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<latexit sha1_base64="tdjgFKdNsmB3FjVaeitJquAlVpI=">AAAB+HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxkaIYD4gOcLeZi5Zsnt37u4J8ciPsNXGTmz9N4I/xk28QqOvejPvDTPzgkRwbVz3wyksLa+srhXXSxubW9s75d29lo5TxbDJYhGrTkA1Ch5h03AjsJMopDIQ2A7GlzO9fY9K8zi6NZMEfUmHEQ85o8a22te9CO+I2y9X3Ko7B/lLvJxUIEejX/7sDWKWSowME1Trrucmxs+oMpwJnJZ6qcaEsjEdYtfSiErUfjY/d0qOwlgRM0Iyr396Myq1nsjAeiQ1I72ozZr/aoFc2GnCcz/jUZIajJgdsVqYCmJiMkuBDLhCZsTEEsoUt1cTNqKKMmOzKtk4vMXn/5LWSdWrVWs3p5X6RR5MEQ7gEI7BgzOowxU0oAkMxvAIT/DsPDgvzqvz9m0tOPnMPvyC8/4Fl3qTQw==</latexit>

M →= 0
<latexit sha1_base64="ubiiVZeyplg0W/EKNtBqTei0U4A=">AAACAnicbVA9SwNBEN2LXzF+5NTSZjEINoY7kWgjBG1sIhHMByTHsbeZJEv29s7dPSEc6fwXttrYia1/RPDHuIlXaOKr3sx7w8y8IOZMacf5tHJLyyura/n1wsbm1nbR3tltqiiRFBo04pFsB0QBZwIammkO7VgCCQMOrWB0NdVbDyAVi8SdHsfghWQgWJ9Rok3Lt4s3FzWfHNf8oCvgHju+XXLKzgx4kbgZKaEMdd/+6vYimoQgNOVEqY7rxNpLidSMcpgUuomCmNARGUDHUEFCUF46O3yCD/uRxHoIeFb/9qYkVGocBsYTEj1U89q0+a8WhHM7df/cS5mIEw2CmhGj9ROOdYSneeAek0A1HxtCqGTmakyHRBKqTWoFE4c7//wiaZ6U3Uq5cntaql5mweTRPjpAR8hFZ6iKrlEdNRBFCXpCz+jFerRerTfr/ceas7KZPfQH1sc3PweWSg==</latexit>

N = Ma →Mb ↑= 0

<latexit sha1_base64="skQKGFFtsGKQu8z7p2SoNn+dYfE=">AAACAnicbVBNS8NAEN34WetHox69LBZBEEoiUr0IRS9eChXsB7QhbLaTduluEnc3Qgm9+S+86sWbePWPCP4YtzUHbX2nN/PeMDMvSDhT2nE+raXlldW19cJGcXNre6dk7+61VJxKCk0a81h2AqKAswiammkOnUQCEQGHdjC6nurtB5CKxdGdHifgCTKIWMgo0abl26X6Zd0nJ3U/6EVwjx3fLjsVZwa8SNyclFGOhm9/9foxTQVEmnKiVNd1Eu1lRGpGOUyKvVRBQuiIDKBraEQEKC+bHT7BR2EssR4CntW/vRkRSo1FYDyC6KGa16bNf7VAzO3U4YWXsShJNUTUjBgtTDnWMZ7mgftMAtV8bAihkpmrMR0SSag2qRVNHO7884ukdVpxq5Xq7Vm5dpUHU0AH6BAdIxedoxq6QQ3URBSl6Ak9oxfr0Xq13qz3H+uSlc/soz+wPr4BOj2WRw==</latexit>

M = Ma +Mb →= 0
<latexit sha1_base64="8TVqauRBRp+MhALU5mwBfGkUyAA=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGSiOYDkiPsbSbJkt27Y3cvEI78BFtt7MTW/yP4Y9zEKzTxVW/mvWFmXhALro3rfjq5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsFDrBtuBLZihVQGApvB6GamN8eoNI/CRzOJ0Zd0EPI+Z9TY1sPdldstltyyOwdZJl5GSpCh1i1+dXoRSySGhgmqddtzY+OnVBnOBE4LnURjTNmIDrBtaUglaj+dnzolJ/1IETNEMq9/e1MqtZ7IwHokNUO9qM2a/2qBXNhp+pd+ysM4MRgyO2K1fiKIicgsAdLjCpkRE0soU9xeTdiQKsqMzalg4/AWn18mjbOyVylX7s9L1essmDwcwTGcggcXUIVbqEEdGAzgCZ7hxRk7r86b8/5jzTnZzCH8gfPxDaSzkZk=</latexit>

N = 0<latexit sha1_base64="59eTlFRiCrpvTigEPyAlrkvwgA0=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRCpQRNFQoSOQhJVZ0vqyTU+5sc3dGClY+ghYaOkTL3yDxMVyCCwhMNbszq92dIBFcG9f9cApLyyura8X10sbm1vZOeXevpeNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPx5Uxv36PSPI5uzSRBX9JhxEPOqLGt9nUvwjvi9ssVt+rOQf4SLycVyNHolz97g5ilEiPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LU0ohK1n83PnZKjMFbEjJDM65/ejEqtJzKwHknNSC9qs+a/WiAXdprw3M94lKQGI2ZHrBamgpiYzFIgA66QGTGxhDLF7dWEjaiizNisSjYOb/H5v6R1UvVq1drNaaV+kQdThAM4hGPw4AzqcAUNaAKDMTzCEzw7D86L8+q8fVsLTj6zD7/gvH8BmQ6TRA==</latexit>

N →= 0

<latexit sha1_base64="ibk9htp4V49SvWmuDpecgxMxWqM=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLERIpoPSI6wt5kkS3bvjt29QDjyE2y1sRNb/4/gj3ETr9DEV72Z94aZeUEsuDau++nkVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgUPsW64EdiKFVIZCGwGo5uZ3hyj0jwKH80kRl/SQcj7nFFjWw93V263WHLL7hxkmXgZKUGGWrf41elFLJEYGiao1m3PjY2fUmU4EzgtdBKNMWUjOsC2pSGVqP10fuqUnPQjRcwQybz+7U2p1HoiA+uR1Az1ojZr/qsFcmGn6V/6KQ/jxGDI7IjV+okgJiKzBEiPK2RGTCyhTHF7NWFDqigzNqeCjcNbfH6ZNM7KXqVcuT8vVa+zYPJwBMdwCh5cQBVuoQZ1YDCAJ3iGF2fsvDpvzvuPNedkM4fwB87HN6MjkZg=</latexit>

M = 0
<latexit sha1_base64="59eTlFRiCrpvTigEPyAlrkvwgA0=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRCpQRNFQoSOQhJVZ0vqyTU+5sc3dGClY+ghYaOkTL3yDxMVyCCwhMNbszq92dIBFcG9f9cApLyyura8X10sbm1vZOeXevpeNUMWyyWMSqE1CNgkfYNNwI7CQKqQwEtoPx5Uxv36PSPI5uzSRBX9JhxEPOqLGt9nUvwjvi9ssVt+rOQf4SLycVyNHolz97g5ilEiPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LU0ohK1n83PnZKjMFbEjJDM65/ejEqtJzKwHknNSC9qs+a/WiAXdprw3M94lKQGI2ZHrBamgpiYzFIgA66QGTGxhDLF7dWEjaiizNisSjYOb/H5v6R1UvVq1drNaaV+kQdThAM4hGPw4AzqcAUNaAKDMTzCEzw7D86L8+q8fVsLTj6zD7/gvH8BmQ6TRA==</latexit>

N →= 0

<latexit sha1_base64="ibk9htp4V49SvWmuDpecgxMxWqM=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLERIpoPSI6wt5kkS3bvjt29QDjyE2y1sRNb/4/gj3ETr9DEV72Z94aZeUEsuDau++nkVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgUPsW64EdiKFVIZCGwGo5uZ3hyj0jwKH80kRl/SQcj7nFFjWw93V263WHLL7hxkmXgZKUGGWrf41elFLJEYGiao1m3PjY2fUmU4EzgtdBKNMWUjOsC2pSGVqP10fuqUnPQjRcwQybz+7U2p1HoiA+uR1Az1ojZr/qsFcmGn6V/6KQ/jxGDI7IjV+okgJiKzBEiPK2RGTCyhTHF7NWFDqigzNqeCjcNbfH6ZNM7KXqVcuT8vVa+zYPJwBMdwCh5cQBVuoQZ1YDCAJ3iGF2fsvDpvzvuPNedkM4fwB87HN6MjkZg=</latexit>

M = 0
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What does symmetry compensated means?

FerroMagnets

A way to counteract the breakdown of TRS breakdown by lattice symmetries.

AntiFerroMagnets

T I

T

If the lattice is inversion invariant:
<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I is not a symmetry.

Importantly, here the system might or might not be inversion invariant. 
It is the combined operation what is a symmetry

is a symmetry.If the lattice is not inversion invariant:
<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I



What does symmetry compensated means?

is a symmetry.If the lattice is inversion invariant:
<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I

<latexit sha1_base64="JQJpZjlK30QyABv9XjpsmqGWt74=">AAACD3icbVC7TsNAEDyHVwgvAyUUJyKk0EQ2QoEygoYySOQhxVZ0vmySU+5s6+4cKbLc8Af8BS00dIiWT0DiY7gEF5Aw1ezOrHZ3gpgzpR3n0yqsrK6tbxQ3S1vbO7t79v5BS0WJpNCkEY9kJyAKOAuhqZnm0IklEBFwaAfjm5nenoBULArv9TQGX5BhyAaMEm1aPfvYmxAJsWLcVKmn2FCQrOIFIh1nZz277FSdOfAycXNSRjkaPfvL60c0ERBqyolSXdeJtZ8SqRnlkJW8REFM6JgMoWtoSAQoP51/keHTQSSxHgGe17+9KRFKTUVgPILokVrUZs1/tUAs7NSDKz9lYZxoCKkZMdog4VhHeBYO7jMJVPOpIYRKZq7GdEQkodpEWDJxuIvPL5PWedWtVWt3F+X6dR5MER2hE1RBLrpEdXSLGqiJKHpAT+gZvViP1qv1Zr3/WAtWPnOI/sD6+Aa3UJ1L</latexit>

ωω(k)

<latexit sha1_base64="GMdfs3xdpLnyec8cLUE0nGYrFfM=">AAACEXicbVDLSsNAFJ3UV62vqEtBgkWoi5ZEpLosunFZwT6gCWUyvWmHziRhZlIoITv/wL9wqxt34tYvEPwYpzULbT2rc+85l3vv8WNGpbLtT6Owsrq2vlHcLG1t7+zumfsHbRklgkCLRCwSXR9LYDSElqKKQTcWgLnPoOOPb2Z6ZwJC0ii8V9MYPI6HIQ0owUq3+uaxO8ECYkmZrtKqK+mQ46xSdX2ejrOzvlm2a/Yc1jJxclJGOZp988sdRCThECrCsJQ9x46Vl2KhKGGQldxEQozJGA+hp2mIOUgvnf+RWadBJCw1Amte//ammEs55b72cKxGclGbNf/VfL6wUwVXXkrDOFEQEj2itSBhloqsWTzWgAogik01wURQfbVFRlhgonSIJR2Hs/j8Mmmf15x6rX53UW5c58EU0RE6QRXkoEvUQLeoiVqIoAf0hJ7Ri/FovBpvxvuPtWDkM4foD4yPb5/inbk=</latexit>

ω→ω(→k)

<latexit sha1_base64="+jZwiCHDcvfuxRd/tn/hOR3yBbA=">AAACEHicbVDLSsNAFJ3UV62vqEsRBotQF5ZEpLosunFZwT6gCWUyvW2HziRhZlIoISv/wL9wqxt34tY/EPwYpzULrZ7Vufecy733BDFnSjvOh1VYWl5ZXSuulzY2t7Z37N29looSSaFJIx7JTkAUcBZCUzPNoRNLICLg0A7G1zO9PQGpWBTe6WkMviDDkA0YJdq0evahNyESYsW4qVJPsaEgWeXUC0Q6zk56dtmpOnPgv8TNSRnlaPTsT68f0URAqCknSnVdJ9Z+SqRmlENW8hIFMaFjMoSuoSERoPx0/kaGjweRxHoEeF7/9KZEKDUVgfEIokdqUZs1/9UCsbBTDy79lIVxoiGkZsRog4RjHeFZOrjPJFDNp4YQKpm5GtMRkYRqk2HJxOEuPv+XtM6qbq1auz0v16/yYIroAB2hCnLRBaqjG9RATUTRPXpET+jZerBerFfr7dtasPKZffQL1vsXLF6dgg==</latexit>

ωω(→k)

T

I

<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I
<latexit sha1_base64="iz27QlD9xfLUDYqTB3B/A79pkCM=">AAACEHicbVDLSsNAFJ3UV62vqEsRBotQF5ZEpLosunFZwT6gCWUyvW2HziRhZlIoISv/wL9wqxt34tY/EPwYpzULrZ7Vufecy733BDFnSjvOh1VYWl5ZXSuulzY2t7Z37N29looSSaFJIx7JTkAUcBZCUzPNoRNLICLg0A7G1zO9PQGpWBTe6WkMviDDkA0YJdq0evahNyESYsW4qdJTT7GhIFnFC0Q6zk56dtmpOnPgv8TNSRnlaPTsT68f0URAqCknSnVdJ9Z+SqRmlENW8hIFMaFjMoSuoSERoPx0/kaGjweRxHoEeF7/9KZEKDUVgfEIokdqUZs1/9UCsbBTDy79lIVxoiGkZsRog4RjHeFZOrjPJFDNp4YQKpm5GtMRkYRqk2HJxOEuPv+XtM6qbq1auz0v16/yYIroAB2hCnLRBaqjG9RATUTRPXpET+jZerBerFfr7dtasPKZffQL1vsXKrSdgg==</latexit>

ω→ω(k)

<latexit sha1_base64="wiLGCbwZqmQ8WBcM3V9+x1J0C8k=">AAACLXicbZDLSsNAFIYnXmu9RV26CRahLiyJSBVBKLpxWcFeoAllMj1ph84kYWZSKKHv4hv4Fm5140Iobn0NpzULm/qv/nO+c5g5vx8zKpVtfxorq2vrG5uFreL2zu7evnlw2JRRIgg0SMQi0faxBEZDaCiqGLRjAZj7DFr+8H7GWyMQkkbhkxrH4HHcD2lACVa61TVv3BEWEEvKdJWeu5L2OZ6UXZ+nw8nZ7QLNwa5Zsiv2XNaycTJTQpnqXXPq9iKScAgVYVjKjmPHykuxUJQwmBTdREKMyRD3oaNtiDlIL53fOLFOg0hYagDWvP47m2Iu5Zj7eoZjNZB5Nmv+y3yee1MF115KwzhREBK9olmQMEtF1iw6q0cFEMXG2mAiqP61RQZYYKJ0wEUdh5M/ftk0LypOtVJ9vCzV7rJgCugYnaAyctAVqqEHVEcNRNAzekVv6N14MT6MqfH1O7piZDtHaEHG9w81q6oj</latexit>

ω→ω(k) = ωω(k)is a symmetry:
<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I
Spin split bands are 

degenerate



What does symmetry compensated means?

FerroMagnets

A way to counteract the breakdown of TRS breakdown by lattice symmetries.

AntiFerroMagnets

T D

T

If the lattice is inversion invariant:
<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I is not a symmetry.

Importantly, here the system might or might not be inversion invariant. 
It is the combined operation what is a symmetry

is a symmetry.
<latexit sha1_base64="W/XnjAxsxUnaNSVr+bGW0EkmDeQ=">AAACBHicbVC7TsMwFHV4lvJKYWSxqJDKUiUIFcYKGGArUl9SG1WOe9NatZPIdkBV1JW/YIWFDbHyH0h8DG6bAVrOco/vOVe+9/gxZ0o7zpe1srq2vrGZ28pv7+zu7duFg6aKEkmhQSMeybZPFHAWQkMzzaEdSyDC59DyR9dTvfUAUrEorOtxDJ4gg5AFjBJtWj27UKp3aT/S+OZ0Xu96dtEpOzPgZeJmpIgy1Hr2d7cf0URAqCknSnVcJ9ZeSqRmlMMk300UxISOyAA6hoZEgPLS2eoTfBJEEush4Nn7tzclQqmx8I1HED1Ui9q0+a/mi4U/dXDppSyMEw0hNSNGCxKOdYSnieA+k0A1HxtCqGRma0yHRBKqTW55E4e7ePwyaZ6V3Uq5cn9erF5lweTQETpGJeSiC1RFt6iGGoiiR/SMXtCr9WS9We/Wx9y6YmUzh+gPrM8ftoiXGQ==</latexit>

(T ·D) · IIf the lattice is inversion invariant:



What does symmetry compensated means?

is a symmetry.If the lattice is inversion invariant:
<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I

<latexit sha1_base64="JQJpZjlK30QyABv9XjpsmqGWt74=">AAACD3icbVC7TsNAEDyHVwgvAyUUJyKk0EQ2QoEygoYySOQhxVZ0vmySU+5s6+4cKbLc8Af8BS00dIiWT0DiY7gEF5Aw1ezOrHZ3gpgzpR3n0yqsrK6tbxQ3S1vbO7t79v5BS0WJpNCkEY9kJyAKOAuhqZnm0IklEBFwaAfjm5nenoBULArv9TQGX5BhyAaMEm1aPfvYmxAJsWLcVKmn2FCQrOIFIh1nZz277FSdOfAycXNSRjkaPfvL60c0ERBqyolSXdeJtZ8SqRnlkJW8REFM6JgMoWtoSAQoP51/keHTQSSxHgGe17+9KRFKTUVgPILokVrUZs1/tUAs7NSDKz9lYZxoCKkZMdog4VhHeBYO7jMJVPOpIYRKZq7GdEQkodpEWDJxuIvPL5PWedWtVWt3F+X6dR5MER2hE1RBLrpEdXSLGqiJKHpAT+gZvViP1qv1Zr3/WAtWPnOI/sD6+Aa3UJ1L</latexit>

ωω(k)

<latexit sha1_base64="GMdfs3xdpLnyec8cLUE0nGYrFfM=">AAACEXicbVDLSsNAFJ3UV62vqEtBgkWoi5ZEpLosunFZwT6gCWUyvWmHziRhZlIoITv/wL9wqxt34tYvEPwYpzULbT2rc+85l3vv8WNGpbLtT6Owsrq2vlHcLG1t7+zumfsHbRklgkCLRCwSXR9LYDSElqKKQTcWgLnPoOOPb2Z6ZwJC0ii8V9MYPI6HIQ0owUq3+uaxO8ECYkmZrtKqK+mQ46xSdX2ejrOzvlm2a/Yc1jJxclJGOZp988sdRCThECrCsJQ9x46Vl2KhKGGQldxEQozJGA+hp2mIOUgvnf+RWadBJCw1Amte//ammEs55b72cKxGclGbNf/VfL6wUwVXXkrDOFEQEj2itSBhloqsWTzWgAogik01wURQfbVFRlhgonSIJR2Hs/j8Mmmf15x6rX53UW5c58EU0RE6QRXkoEvUQLeoiVqIoAf0hJ7Ri/FovBpvxvuPtWDkM4foD4yPb5/inbk=</latexit>

ω→ω(→k)

<latexit sha1_base64="+jZwiCHDcvfuxRd/tn/hOR3yBbA=">AAACEHicbVDLSsNAFJ3UV62vqEsRBotQF5ZEpLosunFZwT6gCWUyvW2HziRhZlIoISv/wL9wqxt34tY/EPwYpzULrZ7Vufecy733BDFnSjvOh1VYWl5ZXSuulzY2t7Z37N29looSSaFJIx7JTkAUcBZCUzPNoRNLICLg0A7G1zO9PQGpWBTe6WkMviDDkA0YJdq0evahNyESYsW4qVJPsaEgWeXUC0Q6zk56dtmpOnPgv8TNSRnlaPTsT68f0URAqCknSnVdJ9Z+SqRmlENW8hIFMaFjMoSuoSERoPx0/kaGjweRxHoEeF7/9KZEKDUVgfEIokdqUZs1/9UCsbBTDy79lIVxoiGkZsRog4RjHeFZOrjPJFDNp4YQKpm5GtMRkYRqk2HJxOEuPv+XtM6qbq1auz0v16/yYIroAB2hCnLRBaqjG9RATUTRPXpET+jZerBerFfr7dtasPKZffQL1vsXLF6dgg==</latexit>

ωω(→k)

T

I

is a symmetry:

Spin split bands are 
degenerate

<latexit sha1_base64="IMUdEpZ3o/4JFklibC6FnpWTgtE=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5EomVQC8sEzAckR9jbzCVLdu+O3TkhHPkFttrYia1/SPDHuIlXaOKr3sx7w8y8IJHCoOt+OoW19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGPdDZgBKSJooUAJ3UQDU4GETjC5neudR9BGxNEDThPwFRtFIhScoW017wblilt1F6CrxMtJheRoDMpf/WHMUwURcsmM6Xlugn7GNAouYVbqpwYSxidsBD1LI6bA+Nni0Bk9C2NNcQx0Uf/2ZkwZM1WB9SiGY7OszZv/aoFa2onhtZ+JKEkRIm5HrBamkmJM5//TodDAUU4tYVwLezXlY6YZR5tSycbhLT+/StoXVa9WrTUvK/WbPJgiOSGn5Jx45IrUyT1pkBbhBMgTeSYvDjqvzpvz/mMtOPnMMfkD5+MboOuRDg==</latexit>

D

<latexit sha1_base64="DnjQ4rYO+ICbqGXhHNSPWClpWqs=">AAACFnicbVDLSsNAFJ34rPVVdelmsAgVoSQi1WXRjcsW7AOaUCbT23boTBJmJoUS8gH+gX/hVjfuxK1bwY9xUrPQ1rOZc+85lzv3+BFnStv2p7Wyura+sVnYKm7v7O7tlw4O2yqMJYUWDXkouz5RwFkALc00h24kgQifQ8ef3GZ6ZwpSsTC417MIPEFGARsySrRp9Utld0okRIpxUyWuYiNB0orri2SSnmdPMz0zLrtqz4GXiZOTMsrR6Je+3EFIYwGBppwo1XPsSHsJkZpRDmnRjRVEhE7ICHqGBkSA8pL5MSk+HYYS6zHgef3bmxCh1Ez4xiOIHqtFLWv+q/liYaceXnsJC6JYQ0DNiNGGMcc6xFlGeMAkUM1nhhAqmfk1pmMiCdUmyaKJw1k8fpm0L6pOrVprXpbrN3kwBXSMTlAFOegK1dEdaqAWougBPaFn9GI9Wq/Wm/X+Y12x8pkj9AfWxzcnDaAw</latexit>

ωω(k +Q)

<latexit sha1_base64="4wpyVWSKt50226tfy7pChifzxuU=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomVQC8sI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyNyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcA8NaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzeH1pPO</latexit>

T ·D
<latexit sha1_base64="CqJ8DQcL2WrwIwo3MiP2rM7d57M=">AAACGHicbVDLTsJAFJ3iC/FVdemmkZBgDKQ1Bl0S3biERB4Jbch0uIUJM20zMyUhTb/AP/Av3OrGnXHrzsSPcUAWCp7NnHvPublzjx8zKpVtfxq5tfWNza38dmFnd2//wDw8assoEQRaJGKR6PpYAqMhtBRVDLqxAMx9Bh1/fDvTOxMQkkbhvZrG4HE8DGlACVa61TdL7gQLiCVlukorrqRDjrNyxfV5Os7OZ08zO+ubRbtqz2GtEmdBimiBRt/8cgcRSTiEijAsZc+xY+WlWChKGGQFN5EQYzLGQ+hpGmIO0kvn52RWKYiEpUZgzevf3hRzKafc1x6O1Ugua7Pmv5rPl3aq4NpLaRgnCkKiR7QWJMxSkTVLyRpQAUSxqSaYCKp/bZERFpgonWVBx+EsH79K2hdVp1atNS+L9ZtFMHl0gk5RGTnoCtXRHWqgFiLoAT2hZ/RiPBqvxpvx/mPNGYuZY/QHxsc3EjGgng==</latexit>

ω→ω(→k +Q)

<latexit sha1_base64="Pdab9P2OfGJ6HVqmM24Kmzpp/HA=">AAACNHicbVDLTsJAFJ3iC/GFunTTSEwgRtIag25MUDcuIZFHQgmZDheYMNM2M1MS0vR7/AP/wq3GhJ1x6zc4xS4EPJs5955zc+ceN2BUKsv6MDJr6xubW9nt3M7u3v5B/vCoKf1QEGgQn/mi7WIJjHrQUFQxaAcCMHcZtNzxQ6K3JiAk9b0nNQ2gy/HQowNKsNKtXv7OmWABgaRMV9GFI+mQ47jouDwax+fJU49LtwumRU+ply9YZWsOc5XYKSmgFLVefub0fRJy8BRhWMqObQWqG2GhKGEQ55xQQoDJGA+ho6mHOchuND81Ns8GvjDVCMx5/dcbYS7llLvaw7EayWUtaf6ruXxppxrcdCPqBaECj+gRrQ1CZirfTBI0+1QAUWyqCSaC6l+bZIQFJkrnnNNx2MvHr5LmZdmulCv1q0L1Pg0mi07QKSoiG12jKnpENdRABD2jV/SG3o0XY2Z8Gl+/1oyRzhyjBRjfP/Q7rQg=</latexit>

ω→ω(k +Q) = ωω(k)
<latexit sha1_base64="W/XnjAxsxUnaNSVr+bGW0EkmDeQ=">AAACBHicbVC7TsMwFHV4lvJKYWSxqJDKUiUIFcYKGGArUl9SG1WOe9NatZPIdkBV1JW/YIWFDbHyH0h8DG6bAVrOco/vOVe+9/gxZ0o7zpe1srq2vrGZ28pv7+zu7duFg6aKEkmhQSMeybZPFHAWQkMzzaEdSyDC59DyR9dTvfUAUrEorOtxDJ4gg5AFjBJtWj27UKp3aT/S+OZ0Xu96dtEpOzPgZeJmpIgy1Hr2d7cf0URAqC knSnVcJ9ZeSqRmlMMk300UxISOyAA6hoZEgPLS2eoTfBJEEush4Nn7tzclQqmx8I1HED1Ui9q0+a/mi4U/dXDppSyMEw0hNSNGCxKOdYSnieA+k0A1HxtCqGRma0yHRBKqTW55E4e7ePwyaZ6V3Uq5cn9erF5lweTQETpGJeSiC1RFt6iGGoiiR/SMXtCr9WS9We/Wx9y6YmUzh+gPrM8ftoiXGQ==</latexit>

(T ·D) · I



<latexit sha1_base64="Pdab9P2OfGJ6HVqmM24Kmzpp/HA=">AAACNHicbVDLTsJAFJ3iC/GFunTTSEwgRtIag25MUDcuIZFHQgmZDheYMNM2M1MS0vR7/AP/wq3GhJ1x6zc4xS4EPJs5955zc+ceN2BUKsv6MDJr6xubW9nt3M7u3v5B/vCoKf1QEGgQn/mi7WIJjHrQUFQxaAcCMHcZtNzxQ6K3JiAk9b0nNQ2gy/HQowNKsNKtXv7OmWABgaRMV9GFI+mQ47jouDwax+fJU49LtwumRU+ply9YZWsOc5XYKSmgFLVefub0fRJy8BRhWMqObQWqG2GhKGEQ55xQQoDJGA+ho6mHOchuND81Ns8GvjDVCMx5/dcbYS7llLvaw7EayWUtaf6ruXxppxrcdCPqBaECj+gRrQ1CZirfTBI0+1QAUWyqCSaC6l+bZIQFJkrnnNNx2MvHr5LmZdmulCv1q0L1Pg0mi07QKSoiG12jKnpENdRABD2jV/SG3o0XY2Z8Gl+/1oyRzhyjBRjfP/Q7rQg=</latexit>

ω→ω(k +Q) = ωω(k)

What does symmetry compensated means?

is a symmetry.If the lattice is inversion invariant:
<latexit sha1_base64="CY7fEucRDJtWE296oMbfXxJIpRo=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQRrsI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyPyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcAcNaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzePnJPT</latexit>

T · I

<latexit sha1_base64="JQJpZjlK30QyABv9XjpsmqGWt74=">AAACD3icbVC7TsNAEDyHVwgvAyUUJyKk0EQ2QoEygoYySOQhxVZ0vmySU+5s6+4cKbLc8Af8BS00dIiWT0DiY7gEF5Aw1ezOrHZ3gpgzpR3n0yqsrK6tbxQ3S1vbO7t79v5BS0WJpNCkEY9kJyAKOAuhqZnm0IklEBFwaAfjm5nenoBULArv9TQGX5BhyAaMEm1aPfvYmxAJsWLcVKmn2FCQrOIFIh1nZz277FSdOfAycXNSRjkaPfvL60c0ERBqyolSXdeJtZ8SqRnlkJW8REFM6JgMoWtoSAQoP51/keHTQSSxHgGe17+9KRFKTUVgPILokVrUZs1/tUAs7NSDKz9lYZxoCKkZMdog4VhHeBYO7jMJVPOpIYRKZq7GdEQkodpEWDJxuIvPL5PWedWtVWt3F+X6dR5MER2hE1RBLrpEdXSLGqiJKHpAT+gZvViP1qv1Zr3/WAtWPnOI/sD6+Aa3UJ1L</latexit>

ωω(k)

<latexit sha1_base64="GMdfs3xdpLnyec8cLUE0nGYrFfM=">AAACEXicbVDLSsNAFJ3UV62vqEtBgkWoi5ZEpLosunFZwT6gCWUyvWmHziRhZlIoITv/wL9wqxt34tYvEPwYpzULbT2rc+85l3vv8WNGpbLtT6Owsrq2vlHcLG1t7+zumfsHbRklgkCLRCwSXR9LYDSElqKKQTcWgLnPoOOPb2Z6ZwJC0ii8V9MYPI6HIQ0owUq3+uaxO8ECYkmZrtKqK+mQ46xSdX2ejrOzvlm2a/Yc1jJxclJGOZp988sdRCThECrCsJQ9x46Vl2KhKGGQldxEQozJGA+hp2mIOUgvnf+RWadBJCw1Amte//ammEs55b72cKxGclGbNf/VfL6wUwVXXkrDOFEQEj2itSBhloqsWTzWgAogik01wURQfbVFRlhgonSIJR2Hs/j8Mmmf15x6rX53UW5c58EU0RE6QRXkoEvUQLeoiVqIoAf0hJ7Ri/FovBpvxvuPtWDkM4foD4yPb5/inbk=</latexit>

ω→ω(→k)T

I

is a symmetry:

Spin split bands are 
degenerate

<latexit sha1_base64="IMUdEpZ3o/4JFklibC6FnpWTgtE=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5EomVQC8sEzAckR9jbzCVLdu+O3TkhHPkFttrYia1/SPDHuIlXaOKr3sx7w8y8IJHCoOt+OoW19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGPdDZgBKSJooUAJ3UQDU4GETjC5neudR9BGxNEDThPwFRtFIhScoW017wblilt1F6CrxMtJheRoDMpf/WHMUwURcsmM6Xlugn7GNAouYVbqpwYSxidsBD1LI6bA+Nni0Bk9C2NNcQx0Uf/2ZkwZM1WB9SiGY7OszZv/aoFa2onhtZ+JKEkRIm5HrBamkmJM5//TodDAUU4tYVwLezXlY6YZR5tSycbhLT+/StoXVa9WrTUvK/WbPJgiOSGn5Jx45IrUyT1pkBbhBMgTeSYvDjqvzpvz/mMtOPnMMfkD5+MboOuRDg==</latexit>

D

<latexit sha1_base64="DnjQ4rYO+ICbqGXhHNSPWClpWqs=">AAACFnicbVDLSsNAFJ34rPVVdelmsAgVoSQi1WXRjcsW7AOaUCbT23boTBJmJoUS8gH+gX/hVjfuxK1bwY9xUrPQ1rOZc+85lzv3+BFnStv2p7Wyura+sVnYKm7v7O7tlw4O2yqMJYUWDXkouz5RwFkALc00h24kgQifQ8ef3GZ6ZwpSsTC417MIPEFGARsySrRp9Utld0okRIpxUyWuYiNB0orri2SSnmdPMz0zLrtqz4GXiZOTMsrR6Je+3EFIYwGBppwo1XPsSHsJkZpRDmnRjRVEhE7ICHqGBkSA8pL5MSk+HYYS6zHgef3bmxCh1Ez4xiOIHqtFLWv+q/liYaceXnsJC6JYQ0DNiNGGMcc6xFlGeMAkUM1nhhAqmfk1pmMiCdUmyaKJw1k8fpm0L6pOrVprXpbrN3kwBXSMTlAFOegK1dEdaqAWougBPaFn9GI9Wq/Wm/X+Y12x8pkj9AfWxzcnDaAw</latexit>

ωω(k +Q)

<latexit sha1_base64="4wpyVWSKt50226tfy7pChifzxuU=">AAAB+XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomVQC8sI+YLkCHubuWTJ7t2xuyeEI3/CVhs7sfXXCP4YN/EKTXzVm3lvmJkXJIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5neudR1Sax1HTTBP0JR1FPOSMGtvqNvtsGBtyNyhX3Kq7AFklXk4qkKMxKH/1hzFLJUaGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGdpRCVqP1vcOyNnYayIGSNZ1L+9GZVaT2VgPZKasV7W5s1/tUAu7TThtZ/xKEkNRsyOWC1MBTExmcdAhlwhM2JqCWWK26sJG1NFmbFhlWwc3vLzq6R9UfVq1drDZaV+kwdThBM4hXPw4ArqcA8NaAEDAU/wDC9O5rw6b877j7Xg5DPH8AfOxzeH1pPO</latexit>

T ·D
<latexit sha1_base64="CqJ8DQcL2WrwIwo3MiP2rM7d57M=">AAACGHicbVDLTsJAFJ3iC/FVdemmkZBgDKQ1Bl0S3biERB4Jbch0uIUJM20zMyUhTb/AP/Av3OrGnXHrzsSPcUAWCp7NnHvPublzjx8zKpVtfxq5tfWNza38dmFnd2//wDw8assoEQRaJGKR6PpYAqMhtBRVDLqxAMx9Bh1/fDvTOxMQkkbhvZrG4HE8DGlACVa61TdL7gQLiCVlukorrqRDjrNyxfV5Os7OZ08zO+ubRbtqz2GtEmdBimiBRt/8cgcRSTiEijAsZc+xY+WlWChKGGQFN5EQYzLGQ+hpGmIO0kvn52RWKYiEpUZgzevf3hRzKafc1x6O1Ugua7Pmv5rPl3aq4NpLaRgnCkKiR7QWJMxSkTVLyRpQAUSxqSaYCKp/bZERFpgonWVBx+EsH79K2hdVp1atNS+L9ZtFMHl0gk5RGTnoCtXRHWqgFiLoAT2hZ/RiPBqvxpvx/mPNGYuZY/QHxsc3EjGgng==</latexit>

ω→ω(→k +Q)

<latexit sha1_base64="W/XnjAxsxUnaNSVr+bGW0EkmDeQ=">AAACBHicbVC7TsMwFHV4lvJKYWSxqJDKUiUIFcYKGGArUl9SG1WOe9NatZPIdkBV1JW/YIWFDbHyH0h8DG6bAVrOco/vOVe+9/gxZ0o7zpe1srq2vrGZ28pv7+zu7duFg6aKEkmhQSMeybZPFHAWQkMzzaEdSyDC59DyR9dTvfUAUrEorOtxDJ4gg5AFjBJtWj27UKp3aT/S+OZ0Xu96dtEpOzPgZeJmpIgy1Hr2d7cf0URAqC knSnVcJ9ZeSqRmlMMk300UxISOyAA6hoZEgPLS2eoTfBJEEush4Nn7tzclQqmx8I1HED1Ui9q0+a/mi4U/dXDppSyMEw0hNSNGCxKOdYSnieA+k0A1HxtCqGRma0yHRBKqTW55E4e7ePwyaZ6V3Uq5cn9erF5lweTQETpGJeSiC1RFt6iGGoiiR/SMXtCr9WS9We/Wx9y6YmUzh+gPrM8ftoiXGQ==</latexit>

(T ·D) · I
<latexit sha1_base64="yc6P4T/WSopsBFWxAXV12T0VBA8=">AAAB93icbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoCXRxhIS+UjgQvaWAVZ27y67eyaXC//BVhs7Y+vPMfHHuOAVCr7qzbw3mZkXxIJr47qfTmFtfWNzq7hd2tnd2z8oHx61dZQohi0WiUh1A6pR8BBbhhuB3VghlYHATjC9neudR1SaR+G9SWP0JR2HfMQZNbbV7gcya84G5YpbdRcgq8TLSQVyNAblr/4wYonE0DBBte55bmz8jCrDmcBZqZ9ojCmb0jH2LA2pRO1ni2tn5GwUKWImSBb1b29GpdapDKxHUjPRy9q8+a8WyKWdZnTtZzyME4MhsyNWGyWCmIjMQyBDrpAZkVpCmeL2asImVFFmbFQlG4e3/PwqaV9UvVq11rys1G/yYIpwAqdwDh5cQR3uoAEtYPAAT/AML07qvDpvzvuPteDkM8fwB87HN8Zjk3A=</latexit>

Q

<latexit sha1_base64="+jZwiCHDcvfuxRd/tn/hOR3yBbA=">AAACEHicbVDLSsNAFJ3UV62vqEsRBotQF5ZEpLosunFZwT6gCWUyvW2HziRhZlIoISv/wL9wqxt34tY/EPwYpzULrZ7Vufecy733BDFnSjvOh1VYWl5ZXSuulzY2t7Z37N29looSSaFJIx7JTkAUcBZCUzPNoRNLICLg0A7G1zO9PQGpWBTe6WkMviDDkA0YJdq0evahNyESYsW4qVJPsaEgWeXUC0Q6zk56dtmpOnPgv8TNSRnlaPTsT68f0URAqCknSnVdJ9Z+SqRmlENW8hIFMaFjMoSuoSERoPx0/kaGjweRxHoEeF7/9KZEKDUVgfEIokdqUZs1/9UCsbBTDy79lIVxoiGkZsRog4RjHeFZOrjPJFDNp4YQKpm5GtMRkYRqk2HJxOEuPv+XtM6qbq1auz0v16/yYIroAB2hCnLRBaqjG9RATUTRPXpET+jZerBerFfr7dtasPKZffQL1vsXLF6dgg==</latexit>

ωω(→k)



What does symmetry compensated means?

Now, in altermagnets, the previous symmetries do not apply: 

<latexit sha1_base64="DoLQ4jdWH62wDRQOgDUsW57bLW0=">AAAB9nicbVA9TwJBEN3DL8Qv1NJmIzGxInfEoCXRxsaIiQckcCF7yxxs2N277O4ZyYXfYKuNnbH175j4Y1zwCgVf9Wbem8zMCxPOtHHdT6ewsrq2vlHcLG1t7+zulfcPWjpOFQWfxjxWnZBo4EyCb5jh0EkUEBFyaIfjq5nefgClWSzvzSSBQJChZBGjxNiWfyNv+7V+ueJW3TnwMvFyUkE5mv3yV28Q01SANJQTrbuem5ggI8owymFa6qUaEkLHZAhdSyURoINsfuwUn0SxwmYEeF7/9mZEaD0RofUIYkZ6UZs1/9VCsbDTRBdBxmSSGpDUjlgtSjk2MZ5lgAdMATV8YgmhitmrMR0RRaixSZVsHN7i88ukVat69Wr97qzSuMyDKaIjdIxOkYfOUQNdoybyEUUMPaFn9OI8Oq/Om/P+Yy04+cwh+gPn4xtNmZKN</latexit>

MnO2



What does symmetry compensated means?

Now, in altermagnets, the previous symmetries do not apply: 

<latexit sha1_base64="nvLNXosD3igX/t9+ixbIm04eE/Q=">AAAB/XicbVA9SwNBEN2LXzF+RS1tFoNgFe+CRBshaGMZwXxA7gh7m7lkye7dsrsnhCP4L2y1sRNbf4vgj3ETr9DEV72Z94aZeaHkTBvX/XQKK6tr6xvFzdLW9s7uXnn/oK2TVFFo0YQnqhsSDZzF0DLMcOhKBUSEHDrh+Gamdx5AaZbE92YiIRBkGLOIUWJsy/fNCAy58iU7q/XLFbfqzoGXiZeTCsrR7Je//EFCUwGxoZxo3fNcaYKMKMMoh2nJTzVIQsdkCD1LYyJAB9n85ik+iRKF7XY8r397MyK0nojQegQxI72ozZr/aqFY2GmiyyBjsUwNxNSOWC1KOTYJnkWBB0wBNXxiCaGK2asxHRFFqLGBlWwc3uLzy6Rdq3r1av3uvNK4zoMpoiN0jE6Rhy5QA92iJmohiiR6Qs/oxXl0Xp035/3HWnDymUP0B87HN4tJlX0=</latexit>

ω = ε/2



What does symmetry compensated means?

Now, in altermagnets, the previous symmetries do not apply: 

T

In this example, the system is invariant under T and rotation of 
<latexit sha1_base64="TfB5OVtiTiPZskTcSlF8mh+Aw/M=">AAAB9nicbVA9TwJBEJ3zE/ELtbTZSEys8I4YtCTaWGLiAQlcyN4yBxt27y67e0ZC+A222tgZW/+OiT/GBa9Q8FVv5r3JzLwwFVwb1/10VlbX1jc2C1vF7Z3dvf3SwWFTJ5li6LNEJKodUo2Cx+gbbgS2U4VUhgJb4ehmprceUGmexPdmnGIg6SDmEWfU2JbfTfl5tVcquxV3DrJMvJyUIUejV/rq9hOWSYwNE1TrjuemJphQZTgTOC12M40pZSM6wI6lMZWog8n82Ck5jRJFzBDJvP7tnVCp9ViG1iOpGepFbdb8Vwvlwk4TXQUTHqeZwZjZEatFmSAmIbMMSJ8rZEaMLaFMcXs1YUOqKDM2qaKNw1t8fpk0qxWvVqndXZTr13kwBTiGEzgDDy6hDrfQAB8YcHiCZ3hxHp1X5815/7GuOPnMEfyB8/ENRhmSiA==</latexit>

ω/2

<latexit sha1_base64="nvLNXosD3igX/t9+ixbIm04eE/Q=">AAAB/XicbVA9SwNBEN2LXzF+RS1tFoNgFe+CRBshaGMZwXxA7gh7m7lkye7dsrsnhCP4L2y1sRNbf4vgj3ETr9DEV72Z94aZeaHkTBvX/XQKK6tr6xvFzdLW9s7uXnn/oK2TVFFo0YQnqhsSDZzF0DLMcOhKBUSEHDrh+Gamdx5AaZbE92YiIRBkGLOIUWJsy/fNCAy58iU7q/XLFbfqzoGXiZeTCsrR7Je//EFCUwGxoZxo3fNcaYKMKMMoh2nJTzVIQsdkCD1LYyJAB9n85ik+iRKF7XY8r397MyK0nojQegQxI72ozZr/aqFY2GmiyyBjsUwNxNSOWC1KOTYJnkWBB0wBNXxiCaGK2asxHRFFqLGBlWwc3uLzy6Rdq3r1av3uvNK4zoMpoiN0jE6Rhy5QA92iJmohiiR6Qs/oxXl0Xp035/3HWnDymUP0B87HN4tJlX0=</latexit>

ω = ε/2



What does symmetry compensated means?

Now, in altermagnets, the previous symmetries do not apply: 

T

<latexit sha1_base64="fi/K+YYWFCmhgGBI6N6xrAQUH8I="></latexit>

ωω(k) → ω→ω(k
↑ = ↑Rk)

Kramers degeneracy (Zeeman 
splitting) is lifted although the 

magnetization is zero



<latexit sha1_base64="fi/K+YYWFCmhgGBI6N6xrAQUH8I="></latexit>

ωω(k) → ω→ω(k
↑ = ↑Rk)

What does symmetry compensated means?

Now, in altermagnets, the previous symmetries do not apply: 

T

Kramers degeneracy (Zeeman 
splitting) is lifted although the 

magnetization is zero



What does symmetry compensated means?

Now, in altermagnets, the previous symmetries do not apply: 

T

Kramers degeneracy (Zeeman 
splitting) is lifted although the 

magnetization is zero

<latexit sha1_base64="fi/K+YYWFCmhgGBI6N6xrAQUH8I="></latexit>

ωω(k) → ω→ω(k
↑ = ↑Rk)

This Zeeman splitting displays the 
rotation symmetries:

<latexit sha1_base64="CdlfHb3fwDVZ89iWF6UHI6jjmCg="></latexit>

!ω(k) = ω→(k)→ ω↑(k) ↑ sin k1 sin k2



Symmetries in altermagnets



Symmetries in altermagnets



Ok, which properties do alter magnets display?

Allowed by 
SOC

In essence, any transport/optical/device properties 
related to the presence of a Zeeman splitting



Ok, which properties do alter magnets display?

Allowed by 
SOC

This Zeeman splitting has different physical origin 
than Spin-Orbit Coupling, and it averages to zero



Ok, which properties do alter magnets display?

Allowed by 
SOC

This Zeeman splitting has different physical origin 
than Spin-Orbit Coupling, and it averages to zero



Anomalous Hall effect in ferromagnets and Altermagnets

The anomalous Hall effect is the appearance of a 
transverse current to an applied electric field, and to 

the magnetization

Edwin H Hall (1855-1938)

<latexit sha1_base64="AaZpz28P4+2qLvxptWbkwZJLfqg=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARFKEkRarLWhG6ESrYC7QxTKaTduhMEmYmQgl5Bt/At3CrG3fiVhB8GKdtFtr6r75z/nOYOb8XMSqVZX0ZuaXlldW1/HphY3Nre8fc3WvJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xtdTfz2AxGShsGdGkfE4WgQUJ9ipHTLNU96kg44chO7nGrkMKvrsHY6w/vksn6dwhvXLFolayq4CHYGRZCp4ZrfvX6IY04ChRmSsmtbkXISJBTFjKSFXixJhPAIDUhXY4A4kU4yPSmFR34ooBoSOK1/zyaISznmnp7hSA3lvDdp/ut5fO5N5V84CQ2iWJEA6xXt+TGDKoSTpGCfCoIVG2tAWFD9a4iHSCCsdJ4FHYc9f/witMolu1Kq3J4Vq7UsmDw4AIfgGNjgHFRBHTRAE2DwCJ7BC3g1now34934mI3mjGxnH/yR8fkDSfqhFg==</latexit>

ω12 → ωHB + ωAHEM

MnTe



Anomalous Hall effect in ferromagnets and Altermagnets

Something important to keep in mind is that, in order to get a 
nonzero AHE, we need finite SOC terms, both for FM and 

altermagnets

<latexit sha1_base64="vGRRXYN8madfwAAvg96wE26zM/w=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARKmJJqlQ3QlGQbgoV7AWaECbTSTt0JgkzE6GEvoZv4Fu41Y07cSPouzitWWj1rL45/384c34/ZlQqy3o3cguLS8sr+dXC2vrG5pa5vdOWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6muqdOyIkjcJbNY6Jy9EgpAHFSOmWZ1p1L71uTC6OK6rk4EjCkWfDDCqHjqQDjjzrqAEzPPHMolW2ZgX/gp1BEWTV9MwPpx/hhJNQYYak7NlWrNwUCUUxI5OCk0gSIzxCA9LTGCJOpJvOLpvAgyASUA0JnL1/elPEpRxzX3s4UkM5r02b/2o+n9upgnM3pWGcKBJiPaK1IGFQRXAaGOxTQbBiYw0IC6p/DfEQCYSVjrWg47Dnj/8L7UrZrparN6fF2mUWTB7sgX1QAjY4AzVQB03QAhjcg0fwBJ6NB+PFeDXevq05I5vZBb/K+PwCcBOikA==</latexit>

HFM = →2t(cos k1 cos k2)ω0 +Mω3

<latexit sha1_base64="oz+vuWOv+vchfbJs/L5QSV0UaUY="></latexit>

HFM = →2t(cos k1 cos k2)ω0 + tJ(sin k1 sink 2)ω3

<latexit sha1_base64="BNOQZIbcjW5iyYe2VntFoRnOBxc=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARK4UyU6W6EYqCdFOoYC/QjkMmTdvQZGZIMkIZ+gi+gW/hVjfuxK0bwYcxU2eh1X8Rvpz/HJLzeyGjUlnWh5FZWFxaXsmu5tbWNza3zO2dlgwigUkTBywQHQ9JwqhPmooqRjqhIIh7jLS98WXit++IkDTwb9QkJA5HQ58OKEZKl1zzsObGV/XpuSqMb8uuXUzO8lFP0iFHrlWsp3TsmnmrZM0E/4KdQh6karjmZ68f4IgTX2GGpOzaVqicGAlFMSPTXC+SJER4jIakq9FHnEgnni00hQeDQEA1InB2/9kbIy7lhHu6hyM1kvNeUvzX8/jcm2pw5sTUDyNFfKxHtDeIGFQBTHKCfSoIVmyiAWFB9a8hHiGBsNJp5nQc9vzyf6FVLtmVUuX6JF+9SIPJgj2wDwrABqegCmqgAZoAg3vwCJ7As/FgvBivxtt3a8ZIZ3bBLxnvXznrn2A=</latexit>

HFM = t(k21 + k
2
2)ω0 +Mω3

<latexit sha1_base64="695hm8+2C4vgXjrD5td6x5x8QlU=">AAACJHicbVDLSgMxFM34tr6qLt0Ei1AplJlR1I1QdVMEoYJtBTsOmZi2ocnMkNwRytDv8A/8C7e6cScuBPFbTOsstPVCwsk553JzTxALrsG2P6yp6ZnZufmFxdzS8srqWn59o6GjRFFWp5GI1HVANBM8ZHXgINh1rBiRgWDNoHc21Jv3TGkehVfQj5knSSfkbU4JGMrPO1U/PbkYHEOxd+v6Tml4u7stzTuS+HYJ/HPc8x1z3Izb8/MFu2yPCk8CJwMFlFXNz3+27iKaSBYCFUTrG8eOwUuJAk4FG+RaiWYxoT3SYTcGhkQy7aWj1QZ4px0pDF2GR+/f3pRIrfsyMB5JoKvHtSH5rxbIsZnQPvJSHsYJsJCaFqO1E4EhwsPE8B1XjILoG0Co4ubXmHaJIhRMrjkThzO+/CRouGXnoHxwuV+onGbBLKAttI2KyEGHqIKqqIbqiKIH9ISe0Yv1aL1ab9b7j3XKyno20Z+yvr4B5nOixg==</latexit>

HAM = t(k21 + k
2
2)ω0 + tJk1k2ω3



Anomalous Hall effect in ferromagnets and Altermagnets

Something important to keep in mind is that, in order to get a 
nonzero AHE, we need finite SOC terms, both for FM and 

altermagnets

<latexit sha1_base64="BNOQZIbcjW5iyYe2VntFoRnOBxc=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARK4UyU6W6EYqCdFOoYC/QjkMmTdvQZGZIMkIZ+gi+gW/hVjfuxK0bwYcxU2eh1X8Rvpz/HJLzeyGjUlnWh5FZWFxaXsmu5tbWNza3zO2dlgwigUkTBywQHQ9JwqhPmooqRjqhIIh7jLS98WXit++IkDTwb9QkJA5HQ58OKEZKl1zzsObGV/XpuSqMb8uuXUzO8lFP0iFHrlWsp3TsmnmrZM0E/4KdQh6karjmZ68f4IgTX2GGpOzaVqicGAlFMSPTXC+SJER4jIakq9FHnEgnni00hQeDQEA1InB2/9kbIy7lhHu6hyM1kvNeUvzX8/jcm2pw5sTUDyNFfKxHtDeIGFQBTHKCfSoIVmyiAWFB9a8hHiGBsNJp5nQc9vzyf6FVLtmVUuX6JF+9SIPJgj2wDwrABqegCmqgAZoAg3vwCJ7As/FgvBivxtt3a8ZIZ3bBLxnvXznrn2A=</latexit>

HFM = t(k21 + k
2
2)ω0 +Mω3

<latexit sha1_base64="695hm8+2C4vgXjrD5td6x5x8QlU=">AAACJHicbVDLSgMxFM34tr6qLt0Ei1AplJlR1I1QdVMEoYJtBTsOmZi2ocnMkNwRytDv8A/8C7e6cScuBPFbTOsstPVCwsk553JzTxALrsG2P6yp6ZnZufmFxdzS8srqWn59o6GjRFFWp5GI1HVANBM8ZHXgINh1rBiRgWDNoHc21Jv3TGkehVfQj5knSSfkbU4JGMrPO1U/PbkYHEOxd+v6Tml4u7stzTuS+HYJ/HPc8x1z3Izb8/MFu2yPCk8CJwMFlFXNz3+27iKaSBYCFUTrG8eOwUuJAk4FG+RaiWYxoT3SYTcGhkQy7aWj1QZ4px0pDF2GR+/f3pRIrfsyMB5JoKvHtSH5rxbIsZnQPvJSHsYJsJCaFqO1E4EhwsPE8B1XjILoG0Co4ubXmHaJIhRMrjkThzO+/CRouGXnoHxwuV+onGbBLKAttI2KyEGHqIKqqIbqiKIH9ISe0Yv1aL1ab9b7j3XKyno20Z+yvr4B5nOixg==</latexit>

HAM = t(k21 + k
2
2)ω0 + tJk1k2ω3

<latexit sha1_base64="g+OdFWJR3jqb0ZYTu/tnuf9tA3s=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VoEUpipboRim66rGAf0IQwmU7aoTNJmJkIJfQb/AP/wq1u3IlbQfBjnNYsNPWszpxzLnfu8WNGpbKsT6Owsrq2vlHcLG1t7+zumfsHXRklApMOjlgk+j6ShNGQdBRVjPRjQRD3Gen5k5u537snQtIovFPTmLgcjUIaUIyUljyz2roaelbF8Xk6mVUdSUccedbp0KvntLpnlq2atQBcJnZGyiBD2zO/nGGEE05ChRmScmBbsXJTJBTFjMxKTiJJjPAEjchA0xBxIt10cdIMngSRgGpM4OL9O5siLuWU+zrDkRrLvDcX//V8ntupgks3pWGcKBJiPaK9IGFQRXDeFBxSQbBiU00QFlT/GuIxEggr3WdJ12Hnj18m3bOa3ag1bs/LzeusmCI4AsegAmxwAZqgBdqgAzB4AE/gGbwYj8ar8Wa8/0QLRjZzCP7A+PgG3C+g3Q==</latexit>

H = d0(k)ω0 + d3(k)ω3

<latexit sha1_base64="hdQPqFadqpqx2I8rpAPaSShr3UE=">AAACDHicbZDLSsNAFIZP6q3WW9SVuAkWoW5KUqS6EYpuXFawF2hDmEwm7dCZJMxMhBKKb+BbuNWNO3HrOwg+jNMaRFvP6pvz/4cz5/cTRqWy7Q+jsLS8srpWXC9tbG5t75i7e20ZpwKTFo5ZLLo+koTRiLQUVYx0E0EQ9xnp+KOrqd65I0LSOLpV44S4HA0iGlKMlG555kHgOZW+z7PR5OQi8Go/bHtm2a7as7IWwcmhDHk1PfOzH8Q45SRSmCEpe46dKDdDQlHMyKTUTyVJEB6hAelpjBAn0s1mJ0ys4zAWlhoSa/b+7c0Ql3LMfe3hSA3lvDZt/qv5fG6nCs/djEZJqkiE9YjWwpRZKramyVgBFQQrNtaAsKD61xYeIoGw0vmVdBzO/PGL0K5VnXq1fnNablzmwRThEI6gAg6cQQOuoQktwHAPj/AEz8aD8WK8Gm/f1oKRz+zDnzLevwB+G5o8</latexit>

d1(k) = d2(k) = 0

<latexit sha1_base64="xL7lKKpFt962JXOP+3EZTxksbVA="></latexit>

!±
3 = ± 1

2d3
ωabcdaε1dbε2dc = 0

<latexit sha1_base64="2EDsqdry7z4NIpLQCM/k0CZxmWQ="></latexit>

ωAHE =
∑

±

e2

h

∫
d2k

(2ε)2
fp±
F

(k)!±
3 (k) = 0



Anomalous Hall effect in ferromagnets and Altermagnets

Something important to keep in mind is that, in order to get a 
nonzero AHE, we need finite SOC terms, both for FM and 

altermagnets

<latexit sha1_base64="BNOQZIbcjW5iyYe2VntFoRnOBxc=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARK4UyU6W6EYqCdFOoYC/QjkMmTdvQZGZIMkIZ+gi+gW/hVjfuxK0bwYcxU2eh1X8Rvpz/HJLzeyGjUlnWh5FZWFxaXsmu5tbWNza3zO2dlgwigUkTBywQHQ9JwqhPmooqRjqhIIh7jLS98WXit++IkDTwb9QkJA5HQ58OKEZKl1zzsObGV/XpuSqMb8uuXUzO8lFP0iFHrlWsp3TsmnmrZM0E/4KdQh6karjmZ68f4IgTX2GGpOzaVqicGAlFMSPTXC+SJER4jIakq9FHnEgnni00hQeDQEA1InB2/9kbIy7lhHu6hyM1kvNeUvzX8/jcm2pw5sTUDyNFfKxHtDeIGFQBTHKCfSoIVmyiAWFB9a8hHiGBsNJp5nQc9vzyf6FVLtmVUuX6JF+9SIPJgj2wDwrABqegCmqgAZoAg3vwCJ7As/FgvBivxtt3a8ZIZ3bBLxnvXznrn2A=</latexit>

HFM = t(k21 + k
2
2)ω0 +Mω3

<latexit sha1_base64="695hm8+2C4vgXjrD5td6x5x8QlU=">AAACJHicbVDLSgMxFM34tr6qLt0Ei1AplJlR1I1QdVMEoYJtBTsOmZi2ocnMkNwRytDv8A/8C7e6cScuBPFbTOsstPVCwsk553JzTxALrsG2P6yp6ZnZufmFxdzS8srqWn59o6GjRFFWp5GI1HVANBM8ZHXgINh1rBiRgWDNoHc21Jv3TGkehVfQj5knSSfkbU4JGMrPO1U/PbkYHEOxd+v6Tml4u7stzTuS+HYJ/HPc8x1z3Izb8/MFu2yPCk8CJwMFlFXNz3+27iKaSBYCFUTrG8eOwUuJAk4FG+RaiWYxoT3SYTcGhkQy7aWj1QZ4px0pDF2GR+/f3pRIrfsyMB5JoKvHtSH5rxbIsZnQPvJSHsYJsJCaFqO1E4EhwsPE8B1XjILoG0Co4ubXmHaJIhRMrjkThzO+/CRouGXnoHxwuV+onGbBLKAttI2KyEGHqIKqqIbqiKIH9ISe0Yv1aL1ab9b7j3XKyno20Z+yvr4B5nOixg==</latexit>

HAM = t(k21 + k
2
2)ω0 + tJk1k2ω3

<latexit sha1_base64="g+OdFWJR3jqb0ZYTu/tnuf9tA3s=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VoEUpipboRim66rGAf0IQwmU7aoTNJmJkIJfQb/AP/wq1u3IlbQfBjnNYsNPWszpxzLnfu8WNGpbKsT6Owsrq2vlHcLG1t7+zumfsHXRklApMOjlgk+j6ShNGQdBRVjPRjQRD3Gen5k5u537snQtIovFPTmLgcjUIaUIyUljyz2roaelbF8Xk6mVUdSUccedbp0KvntLpnlq2atQBcJnZGyiBD2zO/nGGEE05ChRmScmBbsXJTJBTFjMxKTiJJjPAEjchA0xBxIt10cdIMngSRgGpM4OL9O5siLuWU+zrDkRrLvDcX//V8ntupgks3pWGcKBJiPaK9IGFQRXDeFBxSQbBiU00QFlT/GuIxEggr3WdJ12Hnj18m3bOa3ag1bs/LzeusmCI4AsegAmxwAZqgBdqgAzB4AE/gGbwYj8ar8Wa8/0QLRjZzCP7A+PgG3C+g3Q==</latexit>

H = d0(k)ω0 + d3(k)ω3

<latexit sha1_base64="hdQPqFadqpqx2I8rpAPaSShr3UE=">AAACDHicbZDLSsNAFIZP6q3WW9SVuAkWoW5KUqS6EYpuXFawF2hDmEwm7dCZJMxMhBKKb+BbuNWNO3HrOwg+jNMaRFvP6pvz/4cz5/cTRqWy7Q+jsLS8srpWXC9tbG5t75i7e20ZpwKTFo5ZLLo+koTRiLQUVYx0E0EQ9xnp+KOrqd65I0LSOLpV44S4HA0iGlKMlG555kHgOZW+z7PR5OQi8Go/bHtm2a7as7IWwcmhDHk1PfOzH8Q45SRSmCEpe46dKDdDQlHMyKTUTyVJEB6hAelpjBAn0s1mJ0ys4zAWlhoSa/b+7c0Ql3LMfe3hSA3lvDZt/qv5fG6nCs/djEZJqkiE9YjWwpRZKramyVgBFQQrNtaAsKD61xYeIoGw0vmVdBzO/PGL0K5VnXq1fnNablzmwRThEI6gAg6cQQOuoQktwHAPj/AEz8aD8WK8Gm/f1oKRz+zDnzLevwB+G5o8</latexit>

d1(k) = d2(k) = 0

<latexit sha1_base64="xL7lKKpFt962JXOP+3EZTxksbVA="></latexit>

!±
3 = ± 1

2d3
ωabcdaε1dbε2dc = 0

SOC is 
needed

<latexit sha1_base64="2EDsqdry7z4NIpLQCM/k0CZxmWQ="></latexit>

ωAHE =
∑

±

e2

h

∫
d2k

(2ε)2
fp±
F

(k)!±
3 (k) = 0

<latexit sha1_base64="8YHhiAinpLKcChCaI/NMlA63kgg="></latexit>

HFM = t(k21 + k
2
2)ω0 +Mω3 + εk1ω2 → εk2ω1︸ ︷︷ ︸

ω(k→ω)
<latexit sha1_base64="QSov/zWzNWo2KHD8uDRjOYEYpZ8="></latexit>

HFM = t(k21 + k
2
2)ω0 + tJk1k2ω3 + εk1ω2 → εk2ω1︸ ︷︷ ︸

ω(k→ω)



Anomalous Hall effect in ferromagnets and Altermagnets

<latexit sha1_base64="8YHhiAinpLKcChCaI/NMlA63kgg="></latexit>

HFM = t(k21 + k
2
2)ω0 +Mω3 + εk1ω2 → εk2ω1︸ ︷︷ ︸

ω(k→ω)

<latexit sha1_base64="1nQiZZZ0GFgkffn8C2sMx/hQpF8="></latexit>

ωAHE =
∑

±

e2

h

∫
d2k

(2ε)2
f±
F
(k)!±

3 (k)

<latexit sha1_base64="Ww12HdvMFoPhPBHt+e4NUeIlpC0="></latexit>

!±
3 = →1

2

Mω2

(M2 + ω2k2)
3
2

<latexit sha1_base64="uyq8ZyEbCqLi4pT77EIAW7EVV8g="></latexit>

ωAHE = →e2

h
sign(M) +

e2

h

Mε2

(k2
µ
+M2)

<latexit sha1_base64="QwVxO+7pBHL2PJnFti+HJ2hNr2s=">AAACFXicbVC7SgNBFJ31GeMramkzJAiCGHaDRBshaGMjRDAPyG7C7GSSDJnZXWfuCmFJ7x/4F7ba2ImtteDHOBtTaOKtzpwHd+7xI8E12PantbC4tLyymlnLrm9sbm3ndnbrOowVZTUailA1faKZ4AGrAQfBmpFiRPqCNfzhZao37pnSPAxuYRQxT5J+wHucEjBUJ5cHPGyXjl19pyBxhQl2SbuUckfX7dL43JVxJ1ewi/Zk8DxwpqCAplPt5L7cbkhjyQKggmjdcuwIvIQo4FSwcdaNNYsIHZI+axkYEMm0l0xuGeODXqgwDBievH97EyK1HknfeCSBgZ7VUvJfzZczO6F35iU8iGJgATURo/VigSHEaUW4yxWjIEYGEKq4+TWmA6IIBVNk1tThzB4/D+qlolMulm9OCpWLaTEZtI/y6BA56BRV0BWqohqi6AE9oWf0Yj1ar9ab9f5jXbCmmT30Z6yPb4tzngo=</latexit>

tk2 →
√

ω2k2 +M2 = µ



Anomalous Hall effect in ferromagnets and Altermagnets

<latexit sha1_base64="8YHhiAinpLKcChCaI/NMlA63kgg="></latexit>

HFM = t(k21 + k
2
2)ω0 +Mω3 + εk1ω2 → εk2ω1︸ ︷︷ ︸

ω(k→ω)

<latexit sha1_base64="1nQiZZZ0GFgkffn8C2sMx/hQpF8="></latexit>

ωAHE =
∑

±

e2

h

∫
d2k

(2ε)2
f±
F
(k)!±

3 (k)

<latexit sha1_base64="Ww12HdvMFoPhPBHt+e4NUeIlpC0="></latexit>

!±
3 = →1

2

Mω2

(M2 + ω2k2)
3
2

<latexit sha1_base64="uyq8ZyEbCqLi4pT77EIAW7EVV8g="></latexit>

ωAHE = →e2

h
sign(M) +

e2

h

Mε2

(k2
µ
+M2)

<latexit sha1_base64="QwVxO+7pBHL2PJnFti+HJ2hNr2s=">AAACFXicbVC7SgNBFJ31GeMramkzJAiCGHaDRBshaGMjRDAPyG7C7GSSDJnZXWfuCmFJ7x/4F7ba2ImtteDHOBtTaOKtzpwHd+7xI8E12PantbC4tLyymlnLrm9sbm3ndnbrOowVZTUailA1faKZ4AGrAQfBmpFiRPqCNfzhZao37pnSPAxuYRQxT5J+wHucEjBUJ5cHPGyXjl19pyBxhQl2SbuUckfX7dL43JVxJ1ewi/Zk8DxwpqCAplPt5L7cbkhjyQKggmjdcuwIvIQo4FSwcdaNNYsIHZI+axkYEMm0l0xuGeODXqgwDBievH97EyK1HknfeCSBgZ7VUvJfzZczO6F35iU8iGJgATURo/VigSHEaUW4yxWjIEYGEKq4+TWmA6IIBVNk1tThzB4/D+qlolMulm9OCpWLaTEZtI/y6BA56BRV0BWqohqi6AE9oWf0Yj1ar9ab9f5jXbCmmT30Z6yPb4tzngo=</latexit>

tk2 →
√

ω2k2 +M2 = µ

Topological Non topological



Anomalous Hall effect in ferromagnets and Altermagnets
<latexit sha1_base64="1nQiZZZ0GFgkffn8C2sMx/hQpF8="></latexit>

ωAHE =
∑

±

e2

h

∫
d2k

(2ε)2
f±
F
(k)!±

3 (k)

<latexit sha1_base64="aR2KBCRyhGLhynbX23dJhi8MjGQ="></latexit>

!±
3 = →1

2

ω2tJk2 sin 2ε

(t2Jk
4 sin2 2ε + ω2k2)

3
2

-10 -5 5 10

-10

-5

5

10

Strain is needed!!

<latexit sha1_base64="faIBk340tdD5CzWeMkGjR6jrETY="></latexit>

H = tk
2
ω0 + tJ(k1k2 + ε12)ω3 + ϑ(k1ω2 → k2ω1)︸ ︷︷ ︸

ω(k→ω)

<latexit sha1_base64="5+y3+1aVL8zW+bKtP818PCu1eRA="></latexit>

µ = tk2 →
√

ω2k2 + t2J(k
2 sin 2ε + ϑ12)2

<latexit sha1_base64="Bk6e7UyNojNhifQUfgestOzV93M="></latexit>

ωAHE → e2

h
ε12tJf(ϑ, µ, t)

<latexit sha1_base64="mmju5h9Ulwcrijj3XPgWCk5Va1g=">AAACIHicbVC7TsNAEDyHVwgvAyXNiQiJhsiOUKCMoKEMEnlIiRWdL+v4lDvbujsHRVa+gj/gL2ihoUOUID6GS3ABCVPN7sxqd8dPOFPacT6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHZ8ooCzCJqaaQ6dRAIRPoe2P7qe6e0xSMXi6E5PEvAEGUYsYJRo0+rbZ70xkZAoxk2VudVpT7JhqImU8T1eEvt22ak4c+Bl4uakjHI0+vZXbxDTVECkKSdKdV0n0V5GpGaUw7TUSxUkhI7IELqGRkSA8rL5W1N8EsQS6xDwvP7tzYhQaiJ84xFEh2pRmzX/1XyxsFMHl17GoiTVEFEzYrQg5VjHeJYWHjAJVPOJIYRKZq7GNCSSUG0yLZk43MXnl0mrWnFrldrtebl+lQdTREfoGJ0iF12gOrpBDdREFD2gJ/SMXqxH69V6s95/rAUrnzlEf2B9fgMNC6RX</latexit>ω12 → ↑ω12 under C4

under T

<latexit sha1_base64="ow4IZbnUeN89FRKBO7xaJB1uYyw=">AAACOXicfVDLSgNBEJz1GeMr6tHLYBA8hV0V9RgURDwpGBXcsPSOnWRwZneZ6VXCkj/yD/wLb6IXb+LVH3ASc9Ao1qm6q5rurjhT0pLvP3lj4xOTU9OlmfLs3PzCYmVp+dymuRHYEKlKzWUMFpVMsEGSFF5mBkHHCi/im4O+fnGLxso0OaNuhk0N7US2pAByrahyGN6CwcxK5aoi2OxRVBz3QivbGqKt0Mh2h8CY9I7/a4wqVb/mD8B/k2BIqmyIk6jyEl6nIteYkFBg7VXgZ9QswJAUCnvlMLeYgbiBNl45moBG2ywG//b4eis1nDrIB/V3bwHa2q6OnUcDdeyo1m/+qcV6ZCe19pqFTLKcMBFuxGmtXHFKeT9Gfi0NClJdR0AY6a7mogMGBLmwyy6OYPT53+R8sxbs1HZOt6v1/WEwJbbK1tgGC9guq7MjdsIaTLB79sie2Yv34L16b977l3XMG86ssB/wPj4Bc8OvTA==</latexit>

ω12tJε3 → ω12tJε3
<latexit sha1_base64="rq7fdq/H3yWrmtTvBZhzjK0VRo8=">AAACGnicbVC7TsNAEDyHVwgvAyXNiQhBQ2QDCpQRNIgqSOQhxZF1vlySU+5s624Niqx8An/AX9BCQ4doaZD4GC7BBUmYanZnVrs7QSy4Bsf5snILi0vLK/nVwtr6xuaWvb1T11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsZ6454pzaPwDoYxa0vSC3mXUwKm5duH4Kc3I0/zniT+qad4rw9EqegBH08pvl10Ss4EeJ64GSmiDFXf/vY6EU0kC4EKonXLdWJop0QBp4KNCl6iWUzogPRYy9CQSKbb6eShET7oRgpDn+FJ/debEqn1UAbGIwn09aw2bv6rBXJmJ3Qv2ikP4wRYSM2I0bqJwBDhcU64wxWjIIaGEKq4uRrTPlGEgkmzYOJwZ5+fJ/WTklsulW/PipXLLJg82kP76Ai56BxV0DWqohqi6BE9oxf0aj1Zb9a79fFrzVnZzC6agvX5A9SOoZE=</latexit>

tJω3 → ↑tJω3

Piezomagnetic effect

under
<latexit sha1_base64="NsfVbGFL340l3Tgv8q1NOnTz908="></latexit>

C4 · T
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Strain is needed!!Piezomagnetic effect


