjcTDg=">AAACFXicbZDLSgMxFIYz9VbrbdSlm2ARBLXMSEGXpW7cCBXsBTrDkEkzbWgyE5KMWIa+hBtfxY0LRdwK7nwb03YW2vpD4Mt/ziE5fygYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVSSSkyaOGGJ7IRIEUZj0tRUM9IRkiAeMtIOh1eTevueSEWT+E6PBPE56sc0ohhpYwX2adUTFN54SAiZPJx5kUQ48/CABtE4c088nsL8BuswsMtOxZkKLoKbQxnkagT2l9dLcMpJrDFDSnVdR2g/Q1JTzMi45KWKCISHqE+6BmPEifKz6VZjeGScHowSaU6s4dT9PZEhrtSIh6aTIz1Q87WJ+V+tm+ro0s9oLFJNYjx7KEoZ1AmcRAR7VBKs2cgAwpKav0I8QCYYbYIsmRDc+ZUXoXVecQ3fVsu1eh5HERyAQ3AMXHABauAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/JH1+QMrGJ4q</latexit>

Diamagnet:Physically:



Quantum oscillations of spinons

Electron

Fermion

Boson

c†�r = f†
�rb

†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

E ⇡ Ef (b) +
(b�B)2

2µ
<latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit><latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit><latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit><latexit sha1_base64="7K0jYKlQnJxRumA9GQjR4xGgJWw=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFFrEkRdBlqRRcVrAXaGKYTCft0EkyzEzEEvoEbnwVNy4UcevanW/jtM1CW38Y+PjPOZw5v88Zlcqyvo2V1bX1jc3cVn57Z3dv3zw4bMs4EZi0cMxi0fWRJIxGpKWoYqTLBUGhz0jHH11N6517IiSNo1s15sQN0SCiAcVIacsziw3oIM5F/AAbXlDyy6dOIBBOS/5ZvXxXnaRVJ0wmnlmwKtZMcBnsDAogU9Mzv5x+jJOQRAozJGXPtrhyUyQUxYxM8k4iCUd4hAakpzFCIZFuOjtnAova6cMgFvpFCs7c3xMpCqUch77uDJEaysXa1Pyv1ktUcOmmNOKJIhGeLwoSBlUMp9nAPhUEKzbWgLCg+q8QD5GOQ+kE8zoEe/HkZWhXK7bmm/NCrZ7FkQPH4ASUgA0uQA1cgyZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9kfP4AkU6aig==</latexit>

Magnetic field present:

T ⌧ !f =
b

mf
<latexit sha1_base64="dkLdTFiZ8lQxpdNYn9mgVQyiiQI=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k7dC5hZiKU0JUbX8WNC0Xc+gzufBunbRba+sPAx3/O4cz545RRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW8tMYdLCkknVjZEmjArSMtQw0k0VQTxmpBOPbqf1zgNRmkrRNOOUhBwNBE0oRsZakXvcDBiDgeRkgKIEXsMgUQjn8STnUTKJ3KpX82aCy+AXUAWFGpH7FfQlzjgRBjOkdc/3UhPmSBmKGZlUgkyTFOERGpCeRYE40WE+O2MCT63Th4lU9gkDZ+7viRxxrcc8tp0cmaFerE3N/2q9zCRXYU5Fmhki8HxRkjFoJJxmAvtUEWzY2ALCitq/QjxENgdjk6vYEPzFk5ehfV7zLd9fVOs3RRxlcAROwBnwwSWogzvQAC2AwSN4Bq/gzXlyXpx352PeWnKKmUPwR87nD6KsmJg=</latexit><latexit sha1_base64="dkLdTFiZ8lQxpdNYn9mgVQyiiQI=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k7dC5hZiKU0JUbX8WNC0Xc+gzufBunbRba+sPAx3/O4cz545RRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW8tMYdLCkknVjZEmjArSMtQw0k0VQTxmpBOPbqf1zgNRmkrRNOOUhBwNBE0oRsZakXvcDBiDgeRkgKIEXsMgUQjn8STnUTKJ3KpX82aCy+AXUAWFGpH7FfQlzjgRBjOkdc/3UhPmSBmKGZlUgkyTFOERGpCeRYE40WE+O2MCT63Th4lU9gkDZ+7viRxxrcc8tp0cmaFerE3N/2q9zCRXYU5Fmhki8HxRkjFoJJxmAvtUEWzY2ALCitq/QjxENgdjk6vYEPzFk5ehfV7zLd9fVOs3RRxlcAROwBnwwSWogzvQAC2AwSN4Bq/gzXlyXpx352PeWnKKmUPwR87nD6KsmJg=</latexit><latexit sha1_base64="dkLdTFiZ8lQxpdNYn9mgVQyiiQI=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k7dC5hZiKU0JUbX8WNC0Xc+gzufBunbRba+sPAx3/O4cz545RRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW8tMYdLCkknVjZEmjArSMtQw0k0VQTxmpBOPbqf1zgNRmkrRNOOUhBwNBE0oRsZakXvcDBiDgeRkgKIEXsMgUQjn8STnUTKJ3KpX82aCy+AXUAWFGpH7FfQlzjgRBjOkdc/3UhPmSBmKGZlUgkyTFOERGpCeRYE40WE+O2MCT63Th4lU9gkDZ+7viRxxrcc8tp0cmaFerE3N/2q9zCRXYU5Fmhki8HxRkjFoJJxmAvtUEWzY2ALCitq/QjxENgdjk6vYEPzFk5ehfV7zLd9fVOs3RRxlcAROwBnwwSWogzvQAC2AwSN4Bq/gzXlyXpx352PeWnKKmUPwR87nD6KsmJg=</latexit><latexit sha1_base64="dkLdTFiZ8lQxpdNYn9mgVQyiiQI=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cVugNmhAm00k7dC5hZiKU0JUbX8WNC0Xc+gzufBunbRba+sPAx3/O4cz545RRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW8tMYdLCkknVjZEmjArSMtQw0k0VQTxmpBOPbqf1zgNRmkrRNOOUhBwNBE0oRsZakXvcDBiDgeRkgKIEXsMgUQjn8STnUTKJ3KpX82aCy+AXUAWFGpH7FfQlzjgRBjOkdc/3UhPmSBmKGZlUgkyTFOERGpCeRYE40WE+O2MCT63Th4lU9gkDZ+7viRxxrcc8tp0cmaFerE3N/2q9zCRXYU5Fmhki8HxRkjFoJJxmAvtUEWzY2ALCitq/QjxENgdjk6vYEPzFk5ehfV7zLd9fVOs3RRxlcAROwBnwwSWogzvQAC2AwSN4Bq/gzXlyXpx352PeWnKKmUPwR87nD6KsmJg=</latexit>

b
<latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit>

Ef (b)/Ef (0)
<latexit sha1_base64="hcsZUUiL7C6qEaMNXfa7V/wFkGc=">AAAB9HicbZDLSgMxFIbP1Futt1GXboJFaDd1RgRdFkVwWcFeoB1KJs20oZnMmGQKZehzuHGhiFsfxp1vY6adhbYeCPn4/3PIye/HnCntON9WYW19Y3OruF3a2d3bP7APj1oqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9se3md+eUKlYJB71NKZeiIeCBYxgbSTvrh9U/Op5djnVvl12as680Cq4OZQhr0bf/uoNIpKEVGjCsVJd14m1l2KpGeF0VuolisaYjPGQdg0KHFLlpfOlZ+jMKAMURNIcodFc/T2R4lCpaeibzhDrkVr2MvE/r5vo4NpLmYgTTQVZPBQkHOkIZQmgAZOUaD41gIlkZldERlhiok1OJROCu/zlVWhd1FzDD5fl+k0eRxFO4BQq4MIV1OEeGtAEAk/wDK/wZk2sF+vd+li0Fqx85hj+lPX5A0LZkHM=</latexit><latexit sha1_base64="hcsZUUiL7C6qEaMNXfa7V/wFkGc=">AAAB9HicbZDLSgMxFIbP1Futt1GXboJFaDd1RgRdFkVwWcFeoB1KJs20oZnMmGQKZehzuHGhiFsfxp1vY6adhbYeCPn4/3PIye/HnCntON9WYW19Y3OruF3a2d3bP7APj1oqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9se3md+eUKlYJB71NKZeiIeCBYxgbSTvrh9U/Op5djnVvl12as680Cq4OZQhr0bf/uoNIpKEVGjCsVJd14m1l2KpGeF0VuolisaYjPGQdg0KHFLlpfOlZ+jMKAMURNIcodFc/T2R4lCpaeibzhDrkVr2MvE/r5vo4NpLmYgTTQVZPBQkHOkIZQmgAZOUaD41gIlkZldERlhiok1OJROCu/zlVWhd1FzDD5fl+k0eRxFO4BQq4MIV1OEeGtAEAk/wDK/wZk2sF+vd+li0Fqx85hj+lPX5A0LZkHM=</latexit><latexit sha1_base64="hcsZUUiL7C6qEaMNXfa7V/wFkGc=">AAAB9HicbZDLSgMxFIbP1Futt1GXboJFaDd1RgRdFkVwWcFeoB1KJs20oZnMmGQKZehzuHGhiFsfxp1vY6adhbYeCPn4/3PIye/HnCntON9WYW19Y3OruF3a2d3bP7APj1oqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9se3md+eUKlYJB71NKZeiIeCBYxgbSTvrh9U/Op5djnVvl12as680Cq4OZQhr0bf/uoNIpKEVGjCsVJd14m1l2KpGeF0VuolisaYjPGQdg0KHFLlpfOlZ+jMKAMURNIcodFc/T2R4lCpaeibzhDrkVr2MvE/r5vo4NpLmYgTTQVZPBQkHOkIZQmgAZOUaD41gIlkZldERlhiok1OJROCu/zlVWhd1FzDD5fl+k0eRxFO4BQq4MIV1OEeGtAEAk/wDK/wZk2sF+vd+li0Fqx85hj+lPX5A0LZkHM=</latexit><latexit sha1_base64="hcsZUUiL7C6qEaMNXfa7V/wFkGc=">AAAB9HicbZDLSgMxFIbP1Futt1GXboJFaDd1RgRdFkVwWcFeoB1KJs20oZnMmGQKZehzuHGhiFsfxp1vY6adhbYeCPn4/3PIye/HnCntON9WYW19Y3OruF3a2d3bP7APj1oqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9se3md+eUKlYJB71NKZeiIeCBYxgbSTvrh9U/Op5djnVvl12as680Cq4OZQhr0bf/uoNIpKEVGjCsVJd14m1l2KpGeF0VuolisaYjPGQdg0KHFLlpfOlZ+jMKAMURNIcodFc/T2R4lCpaeibzhDrkVr2MvE/r5vo4NpLmYgTTQVZPBQkHOkIZQmgAZOUaD41gIlkZldERlhiok1OJROCu/zlVWhd1FzDD5fl+k0eRxFO4BQq4MIV1OEeGtAEAk/wDK/wZk2sF+vd+li0Fqx85hj+lPX5A0LZkHM=</latexit>

⌫ = 1
<latexit sha1_base64="gv0DytC9xIXuiJ4ZPtKUTrNuyew=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGDaQhvKZrtpl242YXcilNDf4MWDIl79Qd78N27bHLT1hYWHd2bYmTdMpTDout9OaW19Y3OrvF3Z2d3bP6geHrVMkmnGfZbIRHdCargUivsoUPJOqjmNQ8nb4fhuVm8/cW1Eoh5xkvIgpkMlIsEoWsvvqezG61drbt2di6yCV0ANCjX71a/eIGFZzBUySY3pem6KQU41Cib5tNLLDE8pG9Mh71pUNOYmyOfLTsmZdQYkSrR9Csnc/T2R09iYSRzazpjiyCzXZuZ/tW6G0XWQC5VmyBVbfBRlkmBCZpeTgdCcoZxYoEwLuythI6opQ5tPxYbgLZ+8Cq2Lumf54bLWuC3iKMMJnMI5eHAFDbiHJvjAQMAzvMKbo5wX5935WLSWnGLmGP7I+fwBUjmOWQ==</latexit><latexit sha1_base64="gv0DytC9xIXuiJ4ZPtKUTrNuyew=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGDaQhvKZrtpl242YXcilNDf4MWDIl79Qd78N27bHLT1hYWHd2bYmTdMpTDout9OaW19Y3OrvF3Z2d3bP6geHrVMkmnGfZbIRHdCargUivsoUPJOqjmNQ8nb4fhuVm8/cW1Eoh5xkvIgpkMlIsEoWsvvqezG61drbt2di6yCV0ANCjX71a/eIGFZzBUySY3pem6KQU41Cib5tNLLDE8pG9Mh71pUNOYmyOfLTsmZdQYkSrR9Csnc/T2R09iYSRzazpjiyCzXZuZ/tW6G0XWQC5VmyBVbfBRlkmBCZpeTgdCcoZxYoEwLuythI6opQ5tPxYbgLZ+8Cq2Lumf54bLWuC3iKMMJnMI5eHAFDbiHJvjAQMAzvMKbo5wX5935WLSWnGLmGP7I+fwBUjmOWQ==</latexit><latexit sha1_base64="gv0DytC9xIXuiJ4ZPtKUTrNuyew=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGDaQhvKZrtpl242YXcilNDf4MWDIl79Qd78N27bHLT1hYWHd2bYmTdMpTDout9OaW19Y3OrvF3Z2d3bP6geHrVMkmnGfZbIRHdCargUivsoUPJOqjmNQ8nb4fhuVm8/cW1Eoh5xkvIgpkMlIsEoWsvvqezG61drbt2di6yCV0ANCjX71a/eIGFZzBUySY3pem6KQU41Cib5tNLLDE8pG9Mh71pUNOYmyOfLTsmZdQYkSrR9Csnc/T2R09iYSRzazpjiyCzXZuZ/tW6G0XWQC5VmyBVbfBRlkmBCZpeTgdCcoZxYoEwLuythI6opQ5tPxYbgLZ+8Cq2Lumf54bLWuC3iKMMJnMI5eHAFDbiHJvjAQMAzvMKbo5wX5935WLSWnGLmGP7I+fwBUjmOWQ==</latexit><latexit sha1_base64="gv0DytC9xIXuiJ4ZPtKUTrNuyew=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGDaQhvKZrtpl242YXcilNDf4MWDIl79Qd78N27bHLT1hYWHd2bYmTdMpTDout9OaW19Y3OrvF3Z2d3bP6geHrVMkmnGfZbIRHdCargUivsoUPJOqjmNQ8nb4fhuVm8/cW1Eoh5xkvIgpkMlIsEoWsvvqezG61drbt2di6yCV0ANCjX71a/eIGFZzBUySY3pem6KQU41Cib5tNLLDE8pG9Mh71pUNOYmyOfLTsmZdQYkSrR9Csnc/T2R09iYSRzazpjiyCzXZuZ/tW6G0XWQC5VmyBVbfBRlkmBCZpeTgdCcoZxYoEwLuythI6opQ5tPxYbgLZ+8Cq2Lumf54bLWuC3iKMMJnMI5eHAFDbiHJvjAQMAzvMKbo5wX5935WLSWnGLmGP7I+fwBUjmOWQ==</latexit>

Quantum oscillations:

Sodemann, Chowdhury, and Senthil, PRB 97, 045152 (2018).

Chowdhury, Sodemann, and Senthil, Nature Comms 9, 1766 (2018).

Motrunich, PRB (2006)

Katsura, Nagaosa & Lee, PRL (2010)



Spinons with electric fields

Electron

Fermion

Boson

c†�r = f†
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†
r

<latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit><latexit sha1_base64="1BLYbiWryKdK+HM90D9OK5gCBN4=">AAACIHicbZDNSsNAFIUn9a/Wv6hLN4NFcFUSEawLoejGZQVjC00Mk8kkHTqThJmJUEJexY2v4saFiu70aUzagNr2wMDhu/dy5x4vYVQqw/jSakvLK6tr9fXGxubW9o6+u3cn41RgYuGYxaLvIUkYjYilqGKknwiCuMdIzxtdlfXeAxGSxtGtGifE4SiMaEAxUgVy9Ta+t30UhkS4mS1pyBEU+UWwAELvF4q84epNo2VMBOeNWZkmqNR19U/bj3HKSaQwQ1IOTCNRToaEopiRvGGnkiQIj1BIBoWNECfSySYX5vCoID4MYlG8SMEJ/TuRIS7lmHtFJ0dqKGdrJVxUG6QqaDsZjZJUkQhPFwUpgyqGZVzQp4JgxcaFQVjQ4q8QD5FAWBWhliGYsyfPG+ukdd4yb06bncsqjTo4AIfgGJjgDHTANegCC2DwCJ7BK3jTnrQX7V37mLbWtGpmH/yT9v0D16qkIg==</latexit>

Electric field present:

“Gauge freezing” of the Kohn mode

L =
X

i

mfv2i
2

+ via+
✏L2

2
(ȧ� Ȧ)2

<latexit sha1_base64="/RCCsy7OnjkzY6sIShiwvBzs7+g="></latexit><latexit sha1_base64="/RCCsy7OnjkzY6sIShiwvBzs7+g="></latexit><latexit sha1_base64="/RCCsy7OnjkzY6sIShiwvBzs7+g="></latexit><latexit sha1_base64="/RCCsy7OnjkzY6sIShiwvBzs7+g="></latexit>

Maxwell-Ampere equation
X

i

vi + ✏L2(ä� Ä) = 0
<latexit sha1_base64="ShDV9TdrU4AFyHa3epEI1PSrv20=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARKtIyUwTdCFU3LlxUsBfo1CGTSdvQTDIkmUIZ+hRufBU3LhRxK+58G9PLQlt/CHz85xxOzh/EjCrtON9WZml5ZXUtu57b2Nza3rF39+pKJBKTGhZMyGaAFGGUk5qmmpFmLAmKAkYaQf96XG8MiFRU8Hs9jEk7Ql1OOxQjbSzfLnoqiXwKBz498UisKBMc3j6UYcELQ6FTNCpO4XJ0fOH4dt4pORPBRXBnkAczVX37ywsFTiLCNWZIqZbrxLqdIqkpZmSU8xJFYoT7qEtaBjmKiGqnk7NG8Mg4IewIaR7XcOL+nkhRpNQwCkxnhHRPzdfG5n+1VqI75+2U8jjRhOPpok7CoBZwnBEMqSRYs6EBhCU1f4W4hyTC2iSZMyG48ycvQr1ccg3fneYrV7M4suAAHIICcMEZqIAbUAU1gMEjeAav4M16sl6sd+tj2pqxZjP74I+szx+ycp5s</latexit><latexit sha1_base64="ShDV9TdrU4AFyHa3epEI1PSrv20=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARKtIyUwTdCFU3LlxUsBfo1CGTSdvQTDIkmUIZ+hRufBU3LhRxK+58G9PLQlt/CHz85xxOzh/EjCrtON9WZml5ZXUtu57b2Nza3rF39+pKJBKTGhZMyGaAFGGUk5qmmpFmLAmKAkYaQf96XG8MiFRU8Hs9jEk7Ql1OOxQjbSzfLnoqiXwKBz498UisKBMc3j6UYcELQ6FTNCpO4XJ0fOH4dt4pORPBRXBnkAczVX37ywsFTiLCNWZIqZbrxLqdIqkpZmSU8xJFYoT7qEtaBjmKiGqnk7NG8Mg4IewIaR7XcOL+nkhRpNQwCkxnhHRPzdfG5n+1VqI75+2U8jjRhOPpok7CoBZwnBEMqSRYs6EBhCU1f4W4hyTC2iSZMyG48ycvQr1ccg3fneYrV7M4suAAHIICcMEZqIAbUAU1gMEjeAav4M16sl6sd+tj2pqxZjP74I+szx+ycp5s</latexit><latexit sha1_base64="ShDV9TdrU4AFyHa3epEI1PSrv20=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARKtIyUwTdCFU3LlxUsBfo1CGTSdvQTDIkmUIZ+hRufBU3LhRxK+58G9PLQlt/CHz85xxOzh/EjCrtON9WZml5ZXUtu57b2Nza3rF39+pKJBKTGhZMyGaAFGGUk5qmmpFmLAmKAkYaQf96XG8MiFRU8Hs9jEk7Ql1OOxQjbSzfLnoqiXwKBz498UisKBMc3j6UYcELQ6FTNCpO4XJ0fOH4dt4pORPBRXBnkAczVX37ywsFTiLCNWZIqZbrxLqdIqkpZmSU8xJFYoT7qEtaBjmKiGqnk7NG8Mg4IewIaR7XcOL+nkhRpNQwCkxnhHRPzdfG5n+1VqI75+2U8jjRhOPpok7CoBZwnBEMqSRYs6EBhCU1f4W4hyTC2iSZMyG48ycvQr1ccg3fneYrV7M4suAAHIICcMEZqIAbUAU1gMEjeAav4M16sl6sd+tj2pqxZjP74I+szx+ycp5s</latexit><latexit sha1_base64="ShDV9TdrU4AFyHa3epEI1PSrv20=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARKtIyUwTdCFU3LlxUsBfo1CGTSdvQTDIkmUIZ+hRufBU3LhRxK+58G9PLQlt/CHz85xxOzh/EjCrtON9WZml5ZXUtu57b2Nza3rF39+pKJBKTGhZMyGaAFGGUk5qmmpFmLAmKAkYaQf96XG8MiFRU8Hs9jEk7Ql1OOxQjbSzfLnoqiXwKBz498UisKBMc3j6UYcELQ6FTNCpO4XJ0fOH4dt4pORPBRXBnkAczVX37ywsFTiLCNWZIqZbrxLqdIqkpZmSU8xJFYoT7qEtaBjmKiGqnk7NG8Mg4IewIaR7XcOL+nkhRpNQwCkxnhHRPzdfG5n+1VqI75+2U8jjRhOPpok7CoBZwnBEMqSRYs6EBhCU1f4W4hyTC2iSZMyG48ycvQr1ccg3fneYrV7M4suAAHIICcMEZqIAbUAU1gMEjeAav4M16sl6sd+tj2pqxZjP74I+szx+ycp5s</latexit>

No response to DC electric fields

��1(!) = ��1
f (!) + ��1

b (!)
<latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit><latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit><latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit><latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit>

Ioffe-Larkin composition rule:

⇢(!) = ⇢f (!) + ⇢b(!)
<latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit><latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit><latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit><latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit>
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<latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit><latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit><latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit><latexit sha1_base64="YWbVP4D6A7nEByiVhyZ/H+609Pk=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZEUE3YtGNywr2Ap1xyKSZNjTJDElGKEMfx42v4kZEkW59EtN2Frb6Q+DnO+dwcv4wYVRpxxlbhaXlldW14nppY3Nre8fe3WuqOJWYNHDMYtkOkSKMCtLQVDPSTiRBPGSkFQ5uJ/XWE5GKxuJBDxPic9QTNKIYaYMC+9pTtMfRY3bqjipezEkPHV/NWBDN0ZOchnM0sMtO1ZkK/jVubsogVz2w371ujFNOhMYMKdVxnUT7GZKaYkZGJS9VJEF4gHqkY6xAnCg/mx46gkeGdGEUS/OEhlP6eyJDXKkhD00nR7qvFmsT+F+tk+ro0s+oSFJNBJ4tilIGdQwnqcEulQRrNjQGYUnNXyHuI4mwNtmWTAju4sl/TfOs6hp/f16u3eRxFMEBOAQV4IILUAN3oA4aAINn8Ao+wKf1Yr1ZX9Z41lqw8pl9MCfr+wd1tqWU</latexit>

Ioffe-Larkin composition rule:

⇢(!) = ⇢f (!) + ⇢b(!)
<latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit><latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit><latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit><latexit sha1_base64="RTD7pWx08DK/KxTqpyprIBdmuOo=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiURQTdC0Y3LCvYBTQiT6aQdOsmEmYlQQv/Bjb/ixoUibt2482+cpClo64WB87iXO/f4MaNSWda3UVpaXlldK69XNja3tnfM3b225InApIU546LrI0kYjUhLUcVINxYEhT4jHX90k/mdByIk5dG9GsfEDdEgogHFSGnJM08cMeQ1h4dkgI6vMuIFM3qaU39GPbNq1a284CKwC1AFRTU988vpc5yEJFKYISl7thUrN0VCUczIpOIkksQIj9CA9DSMUEikm+Y3TeCRVvow4EK/SMFc/T2RolDKcejrzhCpoZz3MvE/r5eo4NJNaRQnikR4uihIGFQcZgHBPhUEKzbWAGFB9V8hHiKBsNIxVnQI9vzJi6B9Vrc1vjuvNq6LOMrgAByCGrDBBWiAW9AELYDBI3gGr+DNeDJejHfjY9paMoqZffCnjM8fjd2dTg==</latexit>

�b(!) ⇡ �i!✏
<latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="6o5vPByETwb+Bhvm3jU0aBClnmQ=">AAACCHicbZDNSgMxFIXv+G/9q27dBIuggjLjRpeCG5cKVgudUu6ktzWYTEKSEUvpO7jxVdy4UMQncOfbmP4stPVA4OOcG5J7MiOF83H8Hc3Mzs0vLC4tl1ZW19Y3ypurN04XllOVa6ltLUNHUuRU9cJLqhlLqDJJt9n9+SC/fSDrhM6vfddQQ2EnF23B0QerWT5InegobGZ7qVbUwf0UjbH6kR0KNnJYSsYJORiuxEfxUGwakjFUYKzLZvkrbWleKMo9l+hcPYmNb/TQesEl9Utp4cggv8cO1QPmqMg1esOd+mw3OC3W1jac3LOh+/tGD5VzXZWFSYX+zk1mA/O/rF749mmjJ3JTeMr56KF2IZnXbFAQawlL3MtuAORWhL8yfocWuQ81lkIJyeTK03BzfJQEvophCbZhB/YggRM4gwu4hCpweIIXeIP36Dl6jT5Gdc1E49624I+izx+h4Zxc</latexit><latexit sha1_base64="6o5vPByETwb+Bhvm3jU0aBClnmQ=">AAACCHicbZDNSgMxFIXv+G/9q27dBIuggjLjRpeCG5cKVgudUu6ktzWYTEKSEUvpO7jxVdy4UMQncOfbmP4stPVA4OOcG5J7MiOF83H8Hc3Mzs0vLC4tl1ZW19Y3ypurN04XllOVa6ltLUNHUuRU9cJLqhlLqDJJt9n9+SC/fSDrhM6vfddQQ2EnF23B0QerWT5InegobGZ7qVbUwf0UjbH6kR0KNnJYSsYJORiuxEfxUGwakjFUYKzLZvkrbWleKMo9l+hcPYmNb/TQesEl9Utp4cggv8cO1QPmqMg1esOd+mw3OC3W1jac3LOh+/tGD5VzXZWFSYX+zk1mA/O/rF749mmjJ3JTeMr56KF2IZnXbFAQawlL3MtuAORWhL8yfocWuQ81lkIJyeTK03BzfJQEvophCbZhB/YggRM4gwu4hCpweIIXeIP36Dl6jT5Gdc1E49624I+izx+h4Zxc</latexit><latexit sha1_base64="1vXa8XT5ONWDgrI81snIMrwS6Gc=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqWGbc6LLoxqWCVaFTyp30tg1NJiHJiKX0H9z4K25cKOLWjTv/xvSx0NYDgcM553JzT6IFty4Mv4O5+YXFpeXcSn51bX1js7C1fWNVZhhWmRLK3CVgUfAUq447gXfaIMhE4G3SPR/6t/doLFfptetprEtop7zFGTgvNQqHseVtCY2kFCuJbTiIQWujHugRp2OFxqgtF8NwMSyHI9BZEk1IkUxw2Sh8xU3FMompYwKsrUWhdvU+GMeZwEE+zixqYF1oY83TFCTaen9004Due6VJW8r4lzo6Un9P9EFa25OJT0pwHTvtDcX/vFrmWqf1Pk915jBl40WtTFCn6LAg2uQGmRM9T4AZ7v9KWQcMMOdrzPsSoumTZ8nNcTny/CosVs4mdeTILtkjJRKRE1IhF+SSVAkjj+SZvJK34Cl4Cd6Dj3F0LpjM7JA/CD5/AGcmndY=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit><latexit sha1_base64="altTq6vAqeyVAk+3V8q/lOrwh5E=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqKDMi6FJ047KCfUCnlDvpbQ0mk5BkxFL8Bzf+ihsXirh1486/MdN24etA4HDOudzck2jBrQvDz2BqemZ2br6wUFxcWl5ZLa2t163KDMMaU0KZZgIWBU+x5rgT2NQGQSYCG8n1We43btBYrtJLN9DYltBPeY8zcF7qlHZjy/sSOkklVhL7sBOD1kbd0j1OxwqNUVsu8nA53A9HoH9JNCFlMkG1U/qIu4plElPHBFjbikLt2kMwjjOBd8U4s6iBXUMfW56mING2h6Ob7ui2V7q0p4x/qaMj9fvEEKS1A5n4pAR3ZX97ufif18pc77g95KnOHKZsvKiXCeoUzQuiXW6QOTHwBJjh/q+UXYEB5nyNRV9C9Pvkv6R+sB95fnFYPjmd1FEgm2SLVEhEjsgJOSdVUiOM3JNH8kxegofgKXgN3sbRqWAys0F+IHj/Amhmndo=</latexit>

�f (!) ⇡
iD

! + i/⌧
<latexit sha1_base64="0FSfRncNMjUd2ZmcpCCY71zCjzs=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARKkKdEUGXRV24rGAv0CnlTJppQ5PJkGTEMvQ53Pgqblwo4k7c+Daml4VWDwQ+/v8cTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3fqWqaK0BqRXKpmCJpyFtOaYYbTZqIoiJDTRji4HPuNO6o0k/GtGSa0LaAXs4gRMFbquH6gWU9AJyoFUtAeHAaQJEre4yBSQDKGr0bZ1Dlix4GBdNRxi17ZmxT+C/4MimhW1Y77EXQlSQWNDeGgdcv3EtPOQBlGOB0VglTTBMgAerRlMQZBdTubnDbCB1bp4kgq+2KDJ+rPiQyE1kMR2k4Bpq/nvbH4n9dKTXTezlicpIbGZLooSjk2Eo9zwl2mKDF8aAGIYvavmPTBZmJsmgUbgj9/8l+on5R9yzenxcrFLI482kP7qIR8dIYq6BpVUQ0R9ICe0At6dR6dZ+fNeZ+25pzZzC76Vc7nN2kloRY=</latexit><latexit sha1_base64="0FSfRncNMjUd2ZmcpCCY71zCjzs=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARKkKdEUGXRV24rGAv0CnlTJppQ5PJkGTEMvQ53Pgqblwo4k7c+Daml4VWDwQ+/v8cTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3fqWqaK0BqRXKpmCJpyFtOaYYbTZqIoiJDTRji4HPuNO6o0k/GtGSa0LaAXs4gRMFbquH6gWU9AJyoFUtAeHAaQJEre4yBSQDKGr0bZ1Dlix4GBdNRxi17ZmxT+C/4MimhW1Y77EXQlSQWNDeGgdcv3EtPOQBlGOB0VglTTBMgAerRlMQZBdTubnDbCB1bp4kgq+2KDJ+rPiQyE1kMR2k4Bpq/nvbH4n9dKTXTezlicpIbGZLooSjk2Eo9zwl2mKDF8aAGIYvavmPTBZmJsmgUbgj9/8l+on5R9yzenxcrFLI482kP7qIR8dIYq6BpVUQ0R9ICe0At6dR6dZ+fNeZ+25pzZzC76Vc7nN2kloRY=</latexit><latexit sha1_base64="0FSfRncNMjUd2ZmcpCCY71zCjzs=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARKkKdEUGXRV24rGAv0CnlTJppQ5PJkGTEMvQ53Pgqblwo4k7c+Daml4VWDwQ+/v8cTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3fqWqaK0BqRXKpmCJpyFtOaYYbTZqIoiJDTRji4HPuNO6o0k/GtGSa0LaAXs4gRMFbquH6gWU9AJyoFUtAeHAaQJEre4yBSQDKGr0bZ1Dlix4GBdNRxi17ZmxT+C/4MimhW1Y77EXQlSQWNDeGgdcv3EtPOQBlGOB0VglTTBMgAerRlMQZBdTubnDbCB1bp4kgq+2KDJ+rPiQyE1kMR2k4Bpq/nvbH4n9dKTXTezlicpIbGZLooSjk2Eo9zwl2mKDF8aAGIYvavmPTBZmJsmgUbgj9/8l+on5R9yzenxcrFLI482kP7qIR8dIYq6BpVUQ0R9ICe0At6dR6dZ+fNeZ+25pzZzC76Vc7nN2kloRY=</latexit><latexit sha1_base64="0FSfRncNMjUd2ZmcpCCY71zCjzs=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARKkKdEUGXRV24rGAv0CnlTJppQ5PJkGTEMvQ53Pgqblwo4k7c+Daml4VWDwQ+/v8cTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3fqWqaK0BqRXKpmCJpyFtOaYYbTZqIoiJDTRji4HPuNO6o0k/GtGSa0LaAXs4gRMFbquH6gWU9AJyoFUtAeHAaQJEre4yBSQDKGr0bZ1Dlix4GBdNRxi17ZmxT+C/4MimhW1Y77EXQlSQWNDeGgdcv3EtPOQBlGOB0VglTTBMgAerRlMQZBdTubnDbCB1bp4kgq+2KDJ+rPiQyE1kMR2k4Bpq/nvbH4n9dKTXTezlicpIbGZLooSjk2Eo9zwl2mKDF8aAGIYvavmPTBZmJsmgUbgj9/8l+on5R9yzenxcrFLI482kP7qIR8dIYq6BpVUQ0R9ICe0At6dR6dZ+fNeZ+25pzZzC76Vc7nN2kloRY=</latexit>

Metal Insulator

1

⌧
⇡ !

⇣!
⇤

⌘1/3

<latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit><latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit><latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit><latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit>

Photon

Fermion

Re�(!) ⇡ !
10
3
✏2⇤1/3

D
<latexit sha1_base64="imRP4P9FQl+fQs5JOdoCkGXsEWk="></latexit><latexit sha1_base64="imRP4P9FQl+fQs5JOdoCkGXsEWk="></latexit><latexit sha1_base64="imRP4P9FQl+fQs5JOdoCkGXsEWk="></latexit><latexit sha1_base64="imRP4P9FQl+fQs5JOdoCkGXsEWk="></latexit>

Re�(!) ⇡ !2 ✏2

D⌧0
<latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit>

Clean With impurities

P. A. Lee and N. Nagaosa, Phys. Rev. B 46, 5621 (1992)

Ng and P. A. Lee, Phys. Rev. Lett. 99, 156402 (2007)



How to distinguish it from “dirt”?
Electron

Fermion

Boson

Optical conductivity

Re�(!) ⇡ !2 ✏2

D⌧0
<latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit>

Gauged fermi surface Ordinary metal Ordinary insulator



Cyclotron resonance
Electron

Fermion

Boson

Cyclotron resonance metals:

pF
<latexit sha1_base64="AB01dKcCmLkDtGQZl2a/D48JYP0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWyttKVk09k2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYXAg/vzJCZN0wEN9b3v73Cyura+kZxs7S1vbO7V94/aJo41QwbLBaxboXUoOAKG5Zbga1EI5WhwIdwdD2tPzyhNjxW93acYFfSgeIRZ9Q66zHrhBFJJr2bXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdqV3kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8AbKCQJQ==</latexit><latexit sha1_base64="AB01dKcCmLkDtGQZl2a/D48JYP0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWyttKVk09k2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYXAg/vzJCZN0wEN9b3v73Cyura+kZxs7S1vbO7V94/aJo41QwbLBaxboXUoOAKG5Zbga1EI5WhwIdwdD2tPzyhNjxW93acYFfSgeIRZ9Q66zHrhBFJJr2bXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdqV3kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8AbKCQJQ==</latexit><latexit sha1_base64="AB01dKcCmLkDtGQZl2a/D48JYP0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWyttKVk09k2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYXAg/vzJCZN0wEN9b3v73Cyura+kZxs7S1vbO7V94/aJo41QwbLBaxboXUoOAKG5Zbga1EI5WhwIdwdD2tPzyhNjxW93acYFfSgeIRZ9Q66zHrhBFJJr2bXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdqV3kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8AbKCQJQ==</latexit><latexit sha1_base64="AB01dKcCmLkDtGQZl2a/D48JYP0=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjURCPFWyttKVk09k2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYXAg/vzJCZN0wEN9b3v73Cyura+kZxs7S1vbO7V94/aJo41QwbLBaxboXUoOAKG5Zbga1EI5WhwIdwdD2tPzyhNjxW93acYFfSgeIRZ9Q66zHrhBFJJr2bXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdqV3kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8AbKCQJQ==</latexit>

T1 =
2⇡

!c
<latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit><latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit><latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit><latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit>

Kohn mode: Second mode:

T2 =
T1

2<latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit><latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit><latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit><latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit>

!c
<latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit> 2!c

<latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit>

!c
<latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit>

2!c
<latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit>



Cyclotron resonance spinons
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!c
<latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit><latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit><latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit><latexit sha1_base64="bvSP19B7lwWBbBBlrqw9/A5PAi8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXQjFN24rNAbNCFMppN26FzCzEQoobjxVdy4UMStT+HOt3HaZqGtPwx8/Occzpw/ThnVxvO+nZXVtfWNzdJWeXtnd2/fPThsa5kpTFpYMqm6MdKEUUFahhpGuqkiiMeMdOLR7bTeeSBKUymaZpySkKOBoAnFyFgrco+bkX8dJArhvBakdJIHkpMBivAkcite1ZsJLoNfQAUUakTuV9CXOONEGMyQ1j3fS02YI2UoZmRSDjJNUoRHaEB6FgXiRIf57IQJPLNOHyZS2ScMnLm/J3LEtR7z2HZyZIZ6sTY1/6v1MpNchTkVaWaIwPNFScagkXCaB+xTRbBhYwsIK2r/CvEQ2TyMTa1sQ/AXT16Gdq3qW76/qNRvijhK4AScgnPgg0tQB3egAVoAg0fwDF7Bm/PkvDjvzse8dcUpZo7AHzmfPxezlzw=</latexit>

Kohn mode: Second mode:

T2 =
T1

2<latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit><latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit><latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit><latexit sha1_base64="yjZNUBicZCO6HclacfAcYUOv1rY=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBN0IRTcuK/QGbQiT6aQdOpmEmYlSYh7FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nou7ZR39/YPDu3KUUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weR2Vu8+UKlYLFp6mlAvwiPBQkawNpZvV1p+/XoQSkyylu/mWT337apTc+ZCq+AWUIVCTd/+GgxjkkZUaMKxUn3XSbSXYakZ4TQvD1JFE0wmeET7BgWOqPKy+ek5OjPOEIWxNE9oNHd/T2Q4UmoaBaYzwnqslmsz879aP9XhlZcxkaSaCrJYFKYc6RjNckBDJinRfGoAE8nMrYiMsclBm7TKJgR3+cur0KnXXMP3F9XGTRFHCU7gFM7BhUtowB00oQ0EHuEZXuHNerJerHfrY9G6ZhUzx/BH1ucPb5KTdQ==</latexit>

!c
<latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit> 2!c

<latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit><latexit sha1_base64="uUPoPEoUJw2c+Pzf9ecaihiT6f4=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv3AdinZdLYNTbJLkhVK6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3YKe7u7R8clo6OmybJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmf11hNqwxP1YMcphpIOFI85o9ZZj1XSTSQOaI/1SmW/4s9FViHIoQy56r3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7DhWVaMLJfOMpOXdOn8SJdk9ZMnd/T0yoNGYsI9cpqR2a5drM/K/WyWx8HU64SjOLii0+ijNBbEJm55M+18isGDugTHO3K2FDqimzLqSiCyFYPnkVmtVK4Pj+sly7yeMowCmcwQUEcAU1uIM6NICBgmd4hTfPeC/eu/exaF3z8pkT+CPv8wfOUJBX</latexit>

“Gauge freezing” 
of the Kohn mode

Re�(!) ⇡ !2 ✏2

D⌧0
<latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit><latexit sha1_base64="2lcx+2tBRgglUlX110v2omjncwE="></latexit>



Cyclotron resonance spinons
Electron

Fermion

Boson

Res(�spinon) ⇠
✓

!b

!Mott

◆4

Res(�electron)
<latexit sha1_base64="a0B5WHUS/hAWi64rqf7dLfpunvs="></latexit><latexit sha1_base64="a0B5WHUS/hAWi64rqf7dLfpunvs="></latexit><latexit sha1_base64="a0B5WHUS/hAWi64rqf7dLfpunvs="></latexit><latexit sha1_base64="a0B5WHUS/hAWi64rqf7dLfpunvs="></latexit>
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⇡ !
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<latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit><latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit><latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit><latexit sha1_base64="fgvHF2pK99iEhcFtBdHqDuZHMtM="></latexit>

Residue of peak

Width of peak

!b/!Mott = 10
<latexit sha1_base64="1/4yrarZevwM9LYH6cMZDhDfFZo=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAIruqMCLoRim7cCBXsBdoyZNJMG5pMhuSMUIYu3fgqblwo4tZHcOfbmLaz0NYfAh//OYeT84eJ4AY879tZWFxaXlktrBXXNza3tt2d3bpRqaasRpVQuhkSwwSPWQ04CNZMNCMyFKwRDq7H9cYD04ar+B6GCetI0ot5xCkBawXuQVtJ1iNBeJJD1tYS3yqAEb7Evhe4Ja/sTYTnwc+hhHJVA/er3VU0lSwGKogxLd9LoJMRDZwKNiq2U8MSQgekx1oWYyKZ6WSTQ0b4yDpdHCltXwx44v6eyIg0ZihD2ykJ9M1sbWz+V2ulEF10Mh4nKbCYThdFqcCg8DgV3OWaURBDC4Rqbv+KaZ9oQsFmV7Qh+LMnz0P9tOxbvjsrVa7yOApoHx2iY+Sjc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7R1wcln9tAfOZ8/QnWYzw==</latexit><latexit sha1_base64="1/4yrarZevwM9LYH6cMZDhDfFZo=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAIruqMCLoRim7cCBXsBdoyZNJMG5pMhuSMUIYu3fgqblwo4tZHcOfbmLaz0NYfAh//OYeT84eJ4AY879tZWFxaXlktrBXXNza3tt2d3bpRqaasRpVQuhkSwwSPWQ04CNZMNCMyFKwRDq7H9cYD04ar+B6GCetI0ot5xCkBawXuQVtJ1iNBeJJD1tYS3yqAEb7Evhe4Ja/sTYTnwc+hhHJVA/er3VU0lSwGKogxLd9LoJMRDZwKNiq2U8MSQgekx1oWYyKZ6WSTQ0b4yDpdHCltXwx44v6eyIg0ZihD2ykJ9M1sbWz+V2ulEF10Mh4nKbCYThdFqcCg8DgV3OWaURBDC4Rqbv+KaZ9oQsFmV7Qh+LMnz0P9tOxbvjsrVa7yOApoHx2iY+Sjc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7R1wcln9tAfOZ8/QnWYzw==</latexit><latexit sha1_base64="1/4yrarZevwM9LYH6cMZDhDfFZo=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAIruqMCLoRim7cCBXsBdoyZNJMG5pMhuSMUIYu3fgqblwo4tZHcOfbmLaz0NYfAh//OYeT84eJ4AY879tZWFxaXlktrBXXNza3tt2d3bpRqaasRpVQuhkSwwSPWQ04CNZMNCMyFKwRDq7H9cYD04ar+B6GCetI0ot5xCkBawXuQVtJ1iNBeJJD1tYS3yqAEb7Evhe4Ja/sTYTnwc+hhHJVA/er3VU0lSwGKogxLd9LoJMRDZwKNiq2U8MSQgekx1oWYyKZ6WSTQ0b4yDpdHCltXwx44v6eyIg0ZihD2ykJ9M1sbWz+V2ulEF10Mh4nKbCYThdFqcCg8DgV3OWaURBDC4Rqbv+KaZ9oQsFmV7Qh+LMnz0P9tOxbvjsrVa7yOApoHx2iY+Sjc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7R1wcln9tAfOZ8/QnWYzw==</latexit><latexit sha1_base64="1/4yrarZevwM9LYH6cMZDhDfFZo=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAIruqMCLoRim7cCBXsBdoyZNJMG5pMhuSMUIYu3fgqblwo4tZHcOfbmLaz0NYfAh//OYeT84eJ4AY879tZWFxaXlktrBXXNza3tt2d3bpRqaasRpVQuhkSwwSPWQ04CNZMNCMyFKwRDq7H9cYD04ar+B6GCetI0ot5xCkBawXuQVtJ1iNBeJJD1tYS3yqAEb7Evhe4Ja/sTYTnwc+hhHJVA/er3VU0lSwGKogxLd9LoJMRDZwKNiq2U8MSQgekx1oWYyKZ6WSTQ0b4yDpdHCltXwx44v6eyIg0ZihD2ykJ9M1sbWz+V2ulEF10Mh4nKbCYThdFqcCg8DgV3OWaURBDC4Rqbv+KaZ9oQsFmV7Qh+LMnz0P9tOxbvjsrVa7yOApoHx2iY+Sjc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7R1wcln9tAfOZ8/QnWYzw==</latexit>

!/!b
<latexit sha1_base64="82EcSnsx3xuhvnsmHoRhAa4gOWo=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqs6I4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOuBkI//P4ec/FHKmTae9+2U1tY3NrfK25Wd3b39qntw2NZJpghtkYQnqhthTTmTtGWY4bSbKopFxGknGt/O/M4jVZol8sFMUhoIPJQsZgQbK4VutZ8IOsTniyuMQrfm1b15oVXwC6hBUc3Q/eoPEpIJKg3hWOue76UmyLEyjHA6rfQzTVNMxnhIexYlFlQH+XzxKTq1ygDFibJHGjRXf0/kWGg9EZHtFNiM9LI3E//zepmJr4OcyTQzVJLFQ3HGkUnQLAU0YIoSwycWMFHM7orICCtMjM2qYkPwl7+8Cu2Lum/5/rLWuCniKMMxnMAZ+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWklPMHMGfcj5/AIP5kvs=</latexit><latexit sha1_base64="82EcSnsx3xuhvnsmHoRhAa4gOWo=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqs6I4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOuBkI//P4ec/FHKmTae9+2U1tY3NrfK25Wd3b39qntw2NZJpghtkYQnqhthTTmTtGWY4bSbKopFxGknGt/O/M4jVZol8sFMUhoIPJQsZgQbK4VutZ8IOsTniyuMQrfm1b15oVXwC6hBUc3Q/eoPEpIJKg3hWOue76UmyLEyjHA6rfQzTVNMxnhIexYlFlQH+XzxKTq1ygDFibJHGjRXf0/kWGg9EZHtFNiM9LI3E//zepmJr4OcyTQzVJLFQ3HGkUnQLAU0YIoSwycWMFHM7orICCtMjM2qYkPwl7+8Cu2Lum/5/rLWuCniKMMxnMAZ+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWklPMHMGfcj5/AIP5kvs=</latexit><latexit sha1_base64="82EcSnsx3xuhvnsmHoRhAa4gOWo=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqs6I4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOuBkI//P4ec/FHKmTae9+2U1tY3NrfK25Wd3b39qntw2NZJpghtkYQnqhthTTmTtGWY4bSbKopFxGknGt/O/M4jVZol8sFMUhoIPJQsZgQbK4VutZ8IOsTniyuMQrfm1b15oVXwC6hBUc3Q/eoPEpIJKg3hWOue76UmyLEyjHA6rfQzTVNMxnhIexYlFlQH+XzxKTq1ygDFibJHGjRXf0/kWGg9EZHtFNiM9LI3E//zepmJr4OcyTQzVJLFQ3HGkUnQLAU0YIoSwycWMFHM7orICCtMjM2qYkPwl7+8Cu2Lum/5/rLWuCniKMMxnMAZ+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWklPMHMGfcj5/AIP5kvs=</latexit><latexit sha1_base64="82EcSnsx3xuhvnsmHoRhAa4gOWo=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsgqs6I4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOuBkI//P4ec/FHKmTae9+2U1tY3NrfK25Wd3b39qntw2NZJpghtkYQnqhthTTmTtGWY4bSbKopFxGknGt/O/M4jVZol8sFMUhoIPJQsZgQbK4VutZ8IOsTniyuMQrfm1b15oVXwC6hBUc3Q/eoPEpIJKg3hWOue76UmyLEyjHA6rfQzTVNMxnhIexYlFlQH+XzxKTq1ygDFibJHGjRXf0/kWGg9EZHtFNiM9LI3E//zepmJr4OcyTQzVJLFQ3HGkUnQLAU0YIoSwycWMFHM7orICCtMjM2qYkPwl7+8Cu2Lum/5/rLWuCniKMMxnMAZ+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWklPMHMGfcj5/AIP5kvs=</latexit>

Metal Spinon FS
P

<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

Pc
<latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit><latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit><latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit><latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit>

Metal
Spinon FS

Residue !c
<latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit><latexit sha1_base64="Jsa28ecbYgb7YbKJHYoyWxq/U2Q=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk09k2NNmsSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCp5gw3IrsJ1qpDIS2IpGt7N66wm14Sp5sOMUQ0kHCY85o9ZZ7a6SOKA91itX/Ko/F1mFIIcK5Kr3yl/dvmKZxMQyQY3pBH5qwwnVljOB01I3M5hSNqID7DhMqEQTTub7TsmZc/okVtq9xJK5+3tiQqUxYxm5Tknt0CzXZuZ/tU5m4+twwpM0s5iwxUdxJohVZHY86XONzIqxA8o0d7sSNqSaMusiKrkQguWTV6F5UQ0c319Wajd5HEU4gVM4hwCuoAZ3UIcGMBDwDK/w5j16L96797FoLXj5zDH8kff5AwVgj/E=</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

Pc
<latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit><latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit><latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit><latexit sha1_base64="EzHD66MX2OMRa5YeO0Qub33Ymc4=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdGn/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8ARqKjao=</latexit>

Metal
Spinon FS

Residue

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

Pc
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Summary Part I 
“Smoking gun” probes for U(1) spin 

liquids with gapless fermions 

1) Spinons in U(1) spin liquids are electrically neutral particles but they develop 
Landau levels under physical magnetic fields.

2) These spin liquids have cyclotron 
resonance and magnetisation 
oscillations (de-Haas van alphen) even 
though they are insulators.

Peng Rao



Outline Part II 
Berry curvature dipole 

of metals

1) Non-linear Hall effect in time reversal invariant materials controlled by the 
Berry curvature dipole

2) Berry curvature dipole measures a non-Newtonian and non-linear acceleration

d2r

dt2
⇠ (Berry dipole) E2
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Berry curvature in crystals
Vacuum
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<latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit>

↵,� 2 {x, y, z}
<latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit>



r = i
@

@k
+A(k)

<latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit>

A(k) = ihu(k)|@k|u(k)i
<latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit><latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit><latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit><latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit>

Berry connection

Berry curvature in crystals

✏(k)
<latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit>

k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit>

|u(k)i
<latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit><latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit><latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit><latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit>

Crystals

Vacuum

[r↵, r� ] = 0
<latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit><latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit><latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit><latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit>

r↵ = i
@

@p↵
<latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit>

↵,� 2 {x, y, z}
<latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit>

k 2 Brillouin zone
<latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit><latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit><latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit><latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit>

E. Blount, in Solid state physics, Vol. 13 (Elsevier, 1962)



r = i
@

@k
+A(k)

<latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit>

A(k) = ihu(k)|@k|u(k)i
<latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit><latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit><latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit><latexit sha1_base64="YSgwvcPSOJUloBTLumfgi4ec2Z4=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6kZ3FewDmlAm00k7dDIJMxOhpP0mN36J4EIXirj1I5ykwUfrhWEO55zLvfd4EaNSWdazUVhYXFpeKa6W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhZaq37oiQNOS3ahQRN0B9Tn2KkdJU17xOHM+H55NK9g8nh2fUYYj3GYHxNzeGToSEooh1cwqOf1RHZP6uWbaqVlZwHtg5KIO86l3z0emFOA4IV5ghKTu2FSk3SQdhRiYlJ5YkQniI+qSjIUcBkW6SnTyBB5rpQT8U+nEFM/Z3R4ICKUeBp50BUgM5q6Xkf1onVv6pm1AexYpwPB3kxwyqEKb5wR4VBCs20gBhQfWuEA+QQFjplEs6BHv25HnQPKraGt8cl2sXeRxFsAf2QQXY4ATUwBWogwbA4B48gVfwZjwYL8a78TG1Foy8Zxf8KePzC5FhqcU=</latexit>

Berry curvature

⌦(k) = @k ⇥A(k)
<latexit sha1_base64="P2hQCsrCJKpexKxrQZtOqZcXAR0=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoJtC1Y07K9gHNCFMppN26EwSZiZCCf0aN/6KGxcVEXd+ipM0oLZeGDj3nHO5c48fMyqVZX0apZXVtfWN8mZla3tnd8/cP+jIKBGYtHHEItHzkSSMhqStqGKkFwuCuM9I1x/fZHr3kQhJo/BBTWLicjQMaUAxUpryzEbq+AF07jgZomktb8bT04YTI6EoYl7BOIpyImHeXf34PLNq1a284DKwC1AFRbU8c+YMIpxwEirMkJR924qVm2bLMCPTipNIEiM8RkPS1zBEequb5mdO4YlmBjCIhH6hgjn7eyJFXMoJ97WTIzWSi1pG/qf1ExVcuikN40SREM8XBQmDKoJZZnBABcGKTTRAWFD9V4hHSCCsdLIVHYK9ePIy6JzVbY3vz6vN6yKOMjgCx6AGbHABmuAWtEAbYPAEXsAMvBnPxqvxbnzMrSWjmDkEf8r4+gZ+8KUl</latexit><latexit sha1_base64="P2hQCsrCJKpexKxrQZtOqZcXAR0=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoJtC1Y07K9gHNCFMppN26EwSZiZCCf0aN/6KGxcVEXd+ipM0oLZeGDj3nHO5c48fMyqVZX0apZXVtfWN8mZla3tnd8/cP+jIKBGYtHHEItHzkSSMhqStqGKkFwuCuM9I1x/fZHr3kQhJo/BBTWLicjQMaUAxUpryzEbq+AF07jgZomktb8bT04YTI6EoYl7BOIpyImHeXf34PLNq1a284DKwC1AFRbU8c+YMIpxwEirMkJR924qVm2bLMCPTipNIEiM8RkPS1zBEequb5mdO4YlmBjCIhH6hgjn7eyJFXMoJ97WTIzWSi1pG/qf1ExVcuikN40SREM8XBQmDKoJZZnBABcGKTTRAWFD9V4hHSCCsdLIVHYK9ePIy6JzVbY3vz6vN6yKOMjgCx6AGbHABmuAWtEAbYPAEXsAMvBnPxqvxbnzMrSWjmDkEf8r4+gZ+8KUl</latexit><latexit sha1_base64="P2hQCsrCJKpexKxrQZtOqZcXAR0=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoJtC1Y07K9gHNCFMppN26EwSZiZCCf0aN/6KGxcVEXd+ipM0oLZeGDj3nHO5c48fMyqVZX0apZXVtfWN8mZla3tnd8/cP+jIKBGYtHHEItHzkSSMhqStqGKkFwuCuM9I1x/fZHr3kQhJo/BBTWLicjQMaUAxUpryzEbq+AF07jgZomktb8bT04YTI6EoYl7BOIpyImHeXf34PLNq1a284DKwC1AFRbU8c+YMIpxwEirMkJR924qVm2bLMCPTipNIEiM8RkPS1zBEequb5mdO4YlmBjCIhH6hgjn7eyJFXMoJ97WTIzWSi1pG/qf1ExVcuikN40SREM8XBQmDKoJZZnBABcGKTTRAWFD9V4hHSCCsdLIVHYK9ePIy6JzVbY3vz6vN6yKOMjgCx6AGbHABmuAWtEAbYPAEXsAMvBnPxqvxbnzMrSWjmDkEf8r4+gZ+8KUl</latexit><latexit sha1_base64="P2hQCsrCJKpexKxrQZtOqZcXAR0=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoJtC1Y07K9gHNCFMppN26EwSZiZCCf0aN/6KGxcVEXd+ipM0oLZeGDj3nHO5c48fMyqVZX0apZXVtfWN8mZla3tnd8/cP+jIKBGYtHHEItHzkSSMhqStqGKkFwuCuM9I1x/fZHr3kQhJo/BBTWLicjQMaUAxUpryzEbq+AF07jgZomktb8bT04YTI6EoYl7BOIpyImHeXf34PLNq1a284DKwC1AFRbU8c+YMIpxwEirMkJR924qVm2bLMCPTipNIEiM8RkPS1zBEequb5mdO4YlmBjCIhH6hgjn7eyJFXMoJ97WTIzWSi1pG/qf1ExVcuikN40SREM8XBQmDKoJZZnBABcGKTTRAWFD9V4hHSCCsdLIVHYK9ePIy6JzVbY3vz6vN6yKOMjgCx6AGbHABmuAWtEAbYPAEXsAMvBnPxqvxbnzMrSWjmDkEf8r4+gZ+8KUl</latexit>

Berry connection

Berry curvature in crystals

✏(k)
<latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit>

k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit>

|u(k)i
<latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit><latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit><latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit><latexit sha1_base64="i48x5fH9w8cGnIpObI1djv9pebg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqJuSiKDLohuXFewFmlAm00k7dDIJMxOxxLyKGxeKuPVF3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDakfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67weRmVu8+UKlYLO71NKF+hEeChYxgbayBXX1K65kXhGiSn3kSixGnA7vmNJy50Cq4BdSgUGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjjNK16qaILJBI9o36DAEVV+Nr89R6fGGaIwluYJjebu74kMR0pNo8B0RliP1XJtZv5X66c6vPIzJpJUU0EWi8KUIx2jWRBoyCQlmk8NYCKZuRWRMZaYaBNXxYTgLn95FTrnDdfw3UWteV3EUYZjOIE6uHAJTbiFFrSBwCM8wyu8Wbn1Yr1bH4vWklXMHMEfWZ8/jhSUHQ==</latexit>

[r↵, r� ] = i✏↵��⌦�
<latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit><latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit><latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit><latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit>

Crystals

Vacuum

E. Blount, in Solid state physics, Vol. 13 (Elsevier, 1962)

[r↵, r� ] = 0
<latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit><latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit><latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit><latexit sha1_base64="HctrSAMHvgVh47NMh+XBBbye/2M=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNCNUHTjsoK9QBrCyXTSDp1MwsxEKKFbN76KGxeKuPUN3Pk2Ttsg2vrDwDf/OYeZ84cpZ0o7zpdVWlpeWV0rr1c2Nre2d+zdvZZKMklokyQ8kZ0QFOVM0KZmmtNOKinEIaftcHg9qbfvqVQsEXd6lFI/hr5gESOgjRXY2Mu7YYTlOOgCTwdw8nMNqQb/0gnsqlNzpsKL4BZQRYUagf3Z7SUki6nQhINSnuuk2s9BakY4HVe6maIpkCH0qWdQQEyVn083GeMj4/RwlEhzhMZT9/dEDrFSozg0nTHogZqvTcz/al6mows/ZyLNNBVk9lCUcawTPIkF95ikRPORASCSmb9iMgAJRJvwKiYEd37lRWid1lzDt2fV+lURRxkdoEN0jFx0juroBjVQExH0gJ7QC3q1Hq1n6816n7WWrGJmH/2R9fENuEOZsA==</latexit>

r↵ = i
@

@p↵
<latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit><latexit sha1_base64="zuIjZ3v1Fa18w+RZZRYLB7N4Sp4=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCq5KIoC6EohuXFewFmlBOppN26CQZZiZCCXkWN76KGxeKuhJ8GCdtRG09MPDxn//MzPl9wZnStv1hLSwuLa+sltbK6xubW9uVnd2WihNJaJPEPJYdHxTlLKJNzTSnHSEphD6nbX90lffbd1QqFke3eiyoF8IgYgEjoI3Uq5ynrh9gmfVc4GIIF8wNJJDUFSA1A46zH5w4xbcz61Wqds2eFJ4Hp4AqKqrRq7y5/ZgkIY004aBU17GF9tL8dsJpVnYTRQWQEQxo12AEIVVeOlkxw4dG6eMgluZEGk/U3xMphEqNQ984Q9BDNdvLxf963UQHZ17KIpFoGpHpQ0HCsY5xnhfuM0mJ5mMDQCQzf8VkCCYjbVItmxCc2ZXnoXVccwzfnFTrl0UcJbSPDtARctApqqNr1EBNRNA9ekTP6MV6sJ6sV+t9al2wipk99Keszy/sw6Uh</latexit>

↵,� 2 {x, y, z}
<latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit><latexit sha1_base64="vpFWpzQI5cLbfBiE7oFusxwDSOY=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBelJCLosujGZQV7gSaUk+m0HTqZhJmJGEPd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgNQlDNBG5ppTtuxpBAGnLaC0dWk3rqjUrFI3Oo0pn4IA8H6jIA2Vtc+8IDHQ6h4AdXgMeFl95W08uCNu3bZqTpT4UVwcyijXPWu/eX1IpKEVGjCQamO68Taz0BqRjgdl7xE0RjICAa0Y1BASJWfTS8Y42Pj9HA/kuYJjafu74kMQqXSMDCdIeihmq9NzP9qnUT3L/yMiTjRVJDZon7CsY7wJA7cY5ISzVMDQCQzf8VkCBKINqGVTAju/MmL0DytuoZvzsq1yzyOIjpER+gEuegc1dA1qqMGIugRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr8wdMCJbH</latexit>

k 2 Brillouin zone
<latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit><latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit><latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit><latexit sha1_base64="gCj8xBlfZgrBCTRIAYDtiGYgwms=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi5L3bisYC/QKSWTnmlDM8mQZIQ6zNaNr+LGhSJufQN3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm6Wt8vbO7t6+e3DY0jJVFJpUcqk6IdHAmYCmYYZDJ1FA4pBDOxxfT+vte1CaSXFnJgn0YjIULGKUGGv1XZwFYYTHecCERRXjumKcy5SJAD9IAXnfrXhVbya8DH4BFVSo0Xe/goGkaQzCUE607vpeYnoZUYZRDnk5SDUkhI7JELoWBYlB97LZJTk+tc4AR1LZJwyeub8nMhJrPYlD2xkTM9KLtan5X62bmuiqlzGRpAYEnS+KUo6NxNNY8IApoIZPLBCqmP0rpiOiCDU2vLINwV88eRla51Xf8u1FpVYv4iihY3SCzpCPLlEN3aAGaiKKHtEzekVvzpPz4rw7H/PWFaeYOUJ/5Hz+AGBtmiA=</latexit>



Karplus and Luttinger, Phys. Rev. 95, 1154 (1954). Chang and Niu, Phys. Rev. Lett. 75, 1348, (1995).

✏(k)
<latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit>

k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit>

“Anomalous” velocity
Berry connection = momentum-locked dipole 

r = i
@

@k
+A(k)

<latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit>

dk

dt
= i[H,k] = �eE

<latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit><latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit><latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit><latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit>

H = ✏(k) + eE(t) · r = ✏(k) + eE · @k + eE ·A(k)
<latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit><latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit><latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit><latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit>



The velocity has an extra piece besides the group velocity:

Karplus and Luttinger, Phys. Rev. 95, 1154 (1954). Chang and Niu, Phys. Rev. Lett. 75, 1348, (1995).

✏(k)
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k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit>

[r↵, r� ] = i✏↵��⌦�
<latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit><latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit><latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit><latexit sha1_base64="P2lEwD3rQULXbL+NZiGCFTQvz9Q="></latexit>

“Anomalous” velocity

E
<latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit>

vanom
<latexit sha1_base64="pnewcIG0aOpNogwpMs8kfY/tZGw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJCLosunFZwV6gCWEynbRD5xJmJsUS8ipuXCji1hdx59s4bbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rXS0zhUkHSyZVP0aaMCpIx1DDSD9VBPGYkV48uZvXe1OiNJXi0cxSEnI0EjShGBlrRW49D+IETosoDxSHSEheRG7Da3oLwXXwS2iAUu3I/QqGEmecCIMZ0nrge6kJc6QMxYwUtSDTJEV4gkZkYFEgTnSYL24v4Ll1hjCRyj5h4ML9PZEjrvWMx7aTIzPWq7W5+V9tkJnkJsypSDNDBF4uSjIGjYTzIOCQKoINm1lAWFF7K8RjpBA2Nq6aDcFf/fI6dC+bvuWHq0brtoyjCk7BGbgAPrgGLXAP2qADMHgCz+AVvDmF8+K8Ox/L1opTzpyAP3I+fwALQZRu</latexit><latexit sha1_base64="pnewcIG0aOpNogwpMs8kfY/tZGw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJCLosunFZwV6gCWEynbRD5xJmJsUS8ipuXCji1hdx59s4bbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rXS0zhUkHSyZVP0aaMCpIx1DDSD9VBPGYkV48uZvXe1OiNJXi0cxSEnI0EjShGBlrRW49D+IETosoDxSHSEheRG7Da3oLwXXwS2iAUu3I/QqGEmecCIMZ0nrge6kJc6QMxYwUtSDTJEV4gkZkYFEgTnSYL24v4Ll1hjCRyj5h4ML9PZEjrvWMx7aTIzPWq7W5+V9tkJnkJsypSDNDBF4uSjIGjYTzIOCQKoINm1lAWFF7K8RjpBA2Nq6aDcFf/fI6dC+bvuWHq0brtoyjCk7BGbgAPrgGLXAP2qADMHgCz+AVvDmF8+K8Ox/L1opTzpyAP3I+fwALQZRu</latexit><latexit sha1_base64="pnewcIG0aOpNogwpMs8kfY/tZGw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJCLosunFZwV6gCWEynbRD5xJmJsUS8ipuXCji1hdx59s4bbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rXS0zhUkHSyZVP0aaMCpIx1DDSD9VBPGYkV48uZvXe1OiNJXi0cxSEnI0EjShGBlrRW49D+IETosoDxSHSEheRG7Da3oLwXXwS2iAUu3I/QqGEmecCIMZ0nrge6kJc6QMxYwUtSDTJEV4gkZkYFEgTnSYL24v4Ll1hjCRyj5h4ML9PZEjrvWMx7aTIzPWq7W5+V9tkJnkJsypSDNDBF4uSjIGjYTzIOCQKoINm1lAWFF7K8RjpBA2Nq6aDcFf/fI6dC+bvuWHq0brtoyjCk7BGbgAPrgGLXAP2qADMHgCz+AVvDmF8+K8Ox/L1opTzpyAP3I+fwALQZRu</latexit><latexit sha1_base64="pnewcIG0aOpNogwpMs8kfY/tZGw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJCLosunFZwV6gCWEynbRD5xJmJsUS8ipuXCji1hdx59s4bbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rXS0zhUkHSyZVP0aaMCpIx1DDSD9VBPGYkV48uZvXe1OiNJXi0cxSEnI0EjShGBlrRW49D+IETosoDxSHSEheRG7Da3oLwXXwS2iAUu3I/QqGEmecCIMZ0nrge6kJc6QMxYwUtSDTJEV4gkZkYFEgTnSYL24v4Ll1hjCRyj5h4ML9PZEjrvWMx7aTIzPWq7W5+V9tkJnkJsypSDNDBF4uSjIGjYTzIOCQKoINm1lAWFF7K8RjpBA2Nq6aDcFf/fI6dC+bvuWHq0brtoyjCk7BGbgAPrgGLXAP2qADMHgCz+AVvDmF8+K8Ox/L1opTzpyAP3I+fwALQZRu</latexit>

v↵ =
dr↵
dt

= i[H, r↵] = @k↵✏� ei[r↵, r� ]E�
<latexit sha1_base64="qNpnb0dr+cqSYouEJ4GaFDdtlbo="></latexit><latexit sha1_base64="qNpnb0dr+cqSYouEJ4GaFDdtlbo="></latexit><latexit sha1_base64="qNpnb0dr+cqSYouEJ4GaFDdtlbo="></latexit><latexit sha1_base64="qNpnb0dr+cqSYouEJ4GaFDdtlbo="></latexit>

v =
@✏

@k
+ e⌦⇥E(t)

<latexit sha1_base64="pA6smFC2gr6/6gEkL4id8wBv7zk="></latexit><latexit sha1_base64="pA6smFC2gr6/6gEkL4id8wBv7zk="></latexit><latexit sha1_base64="pA6smFC2gr6/6gEkL4id8wBv7zk="></latexit><latexit sha1_base64="pA6smFC2gr6/6gEkL4id8wBv7zk="></latexit>

Berry connection = momentum-locked dipole 

r = i
@

@k
+A(k)

<latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit><latexit sha1_base64="5yUHQ61pwVLUvtWWOr/aqDu4Geo=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKkJJRNCFQtWNywr2Ak0ok+mkHTqZhJmJUEJexo2v4saFRQRXvoqTNIi2/jDw8Z9zOHN+L2JUKsv6NEpLyyura+X1ysbm1vaOubvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs3qnUciJA35g5pExA3QkFOfYqS01TcvE8fzoUivKHR8gXDiREgoilj6QzBvGafpSQ7Xaa0wjvtm1apbueAi2AVUQaFm35w6gxDHAeEKMyRlz7Yi5SbZHsxIWnFiSSKEx2hIeho5Coh0k/zKFB5pZwD9UOjHFczd3xMJCqScBJ7uDJAayflaZv5X68XKv3ATyqNYEY5ni/yYQRXCLDI4oIJgxSYaEBZU/xXiEdJhKR1sRYdgz5+8CO3Tuq35/qzauCniKIMDcAhqwAbnoAHuQBO0AAZP4AW8ganxbLwa78bHrLVkFDP74I+Mr2+6R6VY</latexit>

dk

dt
= i[H,k] = �eE

<latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit><latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit><latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit><latexit sha1_base64="W6AUte4bAjTA/+DzpLaGIktd1FA=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXNSSiKCbQlGELivYCyShTCaTduhkEmYmQgl5CTe+ihsXirgV3Pk2TtsstPXAwMf/n8OZ8/sJo1JZ1rdRWlldW98ob1a2tnd298z9g66MU4FJB8csFn0fScIoJx1FFSP9RBAU+Yz0/PHN1O89ECFpzO/VJCFehIachhQjpaWBWXNDgXAWwMz1QzjO8yxQeYM6rVoheI0zMjdv84FZterWrOAy2AVUQVHtgfnlBjFOI8IVZkhKx7YS5WVIKIoZyStuKkmC8BgNiaORo4hIL5tdlcMTrQQwjIV+XMGZ+nsiQ5GUk8jXnRFSI7noTcX/PCdV4ZWXUZ6kinA8XxSmDKoYTiOCARUEKzbRgLCg+q8Qj5COSekgKzoEe/HkZeie123NdxfV5nURRxkcgWNwCmxwCZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP6U8fkDRYeeNw==</latexit>

H = ✏(k) + eE(t) · r = ✏(k) + eE · @k + eE ·A(k)
<latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit><latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit><latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit><latexit sha1_base64="D5t+/Wc8ZhossTF34sWBlNX8DZU="></latexit>



Linear response

j↵ = �e

Z
ddk

(2⇡)d
v↵(k)f0(k+ e⌧E)

<latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit>

v =
@✏

@k
+ e⌦⇥E

<latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="1MIiFZ7AyA5uZ7uzbo1jkmaZhBU=">AAACJ3icbVBNS8NAFHyp3/UrevWyKIIgSOJFL4Iggp5UsK3QlLLZvtSlm03Y3RRKyG/y4i8RPOhBEf+Im7SgVgcWhpm3zHsTpoJr43kvTm1mdm5+YXGpvryyurbubqw0dZIphg2WiETdhVSj4BIbhhuBd6lCGocCW+HgrPRbQ1SaJ/LWjFLsxLQvecQZNVbqupd5EEZkWJwEkaIsD1KqDKeCBJhqLhJZfEvV5KAo9jG4irFPSWB4jHqsnxddd8c78CqQv8SfkB2Y4LrrPgW9hGUxSsME1brte6np5GUaE1jUg0xjStmA9rFtqaQ2rJNXJxdk1yo9EiXKPmlIpf78kdNY61Ec2smYmns97ZXif147M9FxJ+cyzQxKNg6KMkFMQsr+SI8rZEaMLKFMcbsrYffUdmdsy3Vbgj998l/SPDzwLb/xYBG2YBv2wIcjOIULuIYGMHiAZ3iDd+fReXU+xnXVnElvm/ALzucX00apog==</latexit><latexit sha1_base64="1MIiFZ7AyA5uZ7uzbo1jkmaZhBU=">AAACJ3icbVBNS8NAFHyp3/UrevWyKIIgSOJFL4Iggp5UsK3QlLLZvtSlm03Y3RRKyG/y4i8RPOhBEf+Im7SgVgcWhpm3zHsTpoJr43kvTm1mdm5+YXGpvryyurbubqw0dZIphg2WiETdhVSj4BIbhhuBd6lCGocCW+HgrPRbQ1SaJ/LWjFLsxLQvecQZNVbqupd5EEZkWJwEkaIsD1KqDKeCBJhqLhJZfEvV5KAo9jG4irFPSWB4jHqsnxddd8c78CqQv8SfkB2Y4LrrPgW9hGUxSsME1brte6np5GUaE1jUg0xjStmA9rFtqaQ2rJNXJxdk1yo9EiXKPmlIpf78kdNY61Ec2smYmns97ZXif147M9FxJ+cyzQxKNg6KMkFMQsr+SI8rZEaMLKFMcbsrYffUdmdsy3Vbgj998l/SPDzwLb/xYBG2YBv2wIcjOIULuIYGMHiAZ3iDd+fReXU+xnXVnElvm/ALzucX00apog==</latexit><latexit sha1_base64="zwCWJmPJ9hyHBlScp230gyZ6Rxw="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit>

�k = �e⌧E
<latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit>

dk

dt
= �eE

<latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit><latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit><latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit><latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit>



�k = �e⌧E
<latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit>j↵ = �e

Z
ddk

(2⇡)d
v↵(k)f0(k+ e⌧E)

<latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit>

= e2⌧h@2
k↵k�

✏iE� � e2✏↵��h⌦�iE� +O(E2)
<latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="WfrUgbNbBvosaWD+pqIrqHZbCfM="></latexit><latexit sha1_base64="WfrUgbNbBvosaWD+pqIrqHZbCfM="></latexit><latexit sha1_base64="f1iiAryKbNkaVdtAOShT7lV3U0Y="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit> { <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Drude weight
{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Hall conductivity
h· · · i ⌘

Z

BZ

ddk

(2⇡)d
f0(k) · · ·

<latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit>

Linear response

v =
@✏

@k
+ e⌦⇥E

<latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="1MIiFZ7AyA5uZ7uzbo1jkmaZhBU=">AAACJ3icbVBNS8NAFHyp3/UrevWyKIIgSOJFL4Iggp5UsK3QlLLZvtSlm03Y3RRKyG/y4i8RPOhBEf+Im7SgVgcWhpm3zHsTpoJr43kvTm1mdm5+YXGpvryyurbubqw0dZIphg2WiETdhVSj4BIbhhuBd6lCGocCW+HgrPRbQ1SaJ/LWjFLsxLQvecQZNVbqupd5EEZkWJwEkaIsD1KqDKeCBJhqLhJZfEvV5KAo9jG4irFPSWB4jHqsnxddd8c78CqQv8SfkB2Y4LrrPgW9hGUxSsME1brte6np5GUaE1jUg0xjStmA9rFtqaQ2rJNXJxdk1yo9EiXKPmlIpf78kdNY61Ec2smYmns97ZXif147M9FxJ+cyzQxKNg6KMkFMQsr+SI8rZEaMLKFMcbsrYffUdmdsy3Vbgj998l/SPDzwLb/xYBG2YBv2wIcjOIULuIYGMHiAZ3iDd+fReXU+xnXVnElvm/ALzucX00apog==</latexit><latexit sha1_base64="1MIiFZ7AyA5uZ7uzbo1jkmaZhBU=">AAACJ3icbVBNS8NAFHyp3/UrevWyKIIgSOJFL4Iggp5UsK3QlLLZvtSlm03Y3RRKyG/y4i8RPOhBEf+Im7SgVgcWhpm3zHsTpoJr43kvTm1mdm5+YXGpvryyurbubqw0dZIphg2WiETdhVSj4BIbhhuBd6lCGocCW+HgrPRbQ1SaJ/LWjFLsxLQvecQZNVbqupd5EEZkWJwEkaIsD1KqDKeCBJhqLhJZfEvV5KAo9jG4irFPSWB4jHqsnxddd8c78CqQv8SfkB2Y4LrrPgW9hGUxSsME1brte6np5GUaE1jUg0xjStmA9rFtqaQ2rJNXJxdk1yo9EiXKPmlIpf78kdNY61Ec2smYmns97ZXif147M9FxJ+cyzQxKNg6KMkFMQsr+SI8rZEaMLKFMcbsrYffUdmdsy3Vbgj998l/SPDzwLb/xYBG2YBv2wIcjOIULuIYGMHiAZ3iDd+fReXU+xnXVnElvm/ALzucX00apog==</latexit><latexit sha1_base64="zwCWJmPJ9hyHBlScp230gyZ6Rxw="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit>

dk

dt
= �eE

<latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit><latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit><latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit><latexit sha1_base64="mlxPlElnfG16/kH65svm1iCTnzs=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEN5ZEBN0IRRFcVrAXaEKZTE7aoZMLMxOhhOzc+CpuXCji1ldw59s4TbPQ1h8GvvnPOcyc30s4k8qyvo2FxaXlldXKWnV9Y3Nr29zZbcs4FRRaNOax6HpEAmcRtBRTHLqJABJ6HDre6HpS7zyAkCyO7tU4ATckg4gFjBKlrb554ASC0MzHmeMFeJTnma/yyxMorjd536xZdasQnge7hBoq1eybX44f0zSESFFOpOzZVqLcjAjFKIe86qQSEkJHZAA9jREJQbpZsUeOj7Tj4yAW+kQKF+7viYyEUo5DT3eGRA3lbG1i/lfrpSq4cDMWJamCiE4fClKOVYwnoWCfCaCKjzUQKpj+K6ZDooNROrqqDsGeXXke2qd1W/PdWa1xVcZRQfvoEB0jG52jBrpFTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sj4/AGHtpkS</latexit>



�k = �e⌧E
<latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit><latexit sha1_base64="UY+dgUQbqA871mbOjhc3B9B6ENQ=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgeDHMiKAXIbiAxwhmgUwIPZ2apEnPQneNEIY5evFVvHhQxKuP4M23sbMcNPGHho+/qqiu34ul0Gjb31ZuYXFpeSW/Wlhb39jcKm7v1HWUKA41HslINT2mQYoQaihQQjNWwAJPQsMbXI3qjQdQWkThPQ5jaAesFwpfcIbG6hT33WuQyGjqej4dZPTiGKiLLJkYN1mnWLLL9lh0HpwplMhU1U7xy+1GPAkgRC6Z1i3HjrGdMoWCS8gKbqIhZnzAetAyGLIAdDsdH5LRQ+N0qR8p80KkY/f3RMoCrYeBZzoDhn09WxuZ/9VaCfrn7VSEcYIQ8skiP5EUIzpKhXaFAo5yaIBxJcxfKe8zxTia7AomBGf25Hmon5Qdw3enpcrlNI482SMH5Ig45IxUyC2pkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yR9bnD1zAmEQ=</latexit>j↵ = �e

Z
ddk

(2⇡)d
v↵(k)f0(k+ e⌧E)

<latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit><latexit sha1_base64="0NxQN5hqGsVUCuqTscbNG2rxFA0="></latexit>

= e2⌧h@2
k↵k�

✏iE� � e2✏↵��h⌦�iE� +O(E2)
<latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="WfrUgbNbBvosaWD+pqIrqHZbCfM="></latexit><latexit sha1_base64="WfrUgbNbBvosaWD+pqIrqHZbCfM="></latexit><latexit sha1_base64="f1iiAryKbNkaVdtAOShT7lV3U0Y="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit><latexit sha1_base64="FycyYuf9OIB/BPRE4Mj1MKyl7LE="></latexit> { <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Drude weight
{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Hall conductivity

kx
<latexit sha1_base64="W9/cHHI0EccWjSezigQ0ObXw04o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v24/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBjgI3a</latexit><latexit sha1_base64="W9/cHHI0EccWjSezigQ0ObXw04o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v24/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBjgI3a</latexit><latexit sha1_base64="W9/cHHI0EccWjSezigQ0ObXw04o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v24/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBjgI3a</latexit><latexit sha1_base64="W9/cHHI0EccWjSezigQ0ObXw04o=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v24/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBjgI3a</latexit>

ky
<latexit sha1_base64="sKI+Hf7ex+JaLRXURk3Zk1bUGhk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfJIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2UEjds=</latexit><latexit sha1_base64="sKI+Hf7ex+JaLRXURk3Zk1bUGhk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfJIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2UEjds=</latexit><latexit sha1_base64="sKI+Hf7ex+JaLRXURk3Zk1bUGhk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfJIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2UEjds=</latexit><latexit sha1_base64="sKI+Hf7ex+JaLRXURk3Zk1bUGhk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfJIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2UEjds=</latexit>

k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit>

�k
<latexit sha1_base64="NOcpTlkBAvO318bNyf9H4OTjLjQ=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHCvYD2lA220m7dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezeusJleaxfDSTBP2IDiQPOaPGWu2LrBuEZDTtlStu1Z2LrIKXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBpqZtqTCgb0QF2LEoaofaz+b5TcmadPgljZZ80ZO7+nshopPUkCmxnRM1QL9dm5n+1TmrCGz/jMkkNSrb4KEwFMTGZHU/6XCEzYmKBMsXtroQNqaLM2IhKNgRv+eRVaF5WPcsPV5XabR5HEU7gFM7Bg2uowT3UoQEMBDzDK7w5Y+fFeXc+Fq0FJ585hj9yPn8AhaqPng==</latexit><latexit sha1_base64="NOcpTlkBAvO318bNyf9H4OTjLjQ=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHCvYD2lA220m7dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezeusJleaxfDSTBP2IDiQPOaPGWu2LrBuEZDTtlStu1Z2LrIKXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBpqZtqTCgb0QF2LEoaofaz+b5TcmadPgljZZ80ZO7+nshopPUkCmxnRM1QL9dm5n+1TmrCGz/jMkkNSrb4KEwFMTGZHU/6XCEzYmKBMsXtroQNqaLM2IhKNgRv+eRVaF5WPcsPV5XabR5HEU7gFM7Bg2uowT3UoQEMBDzDK7w5Y+fFeXc+Fq0FJ585hj9yPn8AhaqPng==</latexit><latexit sha1_base64="NOcpTlkBAvO318bNyf9H4OTjLjQ=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHCvYD2lA220m7dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezeusJleaxfDSTBP2IDiQPOaPGWu2LrBuEZDTtlStu1Z2LrIKXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBpqZtqTCgb0QF2LEoaofaz+b5TcmadPgljZZ80ZO7+nshopPUkCmxnRM1QL9dm5n+1TmrCGz/jMkkNSrb4KEwFMTGZHU/6XCEzYmKBMsXtroQNqaLM2IhKNgRv+eRVaF5WPcsPV5XabR5HEU7gFM7Bg2uowT3UoQEMBDzDK7w5Y+fFeXc+Fq0FJ585hj9yPn8AhaqPng==</latexit><latexit sha1_base64="NOcpTlkBAvO318bNyf9H4OTjLjQ=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHCvYD2lA220m7dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnezeusJleaxfDSTBP2IDiQPOaPGWu2LrBuEZDTtlStu1Z2LrIKXQwVy1Xvlr24/ZmmE0jBBte54bmL8jCrDmcBpqZtqTCgb0QF2LEoaofaz+b5TcmadPgljZZ80ZO7+nshopPUkCmxnRM1QL9dm5n+1TmrCGz/jMkkNSrb4KEwFMTGZHU/6XCEzYmKBMsXtroQNqaLM2IhKNgRv+eRVaF5WPcsPV5XabR5HEU7gFM7Bg2uowT3UoQEMBDzDK7w5Y+fFeXc+Fq0FJ585hj9yPn8AhaqPng==</latexit>

⌦(k) = �⌦(�k)
<latexit sha1_base64="vBAdjknbXbU7ak/O5AVDe5jornM=">AAACFnicbZDLSgMxFIYzXmu9jbp0EyxCXbTMiKAboejGnRXsBTqlZNJMG5pkhiQjlGGewo2v4saFIm7FnW9jOh3Btv4Q+PKfc0jO70eMKu0439bS8srq2npho7i5tb2za+/tN1UYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyR9eTeuuBSEVDca/HEelyNBA0oBhpY/XsSuL5AfRuORmgtJxdRunJ5axd+fV7dsmpOpngIrg5lECues/+8vohjjkRGjOkVMd1It1NkNQUM5IWvViRCOERGpCOQYE4Ud0kWyuFx8bpwyCU5ggNM/fvRIK4UmPum06O9FDN1ybmf7VOrIOLbkJFFGsi8PShIGZQh3CSEexTSbBmYwMIS2r+CvEQSYS1SbJoQnDnV16E5mnVNXx3Vqpd5XEUwCE4AmXggnNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcnKZw7AjKzPH/PTnfY=</latexit><latexit sha1_base64="vBAdjknbXbU7ak/O5AVDe5jornM=">AAACFnicbZDLSgMxFIYzXmu9jbp0EyxCXbTMiKAboejGnRXsBTqlZNJMG5pkhiQjlGGewo2v4saFIm7FnW9jOh3Btv4Q+PKfc0jO70eMKu0439bS8srq2npho7i5tb2za+/tN1UYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyR9eTeuuBSEVDca/HEelyNBA0oBhpY/XsSuL5AfRuORmgtJxdRunJ5axd+fV7dsmpOpngIrg5lECues/+8vohjjkRGjOkVMd1It1NkNQUM5IWvViRCOERGpCOQYE4Ud0kWyuFx8bpwyCU5ggNM/fvRIK4UmPum06O9FDN1ybmf7VOrIOLbkJFFGsi8PShIGZQh3CSEexTSbBmYwMIS2r+CvEQSYS1SbJoQnDnV16E5mnVNXx3Vqpd5XEUwCE4AmXggnNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcnKZw7AjKzPH/PTnfY=</latexit><latexit sha1_base64="vBAdjknbXbU7ak/O5AVDe5jornM=">AAACFnicbZDLSgMxFIYzXmu9jbp0EyxCXbTMiKAboejGnRXsBTqlZNJMG5pkhiQjlGGewo2v4saFIm7FnW9jOh3Btv4Q+PKfc0jO70eMKu0439bS8srq2npho7i5tb2za+/tN1UYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyR9eTeuuBSEVDca/HEelyNBA0oBhpY/XsSuL5AfRuORmgtJxdRunJ5axd+fV7dsmpOpngIrg5lECues/+8vohjjkRGjOkVMd1It1NkNQUM5IWvViRCOERGpCOQYE4Ud0kWyuFx8bpwyCU5ggNM/fvRIK4UmPum06O9FDN1ybmf7VOrIOLbkJFFGsi8PShIGZQh3CSEexTSbBmYwMIS2r+CvEQSYS1SbJoQnDnV16E5mnVNXx3Vqpd5XEUwCE4AmXggnNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcnKZw7AjKzPH/PTnfY=</latexit><latexit sha1_base64="vBAdjknbXbU7ak/O5AVDe5jornM=">AAACFnicbZDLSgMxFIYzXmu9jbp0EyxCXbTMiKAboejGnRXsBTqlZNJMG5pkhiQjlGGewo2v4saFIm7FnW9jOh3Btv4Q+PKfc0jO70eMKu0439bS8srq2npho7i5tb2za+/tN1UYS0waOGShbPtIEUYFaWiqGWlHkiDuM9LyR9eTeuuBSEVDca/HEelyNBA0oBhpY/XsSuL5AfRuORmgtJxdRunJ5axd+fV7dsmpOpngIrg5lECues/+8vohjjkRGjOkVMd1It1NkNQUM5IWvViRCOERGpCOQYE4Ud0kWyuFx8bpwyCU5ggNM/fvRIK4UmPum06O9FDN1ybmf7VOrIOLbkJFFGsi8PShIGZQh3CSEexTSbBmYwMIS2r+CvEQSYS1SbJoQnDnV16E5mnVNXx3Vqpd5XEUwCE4AmXggnNQAzegDhoAg0fwDF7Bm/VkvVjv1se0dcnKZw7AjKzPH/PTnfY=</latexit>

Time reversal:

�Hall = 0
<latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="z+bxanP1LRmd2QibkAUKNe94CEI=">AAAB8XicbZBLSwMxFIXv+Ky1atWlm2ARXJUZN7oRBDddVrAP6AzDnTTThiYzQ5IRhqH+FTcuFPHPuPPfmD4W2nog8HFOwr05USa4Nq777Wxsbm3v7Fb2qvu1g8Oj+nGtq9NcUdahqUhVP0LNBE9Yx3AjWD9TDGUkWC+a3M/y3hNTmqfJoykyFkgcJTzmFI21wvqpr/lIYlj6SpIWCjG9dcN6w226c5F18JbQgKXaYf3LH6Y0lywxVKDWA8/NTFCiMpwKNq36uWYZ0gmO2MBigpLpoJwvPyUX1hmSOFX2JIbM3d8vSpRaFzKyNyWasV7NZuZ/2SA38U1Q8iTLDUvoYlCcC2JSMmuCDLli1IjCAlLF7a6EjlEhNbavqi3BW/3yOnSvmp7lBxcqcAbncAkeXMMdtKANHaBQwAu8wbvz7Lw6H4u6NpxlbyfwR87nD9Hnkw8=</latexit><latexit sha1_base64="z+bxanP1LRmd2QibkAUKNe94CEI=">AAAB8XicbZBLSwMxFIXv+Ky1atWlm2ARXJUZN7oRBDddVrAP6AzDnTTThiYzQ5IRhqH+FTcuFPHPuPPfmD4W2nog8HFOwr05USa4Nq777Wxsbm3v7Fb2qvu1g8Oj+nGtq9NcUdahqUhVP0LNBE9Yx3AjWD9TDGUkWC+a3M/y3hNTmqfJoykyFkgcJTzmFI21wvqpr/lIYlj6SpIWCjG9dcN6w226c5F18JbQgKXaYf3LH6Y0lywxVKDWA8/NTFCiMpwKNq36uWYZ0gmO2MBigpLpoJwvPyUX1hmSOFX2JIbM3d8vSpRaFzKyNyWasV7NZuZ/2SA38U1Q8iTLDUvoYlCcC2JSMmuCDLli1IjCAlLF7a6EjlEhNbavqi3BW/3yOnSvmp7lBxcqcAbncAkeXMMdtKANHaBQwAu8wbvz7Lw6H4u6NpxlbyfwR87nD9Hnkw8=</latexit><latexit sha1_base64="hLVVNKB3iRaznoaSeqcKkn2YsVw=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJG90IRTddVrAXaEI4mU7aoTNJmJkIIdRXceNCEbc+iDvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2KhubW9s71d3a3v7B4ZF9fNJTSSYJ7ZKEJ3IQgqKcxbSrmeZ0kEoKIuS0H07v5vX+I5WKJfGDzlPqCxjHLGIEtLECu+4pNhYQFJ4UuA2cz26cwG44TWchvA5uCQ1UqhPYX94oIZmgsSYclBq6Tqr9AqRmhNNZzcsUTYFMYUyHBmMQVPnF4vgZPjfOCEeJNC/WeOH+nihAKJWL0HQK0BO1Wpub/9WGmY6u/YLFaaZpTJaLooxjneB5EnjEJCWa5waASGZuxWQCEog2edVMCO7ql9ehd9l0Dd87jdZtGUcVnaIzdIFcdIVaqI06qIsIytEzekVv1pP1Yr1bH8vWilXO1NEfWZ8/NAKUcg==</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit><latexit sha1_base64="yYIeC0ygd1DkNxrBp/mZXD0e1tA=">AAAB/HicbZDNSsNAFIUn9a/Wv2iXbgaL4KokIuhGKLrpsoKthSaEm+mkHTqThJmJEEJ9FTcuFHHrg7jzbZy2WWjrgYGPc+/l3jlhypnSjvNtVdbWNza3qtu1nd29/QP78KinkkwS2iUJT2Q/BEU5i2lXM81pP5UURMjpQzi5ndUfHqlULInvdZ5SX8AoZhEjoI0V2HVPsZGAoPCkwG3gfHrtBHbDaTpz4VVwS2igUp3A/vKGCckEjTXhoNTAdVLtFyA1I5xOa16maApkAiM6MBiDoMov5sdP8alxhjhKpHmxxnP390QBQqlchKZTgB6r5drM/K82yHR05RcsTjNNY7JYFGUc6wTPksBDJinRPDcARDJzKyZjkEC0yatmQnCXv7wKvfOma/juotG6KeOoomN0gs6Qiy5RC7VRB3URQTl6Rq/ozXqyXqx362PRWrHKmTr6I+vzBzVClHY=</latexit>

h· · · i ⌘
Z

BZ

ddk

(2⇡)d
f0(k) · · ·
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“Jerk”

 Inti Sodemann and Liang Fu, Phys. Rev. Lett. 115, 216806 (2015)
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“Jerk”

{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Berry curvature dipole

 Inti Sodemann and Liang Fu, Phys. Rev. Lett. 115, 216806 (2015)

Time reversal:

@k↵⌦� |k ! @k↵⌦� |�k
<latexit sha1_base64="HNxysKEdSD1OiiRSFtJxE1TM0rg=">AAACYXicnVHLTsMwEHTCu7xCOXKxqJC4gBKEBEcEF24UiQJSU0Ubd9NadR6yN0AV+pPcuHDhR3BLDrxOrGRpPDPrtcdxoaQh33913Ln5hcWl5ZXG6tr6xqa31bw1eakFdkSucn0fg0ElM+yQJIX3hUZIY4V38ehiqt89oDYyz25oXGAvhUEmEymALBV5T2EBmiSoqKrCOOGjSRSCKoYwmW3DqxQHYLkYCfhzVHt4qOVgSKB1/sj/ccKBNXkt/9CfFf8Nghq0WF3tyHsJ+7koU8xIKDCmG/gF9arpbKFw0ghLgwWIEQywa2EGKZpeNUtowvcs0+dJru3KiM/Yrx0VpMaM09g6U6Ch+alNyb+0bknJaa+SWVESZuJzUFIqTjmfxs37UqMgNbYAhJb2rlwMQYMg+ykNG0Lw88m/we3RYWDx9XHr7LyOY5ntsF22zwJ2ws7YJWuzDhPszZl31p0N591dcT23+Wl1nbpnm30rd+cD2km4eA==</latexit><latexit sha1_base64="HNxysKEdSD1OiiRSFtJxE1TM0rg=">AAACYXicnVHLTsMwEHTCu7xCOXKxqJC4gBKEBEcEF24UiQJSU0Ubd9NadR6yN0AV+pPcuHDhR3BLDrxOrGRpPDPrtcdxoaQh33913Ln5hcWl5ZXG6tr6xqa31bw1eakFdkSucn0fg0ElM+yQJIX3hUZIY4V38ehiqt89oDYyz25oXGAvhUEmEymALBV5T2EBmiSoqKrCOOGjSRSCKoYwmW3DqxQHYLkYCfhzVHt4qOVgSKB1/sj/ccKBNXkt/9CfFf8Nghq0WF3tyHsJ+7koU8xIKDCmG/gF9arpbKFw0ghLgwWIEQywa2EGKZpeNUtowvcs0+dJru3KiM/Yrx0VpMaM09g6U6Ch+alNyb+0bknJaa+SWVESZuJzUFIqTjmfxs37UqMgNbYAhJb2rlwMQYMg+ykNG0Lw88m/we3RYWDx9XHr7LyOY5ntsF22zwJ2ws7YJWuzDhPszZl31p0N591dcT23+Wl1nbpnm30rd+cD2km4eA==</latexit><latexit sha1_base64="HNxysKEdSD1OiiRSFtJxE1TM0rg=">AAACYXicnVHLTsMwEHTCu7xCOXKxqJC4gBKEBEcEF24UiQJSU0Ubd9NadR6yN0AV+pPcuHDhR3BLDrxOrGRpPDPrtcdxoaQh33913Ln5hcWl5ZXG6tr6xqa31bw1eakFdkSucn0fg0ElM+yQJIX3hUZIY4V38ehiqt89oDYyz25oXGAvhUEmEymALBV5T2EBmiSoqKrCOOGjSRSCKoYwmW3DqxQHYLkYCfhzVHt4qOVgSKB1/sj/ccKBNXkt/9CfFf8Nghq0WF3tyHsJ+7koU8xIKDCmG/gF9arpbKFw0ghLgwWIEQywa2EGKZpeNUtowvcs0+dJru3KiM/Yrx0VpMaM09g6U6Ch+alNyb+0bknJaa+SWVESZuJzUFIqTjmfxs37UqMgNbYAhJb2rlwMQYMg+ykNG0Lw88m/we3RYWDx9XHr7LyOY5ntsF22zwJ2ws7YJWuzDhPszZl31p0N591dcT23+Wl1nbpnm30rd+cD2km4eA==</latexit><latexit sha1_base64="HNxysKEdSD1OiiRSFtJxE1TM0rg=">AAACYXicnVHLTsMwEHTCu7xCOXKxqJC4gBKEBEcEF24UiQJSU0Ubd9NadR6yN0AV+pPcuHDhR3BLDrxOrGRpPDPrtcdxoaQh33913Ln5hcWl5ZXG6tr6xqa31bw1eakFdkSucn0fg0ElM+yQJIX3hUZIY4V38ehiqt89oDYyz25oXGAvhUEmEymALBV5T2EBmiSoqKrCOOGjSRSCKoYwmW3DqxQHYLkYCfhzVHt4qOVgSKB1/sj/ccKBNXkt/9CfFf8Nghq0WF3tyHsJ+7koU8xIKDCmG/gF9arpbKFw0ghLgwWIEQywa2EGKZpeNUtowvcs0+dJru3KiM/Yrx0VpMaM09g6U6Ch+alNyb+0bknJaa+SWVESZuJzUFIqTjmfxs37UqMgNbYAhJb2rlwMQYMg+ykNG0Lw88m/we3RYWDx9XHr7LyOY5ntsF22zwJ2ws7YJWuzDhPszZl31p0N591dcT23+Wl1nbpnm30rd+cD2km4eA==</latexit>

h· · · i ⌘
Z

BZ

ddk

(2⇡)d
f0(k) · · ·

<latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit>

D↵� = h@k↵⌦�i
<latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit>

�NLH

↵�� ⌘ e3⌧✏↵��D��
<latexit sha1_base64="QZpR6qVxhACsI5eUisxfEN9bYU0="></latexit><latexit sha1_base64="QZpR6qVxhACsI5eUisxfEN9bYU0="></latexit><latexit sha1_base64="QZpR6qVxhACsI5eUisxfEN9bYU0="></latexit><latexit sha1_base64="QZpR6qVxhACsI5eUisxfEN9bYU0="></latexit>h@3

k↵k�k�
✏i = 0

<latexit sha1_base64="dDiF4dY2CFUt04rz3qj2HMKWnQI="></latexit><latexit sha1_base64="dDiF4dY2CFUt04rz3qj2HMKWnQI="></latexit><latexit sha1_base64="dDiF4dY2CFUt04rz3qj2HMKWnQI="></latexit><latexit sha1_base64="dDiF4dY2CFUt04rz3qj2HMKWnQI="></latexit>

J. E. Moore and J. Orenstein, Phys. Rev. Lett. 105, 026805 (2010)

Non-linear Hall effect
v =

@✏

@k
+ e⌦⇥E

<latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="1MIiFZ7AyA5uZ7uzbo1jkmaZhBU=">AAACJ3icbVBNS8NAFHyp3/UrevWyKIIgSOJFL4Iggp5UsK3QlLLZvtSlm03Y3RRKyG/y4i8RPOhBEf+Im7SgVgcWhpm3zHsTpoJr43kvTm1mdm5+YXGpvryyurbubqw0dZIphg2WiETdhVSj4BIbhhuBd6lCGocCW+HgrPRbQ1SaJ/LWjFLsxLQvecQZNVbqupd5EEZkWJwEkaIsD1KqDKeCBJhqLhJZfEvV5KAo9jG4irFPSWB4jHqsnxddd8c78CqQv8SfkB2Y4LrrPgW9hGUxSsME1brte6np5GUaE1jUg0xjStmA9rFtqaQ2rJNXJxdk1yo9EiXKPmlIpf78kdNY61Ec2smYmns97ZXif147M9FxJ+cyzQxKNg6KMkFMQsr+SI8rZEaMLKFMcbsrYffUdmdsy3Vbgj998l/SPDzwLb/xYBG2YBv2wIcjOIULuIYGMHiAZ3iDd+fReXU+xnXVnElvm/ALzucX00apog==</latexit><latexit sha1_base64="1MIiFZ7AyA5uZ7uzbo1jkmaZhBU=">AAACJ3icbVBNS8NAFHyp3/UrevWyKIIgSOJFL4Iggp5UsK3QlLLZvtSlm03Y3RRKyG/y4i8RPOhBEf+Im7SgVgcWhpm3zHsTpoJr43kvTm1mdm5+YXGpvryyurbubqw0dZIphg2WiETdhVSj4BIbhhuBd6lCGocCW+HgrPRbQ1SaJ/LWjFLsxLQvecQZNVbqupd5EEZkWJwEkaIsD1KqDKeCBJhqLhJZfEvV5KAo9jG4irFPSWB4jHqsnxddd8c78CqQv8SfkB2Y4LrrPgW9hGUxSsME1brte6np5GUaE1jUg0xjStmA9rFtqaQ2rJNXJxdk1yo9EiXKPmlIpf78kdNY61Ec2smYmns97ZXif147M9FxJ+cyzQxKNg6KMkFMQsr+SI8rZEaMLKFMcbsrYffUdmdsy3Vbgj998l/SPDzwLb/xYBG2YBv2wIcjOIULuIYGMHiAZ3iDd+fReXU+xnXVnElvm/ALzucX00apog==</latexit><latexit sha1_base64="zwCWJmPJ9hyHBlScp230gyZ6Rxw="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit><latexit sha1_base64="mmA3aeTjZpwdILOUPr6cxF12VXg="></latexit>



Non-linear Hall effect
Berry curvature dipole

D↵� = h@k↵⌦�i
<latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit>

Inversion :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>

Insulator :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>

h· · · i ⌘
Z
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ddk

(2⇡)d
f0(k) · · ·

<latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit>



Non-linear Hall effect
Berry curvature dipole

D↵� = h@k↵⌦�i
<latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit>

Order parameter for broken inversion symmetry in metals

Inversion :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>

Insulator :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>
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Z
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ddk

(2⇡)d
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<latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit>



 Inti Sodemann and Liang Fu, Phys. Rev. Lett. 115, 216806 (2015)

⌦ > 0
<latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit>

⌦ < 0
<latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit>

Mirror

D
<latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit>

D ⌘
Z

ddk

(2⇡)d
f0(k)

@⌦(k)

@k
<latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit><latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit><latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit><latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit>

Example: 2D metal

J = e3⌧(D ·E)ẑ⇥E
<latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit>

Non-linear Hall effect
Berry curvature dipole

D↵� = h@k↵⌦�i
<latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit>

Inversion :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>

Insulator :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>

Order parameter for broken inversion symmetry in metals

h· · · i ⌘
Z

BZ

ddk

(2⇡)d
f0(k) · · ·

<latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit>



 Inti Sodemann and Liang Fu, Phys. Rev. Lett. 115, 216806 (2015)

⌦ > 0
<latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit>

⌦ < 0
<latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit>

�k ⇠ ⌧E
<latexit sha1_base64="1WamEr/BISEOYll8aD7iaze5sFU=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXRZvIDLCvYCTSmT6aQdOpmEmROhhCzd+CpuXCji1kdw59s4TbPQ1h8GPv5zDmfO78eCa3Ccb6u0tLyyulZer2xsbm3v2Lt7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr++Gpabz8wpXkk72ESs15IhpIHnBIwVt8+9K6ZAJJ6foDHGfY0D7EHJMG5c5P17apTc3LhRXALqKJCjb795Q0imoRMAhVE667rxNBLiQJOBcsqXqJZTOiYDFnXoCQh0700PyTDx8YZ4CBS5knAuft7IiWh1pPQN50hgZGer03N/2rdBIKLXsplnACTdLYoSASGCE9TwQOuGAUxMUCo4uavmI6IIhRMdhUTgjt/8iK0Tmuu4buzav2yiKOMDtAROkEuOkd1dIsaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+yPr8AX0ImPo=</latexit><latexit sha1_base64="1WamEr/BISEOYll8aD7iaze5sFU=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXRZvIDLCvYCTSmT6aQdOpmEmROhhCzd+CpuXCji1kdw59s4TbPQ1h8GPv5zDmfO78eCa3Ccb6u0tLyyulZer2xsbm3v2Lt7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr++Gpabz8wpXkk72ESs15IhpIHnBIwVt8+9K6ZAJJ6foDHGfY0D7EHJMG5c5P17apTc3LhRXALqKJCjb795Q0imoRMAhVE667rxNBLiQJOBcsqXqJZTOiYDFnXoCQh0700PyTDx8YZ4CBS5knAuft7IiWh1pPQN50hgZGer03N/2rdBIKLXsplnACTdLYoSASGCE9TwQOuGAUxMUCo4uavmI6IIhRMdhUTgjt/8iK0Tmuu4buzav2yiKOMDtAROkEuOkd1dIsaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+yPr8AX0ImPo=</latexit><latexit sha1_base64="1WamEr/BISEOYll8aD7iaze5sFU=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXRZvIDLCvYCTSmT6aQdOpmEmROhhCzd+CpuXCji1kdw59s4TbPQ1h8GPv5zDmfO78eCa3Ccb6u0tLyyulZer2xsbm3v2Lt7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr++Gpabz8wpXkk72ESs15IhpIHnBIwVt8+9K6ZAJJ6foDHGfY0D7EHJMG5c5P17apTc3LhRXALqKJCjb795Q0imoRMAhVE667rxNBLiQJOBcsqXqJZTOiYDFnXoCQh0700PyTDx8YZ4CBS5knAuft7IiWh1pPQN50hgZGer03N/2rdBIKLXsplnACTdLYoSASGCE9TwQOuGAUxMUCo4uavmI6IIhRMdhUTgjt/8iK0Tmuu4buzav2yiKOMDtAROkEuOkd1dIsaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+yPr8AX0ImPo=</latexit><latexit sha1_base64="1WamEr/BISEOYll8aD7iaze5sFU=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXRZvIDLCvYCTSmT6aQdOpmEmROhhCzd+CpuXCji1kdw59s4TbPQ1h8GPv5zDmfO78eCa3Ccb6u0tLyyulZer2xsbm3v2Lt7LR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr++Gpabz8wpXkk72ESs15IhpIHnBIwVt8+9K6ZAJJ6foDHGfY0D7EHJMG5c5P17apTc3LhRXALqKJCjb795Q0imoRMAhVE667rxNBLiQJOBcsqXqJZTOiYDFnXoCQh0700PyTDx8YZ4CBS5knAuft7IiWh1pPQN50hgZGer03N/2rdBIKLXsplnACTdLYoSASGCE9TwQOuGAUxMUCo4uavmI6IIhRMdhUTgjt/8iK0Tmuu4buzav2yiKOMDtAROkEuOkd1dIsaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+yPr8AX0ImPo=</latexit>

Mirror

D
<latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit>

D ⌘
Z

ddk

(2⇡)d
f0(k)

@⌦(k)

@k
<latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit><latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit><latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit><latexit sha1_base64="ofJ4TrlxPlnETwwTLMV3xKIIago="></latexit>

Example: 2D metal

J = e3⌧(D ·E)ẑ⇥E
<latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit>

Non-linear Hall effect
Berry curvature dipole

D↵� = h@k↵⌦�i
<latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit>

Inversion :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>

Insulator :

D↵� = 0
<latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit><latexit sha1_base64="2sewbNx7+ASNPuxwzdSjNfcf6IE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRirpwWcFeoAnhZDpph04mYWailNhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z/4w5Uxpx/m2Siura+sb5c3K1vbO7p5d3W+rJJOEtkjCE9kNQVHOBG1ppjntppJCHHLaCUfX03rngUrFEnGvxyn1YxgIFjEC2liBXb0Jcg94OgQvpBoml05g15y6MxNeBreAGirUDOwvr5+QLKZCEw5K9Vwn1X4OUjPC6aTiZYqmQEYwoD2DAmKq/Hx2+gQfG6ePo0SaJzSeub8ncoiVGseh6YxBD9VibWr+V+tlOrrwcybSTFNB5ouijGOd4GkOuM8kJZqPDQCRzNyKyRAkEG3SqpgQ3MUvL0P7tO4avjurNa6KOMroEB2hE+Sic9RAt6iJWoigR/SMXtGb9WS9WO/Wx7y1ZBUzB+iPrM8f2SSTtw==</latexit>

Order parameter for broken inversion symmetry in metals

h· · · i ⌘
Z

BZ

ddk

(2⇡)d
f0(k) · · ·

<latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit><latexit sha1_base64="4DVisn5AgxDhgv1ao8KGsVzcxWo="></latexit>



Side view Top view

Td-WTe2 bilayer:

⌦ > 0
<latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit>

⌦ < 0
<latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit>

Mirror

D
<latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit>

Experimental realisation
MirrorD

<latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit>



Td-WTe2 bilayer:

Q. Ma et al. Nature 565, 337 (2019) Kaifei Kang, et al. arXiv:1809.08744 (2018)

No scattering time:

J
<latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit><latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit><latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit><latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit>

D
<latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit>

Ey
<latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTThWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit><latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTThWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit><latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTThWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit><latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTThWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit>

Ex
<latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit><latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit><latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit><latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit>

Ex = �
eh@ky⌦i
h@2

kx
✏i E2

y
<latexit sha1_base64="VF9elMJg/Znquk2jl4+PpaJJXqU="></latexit><latexit sha1_base64="VF9elMJg/Znquk2jl4+PpaJJXqU="></latexit><latexit sha1_base64="VF9elMJg/Znquk2jl4+PpaJJXqU="></latexit><latexit sha1_base64="VF9elMJg/Znquk2jl4+PpaJJXqU="></latexit>

⌦ > 0
<latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit><latexit sha1_base64="bLqI8Gfd07wEJQV9VkTpnhohQkY=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkRS/erGA/pA1ls520S3eTsLsRSuiv8OJBEa/+HG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLUDqlHwCBuGG4HtRCGVgcBWMLqZ1ltPqDSPowczTtCXdBDxkDNqrPXYvZM4oOTK7ZUrbtWdiSyDl0MFctV75a9uP2apxMgwQbXueG5i/Iwqw5nASambakwoG9EBdixGVKL2s9nCE3JinT4JY2VfZMjM/T2RUan1WAa2U1Iz1Iu1qflfrZOa8NLPeJSkBiM2/yhMBTExmV5P+lwhM2JsgTLF7a6EDamizNiMSjYEb/HkZWieVT3L9+eV2nUeRxGO4BhOwYMLqMEt1KEBDCQ8wyu8Ocp5cd6dj3lrwclnDuGPnM8frJePpw==</latexit>

⌦ < 0
<latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit><latexit sha1_base64="BCdq7tV9oyv+IhCgW6ePkSQzyAU=">AAAB8HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbSwCNrYGcF8SHKEvc1csmT37tjdE8KRX2FjoYitP8fOf+MmuUITX1h4eGeGnXmDRHBtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCkY303rrCZXmcfRgxgn6kg4iHnJGjbUeu3cSB5Rcub1yxa26M5Fl8HKoQK56r/zV7ccslRgZJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI7FiErUfjZbeEJOrNMnYazsiwyZub8nMiq1HsvAdkpqhnqxNjX/q3VSE176GY+S1GDE5h+FqSAmJtPrSZ8rZEaMLVCmuN2VsCFVlBmbUcmG4C2evAzNs6pn+f68UrvO4yjCERzDKXhwATW4hTo0gIGEZ3iFN0c5L8678zFvLTj5zCH8kfP5A6mNj6U=</latexit>

Mirror

D
<latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit>

D
<latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit><latexit sha1_base64="O2dEcLLbvIR2ODBJXXUVtQyV0g8=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY1IPHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0vLDy8M8POvGEquDae9+2U1tY3NrfK25Wd3b39A/fwqKWTTDFsskQkqhNSjYJLbBpuBHZShTQOBbbD8e2s3n5CpXkiH80kxSCmQ8kjzqixVjvvhRG5m/bdqlfz5iKr4BdQhUKNvvvVGyQsi1EaJqjWXd9LTZBTZTgTOK30Mo0pZWM6xK5FSWPUQT5fd0rOrDMgUaLsk4bM3d8TOY21nsSh7YypGenl2sz8r9bNTHQd5FymmUHJFh9FmSAmIbPbyYArZEZMLFCmuN2VsBFVlBmbUMWG4C+fvAqti5pv+eGyWr8p4ijDCZzCOfhwBXW4hwY0gcEYnuEV3pzUeXHenY9Fa8kpZo7hj5zPH9/5j0A=</latexit>

Experimental realisation
Mirror

Side view Top view

E! ! {j0, j2!}
<latexit sha1_base64="k0XWJs0aEIbPO31G3h4reF5LVM8=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARXEhJiqALF0URXFawF2hCmEwn7dhJJsxMlBLyMm58FTcuLCK48lWcpkG09cDAx/+fw5nz+zGjUlnWp1FaWl5ZXSuvVzY2t7Z3zN29tuSJwKSFOeOi6yNJGI1IS1HFSDcWBIU+Ix1/dDX1Ow9ESMqjOzWOiRuiQUQDipHSkmdepI4fwOvMc3hIBgg6gg6GCgnBH6GT5uZ95qVWdvLD9Vlr5mSeWbVqVl5wEewCqqCopmdOnD7HSUgihRmSsmdbsXJTJBTFjGQVJ5EkRniEBqSnMUIhkW6aX5nBI630YcCFfpGCufp7IkWhlOPQ150hUkM5703F/7xeooJzN6VRnCgS4dmiIGFQcTiNDPapIFixsQaEBdV/hXiIBMJKB1vRIdjzJy9Cu16zNd+eVhuXRRxlcAAOwTGwwRlogBvQBC2AwRN4AW9gYjwbr8a78TFrLRnFzD74U8bXN10rpco=</latexit><latexit sha1_base64="k0XWJs0aEIbPO31G3h4reF5LVM8=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARXEhJiqALF0URXFawF2hCmEwn7dhJJsxMlBLyMm58FTcuLCK48lWcpkG09cDAx/+fw5nz+zGjUlnWp1FaWl5ZXSuvVzY2t7Z3zN29tuSJwKSFOeOi6yNJGI1IS1HFSDcWBIU+Ix1/dDX1Ow9ESMqjOzWOiRuiQUQDipHSkmdepI4fwOvMc3hIBgg6gg6GCgnBH6GT5uZ95qVWdvLD9Vlr5mSeWbVqVl5wEewCqqCopmdOnD7HSUgihRmSsmdbsXJTJBTFjGQVJ5EkRniEBqSnMUIhkW6aX5nBI630YcCFfpGCufp7IkWhlOPQ150hUkM5703F/7xeooJzN6VRnCgS4dmiIGFQcTiNDPapIFixsQaEBdV/hXiIBMJKB1vRIdjzJy9Cu16zNd+eVhuXRRxlcAAOwTGwwRlogBvQBC2AwRN4AW9gYjwbr8a78TFrLRnFzD74U8bXN10rpco=</latexit><latexit sha1_base64="k0XWJs0aEIbPO31G3h4reF5LVM8=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARXEhJiqALF0URXFawF2hCmEwn7dhJJsxMlBLyMm58FTcuLCK48lWcpkG09cDAx/+fw5nz+zGjUlnWp1FaWl5ZXSuvVzY2t7Z3zN29tuSJwKSFOeOi6yNJGI1IS1HFSDcWBIU+Ix1/dDX1Ow9ESMqjOzWOiRuiQUQDipHSkmdepI4fwOvMc3hIBgg6gg6GCgnBH6GT5uZ95qVWdvLD9Vlr5mSeWbVqVl5wEewCqqCopmdOnD7HSUgihRmSsmdbsXJTJBTFjGQVJ5EkRniEBqSnMUIhkW6aX5nBI630YcCFfpGCufp7IkWhlOPQ150hUkM5703F/7xeooJzN6VRnCgS4dmiIGFQcTiNDPapIFixsQaEBdV/hXiIBMJKB1vRIdjzJy9Cu16zNd+eVhuXRRxlcAAOwTGwwRlogBvQBC2AwRN4AW9gYjwbr8a78TFrLRnFzD74U8bXN10rpco=</latexit><latexit sha1_base64="k0XWJs0aEIbPO31G3h4reF5LVM8=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARXEhJiqALF0URXFawF2hCmEwn7dhJJsxMlBLyMm58FTcuLCK48lWcpkG09cDAx/+fw5nz+zGjUlnWp1FaWl5ZXSuvVzY2t7Z3zN29tuSJwKSFOeOi6yNJGI1IS1HFSDcWBIU+Ix1/dDX1Ow9ESMqjOzWOiRuiQUQDipHSkmdepI4fwOvMc3hIBgg6gg6GCgnBH6GT5uZ95qVWdvLD9Vlr5mSeWbVqVl5wEewCqqCopmdOnD7HSUgihRmSsmdbsXJTJBTFjGQVJ5EkRniEBqSnMUIhkW6aX5nBI630YcCFfpGCufp7IkWhlOPQ150hUkM5703F/7xeooJzN6VRnCgS4dmiIGFQcTiNDPapIFixsQaEBdV/hXiIBMJKB1vRIdjzJy9Cu16zNd+eVhuXRRxlcAAOwTGwwRlogBvQBC2AwRN4AW9gYjwbr8a78TFrLRnFzD74U8bXN10rpco=</latexit>

J = e3⌧(D ·E)ẑ⇥E
<latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit><latexit sha1_base64="UlMCakbYX0XHtncfq5OHGa3t2Fk="></latexit>



Consider electron in electric field:

H = ✏(k)� er ·E(t)
<latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit>

Non-linear inertia:

✏(k)
<latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit>

k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit> v = @k✏+ e⌦⇥E

<latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit>

r = i@k +Ak
<latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit>

a↵ =
dv↵

dt
= @2

k↵�
✏ (�eE�) + ✏↵��@k�⌦�(e

2E�E�)
<latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit> { <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Drude weight

{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Berry curvature dipole

Oles Matsyshyn

“Anomalous” non-Newtonian acceleration



Consider electron in electric field:

H = ✏(k)� er ·E(t)
<latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit>

Non-linear inertia:

✏(k)
<latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit>

k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit> v = @k✏+ e⌦⇥E

<latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit>

r = i@k +Ak
<latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit>

a↵ =
dv↵

dt
= @2

k↵�
✏ (�eE�) + ✏↵��@k�⌦�(e

2E�E�)
<latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit> { <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Drude weight

{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Berry curvature dipole

Oles Matsyshyn

“Anomalous” non-Newtonian acceleration
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⌧
<latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit><latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit><latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit><latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit>

Friction

{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>



“Anomalous” non-Newtonian acceleration
Consider electron in electric field:

H = ✏(k)� er ·E(t)
<latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit><latexit sha1_base64="YCozenaFhcccdnRff4qDF7Vu7dU=">AAACGHicbZDLSgMxFIYz3q23qks3wSLUhXVGBN0IogguK1gVOqVk0jM1NJMMyRmhDPMYbnwVNy4UcevOtzG9LLT6Q+DLf84hOX+USmHR97+8qemZ2bn5hcXS0vLK6lp5fePG6sxwaHAttbmLmAUpFDRQoIS71ABLIgm3Ue98UL99AGOFVtfYT6GVsK4SseAMndUu71+ehJBaIbWq5mEU016xuwd0iKagIe9oHN0uiiru0na54tf8oehfCMZQIWPV2+XPsKN5loBCLpm1zcBPsZUzg4JLKEphZiFlvMe60HSoWAK2lQ8XK+iOczo01sYdhXTo/pzIWWJtP4lcZ8Lw3k7WBuZ/tWaG8XErFyrNEBQfPRRnkqKmg5RoRxjgKPsOGDfC/ZXye2YYR5dlyYUQTK78F24OaoHjq8PK6dk4jgWyRbZJlQTkiJySS1InDcLJI3kmr+TNe/JevHfvY9Q65Y1nNskveZ/f3/SeYA==</latexit>

Non-linear inertia:

✏(k)
<latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit><latexit sha1_base64="83UQjBO4EsIIhV5faOkcQkNO9vc=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8Ei1E2ZEUGXRTcuK9gLtEPJpGfa0EwyJBmljH0UNy4UceuTuPNtTNtZaOsPgY//nMM5+cOEM20879sprK1vbG4Vt0s7u3v7B275sKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4vpnV2w+gNJPi3kwSCGIyFCxilBhr9d1yDxLNuBTVrBdGeDw967sVr+bNhVfBz6GCcjX67ldvIGkagzCUE627vpeYICPKMMphWuqlGhJCx2QIXYuCxKCDbH76FJ9aZ4AjqewTBs/d3xMZibWexKHtjIkZ6eXazPyv1k1NdBVkTCSpAUEXi6KUYyPxLAc8YAqo4RMLhCpmb8V0RBShxqZVsiH4y19ehdZ5zbd8d1GpX+dxFNExOkFV5KNLVEe3qIGaiKJH9Ixe0Zvz5Lw4787HorXg5DNH6I+czx+7ypOj</latexit>

k
<latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit><latexit sha1_base64="MfRXzRYim28BdN5lSiRzbRfIWlA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aRdstmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaD6G5e7z6h0jyRj2aaoh/TseQhZ9RYq5sPgpBEs2G15tbdhcg6eAXUoFBrWP0ajBKWxSgNE1Trvuemxs+pMpwJnFUGmcaUsoiOsW9R0hi1ny/WnZEL64xImCj7pCEL9/dETmOtp3FgO2NqJnq1Njf/q/UzE974OZdpZlCy5UdhJohJyPx2MuIKmRFTC5QpbnclbEIVZcYmVLEheKsnr0Pnqu5ZfriuNW+LOMpwBudwCR40oAn30II2MIjgGV7hzUmdF+fd+Vi2lpxi5hT+yPn8ARtLj2c=</latexit> v = @k✏+ e⌦⇥E

<latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit><latexit sha1_base64="8olIj8TkICW97EO+XNx0oEliEC0=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IVRHcWcFeoCllMj1ph04mYWZSKCHP48ZXcdOFUtz6IE7TLrT1wMDPd87hn/P7MWdKO87EWlldW9/YLGwVt3d29/btg8O6ihJJoUYjHsmmTxRwJqCmmebQjCWQ0OfQ8Af3035jCFKxSLzoUQztkPQECxgl2qCOfZt6foCH2Y0XE6kZ4Z00J4MMZ9iDWDEeiXPImfcUQo8YrFkICufsIevYJafs5IWXhTsXJTSvascee92IJiEITTlRquU6sW6nU3vKISt6iYKY0AHpQctIQYxZO81PzfCpIV0cRNI8oXFOf2+kJFRqFPpmMiS6rxZ7U/hfr5Xo4LqdMhEnGgSdGQUJxzrC09xwl0mgmo+MIFQy81dM+0QSqk26RROCu3jysqhflF2jny9Llbt5HAV0jE7QGXLRFaqgR1RFNUTRK3pHH+jTerPG1sT6mo2uWPOdI/SnrO8flO6nUQ==</latexit>

r = i@k +Ak
<latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit><latexit sha1_base64="21Sgq+jzdVyudS8FUaRDiXPy+38=">AAACFXicbZDLSsNAFIZPvNZ6i7p0M1gEQSmJCLoRqm5cVrAXaEqYTCft0MmFmYlQQl7Cja/ixoUibgV3vo2TNAtt/WHg4z/ncOb8XsyZVJb1bSwsLi2vrFbWqusbm1vb5s5uW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88U1e7zxQIVkU3qtJTPsBHobMZwQrbbnmSep4PhLZJXNiLBTD3E0La5yh7Ligq8wtHdesWXWrEJoHu4QalGq65pcziEgS0FARjqXs2Vas+mm+iHCaVZ1E0hiTMR7SnsYQB1T20+KqDB1qZ4D8SOgXKlS4vydSHEg5CTzdGWA1krO13Pyv1kuUf9FPWRgnioZkushPOFIRyiNCAyYoUXyiARPB9F8RGWGBidJBVnUI9uzJ89A+rdua785qjesyjgrswwEcgQ3n0IBbaEILCDzCM7zCm/FkvBjvxse0dcEoZ/bgj4zPHyyunsw=</latexit>

�NLH

↵�� ⌘ ⌧

1 + i!⌧
e3✏↵��D��

<latexit sha1_base64="qR+yp//HnWNyecp3+mXMai61rRk="></latexit><latexit sha1_base64="qR+yp//HnWNyecp3+mXMai61rRk="></latexit><latexit sha1_base64="qR+yp//HnWNyecp3+mXMai61rRk="></latexit><latexit sha1_base64="qR+yp//HnWNyecp3+mXMai61rRk="></latexit>

D↵� = h@k↵⌦�i
<latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit><latexit sha1_base64="h3Y/EabDNGlf1EIVC+N7p5F8uw0="></latexit>

J
<latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit><latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit><latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit><latexit sha1_base64="eZ4TR0wT4m/wlIwB9aVpqsIzrE0=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9CKeKtgPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw784ap4Np43rdTWlvf2Nwqb1d2dvf2D9zDo5ZOMsWwyRKRqE5INQousWm4EdhJFdI4FNgOx7ezevsJleaJfDSTFIOYDiWPOKPGWu28F0bkftp3q17Nm4usgl9AFQo1+u5Xb5CwLEZpmKBad30vNUFOleFM4LTSyzSmlI3pELsWJY1RB/l83Sk5s86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1o3M9F1kHOZZgYlW3wUZYKYhMxuJwOukBkxsUCZ4nZXwkZUUWZsQhUbgr988iq0Lmq+5YfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3I+fwDpF49G</latexit>

Ey
<latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTT hWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit><latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTT hWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit><latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTT hWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit><latexit sha1_base64="IZngKx203ZoGkGyVBMj+ovDzpXA=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwVVJRNBlUQSXFewF2hAm00k7dDIJMxMhhjyJGxeKuPVR3Pk2TtMstPXAMB//fw5z5vdjzpS27W+rsra+sblV3a7t7O7t1xsHhz0VJZLQLol4JAc+VpQzQbuaaU4HsaQ49Dnt+7Obud9/pFKxSDzoNKZuiCeCBYxgbSSvUc9GfoBuc6+409xrNO2WXRRaBaeEJpTV8Rpfo3FEkpAKTT hWaujYsXYzLDUjnOa1UaJojMkMT+jQoMAhVW5WLJ6jU6OMURBJc4RGhfp7IsOhUmnom84Q66la9ubif94w0cGVmzERJ5oKsngoSDjSEZqngMZMUqJ5agATycyuiEyxxESbrGomBGf5y6vQO285hu8vmu3rMo4qHMMJnIEDl9CGO+hAFwgk8Ayv8GY9WS/Wu/WxaK1Y5cwR/Cnr8wdKZpLW</latexit>

Ex
<latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit><latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit><latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit><latexit sha1_base64="MV3C9Cg5hu1ISbGIQyxcjQEGGPc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJCLosiuCygr1AG8JkOmmHTiZhZiLWkCdx40IRtz6KO9/GaZqFth4Y5uP/z2HO/EHCmdKO822trK6tb2xWtqrbO7t7NXv/oKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHI987sPVCoWi3s9TagX4ZFgISNYG8m3a9kgCNFN7hf3Y+7bdafhFIWWwS2hDmW1fPtrMIxJGlGhCcdK9V0n0V6GpWaE07w6SBVNMJngEe0bFDiiysuKxXN0YpQhCmNpjtCoUH9PZDhSahoFpjPCeqwWvZn4n9dPdXjpZUwkqaaCzB8KU450jGYpoCGTlGg+NYCJZGZXRMZYYqJNVlUTgrv45WXonDVcw3fn9eZVGUcFjuAYTsGFC2jCLbSgDQRSeIZXeLOerBfr3fqYt65Y5cwh/Cnr8wdI4ZLV</latexit>
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h@2
ky
✏iEy = �eh@kx⌦iE2

x
<latexit sha1_base64="sTuqRUlBwMG3HavHJaIP0B/gWWg="></latexit><latexit sha1_base64="sTuqRUlBwMG3HavHJaIP0B/gWWg="></latexit><latexit sha1_base64="sTuqRUlBwMG3HavHJaIP0B/gWWg="></latexit><latexit sha1_base64="sTuqRUlBwMG3HavHJaIP0B/gWWg="></latexit>

a↵ =
dv↵

dt
= @2

k↵�
✏ (�eE�) + ✏↵��@k�⌦�(e

2E�E�)
<latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit><latexit sha1_base64="YvLnZKwcHsRcki21gGthkIg3U5k="></latexit> { <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Drude weight

{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

Berry curvature dipole

�v↵

⌧
<latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit><latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit><latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit><latexit sha1_base64="a6Gec3IPPZV/sacvwDRLeggw6TU=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJRNBl0Y3LCvYCTSgn00k7dDIJM5NCCdm48VXcuFDEre/gzrdx2mahrT8MfPznHM6cP0g4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFScSkKbJOax7ASgKGeCNjXTnHYSSSEKOG0Ho9tpvT2mUrFYPOhJQv0IBoKFjIA2Vs8+PvdCCSTLvCDE47znAU+GkGeehjTv2VWn5syEl8EtoIoKNXr2l9ePSRpRoQkHpbquk2g/A6kZ4TSveKmiCZARDGjXoICIKj+bXZHjU+P0cRhL84TGM/f3RAaRUpMoMJ0R6KFarE3N/2rdVIfXfsZEkmoqyHxRmHKsYzyNBPeZpETziQEgkpm/YjIEk4o2wVVMCO7iycvQuqi5hu8vq/WbIo4yOkIn6Ay56ArV0R1qoCYi6BE9o1f0Zj1ZL9a79TFvLVnFzCH6I+vzBxQLmPE=</latexit>

Friction

{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>
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H = �nm✏m(k)� ernm ·Et
<latexit sha1_base64="W76whHnT7kJsQy2z1ACLTDKxcM8="></latexit><latexit sha1_base64="W76whHnT7kJsQy2z1ACLTDKxcM8="></latexit><latexit sha1_base64="W76whHnT7kJsQy2z1ACLTDKxcM8="></latexit><latexit sha1_base64="W76whHnT7kJsQy2z1ACLTDKxcM8="></latexit>

rnm = i�nm@k +Anm(k)
<latexit sha1_base64="Klmi70zpU2wCRG7bCQarXqjubUE=">AAACKXicbVBdS8MwFE3n15xfVR99CQ5hIoxWBH0Rpr74OMF9wFpKmqVbWJqWJBVG6d/xxb/ii4KivvpHTLs+6OaBkJNzz+XmHj9mVCrL+jQqS8srq2vV9drG5tb2jrm715VRIjDp4IhFou8jSRjlpKOoYqQfC4JCn5GeP7nJ670HIiSN+L2axsQN0YjTgGKktOSZrdTxAygyL+VhdkmdIWEKFQ/oxEgoiphXWCbZSXFfzayNUjz2zLrVtArARWKXpA5KtD3z1RlGOAkJV5ghKQe2FSs3zWdhRrKak0gSIzxBIzLQlKOQSDctNs3gkVaGMIiEPlzBQv3dkaJQymnoa2eI1FjO13Lxv9ogUcGFm1IeJ4pwPBsUJAyqCOaxwSEVBCs21QRhQfVfIR4jgbDS4dZ0CPb8youke9q0Nb87q7euyziq4AAcggawwTlogVvQBh2AwSN4Bm/g3XgyXowP42tmrRhlzz74A+P7B9dgp4o=</latexit><latexit sha1_base64="Klmi70zpU2wCRG7bCQarXqjubUE=">AAACKXicbVBdS8MwFE3n15xfVR99CQ5hIoxWBH0Rpr74OMF9wFpKmqVbWJqWJBVG6d/xxb/ii4KivvpHTLs+6OaBkJNzz+XmHj9mVCrL+jQqS8srq2vV9drG5tb2jrm715VRIjDp4IhFou8jSRjlpKOoYqQfC4JCn5GeP7nJ670HIiSN+L2axsQN0YjTgGKktOSZrdTxAygyL+VhdkmdIWEKFQ/oxEgoiphXWCbZSXFfzayNUjz2zLrVtArARWKXpA5KtD3z1RlGOAkJV5ghKQe2FSs3zWdhRrKak0gSIzxBIzLQlKOQSDctNs3gkVaGMIiEPlzBQv3dkaJQymnoa2eI1FjO13Lxv9ogUcGFm1IeJ4pwPBsUJAyqCOaxwSEVBCs21QRhQfVfIR4jgbDS4dZ0CPb8youke9q0Nb87q7euyziq4AAcggawwTlogVvQBh2AwSN4Bm/g3XgyXowP42tmrRhlzz74A+P7B9dgp4o=</latexit><latexit sha1_base64="Klmi70zpU2wCRG7bCQarXqjubUE=">AAACKXicbVBdS8MwFE3n15xfVR99CQ5hIoxWBH0Rpr74OMF9wFpKmqVbWJqWJBVG6d/xxb/ii4KivvpHTLs+6OaBkJNzz+XmHj9mVCrL+jQqS8srq2vV9drG5tb2jrm715VRIjDp4IhFou8jSRjlpKOoYqQfC4JCn5GeP7nJ670HIiSN+L2axsQN0YjTgGKktOSZrdTxAygyL+VhdkmdIWEKFQ/oxEgoiphXWCbZSXFfzayNUjz2zLrVtArARWKXpA5KtD3z1RlGOAkJV5ghKQe2FSs3zWdhRrKak0gSIzxBIzLQlKOQSDctNs3gkVaGMIiEPlzBQv3dkaJQymnoa2eI1FjO13Lxv9ogUcGFm1IeJ4pwPBsUJAyqCOaxwSEVBCs21QRhQfVfIR4jgbDS4dZ0CPb8youke9q0Nb87q7euyziq4AAcggawwTlogVvQBh2AwSN4Bm/g3XgyXowP42tmrRhlzz74A+P7B9dgp4o=</latexit><latexit sha1_base64="Klmi70zpU2wCRG7bCQarXqjubUE=">AAACKXicbVBdS8MwFE3n15xfVR99CQ5hIoxWBH0Rpr74OMF9wFpKmqVbWJqWJBVG6d/xxb/ii4KivvpHTLs+6OaBkJNzz+XmHj9mVCrL+jQqS8srq2vV9drG5tb2jrm715VRIjDp4IhFou8jSRjlpKOoYqQfC4JCn5GeP7nJ670HIiSN+L2axsQN0YjTgGKktOSZrdTxAygyL+VhdkmdIWEKFQ/oxEgoiphXWCbZSXFfzayNUjz2zLrVtArARWKXpA5KtD3z1RlGOAkJV5ghKQe2FSs3zWdhRrKak0gSIzxBIzLQlKOQSDctNs3gkVaGMIiEPlzBQv3dkaJQymnoa2eI1FjO13Lxv9ogUcGFm1IeJ4pwPBsUJAyqCOaxwSEVBCs21QRhQfVfIR4jgbDS4dZ0CPb8youke9q0Nb87q7euyziq4AAcggawwTlogVvQBh2AwSN4Bm/g3XgyXowP42tmrRhlzz74A+P7B9dgp4o=</latexit>

Anm(k) = ihunk|@k|umki
<latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit><latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit><latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit><latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit>

Aversa & Sipe, PRB 52, 14636 (1995) 

d⇢

dt
+ i[H, ⇢] =

⇢0 � ⇢

⌧
<latexit sha1_base64="bd/0hVxVDezcED/SVNN0NBv3Da4=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIgloSFXQjFN10WcFeIAllMpm0QycXZk6EEvIgbnwVNy4UceNC8G2cNF1o9cDAN/9/DjPn9xLOJJjml1ZZWFxaXqmu1tbWNza39O2droxTQWiHxDwWfQ9LyllEO8CA034iKA49Tnve+Kbwe/dUSBZHdzBJqBviYcQCRjAoaaCfOYHAJPMdMYrzzIf8iNmt4+LmXpVWwQPzpGxwAKf5QK+bDXNaxl+wZlBHs2oP9A/Hj0ka0ggIx1LalpmAm2EBjHCa15xU0gSTMR5SW2GEQyrdbLpcbhwoxTeCWKgTgTFVf05kOJRyEnqqM8QwkvNeIf7n2SkEl27GoiQFGpHyoSDlBsRGkZThM0EJ8IkCTARTfzXICKtIQOVZUyFY8yv/he5pw1J8e15vXs/iqKI9tI8OkYUuUBO1UBt1EEEP6Am9oFftUXvW3rT3srWizWZ20a/SPr8BLfaiqA==</latexit><latexit sha1_base64="bd/0hVxVDezcED/SVNN0NBv3Da4=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIgloSFXQjFN10WcFeIAllMpm0QycXZk6EEvIgbnwVNy4UceNC8G2cNF1o9cDAN/9/DjPn9xLOJJjml1ZZWFxaXqmu1tbWNza39O2droxTQWiHxDwWfQ9LyllEO8CA034iKA49Tnve+Kbwe/dUSBZHdzBJqBviYcQCRjAoaaCfOYHAJPMdMYrzzIf8iNmt4+LmXpVWwQPzpGxwAKf5QK+bDXNaxl+wZlBHs2oP9A/Hj0ka0ggIx1LalpmAm2EBjHCa15xU0gSTMR5SW2GEQyrdbLpcbhwoxTeCWKgTgTFVf05kOJRyEnqqM8QwkvNeIf7n2SkEl27GoiQFGpHyoSDlBsRGkZThM0EJ8IkCTARTfzXICKtIQOVZUyFY8yv/he5pw1J8e15vXs/iqKI9tI8OkYUuUBO1UBt1EEEP6Am9oFftUXvW3rT3srWizWZ20a/SPr8BLfaiqA==</latexit><latexit sha1_base64="bd/0hVxVDezcED/SVNN0NBv3Da4=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIgloSFXQjFN10WcFeIAllMpm0QycXZk6EEvIgbnwVNy4UceNC8G2cNF1o9cDAN/9/DjPn9xLOJJjml1ZZWFxaXqmu1tbWNza39O2droxTQWiHxDwWfQ9LyllEO8CA034iKA49Tnve+Kbwe/dUSBZHdzBJqBviYcQCRjAoaaCfOYHAJPMdMYrzzIf8iNmt4+LmXpVWwQPzpGxwAKf5QK+bDXNaxl+wZlBHs2oP9A/Hj0ka0ggIx1LalpmAm2EBjHCa15xU0gSTMR5SW2GEQyrdbLpcbhwoxTeCWKgTgTFVf05kOJRyEnqqM8QwkvNeIf7n2SkEl27GoiQFGpHyoSDlBsRGkZThM0EJ8IkCTARTfzXICKtIQOVZUyFY8yv/he5pw1J8e15vXs/iqKI9tI8OkYUuUBO1UBt1EEEP6Am9oFftUXvW3rT3srWizWZ20a/SPr8BLfaiqA==</latexit><latexit sha1_base64="bd/0hVxVDezcED/SVNN0NBv3Da4=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIgloSFXQjFN10WcFeIAllMpm0QycXZk6EEvIgbnwVNy4UceNC8G2cNF1o9cDAN/9/DjPn9xLOJJjml1ZZWFxaXqmu1tbWNza39O2droxTQWiHxDwWfQ9LyllEO8CA034iKA49Tnve+Kbwe/dUSBZHdzBJqBviYcQCRjAoaaCfOYHAJPMdMYrzzIf8iNmt4+LmXpVWwQPzpGxwAKf5QK+bDXNaxl+wZlBHs2oP9A/Hj0ka0ggIx1LalpmAm2EBjHCa15xU0gSTMR5SW2GEQyrdbLpcbhwoxTeCWKgTgTFVf05kOJRyEnqqM8QwkvNeIf7n2SkEl27GoiQFGpHyoSDlBsRGkZThM0EJ8IkCTARTfzXICKtIQOVZUyFY8yv/he5pw1J8e15vXs/iqKI9tI8OkYUuUBO1UBt1EEEP6Am9oFftUXvW3rT3srWizWZ20a/SPr8BLfaiqA==</latexit>
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Non-linear conductivity

Ei,!1
<latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit>

Ej ,!2
<latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit>

j↵,! = !1 + !2
<latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit>

�(2) = �h[r(t2), [r(t1),v]]i
<latexit sha1_base64="qkciPzOZfWkqD0zhth1AFP1nJyY="></latexit><latexit sha1_base64="qkciPzOZfWkqD0zhth1AFP1nJyY="></latexit><latexit sha1_base64="qkciPzOZfWkqD0zhth1AFP1nJyY="></latexit><latexit sha1_base64="qkciPzOZfWkqD0zhth1AFP1nJyY="></latexit>



“Jerk” Berry-curvature dipole

Interband resonances

Quantum rectification sum rule
Only two low-frequency divergences:
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Ei,!1
<latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit>

Ej ,!2
<latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit>

j↵,! = !1 + !2
<latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit>



“Jerk” Berry-curvature dipole

Interband resonances

Quantum rectification sum rule
Only two low-frequency divergences:

Net rectification in TRI systems purely quantum geometric:
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<latexit sha1_base64="t0PfOL/uBWIJDdJ4RqdvOwn3myQ="></latexit><latexit sha1_base64="t0PfOL/uBWIJDdJ4RqdvOwn3myQ="></latexit><latexit sha1_base64="t0PfOL/uBWIJDdJ4RqdvOwn3myQ="></latexit><latexit sha1_base64="t0PfOL/uBWIJDdJ4RqdvOwn3myQ="></latexit>

✏↵µ�h@�⌦�i+ ih[A� , @↵Āµ]i+ h[A� , [A↵, Āµ]]i
<latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="+AIuULREyitMcihitIgECOwgppw="></latexit><latexit sha1_base64="+AIuULREyitMcihitIgECOwgppw="></latexit><latexit sha1_base64="e6br62TC6Tz6RzsJj5Gf+OLe6LQ="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit><latexit sha1_base64="llr+dXHNxdl3gSzt/NPySq7y6Lw="></latexit>

Berry dipole Anm(k) = ihunk|@k|umki
<latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit><latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit><latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit><latexit sha1_base64="SUs4yiKqZT+e/FpIvnwUQF7RxtQ="></latexit>

Berry curvature takes all  
intra-band spectral weight:
�(0,!,�!)

<latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="G+3yssNma2zNT/dKvZ7yibN0IGI=">AAAB9nicbZDLSgMxGIX/qbdaq46uBDeDRahQy4wbXQpuXFawrdAZSibNTENzGZKMUIa68VXcuFDER3Hn25heFtp6IOTjnITkP3HGqDa+/+2U1tY3NrfK25Wd6u7evntQ7WiZK0zaWDKpHmKkCaOCtA01jDxkiiAeM9KNRzfTvPtIlKZS3JtxRiKOUkETipGxVt89CjVNOar7jVBykqLG+Xw/67s1v+nP5K1CsIAaLNTqu1/hQOKcE2EwQ1r3Aj8zUYGUoZiRSSXMNckQHqGU9CwKxImOitkEE+/UOgMvkcouYbyZ+/tGgbjWYx7bkxyZoV7OpuZ/WS83yVVUUJHlhgg8fyjJmWekN63DG1BFsGFjCwgrav/q4SFSCBtbWsWWECyPvAqdi2Zg+c6HMhzDCdQhgEu4hltoQRswPMELvMG78+y8Oh/zukrOordD+CPn8wdn5pRs</latexit><latexit sha1_base64="G+3yssNma2zNT/dKvZ7yibN0IGI=">AAAB9nicbZDLSgMxGIX/qbdaq46uBDeDRahQy4wbXQpuXFawrdAZSibNTENzGZKMUIa68VXcuFDER3Hn25heFtp6IOTjnITkP3HGqDa+/+2U1tY3NrfK25Wd6u7evntQ7WiZK0zaWDKpHmKkCaOCtA01jDxkiiAeM9KNRzfTvPtIlKZS3JtxRiKOUkETipGxVt89CjVNOar7jVBykqLG+Xw/67s1v+nP5K1CsIAaLNTqu1/hQOKcE2EwQ1r3Aj8zUYGUoZiRSSXMNckQHqGU9CwKxImOitkEE+/UOgMvkcouYbyZ+/tGgbjWYx7bkxyZoV7OpuZ/WS83yVVUUJHlhgg8fyjJmWekN63DG1BFsGFjCwgrav/q4SFSCBtbWsWWECyPvAqdi2Zg+c6HMhzDCdQhgEu4hltoQRswPMELvMG78+y8Oh/zukrOordD+CPn8wdn5pRs</latexit><latexit sha1_base64="CvjwPX7EqCB48I9naPEPj9D/WZ8=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zLjRZdGNywr2Ap2hZNLMNDSXIckIpdSNr+LGhSJufQt3vo1pOwttPRDy8f/nkJw/ShnVxvO+ncLK6tr6RnGztLW9s7vn7h+0tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHwZuq3H4jSVIp7M0pJyFEiaEwxMlbquUeBpglHFa8aSE4SVD2f32c9t+zVvFnBZfBzKIO8Gj33K+hLnHEiDGZI667vpSYcI2UoZmRSCjJNUoSHKCFdiwJxosPxbIMJPLVKH8ZS2SMMnKm/J8aIaz3ike3kyAz0ojcV//O6mYmvwjEVaWaIwPOH4oxBI+E0DtinimDDRhYQVtT+FeIBUggbG1rJhuAvrrwMrYuab/nOK9ev8ziK4BicgArwwSWog1vQAE2AwSN4Bq/gzXlyXpx352PeWnDymUPwp5zPH9hCldQ=</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit><latexit sha1_base64="ndRe6nNbTMQ3vnXFLMQseio2uGU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhAq1zIigy6IblxXsBTpDyaSZaWguQ5IRSqkbX8WNC0Xc+hbufBvTdhZaPRDy8f/nkJw/ShnVxvO+nMLS8srqWnG9tLG5tb3j7u61tMwUJk0smVSdCGnCqCBNQw0jnVQRxCNG2tHweuq374nSVIo7M0pJyFEiaEwxMlbquQeBpglHFa8aSE4SVD2d3yc9t+zVvFnBv+DnUAZ5NXruZ9CXOONEGMyQ1l3fS004RspQzMikFGSapAgPUUK6FgXiRIfj2QYTeGyVPoylskcYOFN/TowR13rEI9vJkRnoRW8q/ud1MxNfhmMq0swQgecPxRmDRsJpHLBPFcGGjSwgrKj9K8QDpBA2NrSSDcFfXPkvtM5qvuXb83L9Ko+jCA7BEagAH1yAOrgBDdAEGDyAJ/ACXp1H59l5c97nrQUnn9kHv8r5+AbZgpXY</latexit>
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<latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="p+8JI1vlk9PFD8IBrG065thJ9NI=">AAAB73icbZA7T8MwFIVveJZSIGVlsaiQmKqEBUYkGBiLRB9SU0U3jtNadZzIdkBV6E9hYQAh/g0b/wb3MUDLkSx9OsfWvT5RLrg2nvftbGxube/sVvaq+7WDwyO3XuvorFCUtWkmMtWLUDPBJWsbbgTr5YphGgnWjcY3s7z7yJTmmXwwk5wNUhxKnnCKxlqhWw9umTAYloFKSYQynoZuw2t6c5F18JfQgKVaofsVxBktUiYNFah13/dyMyhRGU4Fm1aDQrMc6RiHrG9RYsr0oJyvPiVn1olJkil7pCFz9/eLElOtJ2lkb6ZoRno1m5n/Zf3CJFeDksu8MEzSxaCkEMRkZNYDibli1IiJBaSK210JHaFCamxbVVuCv/rldehcNH3L9x5U4ARO4Rx8uIRruIMWtIHCE7zAG7w7z86r87Goa8NZ9nYMf+R8/gC8E5J9</latexit><latexit sha1_base64="p+8JI1vlk9PFD8IBrG065thJ9NI=">AAAB73icbZA7T8MwFIVveJZSIGVlsaiQmKqEBUYkGBiLRB9SU0U3jtNadZzIdkBV6E9hYQAh/g0b/wb3MUDLkSx9OsfWvT5RLrg2nvftbGxube/sVvaq+7WDwyO3XuvorFCUtWkmMtWLUDPBJWsbbgTr5YphGgnWjcY3s7z7yJTmmXwwk5wNUhxKnnCKxlqhWw9umTAYloFKSYQynoZuw2t6c5F18JfQgKVaofsVxBktUiYNFah13/dyMyhRGU4Fm1aDQrMc6RiHrG9RYsr0oJyvPiVn1olJkil7pCFz9/eLElOtJ2lkb6ZoRno1m5n/Zf3CJFeDksu8MEzSxaCkEMRkZNYDibli1IiJBaSK210JHaFCamxbVVuCv/rldehcNH3L9x5U4ARO4Rx8uIRruIMWtIHCE7zAG7w7z86r87Goa8NZ9nYMf+R8/gC8E5J9</latexit><latexit sha1_base64="Jjg2C93+G566Iz94ta7hWRL/RHs=">AAAB+nicbZC7TsMwFIadcivllsLIYlEhMVUJC4wVMDAWiV6kJopOHKe16jiR7YCq0EdhYQAhVp6EjbfBbTNAyy9Z+vSfc3SO/zDjTGnH+bYqa+sbm1vV7drO7t7+gV0/7Ko0l4R2SMpT2Q9BUc4E7WimOe1nkkISctoLx9ezeu+BSsVSca8nGfUTGAoWMwLaWIFd924o1xAUnkxwCCKaBnbDaTpz4VVwS2igUu3A/vKilOQJFZpwUGrgOpn2C5CaEU6nNS9XNAMyhiEdGBSQUOUX89On+NQ4EY5TaZ7QeO7+niggUWqShKYzAT1Sy7WZ+V9tkOv40i+YyHJNBVksinOOdYpnOeCISUo0nxgAIpm5FZMRSCDapFUzIbjLX16F7nnTNXznNFpXZRxVdIxO0Bly0QVqoVvURh1E0CN6Rq/ozXqyXqx362PRWrHKmSP0R9bnDxguk94=</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit><latexit sha1_base64="itCX6fVJFseEDT27U+DFZJ/o1J0=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFXbisYC/QhHAymbRDJ5MwM1FK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5hxprTjfFsrq2vrG5uVrer2zu7evl076Kg0l4S2ScpT2QtBUc4EbWumOe1lkkISctoNR9fTeveBSsVSca/HGfUTGAgWMwLaWIFd824o1xAUnkxwCCKaBHbdaTgz4WVwS6ijUq3A/vKilOQJFZpwUKrvOpn2C5CaEU4nVS9XNAMyggHtGxSQUOUXs9Mn+MQ4EY5TaZ7QeOb+niggUWqchKYzAT1Ui7Wp+V+tn+v40i+YyHJNBZkvinOOdYqnOeCISUo0HxsAIpm5FZMhSCDapFU1IbiLX16GzlnDNXx3Xm9elXFU0BE6RqfIRReoiW5RC7URQY/oGb2iN+vJerHerY9564pVzhyiP7I+fwAZbpPi</latexit>

Berry dipole

Ei,!1
<latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit><latexit sha1_base64="aHTRYUJLp8ZDyMHB7qt1IhJ6aWM=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIoIuiyK4rGAv0JQwmU7aoXMJMxOhhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM3+UMKqN5307paXlldW18nplY3Nre8fd3WtpmSpMmlgyqToR0oRRQZqGGkY6iSKIR4y0o9H1pN5+IEpTKe7NOCE9jgaCxhQjY63QPciCKIY3eZjR/DSQnAxQ6Idu1at5U8FF8AuogkKN0P0K+hKnnAiDGdK663uJ6WVIGYoZyStBqkmC8AgNSNeiQJzoXja9PofH1unDWCr7hIFT9/dEhrjWYx7ZTo7MUM/XJuZ/tW5q4steRkWSGiLwbFGcMmgknEQB+1QRbNjYAsKK2lshHiKFsLGBVWwI/vyXF6F1VvMt351X61dFHGVwCI7ACfDBBaiDW9AATYDBI3gGr+DNeXJenHfnY9ZacoqZffBHzucP34aU1Q==</latexit>

Ej ,!2
<latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit><latexit sha1_base64="7+Lyj1ZI6WvVcDyomQaOd4+ciuk=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKUgRdFkVwWcFeoAlhMp20YyczYWYi1BB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPE0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJVKJSQsLJmQ3RIowyklLU81IN5EExSEjnXB0Nal3HohUVPA7PU6IH6MBpxHFSBsrsA8yL4zgdR5k9/mpJ2IyQEE9sKtOzZkKLoJbQBUUagb2l9cXOI0J15ghpXquk2g/Q1JTzEhe8VJFEoRHaEB6BjmKifKz6fU5PDZOH0ZCmsc1nLq/JzIUKzWOQ9MZIz1U87WJ+V+tl+rows8oT1JNOJ4tilIGtYCTKGCfSoI1GxtAWFJzK8RDJBHWJrCKCcGd//IitOs11/DtWbVxWcRRBofgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2R9/gDimJTX</latexit>

j↵,! = !1 + !2
<latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit><latexit sha1_base64="cCSm6AqQrwPrmRLIJZ+snWuZn+E=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCopSkCLoRim5cVrAXaEI4mU7asZMLMxOhhDyDG1/FjQtF3Lpy59s4bbPQ1gPDfPz/Ocyc3084k8qyvo2FxaXlldXSWnl9Y3Nr29zZbck4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57TtD6/HfvuBCsni6E6NEuqG0I9YwAgoLXnmceb4Ab7PvcwBngwgP3XikPbhcnp59kkBNc+sWFVrUnge7AIqqKiGZ345vZikIY0U4SBl17YS5WYgFCOc5mUnlTQBMoQ+7WqMIKTSzSYr5fhQKz0cxEKfSOGJ+nsig1DKUejrzhDUQM56Y/E/r5uq4MLNWJSkikZk+lCQcqxiPM4H95igRPGRBiCC6b9iMgABROkUyzoEe3bleWjVqrbm27NK/aqIo4T20QE6QjY6R3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjGJmD/0p4/MH0YydiA==</latexit>
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Spectator of quantum geometry
Measurable quantity that depends solely on A(k)

<latexit sha1_base64="OZNg4sRY9xdednFc4qB+JScY8kw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JpKDLqhuXFewF2lAm00k7dDIJM5NCCXkTNy4UceubuPNtnKZZaOuBYT7+/xzmzO/HnCntON9WaWNza3unvFvZ2z84PLKPTzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9af3C787o1KxSDzpeUy9EI8FCxjB2khD204HfoBus1p+T7PLoV116k5eaB3cAqpQVGtofw1GEUlCKjThWKm+68TaS7HUjHCaVQaJojEmUzymfYMCh1R5ab55hi6MMkJBJM0RGuXq74kUh0rNQ990hlhP1Kq3EP/z+okObryUiTjRVJDlQ0HCkY7QIgY0YpISzecGMJHM7IrIBEtMtAmrYkJwV7+8Dp2rumv4sVFt3hVxlOEMzqEGLlxDEx6gBW0gMINneIU3K7VerHfrY9lasoqZU/hT1ucPQp6SwA==</latexit><latexit sha1_base64="OZNg4sRY9xdednFc4qB+JScY8kw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JpKDLqhuXFewF2lAm00k7dDIJM5NCCXkTNy4UceubuPNtnKZZaOuBYT7+/xzmzO/HnCntON9WaWNza3unvFvZ2z84PLKPTzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9af3C787o1KxSDzpeUy9EI8FCxjB2khD204HfoBus1p+T7PLoV116k5eaB3cAqpQVGtofw1GEUlCKjThWKm+68TaS7HUjHCaVQaJojEmUzymfYMCh1R5ab55hi6MMkJBJM0RGuXq74kUh0rNQ990hlhP1Kq3EP/z+okObryUiTjRVJDlQ0HCkY7QIgY0YpISzecGMJHM7IrIBEtMtAmrYkJwV7+8Dp2rumv4sVFt3hVxlOEMzqEGLlxDEx6gBW0gMINneIU3K7VerHfrY9lasoqZU/hT1ucPQp6SwA==</latexit><latexit sha1_base64="OZNg4sRY9xdednFc4qB+JScY8kw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JpKDLqhuXFewF2lAm00k7dDIJM5NCCXkTNy4UceubuPNtnKZZaOuBYT7+/xzmzO/HnCntON9WaWNza3unvFvZ2z84PLKPTzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9af3C787o1KxSDzpeUy9EI8FCxjB2khD204HfoBus1p+T7PLoV116k5eaB3cAqpQVGtofw1GEUlCKjThWKm+68TaS7HUjHCaVQaJojEmUzymfYMCh1R5ab55hi6MMkJBJM0RGuXq74kUh0rNQ990hlhP1Kq3EP/z+okObryUiTjRVJDlQ0HCkY7QIgY0YpISzecGMJHM7IrIBEtMtAmrYkJwV7+8Dp2rumv4sVFt3hVxlOEMzqEGLlxDEx6gBW0gMINneIU3K7VerHfrY9lasoqZU/hT1ucPQp6SwA==</latexit><latexit sha1_base64="OZNg4sRY9xdednFc4qB+JScY8kw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JpKDLqhuXFewF2lAm00k7dDIJM5NCCXkTNy4UceubuPNtnKZZaOuBYT7+/xzmzO/HnCntON9WaWNza3unvFvZ2z84PLKPTzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9af3C787o1KxSDzpeUy9EI8FCxjB2khD204HfoBus1p+T7PLoV116k5eaB3cAqpQVGtofw1GEUlCKjThWKm+68TaS7HUjHCaVQaJojEmUzymfYMCh1R5ab55hi6MMkJBJM0RGuXq74kUh0rNQ990hlhP1Kq3EP/z+okObryUiTjRVJDlQ0HCkY7QIgY0YpISzecGMJHM7IrIBEtMtAmrYkJwV7+8Dp2rumv4sVFt3hVxlOEMzqEGLlxDEx6gBW0gMINneIU3K7VerHfrY9lasoqZU/hT1ucPQp6SwA==</latexit>

• Polarisation (insulators)

• Hall conductivity

• Magneto-electric coefficient of time reversal invariant 3D insulators

• Non-linear rectification weight of time reversal metals or insulators

P = ehA(k)i
<latexit sha1_base64="rf6UhC6yul2xb+14VY8b38SwiQY=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdCNU3bisYB/QhDKZ3rRDJ5MwMxFKyAe48VfcuFDErR/gzr9xmmahrQcGDuecy517/JgzpW3721paXlldWy9tlDe3tnd2K3v7bRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeOPb6Z+5wGkYpG415MYvJAMBQsYJdpI/Uo1df0AN7NLwC4nYsgB58pVbXySuTJXTMqu2znwInEKUkUFmv3KlzuIaBKC0JQTpXqOHWsvJVIzyiEru4mCmNAxGULPUEFCUF6aH5PhY6MMcBBJ84TGufp7IiWhUpPQN8mQ6JGa96bif14v0cGFlzIRJxoEnS0KEo51hKfN4AGTQDWfGEKoZOavmI6IJFSb/sqmBGf+5EXSPq07ht+dVRvXRR0ldIiOUA056Bw10C1qohai6BE9o1f0Zj1ZL9a79TGLLlnFzAH6A+vzBwa1mlQ=</latexit><latexit sha1_base64="rf6UhC6yul2xb+14VY8b38SwiQY=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdCNU3bisYB/QhDKZ3rRDJ5MwMxFKyAe48VfcuFDErR/gzr9xmmahrQcGDuecy517/JgzpW3721paXlldWy9tlDe3tnd2K3v7bRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeOPb6Z+5wGkYpG415MYvJAMBQsYJdpI/Uo1df0AN7NLwC4nYsgB58pVbXySuTJXTMqu2znwInEKUkUFmv3KlzuIaBKC0JQTpXqOHWsvJVIzyiEru4mCmNAxGULPUEFCUF6aH5PhY6MMcBBJ84TGufp7IiWhUpPQN8mQ6JGa96bif14v0cGFlzIRJxoEnS0KEo51hKfN4AGTQDWfGEKoZOavmI6IJFSb/sqmBGf+5EXSPq07ht+dVRvXRR0ldIiOUA056Bw10C1qohai6BE9o1f0Zj1ZL9a79TGLLlnFzAH6A+vzBwa1mlQ=</latexit><latexit sha1_base64="rf6UhC6yul2xb+14VY8b38SwiQY=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdCNU3bisYB/QhDKZ3rRDJ5MwMxFKyAe48VfcuFDErR/gzr9xmmahrQcGDuecy517/JgzpW3721paXlldWy9tlDe3tnd2K3v7bRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeOPb6Z+5wGkYpG415MYvJAMBQsYJdpI/Uo1df0AN7NLwC4nYsgB58pVbXySuTJXTMqu2znwInEKUkUFmv3KlzuIaBKC0JQTpXqOHWsvJVIzyiEru4mCmNAxGULPUEFCUF6aH5PhY6MMcBBJ84TGufp7IiWhUpPQN8mQ6JGa96bif14v0cGFlzIRJxoEnS0KEo51hKfN4AGTQDWfGEKoZOavmI6IJFSb/sqmBGf+5EXSPq07ht+dVRvXRR0ldIiOUA056Bw10C1qohai6BE9o1f0Zj1ZL9a79TGLLlnFzAH6A+vzBwa1mlQ=</latexit><latexit sha1_base64="rf6UhC6yul2xb+14VY8b38SwiQY=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdCNU3bisYB/QhDKZ3rRDJ5MwMxFKyAe48VfcuFDErR/gzr9xmmahrQcGDuecy517/JgzpW3721paXlldWy9tlDe3tnd2K3v7bRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeOPb6Z+5wGkYpG415MYvJAMBQsYJdpI/Uo1df0AN7NLwC4nYsgB58pVbXySuTJXTMqu2znwInEKUkUFmv3KlzuIaBKC0JQTpXqOHWsvJVIzyiEru4mCmNAxGULPUEFCUF6aH5PhY6MMcBBJ84TGufp7IiWhUpPQN8mQ6JGa96bif14v0cGFlzIRJxoEnS0KEo51hKfN4AGTQDWfGEKoZOavmI6IJFSb/sqmBGf+5EXSPq07ht+dVRvXRR0ldIiOUA056Bw10C1qohai6BE9o1f0Zj1ZL9a79TGLLlnFzAH6A+vzBwa1mlQ=</latexit>

� = e2h⌦(k)i
<latexit sha1_base64="E7u2covPuX/rmlsDEEcTiT/klLQ=">AAACGHicbZBNSwMxEIazflu/qh69BIugl7orgl4E0Ys3FawWurXMprNraJJdkqxQlv4ML/4VLx4U8erNf2P6cdDWgcDD+84wmTfKBDfW97+9qemZ2bn5hcXS0vLK6lp5fePWpLlmWGOpSHU9AoOCK6xZbgXWM40gI4F3Uee87989ojY8VTe2m2FTQqJ4zBlYJ7XK+0UYxTQ0PJHQO8H7AxoKUIlAOjQuJSaw29nrhXogt8oVv+oPik5CMIIKGdVVq/wVtlOWS1SWCTCmEfiZbRagLWcCe6UwN5gB60CCDYcKJJpmMTisR3ec0qZxqt1Tlg7U3xMFSGO6MnKdEuyDGff64n9eI7fxcbPgKsstKjZcFOeC2pT2U6JtrpFZ0XUATHP3V8oeQAOzLsuSCyEYP3kSbg+qgePrw8rp2SiOBbJFtskuCcgROSUX5IrUCCNP5IW8kXfv2Xv1PrzPYeuUN5rZJH/K+/oBmfeffQ==</latexit><latexit sha1_base64="E7u2covPuX/rmlsDEEcTiT/klLQ=">AAACGHicbZBNSwMxEIazflu/qh69BIugl7orgl4E0Ys3FawWurXMprNraJJdkqxQlv4ML/4VLx4U8erNf2P6cdDWgcDD+84wmTfKBDfW97+9qemZ2bn5hcXS0vLK6lp5fePWpLlmWGOpSHU9AoOCK6xZbgXWM40gI4F3Uee87989ojY8VTe2m2FTQqJ4zBlYJ7XK+0UYxTQ0PJHQO8H7AxoKUIlAOjQuJSaw29nrhXogt8oVv+oPik5CMIIKGdVVq/wVtlOWS1SWCTCmEfiZbRagLWcCe6UwN5gB60CCDYcKJJpmMTisR3ec0qZxqt1Tlg7U3xMFSGO6MnKdEuyDGff64n9eI7fxcbPgKsstKjZcFOeC2pT2U6JtrpFZ0XUATHP3V8oeQAOzLsuSCyEYP3kSbg+qgePrw8rp2SiOBbJFtskuCcgROSUX5IrUCCNP5IW8kXfv2Xv1PrzPYeuUN5rZJH/K+/oBmfeffQ==</latexit><latexit sha1_base64="E7u2covPuX/rmlsDEEcTiT/klLQ=">AAACGHicbZBNSwMxEIazflu/qh69BIugl7orgl4E0Ys3FawWurXMprNraJJdkqxQlv4ML/4VLx4U8erNf2P6cdDWgcDD+84wmTfKBDfW97+9qemZ2bn5hcXS0vLK6lp5fePWpLlmWGOpSHU9AoOCK6xZbgXWM40gI4F3Uee87989ojY8VTe2m2FTQqJ4zBlYJ7XK+0UYxTQ0PJHQO8H7AxoKUIlAOjQuJSaw29nrhXogt8oVv+oPik5CMIIKGdVVq/wVtlOWS1SWCTCmEfiZbRagLWcCe6UwN5gB60CCDYcKJJpmMTisR3ec0qZxqt1Tlg7U3xMFSGO6MnKdEuyDGff64n9eI7fxcbPgKsstKjZcFOeC2pT2U6JtrpFZ0XUATHP3V8oeQAOzLsuSCyEYP3kSbg+qgePrw8rp2SiOBbJFtskuCcgROSUX5IrUCCNP5IW8kXfv2Xv1PrzPYeuUN5rZJH/K+/oBmfeffQ==</latexit><latexit sha1_base64="E7u2covPuX/rmlsDEEcTiT/klLQ=">AAACGHicbZBNSwMxEIazflu/qh69BIugl7orgl4E0Ys3FawWurXMprNraJJdkqxQlv4ML/4VLx4U8erNf2P6cdDWgcDD+84wmTfKBDfW97+9qemZ2bn5hcXS0vLK6lp5fePWpLlmWGOpSHU9AoOCK6xZbgXWM40gI4F3Uee87989ojY8VTe2m2FTQqJ4zBlYJ7XK+0UYxTQ0PJHQO8H7AxoKUIlAOjQuJSaw29nrhXogt8oVv+oPik5CMIIKGdVVq/wVtlOWS1SWCTCmEfiZbRagLWcCe6UwN5gB60CCDYcKJJpmMTisR3ec0qZxqt1Tlg7U3xMFSGO6MnKdEuyDGff64n9eI7fxcbPgKsstKjZcFOeC2pT2U6JtrpFZ0XUATHP3V8oeQAOzLsuSCyEYP3kSbg+qgePrw8rp2SiOBbJFtskuCcgROSUX5IrUCCNP5IW8kXfv2Xv1PrzPYeuUN5rZJH/K+/oBmfeffQ==</latexit>
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Summary Part II 
Berry curvature dipole 

of metals
1) Non-linear Hall effect in time reversal invariant materials controlled by the 
Berry curvature dipole

2) Berry curvature dipole measures a non-Newtonian and non-linear acceleration

d2r

dt2
⇠ (Berry dipole) E2
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<latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit><latexit sha1_base64="O9UT4/nu/hhbUt+9MfgFNIfjDcU=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRYFMFjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKa+sbm1vl7crO7t7+gXt41NJJphg2WSIS1QmpRsElNg03AjupQhqHAtvh+HZWbz+h0jyRj2aSYhDToeQRZ9RYq533wojcTftu1at5c5FV8AuoQqFG3/3qDRKWxSgNE1Trru+lJsipMpwJnFZ6mcaUsjEdYteipDHqIJ+vOyVn1hmQKFH2SUPm7u+JnMZaT+LQdsbUjPRybWb+V+tmJroOci7TzKBki4+iTBCTkNntZMAVMiMmFihT3O5K2IgqyoxNqGJD8JdPXoXWRc23/HBZrd8UcZThBE7hHHy4gjrcQwOawGAMz/AKb07qvDjvzseiteQUM8fwR87nD+F+j0E=</latexit>

jNLHE / ⌧ (BerryDipole) E2

<latexit sha1_base64="mGORJuJeyv54VMMZ7pkb/svTIAA="></latexit><latexit sha1_base64="mGORJuJeyv54VMMZ7pkb/svTIAA="></latexit><latexit sha1_base64="mGORJuJeyv54VMMZ7pkb/svTIAA="></latexit><latexit sha1_base64="mGORJuJeyv54VMMZ7pkb/svTIAA="></latexit>

Berry dipole = h@k⌦i
<latexit sha1_base64="+VP+sHkY1qtXZrwJf9W2VjfE2z0=">AAACJXicbVDLSgMxFM34tr6qLt0Ei+CqzIigC4WiG3cq2FZoSrmT3qmhSWZIMkIZ+jNu/BU3LhQRXPkrpo+FrwOBwzn3cnJPnElhXRh+BDOzc/MLi0vLpZXVtfWN8uZWw6a54VjnqUzNbQwWpdBYd8JJvM0MgoolNuP++chv3qOxItU3bpBhW0FPi0RwcF7qlE8KZhQ9Q2MGlNGuyFKJQ3rKJOieRMoyME6A7PRpweKEskuFPRgyM7Y75UpYDcegf0k0JRUyxVWn/Mq6Kc8VasclWNuKwsy1i1EG97klllvMgPehhy1PNSi07WJ85ZDueaVLk9T4px0dq983ClDWDlTsJxW4O/vbG4n/ea3cJcftQugsd6j5JCjJJXUpHVXmWzHInRx4AtwI/1fK78AAd77Yki8h+n3yX9I4qEaeXx9WamfTOpbIDtkl+yQiR6RGLsgVqRNOHsgTeSGvwWPwHLwF75PRmWC6s01+IPj8AoSUpUg=</latexit><latexit sha1_base64="+VP+sHkY1qtXZrwJf9W2VjfE2z0=">AAACJXicbVDLSgMxFM34tr6qLt0Ei+CqzIigC4WiG3cq2FZoSrmT3qmhSWZIMkIZ+jNu/BU3LhQRXPkrpo+FrwOBwzn3cnJPnElhXRh+BDOzc/MLi0vLpZXVtfWN8uZWw6a54VjnqUzNbQwWpdBYd8JJvM0MgoolNuP++chv3qOxItU3bpBhW0FPi0RwcF7qlE8KZhQ9Q2MGlNGuyFKJQ3rKJOieRMoyME6A7PRpweKEskuFPRgyM7Y75UpYDcegf0k0JRUyxVWn/Mq6Kc8VasclWNuKwsy1i1EG97klllvMgPehhy1PNSi07WJ85ZDueaVLk9T4px0dq983ClDWDlTsJxW4O/vbG4n/ea3cJcftQugsd6j5JCjJJXUpHVXmWzHInRx4AtwI/1fK78AAd77Yki8h+n3yX9I4qEaeXx9WamfTOpbIDtkl+yQiR6RGLsgVqRNOHsgTeSGvwWPwHLwF75PRmWC6s01+IPj8AoSUpUg=</latexit><latexit sha1_base64="+VP+sHkY1qtXZrwJf9W2VjfE2z0=">AAACJXicbVDLSgMxFM34tr6qLt0Ei+CqzIigC4WiG3cq2FZoSrmT3qmhSWZIMkIZ+jNu/BU3LhQRXPkrpo+FrwOBwzn3cnJPnElhXRh+BDOzc/MLi0vLpZXVtfWN8uZWw6a54VjnqUzNbQwWpdBYd8JJvM0MgoolNuP++chv3qOxItU3bpBhW0FPi0RwcF7qlE8KZhQ9Q2MGlNGuyFKJQ3rKJOieRMoyME6A7PRpweKEskuFPRgyM7Y75UpYDcegf0k0JRUyxVWn/Mq6Kc8VasclWNuKwsy1i1EG97klllvMgPehhy1PNSi07WJ85ZDueaVLk9T4px0dq983ClDWDlTsJxW4O/vbG4n/ea3cJcftQugsd6j5JCjJJXUpHVXmWzHInRx4AtwI/1fK78AAd77Yki8h+n3yX9I4qEaeXx9WamfTOpbIDtkl+yQiR6RGLsgVqRNOHsgTeSGvwWPwHLwF75PRmWC6s01+IPj8AoSUpUg=</latexit><latexit sha1_base64="+VP+sHkY1qtXZrwJf9W2VjfE2z0=">AAACJXicbVDLSgMxFM34tr6qLt0Ei+CqzIigC4WiG3cq2FZoSrmT3qmhSWZIMkIZ+jNu/BU3LhQRXPkrpo+FrwOBwzn3cnJPnElhXRh+BDOzc/MLi0vLpZXVtfWN8uZWw6a54VjnqUzNbQwWpdBYd8JJvM0MgoolNuP++chv3qOxItU3bpBhW0FPi0RwcF7qlE8KZhQ9Q2MGlNGuyFKJQ3rKJOieRMoyME6A7PRpweKEskuFPRgyM7Y75UpYDcegf0k0JRUyxVWn/Mq6Kc8VasclWNuKwsy1i1EG97klllvMgPehhy1PNSi07WJ85ZDueaVLk9T4px0dq983ClDWDlTsJxW4O/vbG4n/ea3cJcftQugsd6j5JCjJJXUpHVXmWzHInRx4AtwI/1fK78AAd77Yki8h+n3yX9I4qEaeXx9WamfTOpbIDtkl+yQiR6RGLsgVqRNOHsgTeSGvwWPwHLwF75PRmWC6s01+IPj8AoSUpUg=</latexit>

Bonus: quantum rectification sum rule



Outline Part II 
The quantum dimer and six vertex 

models one electric field line at a time

1) Quantum dimer and six vertex models have a conservation law for “strings” = 
“electric-field lines”.

J. Herzog-Arbeitman, S. Mantilla, 
I. Sodemann, arXiv:1902.01858

2) The single “strings” subspace maps to 1D spin chains

1D spin 1/2 XXZ chain
Quantum 
6 vertex

Quantum 
Dimer Two-leg 1/2 ladder



Quantum 6 vertex model

Square lattice with arrows on links

or

Every site has 

as many going in as out

Hilbert space Constraints

Flipping plaquette:

Hamiltonian

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

Counting Flippable

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

v =
V

t
<latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit>



Quantum Dimer model  
(Rokhsar-Kivelson)

Dimers on links touch every 

sites only once

Hilbert space
Constraints

Hamiltonian

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

v =
V

t
<latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit>



Hamiltonian

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

Anomalously weak 1st order

RK point

v =
V

t
<latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit>

v = 1
<latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit>v ⇠ �0.3

<latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit>

RK point

v =
V

t
<latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit>

v = 1
<latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit>
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Phase diagrams
Hamiltonian

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

RK point

v =
V

t
<latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit>

v = 1
<latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit>v ⇠ �0.3

<latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit>

RK point

v =
V

t
<latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit><latexit sha1_base64="81v6jM3IrNhB3OTW+zffGM4XsMI=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLoRim5cVrAXaEOZTCft0MkkzpwUSshzuHGhiFsfxp1v4/Sy0NYfBj7+cw7nzB8kUhh03W+nsLa+sblV3C7t7O7tH5QPj5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHdtN4ac21ErB5xknA/ogMlQsEoWssf33RDTVnWzDPMe+WKW3VnIqvgLaACC9V75a9uP2ZpxBUySY3peG6CfkY1CiZ5XuqmhieUjeiAdywqGnHjZ7Ojc3JmnT4JY22fQjJzf09kNDJmEgW2M6I4NMu1qflfrZNieO1nQiUpcsXmi8JUEozJNAHSF5ozlBMLlGlhbyVsSG0KaHMq2RC85S+vQvOi6ll+uKzUbhdxFOEETuEcPLiCGtxDHRrA4Ame4RXenLHz4rw7H/PWgrOYOYY/cj5/ADe3kmE=</latexit>

v = 1
<latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit>

???

Shannon, Misguich, Penc, PRB (2004)
Banerjee, Jiang, Widmer, Wiese, J. Stat. Mec. (2013).

Anomalously weak 1st order

Under 
Debate

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

V
<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>

Sachdev PRB (1989)

Leung, Chiu, Runge, PRB (1996)

Syljuasen, PRB (2006)

Ralko, Poilblanc, Moessner, PRL (2008)
Zeng, Henley, PRB (1997)

Banerjee, et al., PRB 90, 245143 (2014).

Oakes, Powell, Castelnovo, Lamacraft, Garrahan, PRB 98, 064302 (2018).



Lattice U(1) gauge theory

Quantum 6 vertex Qr = 0
<latexit sha1_base64="8MIjdiccN7tJuxvIEIGSeRJqiBA=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBrKZrtpl242YXcilNCf4cWDIl79Nd78N27bHLT6wsLDOzPszBumUhh03S+ntLa+sblV3q7s7O7tH1QPjzomyTTjbZbIRPdCargUirdRoOS9VHMah5J3w8ndvN595NqIRD3gNOVBTEdKRIJRtJbfGuT9MCJ6duMOqjW37i5E/oJXQA0KNQfVz/4wYVnMFTJJjfE9N8UgpxoFk3xW6WeGp5RN6Ij7FhWNuQnyxcozcmadIYkSbZ9CsnB/TuQ0NmYah7Yzpjg2q7W5+V/NzzC6DnKh0gy5YsuPokwSTMj8fjIUmjOUUwuUaWF3JWxMNWVoU6rYELzVk/9C56LuWW5d1hq3RRxlOIFTOAcPrqAB99CENjBI4Ale4NVB59l5c96XrSWnmDmGX3I+vgF15pCz</latexit><latexit sha1_base64="8MIjdiccN7tJuxvIEIGSeRJqiBA=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBrKZrtpl242YXcilNCf4cWDIl79Nd78N27bHLT6wsLDOzPszBumUhh03S+ntLa+sblV3q7s7O7tH1QPjzomyTTjbZbIRPdCargUirdRoOS9VHMah5J3w8ndvN595NqIRD3gNOVBTEdKRIJRtJbfGuT9MCJ6duMOqjW37i5E/oJXQA0KNQfVz/4wYVnMFTJJjfE9N8UgpxoFk3xW6WeGp5RN6Ij7FhWNuQnyxcozcmadIYkSbZ9CsnB/TuQ0NmYah7Yzpjg2q7W5+V/NzzC6DnKh0gy5YsuPokwSTMj8fjIUmjOUUwuUaWF3JWxMNWVoU6rYELzVk/9C56LuWW5d1hq3RRxlOIFTOAcPrqAB99CENjBI4Ale4NVB59l5c96XrSWnmDmGX3I+vgF15pCz</latexit><latexit sha1_base64="8MIjdiccN7tJuxvIEIGSeRJqiBA=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBrKZrtpl242YXcilNCf4cWDIl79Nd78N27bHLT6wsLDOzPszBumUhh03S+ntLa+sblV3q7s7O7tH1QPjzomyTTjbZbIRPdCargUirdRoOS9VHMah5J3w8ndvN595NqIRD3gNOVBTEdKRIJRtJbfGuT9MCJ6duMOqjW37i5E/oJXQA0KNQfVz/4wYVnMFTJJjfE9N8UgpxoFk3xW6WeGp5RN6Ij7FhWNuQnyxcozcmadIYkSbZ9CsnB/TuQ0NmYah7Yzpjg2q7W5+V/NzzC6DnKh0gy5YsuPokwSTMj8fjIUmjOUUwuUaWF3JWxMNWVoU6rYELzVk/9C56LuWW5d1hq3RRxlOIFTOAcPrqAB99CENjBI4Ale4NVB59l5c96XrSWnmDmGX3I+vgF15pCz</latexit><latexit sha1_base64="8MIjdiccN7tJuxvIEIGSeRJqiBA=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBrKZrtpl242YXcilNCf4cWDIl79Nd78N27bHLT6wsLDOzPszBumUhh03S+ntLa+sblV3q7s7O7tH1QPjzomyTTjbZbIRPdCargUirdRoOS9VHMah5J3w8ndvN595NqIRD3gNOVBTEdKRIJRtJbfGuT9MCJ6duMOqjW37i5E/oJXQA0KNQfVz/4wYVnMFTJJjfE9N8UgpxoFk3xW6WeGp5RN6Ij7FhWNuQnyxcozcmadIYkSbZ9CsnB/TuQ0NmYah7Yzpjg2q7W5+V/NzzC6DnKh0gy5YsuPokwSTMj8fjIUmjOUUwuUaWF3JWxMNWVoU6rYELzVk/9C56LuWW5d1hq3RRxlOIFTOAcPrqAB99CENjBI4Ale4NVB59l5c96XrSWnmDmGX3I+vgF15pCz</latexit>

Quantum dimer QA = 2
<latexit sha1_base64="6nLcX1g82h5G3fldJg00xg06yFA=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEInkpSBL0IVS8eW7Af0Iay2U7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g0SwbVx3W9nbX1jc2u7sFPc3ds/OCwdHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6f1dtPqDSP5aOZJOhHdCh5yBk11mo2+rc31X6p7FbcucgqeDmUIVe9X/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYteipBFqP5svOyXn1hmQMFb2SUPm7u+JjEZaT6LAdkbUjPRybWb+V+umJrz2My6T1KBki4/CVBATk9nlZMAVMiMmFihT3O5K2IgqyozNp2hD8JZPXoVWteJZblyWa3d5HAU4hTO4AA+uoAYPUIcmMODwDK/w5kjnxXl3Phata04+cwJ/5Hz+ANy1jgw=</latexit><latexit sha1_base64="6nLcX1g82h5G3fldJg00xg06yFA=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEInkpSBL0IVS8eW7Af0Iay2U7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g0SwbVx3W9nbX1jc2u7sFPc3ds/OCwdHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6f1dtPqDSP5aOZJOhHdCh5yBk11mo2+rc31X6p7FbcucgqeDmUIVe9X/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYteipBFqP5svOyXn1hmQMFb2SUPm7u+JjEZaT6LAdkbUjPRybWb+V+umJrz2My6T1KBki4/CVBATk9nlZMAVMiMmFihT3O5K2IgqyozNp2hD8JZPXoVWteJZblyWa3d5HAU4hTO4AA+uoAYPUIcmMODwDK/w5kjnxXl3Phata04+cwJ/5Hz+ANy1jgw=</latexit><latexit sha1_base64="6nLcX1g82h5G3fldJg00xg06yFA=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEInkpSBL0IVS8eW7Af0Iay2U7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g0SwbVx3W9nbX1jc2u7sFPc3ds/OCwdHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6f1dtPqDSP5aOZJOhHdCh5yBk11mo2+rc31X6p7FbcucgqeDmUIVe9X/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYteipBFqP5svOyXn1hmQMFb2SUPm7u+JjEZaT6LAdkbUjPRybWb+V+umJrz2My6T1KBki4/CVBATk9nlZMAVMiMmFihT3O5K2IgqyozNp2hD8JZPXoVWteJZblyWa3d5HAU4hTO4AA+uoAYPUIcmMODwDK/w5kjnxXl3Phata04+cwJ/5Hz+ANy1jgw=</latexit><latexit sha1_base64="6nLcX1g82h5G3fldJg00xg06yFA=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEInkpSBL0IVS8eW7Af0Iay2U7apZtN2N0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g0SwbVx3W9nbX1jc2u7sFPc3ds/OCwdHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6f1dtPqDSP5aOZJOhHdCh5yBk11mo2+rc31X6p7FbcucgqeDmUIVe9X/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYteipBFqP5svOyXn1hmQMFb2SUPm7u+JjEZaT6LAdkbUjPRybWb+V+umJrz2My6T1KBki4/CVBATk9nlZMAVMiMmFihT3O5K2IgqyozNp2hD8JZPXoVWteJZblyWa3d5HAU4hTO4AA+uoAYPUIcmMODwDK/w5kjnxXl3Phata04+cwJ/5Hz+ANy1jgw=</latexit>

QB = �2
<latexit sha1_base64="M9Ew6hQE0PjqoONRUSzCs3DO8Fg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuLHMlIJuhFI3LluwF2iHkkkzbWwmGZKMUIa+gxsXirj1fdz5NqbtLLT1h8DHf84h5/xBzJk2rvvt5DY2t7Z38ruFvf2Dw6Pi8Ulby0QR2iKSS9UNsKacCdoyzHDajRXFUcBpJ5jczeudJ6o0k+LBTGPqR3gkWMgINtZqNwf126vKoFhyy+5CaB28DEqQqTEofvWHkiQRFYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPYsCR1T76WLbGbqwzhCFUtknDFq4vydSHGk9jQLbGWEz1qu1uflfrZeY8MZPmYgTQwVZfhQmHBmJ5qejIVOUGD61gIlidldExlhhYmxABRuCt3ryOrQrZc9ys1qq1bM48nAG53AJHlxDDe6hAS0g8AjP8ApvjnRenHfnY9mac7KZU/gj5/MHSMaORA==</latexit><latexit sha1_base64="M9Ew6hQE0PjqoONRUSzCs3DO8Fg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuLHMlIJuhFI3LluwF2iHkkkzbWwmGZKMUIa+gxsXirj1fdz5NqbtLLT1h8DHf84h5/xBzJk2rvvt5DY2t7Z38ruFvf2Dw6Pi8Ulby0QR2iKSS9UNsKacCdoyzHDajRXFUcBpJ5jczeudJ6o0k+LBTGPqR3gkWMgINtZqNwf126vKoFhyy+5CaB28DEqQqTEofvWHkiQRFYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPYsCR1T76WLbGbqwzhCFUtknDFq4vydSHGk9jQLbGWEz1qu1uflfrZeY8MZPmYgTQwVZfhQmHBmJ5qejIVOUGD61gIlidldExlhhYmxABRuCt3ryOrQrZc9ys1qq1bM48nAG53AJHlxDDe6hAS0g8AjP8ApvjnRenHfnY9mac7KZU/gj5/MHSMaORA==</latexit><latexit sha1_base64="M9Ew6hQE0PjqoONRUSzCs3DO8Fg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuLHMlIJuhFI3LluwF2iHkkkzbWwmGZKMUIa+gxsXirj1fdz5NqbtLLT1h8DHf84h5/xBzJk2rvvt5DY2t7Z38ruFvf2Dw6Pi8Ulby0QR2iKSS9UNsKacCdoyzHDajRXFUcBpJ5jczeudJ6o0k+LBTGPqR3gkWMgINtZqNwf126vKoFhyy+5CaB28DEqQqTEofvWHkiQRFYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPYsCR1T76WLbGbqwzhCFUtknDFq4vydSHGk9jQLbGWEz1qu1uflfrZeY8MZPmYgTQwVZfhQmHBmJ5qejIVOUGD61gIlidldExlhhYmxABRuCt3ryOrQrZc9ys1qq1bM48nAG53AJHlxDDe6hAS0g8AjP8ApvjnRenHfnY9mac7KZU/gj5/MHSMaORA==</latexit><latexit sha1_base64="M9Ew6hQE0PjqoONRUSzCs3DO8Fg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuLHMlIJuhFI3LluwF2iHkkkzbWwmGZKMUIa+gxsXirj1fdz5NqbtLLT1h8DHf84h5/xBzJk2rvvt5DY2t7Z38ruFvf2Dw6Pi8Ulby0QR2iKSS9UNsKacCdoyzHDajRXFUcBpJ5jczeudJ6o0k+LBTGPqR3gkWMgINtZqNwf126vKoFhyy+5CaB28DEqQqTEofvWHkiQRFYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPYsCR1T76WLbGbqwzhCFUtknDFq4vydSHGk9jQLbGWEz1qu1uflfrZeY8MZPmYgTQwVZfhQmHBmJ5qejIVOUGD61gIlidldExlhhYmxABRuCt3ryOrQrZc9ys1qq1bM48nAG53AJHlxDDe6hAS0g8AjP8ApvjnRenHfnY9mac7KZU/gj5/MHSMaORA==</latexit>

or

t’Hooft  
operators



Conservation of strings

Wy
<latexit sha1_base64="AXChApUcCGimGAVGo+OoqrUpGB0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfOIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A0aMjcc=</latexit><latexit sha1_base64="AXChApUcCGimGAVGo+OoqrUpGB0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfOIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A0aMjcc=</latexit><latexit sha1_base64="AXChApUcCGimGAVGo+OoqrUpGB0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfOIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A0aMjcc=</latexit><latexit sha1_base64="AXChApUcCGimGAVGo+OoqrUpGB0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQIoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJrezeueJayNi9YhZwv2IjpQIBaNorYfOIBtUa27dnYusgldADQo1B9Wv/jBmacQVMkmN6Xlugn5ONQom+bTSTw1PKJvQEe9ZVDTixs/nq07JmXWGJIy1fQrJ3P09kdPImCwKbGdEcWyWazPzv1ovxfDaz4VKUuSKLT4KU0kwJrO7yVBozlBmFijTwu5K2JhqytCmU7EheMsnr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A0aMjcc=</latexit>

Wx
<latexit sha1_base64="3tseWhBuVhS5BqvtWXDc9oWENto=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n27/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBFCI3G</latexit><latexit sha1_base64="3tseWhBuVhS5BqvtWXDc9oWENto=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n27/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBFCI3G</latexit><latexit sha1_base64="3tseWhBuVhS5BqvtWXDc9oWENto=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n27/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBFCI3G</latexit><latexit sha1_base64="3tseWhBuVhS5BqvtWXDc9oWENto=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n27/9QvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwBFCI3G</latexit>

Reference vacuum with zero strings

H|Oi = 0
<latexit sha1_base64="9Flet1dlPRTGKScVjnG/XFPSxn4=">AAAB83icbZBNS8NAEIYnftb6VfXoZbEInkoigl6EopferGA/oAlls520SzebsLsRSu3f8OJBEa/+GW/+G7dtDtr6wsLDOzPM7Bumgmvjut/Oyura+sZmYau4vbO7t186OGzqJFMMGywRiWqHVKPgEhuGG4HtVCGNQ4GtcHg7rbceUWmeyAczSjGIaV/yiDNqrOXXnu58RWVf4LXbLZXdijsTWQYvhzLkqndLX34vYVmM0jBBte54bmqCMVWGM4GTop9pTCkb0j52LEoaow7Gs5sn5NQ6PRIlyj5pyMz9PTGmsdajOLSdMTUDvVibmv/VOpmJroIxl2lmULL5oigTxCRkGgDpcYXMiJEFyhS3txI2oIoyY2Mq2hC8xS8vQ/O84lm+vyhXb/I4CnAMJ3AGHlxCFWpQhwYwSOEZXuHNyZwX5935mLeuOPnMEfyR8/kDcOmRRw==</latexit><latexit sha1_base64="9Flet1dlPRTGKScVjnG/XFPSxn4=">AAAB83icbZBNS8NAEIYnftb6VfXoZbEInkoigl6EopferGA/oAlls520SzebsLsRSu3f8OJBEa/+GW/+G7dtDtr6wsLDOzPM7Bumgmvjut/Oyura+sZmYau4vbO7t186OGzqJFMMGywRiWqHVKPgEhuGG4HtVCGNQ4GtcHg7rbceUWmeyAczSjGIaV/yiDNqrOXXnu58RWVf4LXbLZXdijsTWQYvhzLkqndLX34vYVmM0jBBte54bmqCMVWGM4GTop9pTCkb0j52LEoaow7Gs5sn5NQ6PRIlyj5pyMz9PTGmsdajOLSdMTUDvVibmv/VOpmJroIxl2lmULL5oigTxCRkGgDpcYXMiJEFyhS3txI2oIoyY2Mq2hC8xS8vQ/O84lm+vyhXb/I4CnAMJ3AGHlxCFWpQhwYwSOEZXuHNyZwX5935mLeuOPnMEfyR8/kDcOmRRw==</latexit><latexit sha1_base64="9Flet1dlPRTGKScVjnG/XFPSxn4=">AAAB83icbZBNS8NAEIYnftb6VfXoZbEInkoigl6EopferGA/oAlls520SzebsLsRSu3f8OJBEa/+GW/+G7dtDtr6wsLDOzPM7Bumgmvjut/Oyura+sZmYau4vbO7t186OGzqJFMMGywRiWqHVKPgEhuGG4HtVCGNQ4GtcHg7rbceUWmeyAczSjGIaV/yiDNqrOXXnu58RWVf4LXbLZXdijsTWQYvhzLkqndLX34vYVmM0jBBte54bmqCMVWGM4GTop9pTCkb0j52LEoaow7Gs5sn5NQ6PRIlyj5pyMz9PTGmsdajOLSdMTUDvVibmv/VOpmJroIxl2lmULL5oigTxCRkGgDpcYXMiJEFyhS3txI2oIoyY2Mq2hC8xS8vQ/O84lm+vyhXb/I4CnAMJ3AGHlxCFWpQhwYwSOEZXuHNyZwX5935mLeuOPnMEfyR8/kDcOmRRw==</latexit><latexit sha1_base64="9Flet1dlPRTGKScVjnG/XFPSxn4=">AAAB83icbZBNS8NAEIYnftb6VfXoZbEInkoigl6EopferGA/oAlls520SzebsLsRSu3f8OJBEa/+GW/+G7dtDtr6wsLDOzPM7Bumgmvjut/Oyura+sZmYau4vbO7t186OGzqJFMMGywRiWqHVKPgEhuGG4HtVCGNQ4GtcHg7rbceUWmeyAczSjGIaV/yiDNqrOXXnu58RWVf4LXbLZXdijsTWQYvhzLkqndLX34vYVmM0jBBte54bmqCMVWGM4GTop9pTCkb0j52LEoaow7Gs5sn5NQ6PRIlyj5pyMz9PTGmsdajOLSdMTUDvVibmv/VOpmJroIxl2lmULL5oigTxCRkGgDpcYXMiJEFyhS3txI2oIoyY2Mq2hC8xS8vQ/O84lm+vyhXb/I4CnAMJ3AGHlxCFWpQhwYwSOEZXuHNyZwX5935mLeuOPnMEfyR8/kDcOmRRw==</latexit>

No flippable  
Plaquettes

[H,Wx,y] = 0
<latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="lG910peYrsIZAt9lI1ykn2u/PbY=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuChlxo1uBMFNlxXsA6ZDyaSZNjSTGZM7xTL0d7hxoYh/yJ3/xvSx0NYDgY9zEu7NCVMpDLrut1PY2t7Z3Svulw7Kh0fHlZNy2ySZZrzFEpnobkgNl0LxFgqUvJtqTuNQ8k44vp/nnQnXRiTqEacpD2I6VCISjKK1Ar9R6/Tz59p0Fty6/UrVrbsLkU3wVlCFlZr9yldvkLAs5gqZpMb4nptikFONgkk+K/Uyw1PKxnTIfYuKxtwE+WLpGbmwzoBEibZHIVm4v1/kNDZmGof2ZkxxZNazuflf5mcY3QS5UGmGXLHloCiTBBMyb4AMhOYM5dQCZVrYXQkbUU0Z2p5KtgRv/cub0L6qe5YfXCjCGZzDJXhwDXfQgCa0gMETvMAbvDsT59X5WNZVcFa9ncIfOZ8/a0OQAQ==</latexit><latexit sha1_base64="lG910peYrsIZAt9lI1ykn2u/PbY=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuChlxo1uBMFNlxXsA6ZDyaSZNjSTGZM7xTL0d7hxoYh/yJ3/xvSx0NYDgY9zEu7NCVMpDLrut1PY2t7Z3Svulw7Kh0fHlZNy2ySZZrzFEpnobkgNl0LxFgqUvJtqTuNQ8k44vp/nnQnXRiTqEacpD2I6VCISjKK1Ar9R6/Tz59p0Fty6/UrVrbsLkU3wVlCFlZr9yldvkLAs5gqZpMb4nptikFONgkk+K/Uyw1PKxnTIfYuKxtwE+WLpGbmwzoBEibZHIVm4v1/kNDZmGof2ZkxxZNazuflf5mcY3QS5UGmGXLHloCiTBBMyb4AMhOYM5dQCZVrYXQkbUU0Z2p5KtgRv/cub0L6qe5YfXCjCGZzDJXhwDXfQgCa0gMETvMAbvDsT59X5WNZVcFa9ncIfOZ8/a0OQAQ==</latexit><latexit sha1_base64="j0xk2dYTf/wNv7vYi4fK0hVjeYQ=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglcaMboeimywr2Amkok+mkHTqZpDOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7CxubW9U9wt7e0fHB6Vj0/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHH9/N6Z0qlYpF41GlMvRAPBQsYwdpYntuodvrZUzWdebd2v1yxa/ZCaB2cHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlXqJojEmYzykrkGBQ6q8bHH0DF0YZ4CCSJonNFq4vycyHCqVhr7pDLEeqdXa3Pyv5iY6uPEyJuJEU0GWi4KEIx2heQJowCQlmqcGMJHM3IrICEtMtMmpZEJwVr+8Du2rmmP4wa7U7/I4inAG53AJDlxDHRrQhBYQmMAzvMKbNbVerHfrY9lasPKZU/gj6/MHrM2RXA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit><latexit sha1_base64="e9PZWBx7XnIB7R+IHEnYA4q8fqs=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCglEUE3QtFNlxXsBdJQJtNJO3QyiTOTYgh9DjcuFHHrw7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C2vrG5Vdwu7ezu7R+UD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHd7N6Z0KlYpF40GlMvRAPBQsYwdpYntuodvrZUzWdejd2v1yxa/ZcaBWcHCqQq9kvf/UGEUlCKjThWCnXsWPtZVhqRjidlnqJojEmYzykrkGBQ6q8bH70FJ0ZZ4CCSJonNJq7vycyHCqVhr7pDLEeqeXazPyv5iY6uPYyJuJEU0EWi4KEIx2hWQJowCQlmqcGMJHM3IrICEtMtMmpZEJwlr+8Cu2LmmP4/rJSv83jKMIJnMI5OHAFdWhAE1pA4BGe4RXerIn1Yr1bH4vWgpXPHMMfWZ8/rg2RYA==</latexit>

One string sector:



One string problem
String always goes right or up

Charges are created otherwise

String moves within square

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

Plaquette flipping



One string problem = XXZ spin 1/2 chain

String can be represented  
as spin 1/2 chain

XXZ spin 1/2

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>



Solving one string problem
String can be represented  

as spin 1/2 chain
XXZ spin 1/2

FerroAnti-Ferro Liquid

Drude weight for L=7



Solving one string problem
String can be represented  

as spin 1/2 chain
XXZ spin 1/2

FerroAnti-Ferro Liquid

Confined

Deconfined

“Subdimensional” 
deconfined

RK point has “hidden” 
SU(2) symmetry



Strings in quantum dimer
String  moves in a triangular lattice

Mapping requires two site basis Two leg ladder



One string problem in quantum dimer
String can be represented  

as spin 1/2 2-leg ladder

SolidSolid Liquid

Drude weight for L=7

“Subdimensional” 
deconfinedConfined



Back to multi-strings

v = 1
<latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit>

v ⇠ �0.3
<latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit><latexit sha1_base64="qbfSGtohFzT0qKwMnLYHW9QJsMI=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyyCG8uMCrosunFZwV6wHUomzbShSWZIMoUy9C3cuFDErW/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4OGyZONWV1GotYt0JimOCK1S23grUSzYgMBWuGw7tpvTli2vBYPdpxwgJJ+opHnBLrrKdRx3CJz73KZbdU9ireTHgZ/BzKkKvWLX11ejFNJVOWCmJM2/cSG2REW04FmxQ7qWEJoUPSZ22Hikhmgmy28QSfOqeHo1i7pyyeub8nMiKNGcvQdUpiB2axNjX/q7VTG90EGVdJapmi84+iVGAb4+n5uMc1o1aMHRCqudsV0wHRhFoXUtGF4C+evAyNi4rv+OGqXL3N4yjAMZzAGfhwDVW4hxrUgYKCZ3iFN2TQC3pHH/PWFZTPHMEfoc8fDryP1w==</latexit>

One string

Many strings 

One string

Many strings 

RK point
v = 1

<latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit><latexit sha1_base64="vrdo3cIOestb9rHCjmQaQBBE/Vs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14rGg/oA1ls920SzebsDsplNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHjVNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaO7Wb015tqIWD3hJOF+RAdKhIJRtNbj+MbrlStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5qtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhtZ8JlaTIFVt8FKaSYExmd5O+0JyhnFigTAu7K2FDqilDm07JhuAtn7wKzYuqZ/nhslK7zeMowgmcwjl4cAU1uIc6NIDBAJ7hFd4c6bw4787HorXg5DPH8EfO5w/U7Y18</latexit>

???



Ideal BEC of strings?
H = H

one string
1 +H

one string
2 + · · ·

<latexit sha1_base64="HFJEypvpbqGhBV6SE84nhhgqfoU=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyyCUCgzRdSNUHTTZQV7gU4tmTRtQzPJkJwRytA3ceOruHGhiLjr25heFtr2h8DHf87h5PxhLLgBzxs7a+sbm1vbmZ3s7t7+waF7dFwzKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8H9pF5/ZtpwJR9hGLNWRHqSdzklYK22e1W+LT+lgY6wkgwH2IDmsjdq+/mVdjEf0I4C03ZzXsGbCi+DP4ccmqvSdn+CjqJJxCRQQYxp+l4MrZRo4FSwUTZIDIsJHZAea1qUJGKmlU7vG+Fz63RwV2n7JOCp+3ciJZExwyi0nRGBvlmsTcxVtWYC3ZtWymWcAJN0tqibCAwKT8LCHa4ZBTG0QKjm9q+Y9okmFGykWRuCv3jyMtSKBd/yw2WudDePI4NO0Rm6QD66RiVURhVURRS9oDf0gT6dV+fd+XK+Z61rznzmBP2TM/4FmUKiGA==</latexit><latexit sha1_base64="HFJEypvpbqGhBV6SE84nhhgqfoU=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyyCUCgzRdSNUHTTZQV7gU4tmTRtQzPJkJwRytA3ceOruHGhiLjr25heFtr2h8DHf87h5PxhLLgBzxs7a+sbm1vbmZ3s7t7+waF7dFwzKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8H9pF5/ZtpwJR9hGLNWRHqSdzklYK22e1W+LT+lgY6wkgwH2IDmsjdq+/mVdjEf0I4C03ZzXsGbCi+DP4ccmqvSdn+CjqJJxCRQQYxp+l4MrZRo4FSwUTZIDIsJHZAea1qUJGKmlU7vG+Fz63RwV2n7JOCp+3ciJZExwyi0nRGBvlmsTcxVtWYC3ZtWymWcAJN0tqibCAwKT8LCHa4ZBTG0QKjm9q+Y9okmFGykWRuCv3jyMtSKBd/yw2WudDePI4NO0Rm6QD66RiVURhVURRS9oDf0gT6dV+fd+XK+Z61rznzmBP2TM/4FmUKiGA==</latexit><latexit sha1_base64="HFJEypvpbqGhBV6SE84nhhgqfoU=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyyCUCgzRdSNUHTTZQV7gU4tmTRtQzPJkJwRytA3ceOruHGhiLjr25heFtr2h8DHf87h5PxhLLgBzxs7a+sbm1vbmZ3s7t7+waF7dFwzKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8H9pF5/ZtpwJR9hGLNWRHqSdzklYK22e1W+LT+lgY6wkgwH2IDmsjdq+/mVdjEf0I4C03ZzXsGbCi+DP4ccmqvSdn+CjqJJxCRQQYxp+l4MrZRo4FSwUTZIDIsJHZAea1qUJGKmlU7vG+Fz63RwV2n7JOCp+3ciJZExwyi0nRGBvlmsTcxVtWYC3ZtWymWcAJN0tqibCAwKT8LCHa4ZBTG0QKjm9q+Y9okmFGykWRuCv3jyMtSKBd/yw2WudDePI4NO0Rm6QD66RiVURhVURRS9oDf0gT6dV+fd+XK+Z61rznzmBP2TM/4FmUKiGA==</latexit><latexit sha1_base64="HFJEypvpbqGhBV6SE84nhhgqfoU=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyyCUCgzRdSNUHTTZQV7gU4tmTRtQzPJkJwRytA3ceOruHGhiLjr25heFtr2h8DHf87h5PxhLLgBzxs7a+sbm1vbmZ3s7t7+waF7dFwzKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8H9pF5/ZtpwJR9hGLNWRHqSdzklYK22e1W+LT+lgY6wkgwH2IDmsjdq+/mVdjEf0I4C03ZzXsGbCi+DP4ccmqvSdn+CjqJJxCRQQYxp+l4MrZRo4FSwUTZIDIsJHZAea1qUJGKmlU7vG+Fz63RwV2n7JOCp+3ciJZExwyi0nRGBvlmsTcxVtWYC3ZtWymWcAJN0tqibCAwKT8LCHa4ZBTG0QKjm9q+Y9okmFGykWRuCv3jyMtSKBd/yw2WudDePI4NO0Rm6QD66RiVURhVURRS9oDf0gT6dV+fd+XK+Z61rznzmBP2TM/4FmUKiGA==</latexit>

Many string problem:

Symmetrize

strings

Inconsistency:

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

n 2 Z
<latexit sha1_base64="6CtpDhCgku6olPOL3RcGzJ9KlRM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ac2oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWJxr7OE+hEeCxYygrWRhnZdeEwgL8J6EgT5w2xoN5ymMwdaJW5JGlCiPbS/vFFM0ogKTThWauA6ifZzLDUjnM5qXqpogskUj+nAUIEjqvx8HnyGTo0yQmEszRMazdXfGzmOlMqiwEwWCdWyV4j/eYNUh1d+zkSSairI4lCYcqRjVLSARkxSonlmCCaSmayITLDERJuuaqYEd/nLq6R73nQNv7totK7LOqpwDCdwBi5cQgtuoQ0dIJDCM7zCm/VkvVjv1sditGKVO0fwB9bnD7h2kx4=</latexit><latexit sha1_base64="6CtpDhCgku6olPOL3RcGzJ9KlRM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ac2oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWJxr7OE+hEeCxYygrWRhnZdeEwgL8J6EgT5w2xoN5ymMwdaJW5JGlCiPbS/vFFM0ogKTThWauA6ifZzLDUjnM5qXqpogskUj+nAUIEjqvx8HnyGTo0yQmEszRMazdXfGzmOlMqiwEwWCdWyV4j/eYNUh1d+zkSSairI4lCYcqRjVLSARkxSonlmCCaSmayITLDERJuuaqYEd/nLq6R73nQNv7totK7LOqpwDCdwBi5cQgtuoQ0dIJDCM7zCm/VkvVjv1sditGKVO0fwB9bnD7h2kx4=</latexit><latexit sha1_base64="6CtpDhCgku6olPOL3RcGzJ9KlRM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ac2oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWJxr7OE+hEeCxYygrWRhnZdeEwgL8J6EgT5w2xoN5ymMwdaJW5JGlCiPbS/vFFM0ogKTThWauA6ifZzLDUjnM5qXqpogskUj+nAUIEjqvx8HnyGTo0yQmEszRMazdXfGzmOlMqiwEwWCdWyV4j/eYNUh1d+zkSSairI4lCYcqRjVLSARkxSonlmCCaSmayITLDERJuuaqYEd/nLq6R73nQNv7totK7LOqpwDCdwBi5cQgtuoQ0dIJDCM7zCm/VkvVjv1sditGKVO0fwB9bnD7h2kx4=</latexit><latexit sha1_base64="6CtpDhCgku6olPOL3RcGzJ9KlRM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ac2oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWJxr7OE+hEeCxYygrWRhnZdeEwgL8J6EgT5w2xoN5ymMwdaJW5JGlCiPbS/vFFM0ogKTThWauA6ifZzLDUjnM5qXqpogskUj+nAUIEjqvx8HnyGTo0yQmEszRMazdXfGzmOlMqiwEwWCdWyV4j/eYNUh1d+zkSSairI4lCYcqRjVLSARkxSonlmCCaSmayITLDERJuuaqYEd/nLq6R73nQNv7totK7LOqpwDCdwBi5cQgtuoQ0dIJDCM7zCm/VkvVjv1sditGKVO0fwB9bnD7h2kx4=</latexit>

Soft bosons

On links

Emergent 

fermi surface??

C / T
<latexit sha1_base64="71poHJCeIaVoYOoopNAzBOdPBSQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiNy4r9IXtUDJppg3NJCHJCGXoX7hxoYhb/8adf2PazkJbDwQO59xL7jmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRtZKoJbRHJpe5G2FDOBG1ZZjntKk1xEnHaiSb1ud95otowKZp2qmiY4JFgMSPYOumx3ldaKitRc1Cu+FV/AbROgpxUIEdjUP7qDyVJEyos4diYXuArG2ZYW0Y4nZX6qaEKkwke0Z6jAifUhNni4hm6cMoQxVK7JyxaqL83MpwYM00iN5lgOzar3lz8z+ulNr4NMyZUaqkgy4/ilCMXcR4fDZmmxPKpI5ho5m5FZIw1JtaVVHIlBKuR10n7qho4/nBdqd3ldRThDM7hEgK4gRrcQwNaQEDAM7zCm2e8F+/d+1iOFrx85xT+wPv8AS+okJU=</latexit><latexit sha1_base64="71poHJCeIaVoYOoopNAzBOdPBSQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiNy4r9IXtUDJppg3NJCHJCGXoX7hxoYhb/8adf2PazkJbDwQO59xL7jmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRtZKoJbRHJpe5G2FDOBG1ZZjntKk1xEnHaiSb1ud95otowKZp2qmiY4JFgMSPYOumx3ldaKitRc1Cu+FV/AbROgpxUIEdjUP7qDyVJEyos4diYXuArG2ZYW0Y4nZX6qaEKkwke0Z6jAifUhNni4hm6cMoQxVK7JyxaqL83MpwYM00iN5lgOzar3lz8z+ulNr4NMyZUaqkgy4/ilCMXcR4fDZmmxPKpI5ho5m5FZIw1JtaVVHIlBKuR10n7qho4/nBdqd3ldRThDM7hEgK4gRrcQwNaQEDAM7zCm2e8F+/d+1iOFrx85xT+wPv8AS+okJU=</latexit><latexit sha1_base64="71poHJCeIaVoYOoopNAzBOdPBSQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiNy4r9IXtUDJppg3NJCHJCGXoX7hxoYhb/8adf2PazkJbDwQO59xL7jmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRtZKoJbRHJpe5G2FDOBG1ZZjntKk1xEnHaiSb1ud95otowKZp2qmiY4JFgMSPYOumx3ldaKitRc1Cu+FV/AbROgpxUIEdjUP7qDyVJEyos4diYXuArG2ZYW0Y4nZX6qaEKkwke0Z6jAifUhNni4hm6cMoQxVK7JyxaqL83MpwYM00iN5lgOzar3lz8z+ulNr4NMyZUaqkgy4/ilCMXcR4fDZmmxPKpI5ho5m5FZIw1JtaVVHIlBKuR10n7qho4/nBdqd3ldRThDM7hEgK4gRrcQwNaQEDAM7zCm2e8F+/d+1iOFrx85xT+wPv8AS+okJU=</latexit><latexit sha1_base64="71poHJCeIaVoYOoopNAzBOdPBSQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiNy4r9IXtUDJppg3NJCHJCGXoX7hxoYhb/8adf2PazkJbDwQO59xL7jmR4sxY3//2ChubW9s7xd3S3v7B4VH5+KRtZKoJbRHJpe5G2FDOBG1ZZjntKk1xEnHaiSb1ud95otowKZp2qmiY4JFgMSPYOumx3ldaKitRc1Cu+FV/AbROgpxUIEdjUP7qDyVJEyos4diYXuArG2ZYW0Y4nZX6qaEKkwke0Z6jAifUhNni4hm6cMoQxVK7JyxaqL83MpwYM00iN5lgOzar3lz8z+ulNr4NMyZUaqkgy4/ilCMXcR4fDZmmxPKpI5ho5m5FZIw1JtaVVHIlBKuR10n7qho4/nBdqd3ldRThDM7hEgK4gRrcQwNaQEDAM7zCm2e8F+/d+1iOFrx85xT+wPv8AS+okJU=</latexit>



Summary Part II 
The quantum dimer and six vertex 

models one electric field line at a time

1) Quantum dimer and six vertex models have a conservation law for “strings” = 
“electric-field lines”.

J. Herzog-Arbeitman, S. Mantilla, 
I. Sodemann, arXiv:1902.01858

2) The single “strings” subspace maps to 1D spin chains

1D spin 1/2 XXZ chain
Quantum 
6 vertex

Quantum 
Dimer Two-leg 1/2 ladder


