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Topological antiferromagnetic spintronics: magnetic symmetries: 122/1651
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⇢H = R0H +RM + ⇢
AF

Hua Chen et al., PRL (2014), Falser & Kubler, EPL (2014) 
Nakatsuji et al., Nature (2015), Nayak, Felser, Parkin et al., Sci. Adv. (2016)  
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magnetic chirality
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Spontaneous Hall effect
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Genealogy of Hall effects
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Spontaneous Hall effect  
without complicated antiferromagnetism?

1879 Hall effect from field 
1881 Hall effect from 
magnetisation 

2002 Berry curvature - topological 
properties of wave functions 

1980 Quantum Hall effect 

1996 “Topological” Hall effect  
without spin-orbit coupling 

2015 Anomalous Hall effect in 
non collinear antiferromagnets 
without magnetization 

1988 Haldane: quantum Hall 
effect without Landau levels 

2013 Quantum anomalous Hall in 
topological insulators 

2010 without dipolar-magnetic order 
Machida, Nature (2010) 

Nakatsuji, Nature (2015) 
Felser and Parkin, Sci.Adv.(2016) 

1955+ Role of spin-orbit coupled 
impurities 
1953/58+ Kohn-Luttinger 

Jungwith et al. PRL (2002), Nagaosa et al., PRL (2002) 

Microscopically: spin-polarisation and spin-orbit coupling
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Spontaneous Hall effect from collinear antiferromagnetism?
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spin degenerate bands  
(IrMn,CuMnAs,Mn2Au, …)

TAF ⇠ T t 1
2
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<latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit><latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit><latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit><latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit>

Bradley & Cracknell, The Mathematical 
Theory of Symmetry in Solids (1972) 
Tinkham, Group theory and quantum 
mechanics (1964)  

Notorious antiferromagnets

Magnetisation density  spontaneously breaks symmetries 
and allows Hall vector! (RuO2, …)

Analysing magnetisation projection vectors 
(black arrows) is incomplete!

Landau, Lifshitz, Electrodynamics of Continuous Media (1972) 

LŠ, R.H.Gonzales, JS, TJ, 
arXiv 1901.00445 (2019) 

https://www.researchgate.net/profile/Libor_Smejkal


Giant spontaneous Hall effect from collinear antiferromagnetism?
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LŠ, R.H.Gonzales, JS, TJ, arXiv 1901.00445 (2019) 

Spontaneous symmetry breaking is strong already without SOC!

� k [010]
<latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit>

TAF ⇠ T t 1
2

<latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit><latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit><latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit><latexit sha1_base64="rIrGPglxQfPC8HP0jet3Xfhd7+4=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KjNF0J0VRVxW6As6pWTSTBuaeZDcEUuYz3Hjr7gRUaRbv8RM20VtPRA4nHMuufd4seAKbHti5dbWNza38tuFnd29/YPi4VFTRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW90m/mtJyYVj8I6jGPWDcgg5D6nBIzUK167AYEhJULX0552gT2DvrlPU1fxAC94U8fzNWQpXxKqnVRX0rRXLNllewq8Spw5KaE5ar3ih9uPaBKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXV00NTfGaUPvYjaV4IeKouTmgSKDUOPJPMVlfLXib+53US8K+6modxAiyks4/8RGCIcNYa7nPJKIixIYRKbnbFdEhMDWC6LZgSnOWTV0mzUnbssvN4UarezevIoxN0is6Rgy5RFT2gGmogil7QG/pEX9ar9W59W5NZNGfNZ47RH1g/v8NIqNo=</latexit>

Magnitude can as large as record values in ferromagnets

https://www.researchgate.net/profile/Libor_Smejkal


Spontaneous symmetry breaking
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O (4g)
<latexit sha1_base64="dadBODfIQDiLSDlAotsOtwyKSFc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevFmBPOAZAmzk9lkyOzDmd5gWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCoqaNEMd5gkYxU26OaSxHyBgqUvB0rTgNP8pY3upn5rTFXWkThA05i7gZ0EApfMIpGcrvInzC9m5LyxeC8VyzZFXsOskqcjJQgQ71X/Or2I5YEPEQmqdYdx47RTalCwSSfFrqJ5jFlIzrgHUNDGnDtpvOjp+TMKH3iR8pUiGSu/p5IaaD1JPBMZ0BxqJe9mfif10nQv3JTEcYJ8pAtFvmJJBiRWQKkLxRnKCeGUKaEuZWwIVWUocmpYEJwll9eJc1qxbErzn21VLvO4sjDCZxCGRy4hBrcQh0awOARnuEV3qyx9WK9Wx+L1pyVzRzDH1ifP8m6kW4=</latexit><latexit sha1_base64="dadBODfIQDiLSDlAotsOtwyKSFc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevFmBPOAZAmzk9lkyOzDmd5gWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCoqaNEMd5gkYxU26OaSxHyBgqUvB0rTgNP8pY3upn5rTFXWkThA05i7gZ0EApfMIpGcrvInzC9m5LyxeC8VyzZFXsOskqcjJQgQ71X/Or2I5YEPEQmqdYdx47RTalCwSSfFrqJ5jFlIzrgHUNDGnDtpvOjp+TMKH3iR8pUiGSu/p5IaaD1JPBMZ0BxqJe9mfif10nQv3JTEcYJ8pAtFvmJJBiRWQKkLxRnKCeGUKaEuZWwIVWUocmpYEJwll9eJc1qxbErzn21VLvO4sjDCZxCGRy4hBrcQh0awOARnuEV3qyx9WK9Wx+L1pyVzRzDH1ifP8m6kW4=</latexit><latexit sha1_base64="dadBODfIQDiLSDlAotsOtwyKSFc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevFmBPOAZAmzk9lkyOzDmd5gWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCoqaNEMd5gkYxU26OaSxHyBgqUvB0rTgNP8pY3upn5rTFXWkThA05i7gZ0EApfMIpGcrvInzC9m5LyxeC8VyzZFXsOskqcjJQgQ71X/Or2I5YEPEQmqdYdx47RTalCwSSfFrqJ5jFlIzrgHUNDGnDtpvOjp+TMKH3iR8pUiGSu/p5IaaD1JPBMZ0BxqJe9mfif10nQv3JTEcYJ8pAtFvmJJBiRWQKkLxRnKCeGUKaEuZWwIVWUocmpYEJwll9eJc1qxbErzn21VLvO4sjDCZxCGRy4hBrcQh0awOARnuEV3qyx9WK9Wx+L1pyVzRzDH1ifP8m6kW4=</latexit><latexit sha1_base64="dadBODfIQDiLSDlAotsOtwyKSFc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevFmBPOAZAmzk9lkyOzDmd5gWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCoqaNEMd5gkYxU26OaSxHyBgqUvB0rTgNP8pY3upn5rTFXWkThA05i7gZ0EApfMIpGcrvInzC9m5LyxeC8VyzZFXsOskqcjJQgQ71X/Or2I5YEPEQmqdYdx47RTalCwSSfFrqJ5jFlIzrgHUNDGnDtpvOjp+TMKH3iR8pUiGSu/p5IaaD1JPBMZ0BxqJe9mfif10nQv3JTEcYJ8pAtFvmJJBiRWQKkLxRnKCeGUKaEuZWwIVWUocmpYEJwll9eJc1qxbErzn21VLvO4sjDCZxCGRy4hBrcQh0awOARnuEV3qyx9WK9Wx+L1pyVzRzDH1ifP8m6kW4=</latexit>

O (4h)
<latexit sha1_base64="9rtz1o/Xj3AITRcSiB/F+H4i5UY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3md56o0kyKBzONqR/hkWAhI9hYqX2Hqhfj80G54tbcOdAq8XJSgRzNQfmrP5QkiagwhGOte54bGz/FyjDC6azUTzSNMZngEe1ZKnBEtZ/Or52hM6sMUSiVLWHQXP09keJI62kU2M4Im7Fe9jLxP6+XmPDKT5mIE0MFWSwKE46MRNnraMgUJYZPLcFEMXsrImOsMDE2oJINwVt+eZW06zXPrXn39UrjOo+jCCdwClXw4BIacAtNaAGBR3iGV3hzpPPivDsfi9aCk88cwx84nz/7Io4Q</latexit><latexit sha1_base64="9rtz1o/Xj3AITRcSiB/F+H4i5UY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3md56o0kyKBzONqR/hkWAhI9hYqX2Hqhfj80G54tbcOdAq8XJSgRzNQfmrP5QkiagwhGOte54bGz/FyjDC6azUTzSNMZngEe1ZKnBEtZ/Or52hM6sMUSiVLWHQXP09keJI62kU2M4Im7Fe9jLxP6+XmPDKT5mIE0MFWSwKE46MRNnraMgUJYZPLcFEMXsrImOsMDE2oJINwVt+eZW06zXPrXn39UrjOo+jCCdwClXw4BIacAtNaAGBR3iGV3hzpPPivDsfi9aCk88cwx84nz/7Io4Q</latexit><latexit sha1_base64="9rtz1o/Xj3AITRcSiB/F+H4i5UY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3md56o0kyKBzONqR/hkWAhI9hYqX2Hqhfj80G54tbcOdAq8XJSgRzNQfmrP5QkiagwhGOte54bGz/FyjDC6azUTzSNMZngEe1ZKnBEtZ/Or52hM6sMUSiVLWHQXP09keJI62kU2M4Im7Fe9jLxP6+XmPDKT5mIE0MFWSwKE46MRNnraMgUJYZPLcFEMXsrImOsMDE2oJINwVt+eZW06zXPrXn39UrjOo+jCCdwClXw4BIacAtNaAGBR3iGV3hzpPPivDsfi9aCk88cwx84nz/7Io4Q</latexit><latexit sha1_base64="9rtz1o/Xj3AITRcSiB/F+H4i5UY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3md56o0kyKBzONqR/hkWAhI9hYqX2Hqhfj80G54tbcOdAq8XJSgRzNQfmrP5QkiagwhGOte54bGz/FyjDC6azUTzSNMZngEe1ZKnBEtZ/Or52hM6sMUSiVLWHQXP09keJI62kU2M4Im7Fe9jLxP6+XmPDKT5mIE0MFWSwKE46MRNnraMgUJYZPLcFEMXsrImOsMDE2oJINwVt+eZW06zXPrXn39UrjOo+jCCdwClXw4BIacAtNaAGBR3iGV3hzpPPivDsfi9aCk88cwx84nz/7Io4Q</latexit>

m0m0m
<latexit sha1_base64="HzpysWcTO+SWTzreAybKkeWcvXE=">AAAB7nicbVDLTgIxFL2DL8QX6tJNIxhdkRk2uiS6cYmJPBKYkE7pQEPbadqOCZnwEW5caIxbv8edf2OBWSh4miYn59ybe++JFGfG+v63V9jY3NreKe6W9vYPDo/Kxydtk6Sa0BZJeKK7ETaUM0lblllOu0pTLCJOO9Hkbu53nqg2LJGPdqpoKPBIspgRbJ3UqYpL96qDcsWv+QugdRLkpAI5moPyV3+YkFRQaQnHxvQCX9kww9oywums1E8NVZhM8Ij2HJVYUBNmi3Vn6MIpQxQn2n1p0UL93ZFhYcxURK5SYDs2q95c/M/rpTa+CTMmVWqpJMtBccqRTdD8djRkmhLLp45gopnbFZEx1phYl1DJhRCsnrxO2vVa4NeCh3qlcZvHUYQzOIcrCOAaGnAPTWgBgQk8wyu8ecp78d69j2Vpwct7TuEPvM8f5eeOmw==</latexit><latexit sha1_base64="HzpysWcTO+SWTzreAybKkeWcvXE=">AAAB7nicbVDLTgIxFL2DL8QX6tJNIxhdkRk2uiS6cYmJPBKYkE7pQEPbadqOCZnwEW5caIxbv8edf2OBWSh4miYn59ybe++JFGfG+v63V9jY3NreKe6W9vYPDo/Kxydtk6Sa0BZJeKK7ETaUM0lblllOu0pTLCJOO9Hkbu53nqg2LJGPdqpoKPBIspgRbJ3UqYpL96qDcsWv+QugdRLkpAI5moPyV3+YkFRQaQnHxvQCX9kww9oywums1E8NVZhM8Ij2HJVYUBNmi3Vn6MIpQxQn2n1p0UL93ZFhYcxURK5SYDs2q95c/M/rpTa+CTMmVWqpJMtBccqRTdD8djRkmhLLp45gopnbFZEx1phYl1DJhRCsnrxO2vVa4NeCh3qlcZvHUYQzOIcrCOAaGnAPTWgBgQk8wyu8ecp78d69j2Vpwct7TuEPvM8f5eeOmw==</latexit><latexit sha1_base64="HzpysWcTO+SWTzreAybKkeWcvXE=">AAAB7nicbVDLTgIxFL2DL8QX6tJNIxhdkRk2uiS6cYmJPBKYkE7pQEPbadqOCZnwEW5caIxbv8edf2OBWSh4miYn59ybe++JFGfG+v63V9jY3NreKe6W9vYPDo/Kxydtk6Sa0BZJeKK7ETaUM0lblllOu0pTLCJOO9Hkbu53nqg2LJGPdqpoKPBIspgRbJ3UqYpL96qDcsWv+QugdRLkpAI5moPyV3+YkFRQaQnHxvQCX9kww9oywums1E8NVZhM8Ij2HJVYUBNmi3Vn6MIpQxQn2n1p0UL93ZFhYcxURK5SYDs2q95c/M/rpTa+CTMmVWqpJMtBccqRTdD8djRkmhLLp45gopnbFZEx1phYl1DJhRCsnrxO2vVa4NeCh3qlcZvHUYQzOIcrCOAaGnAPTWgBgQk8wyu8ecp78d69j2Vpwct7TuEPvM8f5eeOmw==</latexit><latexit sha1_base64="HzpysWcTO+SWTzreAybKkeWcvXE=">AAAB7nicbVDLTgIxFL2DL8QX6tJNIxhdkRk2uiS6cYmJPBKYkE7pQEPbadqOCZnwEW5caIxbv8edf2OBWSh4miYn59ybe++JFGfG+v63V9jY3NreKe6W9vYPDo/Kxydtk6Sa0BZJeKK7ETaUM0lblllOu0pTLCJOO9Hkbu53nqg2LJGPdqpoKPBIspgRbJ3UqYpL96qDcsWv+QugdRLkpAI5moPyV3+YkFRQaQnHxvQCX9kww9oywums1E8NVZhM8Ij2HJVYUBNmi3Vn6MIpQxQn2n1p0UL93ZFhYcxURK5SYDs2q95c/M/rpTa+CTMmVWqpJMtBccqRTdD8djRkmhLLp45gopnbFZEx1phYl1DJhRCsnrxO2vVa4NeCh3qlcZvHUYQzOIcrCOAaGnAPTWgBgQk8wyu8ecp78d69j2Vpwct7TuEPvM8f5eeOmw==</latexit>

Correlations stabilise 
antiferromagnetism

Berlijn et al., Phys. Rev. Lett. (2017) 

https://www.researchgate.net/profile/Libor_Smejkal


Crystal Hall .VS. anomalous Hall from canting

 11https://www.researchgate.net/profile/Libor_Smejkal
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Right-handed
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b

c

d

e

f

�CH

xz =
�xz(n,m) + �xz(n, -m)

2

�AH

xz =
�xz(n,m)� �xz(n, -m)

2

�xz(n,m) = ��xz(�n, -m)

https://www.researchgate.net/profile/Libor_Smejkal


Anisotropic Crystal Hall effect

 12https://www.researchgate.net/profile/Libor_Smejkal

Hall vector can be switched on-off
Ultimate anisotropy of Hall effect

Hall vector is not proportional to 
Sublattice magnetisation

Net magnetisation

https://www.researchgate.net/profile/Libor_Smejkal


Antiferromagnetic minimal model: crystal chirality and topology

 13https://www.researchgate.net/profile/Libor_Smejkal

D = sign (dk,A ⇥ dk,B)
<latexit sha1_base64="ZOSAf9RevyEtkVppEAdV+/FV1YA="></latexit><latexit sha1_base64="ZOSAf9RevyEtkVppEAdV+/FV1YA="></latexit><latexit sha1_base64="ZOSAf9RevyEtkVppEAdV+/FV1YA="></latexit><latexit sha1_base64="ZOSAf9RevyEtkVppEAdV+/FV1YA="></latexit>

� k [010]
<latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit>

[100]
<latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit><latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit><latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit><latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit>

[001]
<latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit><latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit><latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit><latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit>

�(C)
<latexit sha1_base64="UmzXANYlRyKZ6bfINL3uGZSCCqE=">AAAB/nicbVBPS8MwHP11/pvzX1U8eSkOYV5GK4Ieh7t4nODmYK0jTbMtLE1KkgqjDPwqXjwo4tXP4c1vY7r1oJsPQh7v/X7k5YUJo0q77rdVWlldW98ob1a2tnd29+z9g44SqcSkjQUTshsiRRjlpK2pZqSbSILikJH7cNzM/ftHIhUV/E5PEhLEaMjpgGKkjdS3j/xQsEhNYnP5eEQfslrzbNq3q27dncFZJl5BqlCg1be//EjgNCZcY4aU6nluooMMSU0xI9OKnyqSIDxGQ9IzlKOYqCCbxZ86p0aJnIGQ5nDtzNTfGxmKVZ7QTMZIj9Sil4v/eb1UD66CjPIk1YTj+UODlDlaOHkXTkQlwZpNDEFYUpPVwSMkEdamsYopwVv88jLpnNc9t+7dXlQb10UdZTiGE6iBB5fQgBtoQRswZPAMr/BmPVkv1rv1MR8tWcXOIfyB9fkDFWyVig==</latexit><latexit sha1_base64="UmzXANYlRyKZ6bfINL3uGZSCCqE=">AAAB/nicbVBPS8MwHP11/pvzX1U8eSkOYV5GK4Ieh7t4nODmYK0jTbMtLE1KkgqjDPwqXjwo4tXP4c1vY7r1oJsPQh7v/X7k5YUJo0q77rdVWlldW98ob1a2tnd29+z9g44SqcSkjQUTshsiRRjlpK2pZqSbSILikJH7cNzM/ftHIhUV/E5PEhLEaMjpgGKkjdS3j/xQsEhNYnP5eEQfslrzbNq3q27dncFZJl5BqlCg1be//EjgNCZcY4aU6nluooMMSU0xI9OKnyqSIDxGQ9IzlKOYqCCbxZ86p0aJnIGQ5nDtzNTfGxmKVZ7QTMZIj9Sil4v/eb1UD66CjPIk1YTj+UODlDlaOHkXTkQlwZpNDEFYUpPVwSMkEdamsYopwVv88jLpnNc9t+7dXlQb10UdZTiGE6iBB5fQgBtoQRswZPAMr/BmPVkv1rv1MR8tWcXOIfyB9fkDFWyVig==</latexit><latexit sha1_base64="UmzXANYlRyKZ6bfINL3uGZSCCqE=">AAAB/nicbVBPS8MwHP11/pvzX1U8eSkOYV5GK4Ieh7t4nODmYK0jTbMtLE1KkgqjDPwqXjwo4tXP4c1vY7r1oJsPQh7v/X7k5YUJo0q77rdVWlldW98ob1a2tnd29+z9g44SqcSkjQUTshsiRRjlpK2pZqSbSILikJH7cNzM/ftHIhUV/E5PEhLEaMjpgGKkjdS3j/xQsEhNYnP5eEQfslrzbNq3q27dncFZJl5BqlCg1be//EjgNCZcY4aU6nluooMMSU0xI9OKnyqSIDxGQ9IzlKOYqCCbxZ86p0aJnIGQ5nDtzNTfGxmKVZ7QTMZIj9Sil4v/eb1UD66CjPIk1YTj+UODlDlaOHkXTkQlwZpNDEFYUpPVwSMkEdamsYopwVv88jLpnNc9t+7dXlQb10UdZTiGE6iBB5fQgBtoQRswZPAMr/BmPVkv1rv1MR8tWcXOIfyB9fkDFWyVig==</latexit><latexit sha1_base64="UmzXANYlRyKZ6bfINL3uGZSCCqE=">AAAB/nicbVBPS8MwHP11/pvzX1U8eSkOYV5GK4Ieh7t4nODmYK0jTbMtLE1KkgqjDPwqXjwo4tXP4c1vY7r1oJsPQh7v/X7k5YUJo0q77rdVWlldW98ob1a2tnd29+z9g44SqcSkjQUTshsiRRjlpK2pZqSbSILikJH7cNzM/ftHIhUV/E5PEhLEaMjpgGKkjdS3j/xQsEhNYnP5eEQfslrzbNq3q27dncFZJl5BqlCg1be//EjgNCZcY4aU6nluooMMSU0xI9OKnyqSIDxGQ9IzlKOYqCCbxZ86p0aJnIGQ5nDtzNTfGxmKVZ7QTMZIj9Sil4v/eb1UD66CjPIk1YTj+UODlDlaOHkXTkQlwZpNDEFYUpPVwSMkEdamsYopwVv88jLpnNc9t+7dXlQb10UdZTiGE6iBB5fQgBtoQRswZPAMr/BmPVkv1rv1MR8tWcXOIfyB9fkDFWyVig==</latexit>

Nonmagnetic atoms at noncetrosymmetric positions 
generate crystal chirality!

�(C)
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Asymmetric spin-orbit coupling:  
swap <-> swap Hall vector
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Bzdusek et al., Nature (2016), Yan et al.,  Nat. Phys. (2018) 
Multiple mirrors stabilise nodal chains.
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1. Topological antiferromagnetic spintronics and spontaneous Hall effects intro 

2. Spontaous Hall effect in collinear antiferromagnets? 

3. Classification, material candidates and applications of crystal Hall effect 
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LS, Zelezny, JS, TJ, Phys.Rev.Lett. (2017) 
LS, Y.Mokrousov, B.Yan, A.H.MacDonald, Nat.Phys.(2018) 
LS & T.Jungwirth, Topology in magnetism, Springer (2018)

Crystal Hall Effects in Collinear Antiferromagnets

Gonzalez-Hernandez, Zelezny, LS et al. (2019)

LS, R.H.Gonzales, JS, TJ, arXiv 1901.00445 (2019) 
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Noncollinear vs collinear antiferromagnets
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Simple collinear antiferromangetism not compatible with 3, 4, 6 symmetries!

Centrosymetric Wyckoff
Magnetic chirality 
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<latexit sha1_base64="uIHBXHy/XUv41PX7vglzRdMWrPo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWsLWQhrLZbtqlm2zYfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O5W19Y3Nrep2bWd3b/+gfnjUNSrTjHeYkkr3Qmq4FAnvoEDJe6nmNA4lfwwnN4X/+MS1ESp5wGnKg5iOEhEJRtFKfj+mOGZU5u3ZoN5wm+4cZJV4JWlAifag/tUfKpbFPEEmqTG+56YY5FSjYJLPav3M8JSyCR1x39KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//P8DKPrIBdJmiFP2OKjKJMEFSnuJ0OhOUM5tYQyLWxWwsZUU4a2pZotwVs+eZV0L5qe2/TuLxut27KOKpzAKZyDB1fQgjtoQwcYKHiGV3hz0Hlx3p2PxWjFKXeO4Q+czx+Hs5Fo</latexit><latexit sha1_base64="uIHBXHy/XUv41PX7vglzRdMWrPo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWsLWQhrLZbtqlm2zYfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O5W19Y3Nrep2bWd3b/+gfnjUNSrTjHeYkkr3Qmq4FAnvoEDJe6nmNA4lfwwnN4X/+MS1ESp5wGnKg5iOEhEJRtFKfj+mOGZU5u3ZoN5wm+4cZJV4JWlAifag/tUfKpbFPEEmqTG+56YY5FSjYJLPav3M8JSyCR1x39KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//P8DKPrIBdJmiFP2OKjKJMEFSnuJ0OhOUM5tYQyLWxWwsZUU4a2pZotwVs+eZV0L5qe2/TuLxut27KOKpzAKZyDB1fQgjtoQwcYKHiGV3hz0Hlx3p2PxWjFKXeO4Q+czx+Hs5Fo</latexit><latexit sha1_base64="uIHBXHy/XUv41PX7vglzRdMWrPo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWsLWQhrLZbtqlm2zYfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O5W19Y3Nrep2bWd3b/+gfnjUNSrTjHeYkkr3Qmq4FAnvoEDJe6nmNA4lfwwnN4X/+MS1ESp5wGnKg5iOEhEJRtFKfj+mOGZU5u3ZoN5wm+4cZJV4JWlAifag/tUfKpbFPEEmqTG+56YY5FSjYJLPav3M8JSyCR1x39KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//P8DKPrIBdJmiFP2OKjKJMEFSnuJ0OhOUM5tYQyLWxWwsZUU4a2pZotwVs+eZV0L5qe2/TuLxut27KOKpzAKZyDB1fQgjtoQwcYKHiGV3hz0Hlx3p2PxWjFKXeO4Q+czx+Hs5Fo</latexit><latexit sha1_base64="uIHBXHy/XUv41PX7vglzRdMWrPo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWsLWQhrLZbtqlm2zYfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O5W19Y3Nrep2bWd3b/+gfnjUNSrTjHeYkkr3Qmq4FAnvoEDJe6nmNA4lfwwnN4X/+MS1ESp5wGnKg5iOEhEJRtFKfj+mOGZU5u3ZoN5wm+4cZJV4JWlAifag/tUfKpbFPEEmqTG+56YY5FSjYJLPav3M8JSyCR1x39KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//P8DKPrIBdJmiFP2OKjKJMEFSnuJ0OhOUM5tYQyLWxWwsZUU4a2pZotwVs+eZV0L5qe2/TuLxut27KOKpzAKZyDB1fQgjtoQwcYKHiGV3hz0Hlx3p2PxWjFKXeO4Q+czx+Hs5Fo</latexit>

Ru
<latexit sha1_base64="zShRdTkvRIPI2mS5gW46qnS4fZw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB49VbC2koWy2m3bpZjfsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0EX2hFGc32WTXrXm1b0Z3GXiF6QGBZq96le3r2iWMIlUEGMC30sxzIlGTgWbVLqZYSmhIzJggaWSJMyE+ezkiXtilb4bK21LojtTf0/kJDFmnES2MyE4NIveVPzPCzKML8OcyzRDJul8UZwJF5U7/d/tc80oirElhGpub3XpkGhC0aZUsSH4iy8vk/ZZ3ffq/u15rXFdxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8gfP5A8gtkZI=</latexit><latexit sha1_base64="zShRdTkvRIPI2mS5gW46qnS4fZw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB49VbC2koWy2m3bpZjfsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0EX2hFGc32WTXrXm1b0Z3GXiF6QGBZq96le3r2iWMIlUEGMC30sxzIlGTgWbVLqZYSmhIzJggaWSJMyE+ezkiXtilb4bK21LojtTf0/kJDFmnES2MyE4NIveVPzPCzKML8OcyzRDJul8UZwJF5U7/d/tc80oirElhGpub3XpkGhC0aZUsSH4iy8vk/ZZ3ffq/u15rXFdxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8gfP5A8gtkZI=</latexit><latexit sha1_base64="zShRdTkvRIPI2mS5gW46qnS4fZw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB49VbC2koWy2m3bpZjfsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0EX2hFGc32WTXrXm1b0Z3GXiF6QGBZq96le3r2iWMIlUEGMC30sxzIlGTgWbVLqZYSmhIzJggaWSJMyE+ezkiXtilb4bK21LojtTf0/kJDFmnES2MyE4NIveVPzPCzKML8OcyzRDJul8UZwJF5U7/d/tc80oirElhGpub3XpkGhC0aZUsSH4iy8vk/ZZ3ffq/u15rXFdxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8gfP5A8gtkZI=</latexit><latexit sha1_base64="zShRdTkvRIPI2mS5gW46qnS4fZw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGgB49VbC2koWy2m3bpZjfsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0EX2hFGc32WTXrXm1b0Z3GXiF6QGBZq96le3r2iWMIlUEGMC30sxzIlGTgWbVLqZYSmhIzJggaWSJMyE+ezkiXtilb4bK21LojtTf0/kJDFmnES2MyE4NIveVPzPCzKML8OcyzRDJul8UZwJF5U7/d/tc80oirElhGpub3XpkGhC0aZUsSH4iy8vk/ZZ3ffq/u15rXFdxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8gfP5A8gtkZI=</latexit>

O
<latexit sha1_base64="l6I4F4Ft32mKsxMJiQdp+DEYMHE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBD96sYD+wDWWz3bRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupr6rUeujYjVPY4T7kd0oEQoGEUrPXSRP2EQZreTXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3ncRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AekakRA=</latexit><latexit sha1_base64="l6I4F4Ft32mKsxMJiQdp+DEYMHE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBD96sYD+wDWWz3bRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupr6rUeujYjVPY4T7kd0oEQoGEUrPXSRP2EQZreTXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3ncRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AekakRA=</latexit><latexit sha1_base64="l6I4F4Ft32mKsxMJiQdp+DEYMHE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBD96sYD+wDWWz3bRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupr6rUeujYjVPY4T7kd0oEQoGEUrPXSRP2EQZreTXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3ncRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AekakRA=</latexit><latexit sha1_base64="l6I4F4Ft32mKsxMJiQdp+DEYMHE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBD96sYD+wDWWz3bRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupr6rUeujYjVPY4T7kd0oEQoGEUrPXSRP2EQZreTXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9dyqd3deqV3ncRThCI7hFDy4gBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8AekakRA=</latexit>

�(�(C))
<latexit sha1_base64="ooIv3u8gUdBWcx+E+fJl8S+WZOI=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJqGaoEIcFY0YWxSPQhNaFyHKe1aieR7SBVUf6BhV9hYQAhVhY2/ganzVBajmT56Jx7de89XsyoVJb1Y5TW1jc2t8rblZ3dvf0D8/CoK6NEYNLBEYtE30OSMBqSjqKKkX4sCOIeIz1v0sr93iMRkkbhvZrGxOVoFNKAYqS0NDTPHS9ivpxy/aWOpCOOstqC5uAxfUhrrXpWH5pVq2HNAFeJXZAqKNAemt+OH+GEk1BhhqQc2Fas3BQJRTEjWcVJJIkRnqARGWgaIk6km85uyuCZVnwYREK/UMGZutiRIi7zFXUlR2osl71c/M8bJCq4dlMaxokiIZ4PChIGVQTzgKBPBcGKTTVBWFC9K8RjJBBWOsaKDsFePnmVdC8attWw7y6rzZsijjI4AaegBmxwBZrgFrRBB2DwBF7AG3g3no1X48P4nJeWjKLnGPyB8fULvMuepQ==</latexit><latexit sha1_base64="ooIv3u8gUdBWcx+E+fJl8S+WZOI=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJqGaoEIcFY0YWxSPQhNaFyHKe1aieR7SBVUf6BhV9hYQAhVhY2/ganzVBajmT56Jx7de89XsyoVJb1Y5TW1jc2t8rblZ3dvf0D8/CoK6NEYNLBEYtE30OSMBqSjqKKkX4sCOIeIz1v0sr93iMRkkbhvZrGxOVoFNKAYqS0NDTPHS9ivpxy/aWOpCOOstqC5uAxfUhrrXpWH5pVq2HNAFeJXZAqKNAemt+OH+GEk1BhhqQc2Fas3BQJRTEjWcVJJIkRnqARGWgaIk6km85uyuCZVnwYREK/UMGZutiRIi7zFXUlR2osl71c/M8bJCq4dlMaxokiIZ4PChIGVQTzgKBPBcGKTTVBWFC9K8RjJBBWOsaKDsFePnmVdC8attWw7y6rzZsijjI4AaegBmxwBZrgFrRBB2DwBF7AG3g3no1X48P4nJeWjKLnGPyB8fULvMuepQ==</latexit><latexit sha1_base64="ooIv3u8gUdBWcx+E+fJl8S+WZOI=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJqGaoEIcFY0YWxSPQhNaFyHKe1aieR7SBVUf6BhV9hYQAhVhY2/ganzVBajmT56Jx7de89XsyoVJb1Y5TW1jc2t8rblZ3dvf0D8/CoK6NEYNLBEYtE30OSMBqSjqKKkX4sCOIeIz1v0sr93iMRkkbhvZrGxOVoFNKAYqS0NDTPHS9ivpxy/aWOpCOOstqC5uAxfUhrrXpWH5pVq2HNAFeJXZAqKNAemt+OH+GEk1BhhqQc2Fas3BQJRTEjWcVJJIkRnqARGWgaIk6km85uyuCZVnwYREK/UMGZutiRIi7zFXUlR2osl71c/M8bJCq4dlMaxokiIZ4PChIGVQTzgKBPBcGKTTVBWFC9K8RjJBBWOsaKDsFePnmVdC8attWw7y6rzZsijjI4AaegBmxwBZrgFrRBB2DwBF7AG3g3no1X48P4nJeWjKLnGPyB8fULvMuepQ==</latexit><latexit sha1_base64="ooIv3u8gUdBWcx+E+fJl8S+WZOI=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJqGaoEIcFY0YWxSPQhNaFyHKe1aieR7SBVUf6BhV9hYQAhVhY2/ganzVBajmT56Jx7de89XsyoVJb1Y5TW1jc2t8rblZ3dvf0D8/CoK6NEYNLBEYtE30OSMBqSjqKKkX4sCOIeIz1v0sr93iMRkkbhvZrGxOVoFNKAYqS0NDTPHS9ivpxy/aWOpCOOstqC5uAxfUhrrXpWH5pVq2HNAFeJXZAqKNAemt+OH+GEk1BhhqQc2Fas3BQJRTEjWcVJJIkRnqARGWgaIk6km85uyuCZVnwYREK/UMGZutiRIi7zFXUlR2osl71c/M8bJCq4dlMaxokiIZ4PChIGVQTzgKBPBcGKTTVBWFC9K8RjJBBWOsaKDsFePnmVdC8attWw7y6rzZsijjI4AaegBmxwBZrgFrRBB2DwBF7AG3g3no1X48P4nJeWjKLnGPyB8fULvMuepQ==</latexit>

VCH
<latexit sha1_base64="wTjrqVL7eiuSx0GFwuWVqGV8nwQ=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LvfRYwX5AG8Jmu2mXbjZhdyLWkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBYngGhzn2yptbG5t75R3K3v7B4dV++i4q+NUUdahsYhVPyCaCS5ZBzgI1k8UI1EgWC+YNud+74EpzWN5D7OEeREZSx5ySsBIvl3t+tkQ2CMEYdZs5blv15y6swBeJ25BaqhA27e/hqOYphGTQAXReuA6CXgZUcCpYHllmGqWEDolYzYwVJKIaS9bHJ7jc6OMcBgrUxLwQv09kZFI61kUmM6IwESvenPxP2+QQnjjZVwmKTBJl4vCVGCI8TwFPOKKURAzQwhV3NyK6YQoQsFkVTEhuKsvr5PuZd116u7dVa1xW8RRRqfoDF0gF12jBmqhNuogilL0jF7Rm/VkvVjv1seytWQVMyfoD6zPHxYgk1o=</latexit><latexit sha1_base64="wTjrqVL7eiuSx0GFwuWVqGV8nwQ=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LvfRYwX5AG8Jmu2mXbjZhdyLWkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBYngGhzn2yptbG5t75R3K3v7B4dV++i4q+NUUdahsYhVPyCaCS5ZBzgI1k8UI1EgWC+YNud+74EpzWN5D7OEeREZSx5ySsBIvl3t+tkQ2CMEYdZs5blv15y6swBeJ25BaqhA27e/hqOYphGTQAXReuA6CXgZUcCpYHllmGqWEDolYzYwVJKIaS9bHJ7jc6OMcBgrUxLwQv09kZFI61kUmM6IwESvenPxP2+QQnjjZVwmKTBJl4vCVGCI8TwFPOKKURAzQwhV3NyK6YQoQsFkVTEhuKsvr5PuZd116u7dVa1xW8RRRqfoDF0gF12jBmqhNuogilL0jF7Rm/VkvVjv1seytWQVMyfoD6zPHxYgk1o=</latexit><latexit sha1_base64="wTjrqVL7eiuSx0GFwuWVqGV8nwQ=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LvfRYwX5AG8Jmu2mXbjZhdyLWkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBYngGhzn2yptbG5t75R3K3v7B4dV++i4q+NUUdahsYhVPyCaCS5ZBzgI1k8UI1EgWC+YNud+74EpzWN5D7OEeREZSx5ySsBIvl3t+tkQ2CMEYdZs5blv15y6swBeJ25BaqhA27e/hqOYphGTQAXReuA6CXgZUcCpYHllmGqWEDolYzYwVJKIaS9bHJ7jc6OMcBgrUxLwQv09kZFI61kUmM6IwESvenPxP2+QQnjjZVwmKTBJl4vCVGCI8TwFPOKKURAzQwhV3NyK6YQoQsFkVTEhuKsvr5PuZd116u7dVa1xW8RRRqfoDF0gF12jBmqhNuogilL0jF7Rm/VkvVjv1seytWQVMyfoD6zPHxYgk1o=</latexit><latexit sha1_base64="wTjrqVL7eiuSx0GFwuWVqGV8nwQ=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LvfRYwX5AG8Jmu2mXbjZhdyLWkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBYngGhzn2yptbG5t75R3K3v7B4dV++i4q+NUUdahsYhVPyCaCS5ZBzgI1k8UI1EgWC+YNud+74EpzWN5D7OEeREZSx5ySsBIvl3t+tkQ2CMEYdZs5blv15y6swBeJ25BaqhA27e/hqOYphGTQAXReuA6CXgZUcCpYHllmGqWEDolYzYwVJKIaS9bHJ7jc6OMcBgrUxLwQv09kZFI61kUmM6IwESvenPxP2+QQnjjZVwmKTBJl4vCVGCI8TwFPOKKURAzQwhV3NyK6YQoQsFkVTEhuKsvr5PuZd116u7dVa1xW8RRRqfoDF0gF12jBmqhNuogilL0jF7Rm/VkvVjv1seytWQVMyfoD6zPHxYgk1o=</latexit>

Non-censtotrymetric Wyckoff
Crystal chirality 

https://www.researchgate.net/profile/Libor_Smejkal


Classification of crystal Hall antiferromagnets
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� ⇠ E⇥ j
H

<latexit sha1_base64="pGO7yLV82lSdkj0fiWZtP3HWako=">AAACJHicbVBLS8NAEN74rPVV9ehlsQieSiKCgpeiCD1WsA9oQthsN+3a3STsTsQS8mO8+Fe8ePCBBy/+FrePQ239YJiPb2aYmS9IBNdg29/W0vLK6tp6YaO4ubW9s1va22/qOFWUNWgsYtUOiGaCR6wBHARrJ4oRGQjWCgbXo3rrgSnN4+gOhgnzJOlFPOSUgJH80qUbxKKrh9IkV/OeJNgkiV1gjxCE2U1uKJdM45nG7D73s1rul8p2xR4DLxJnSspoirpf+nC7MU0li4AKonXHsRPwMqKAU8HyoptqlhA6ID3WMTQiZq+XjZ/M8bFRujiMlYkI8FidnciI1KPzTKck0NfztZH4X62TQnjhZTxKUmARnSwKU4EhxiPHcJcrRkEMDSFUcXMrpn2iCAXja9GY4My/vEiapxXHrji3Z+Xq1dSOAjpER+gEOegcVVEN1VEDUfSEXtAbereerVfr0/qatC5Z05kD9AfWzy8hd6ZW</latexit><latexit sha1_base64="pGO7yLV82lSdkj0fiWZtP3HWako=">AAACJHicbVBLS8NAEN74rPVV9ehlsQieSiKCgpeiCD1WsA9oQthsN+3a3STsTsQS8mO8+Fe8ePCBBy/+FrePQ239YJiPb2aYmS9IBNdg29/W0vLK6tp6YaO4ubW9s1va22/qOFWUNWgsYtUOiGaCR6wBHARrJ4oRGQjWCgbXo3rrgSnN4+gOhgnzJOlFPOSUgJH80qUbxKKrh9IkV/OeJNgkiV1gjxCE2U1uKJdM45nG7D73s1rul8p2xR4DLxJnSspoirpf+nC7MU0li4AKonXHsRPwMqKAU8HyoptqlhA6ID3WMTQiZq+XjZ/M8bFRujiMlYkI8FidnciI1KPzTKck0NfztZH4X62TQnjhZTxKUmARnSwKU4EhxiPHcJcrRkEMDSFUcXMrpn2iCAXja9GY4My/vEiapxXHrji3Z+Xq1dSOAjpER+gEOegcVVEN1VEDUfSEXtAbereerVfr0/qatC5Z05kD9AfWzy8hd6ZW</latexit><latexit sha1_base64="pGO7yLV82lSdkj0fiWZtP3HWako=">AAACJHicbVBLS8NAEN74rPVV9ehlsQieSiKCgpeiCD1WsA9oQthsN+3a3STsTsQS8mO8+Fe8ePCBBy/+FrePQ239YJiPb2aYmS9IBNdg29/W0vLK6tp6YaO4ubW9s1va22/qOFWUNWgsYtUOiGaCR6wBHARrJ4oRGQjWCgbXo3rrgSnN4+gOhgnzJOlFPOSUgJH80qUbxKKrh9IkV/OeJNgkiV1gjxCE2U1uKJdM45nG7D73s1rul8p2xR4DLxJnSspoirpf+nC7MU0li4AKonXHsRPwMqKAU8HyoptqlhA6ID3WMTQiZq+XjZ/M8bFRujiMlYkI8FidnciI1KPzTKck0NfztZH4X62TQnjhZTxKUmARnSwKU4EhxiPHcJcrRkEMDSFUcXMrpn2iCAXja9GY4My/vEiapxXHrji3Z+Xq1dSOAjpER+gEOegcVVEN1VEDUfSEXtAbereerVfr0/qatC5Z05kD9AfWzy8hd6ZW</latexit><latexit sha1_base64="pGO7yLV82lSdkj0fiWZtP3HWako=">AAACJHicbVBLS8NAEN74rPVV9ehlsQieSiKCgpeiCD1WsA9oQthsN+3a3STsTsQS8mO8+Fe8ePCBBy/+FrePQ239YJiPb2aYmS9IBNdg29/W0vLK6tp6YaO4ubW9s1va22/qOFWUNWgsYtUOiGaCR6wBHARrJ4oRGQjWCgbXo3rrgSnN4+gOhgnzJOlFPOSUgJH80qUbxKKrh9IkV/OeJNgkiV1gjxCE2U1uKJdM45nG7D73s1rul8p2xR4DLxJnSspoirpf+nC7MU0li4AKonXHsRPwMqKAU8HyoptqlhA6ID3WMTQiZq+XjZ/M8bFRujiMlYkI8FidnciI1KPzTKck0NfztZH4X62TQnjhZTxKUmARnSwKU4EhxiPHcJcrRkEMDSFUcXMrpn2iCAXja9GY4My/vEiapxXHrji3Z+Xq1dSOAjpER+gEOegcVVEN1VEDUfSEXtAbereerVfr0/qatC5Z05kD9AfWzy8hd6ZW</latexit>

~5/10 ferromagnetic 
Laue point groups 
~1/10 of magnetic 
material database  

are crystal Hall 
antiferromagnets!

Hall plane does not have to be given by symmetry!
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Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
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23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

T 

32 58

22 6 VISUALIZING THE 122 MAGNETIC POINT GROUPS

Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
1

1̄ 1̄′

2 2′

m m′

2/m 2′/m′ 2/m′ 2′/m

222 2′2′2

mm2 m′m′2 2′m′m

mmm mm′m′ m′m′m′ mmm′

4 4′

4̄ 4̄′

4/m 4′/m 4/m′ 4′/m′

422 4′22′ 42′2′

4mm 4′mm′ 4m′m′

4̄2m 4̄′2m′ 4̄′m2′ 4̄2′m′

4/mmm 4′/mmm′ 4/mm′m′ 4/m′m′m′ 4/m′mm 4′/m′m′m

3

3̄ 3̄′

32 32′

3m 3m′

3̄m 3̄m′ 3̄′m′ 3̄′m

6 6′

6̄ 6̄′

6/m 6′/m′ 6/m′ 6′/m

622 6′22′ 62′2′

6mm 6′mm′ 6m′m′

6̄m2 6̄′2m′ 6̄′m2′ 6̄m′2′

6/mmm 6′/m′mm′ 6/mm′m′ 6/m′m′m′ 6/m′mm 6′/mmm′

23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

22 6 VISUALIZING THE 122 MAGNETIC POINT GROUPS

Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
1

1̄ 1̄′

2 2′

m m′

2/m 2′/m′ 2/m′ 2′/m

222 2′2′2

mm2 m′m′2 2′m′m

mmm mm′m′ m′m′m′ mmm′

4 4′

4̄ 4̄′

4/m 4′/m 4/m′ 4′/m′

422 4′22′ 42′2′

4mm 4′mm′ 4m′m′

4̄2m 4̄′2m′ 4̄′m2′ 4̄2′m′

4/mmm 4′/mmm′ 4/mm′m′ 4/m′m′m′ 4/m′mm 4′/m′m′m

3

3̄ 3̄′

32 32′

3m 3m′

3̄m 3̄m′ 3̄′m′ 3̄′m

6 6′

6̄ 6̄′

6/m 6′/m′ 6/m′ 6′/m

622 6′22′ 62′2′

6mm 6′mm′ 6m′m′

6̄m2 6̄′2m′ 6̄′m2′ 6̄m′2′

6/mmm 6′/m′mm′ 6/mm′m′ 6/m′m′m′ 6/m′mm 6′/mmm′

23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

1

2

22 6 VISUALIZING THE 122 MAGNETIC POINT GROUPS

Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
1

1̄ 1̄′

2 2′

m m′

2/m 2′/m′ 2/m′ 2′/m

222 2′2′2

mm2 m′m′2 2′m′m

mmm mm′m′ m′m′m′ mmm′

4 4′

4̄ 4̄′

4/m 4′/m 4/m′ 4′/m′

422 4′22′ 42′2′

4mm 4′mm′ 4m′m′

4̄2m 4̄′2m′ 4̄′m2′ 4̄2′m′

4/mmm 4′/mmm′ 4/mm′m′ 4/m′m′m′ 4/m′mm 4′/m′m′m

3

3̄ 3̄′

32 32′

3m 3m′

3̄m 3̄m′ 3̄′m′ 3̄′m

6 6′

6̄ 6̄′

6/m 6′/m′ 6/m′ 6′/m

622 6′22′ 62′2′

6mm 6′mm′ 6m′m′

6̄m2 6̄′2m′ 6̄′m2′ 6̄m′2′

6/mmm 6′/m′mm′ 6/mm′m′ 6/m′m′m′ 6/m′mm 6′/mmm′

23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

22 6 VISUALIZING THE 122 MAGNETIC POINT GROUPS

Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
1

1̄ 1̄′

2 2′

m m′

2/m 2′/m′ 2/m′ 2′/m

222 2′2′2

mm2 m′m′2 2′m′m

mmm mm′m′ m′m′m′ mmm′

4 4′

4̄ 4̄′

4/m 4′/m 4/m′ 4′/m′

422 4′22′ 42′2′

4mm 4′mm′ 4m′m′

4̄2m 4̄′2m′ 4̄′m2′ 4̄2′m′

4/mmm 4′/mmm′ 4/mm′m′ 4/m′m′m′ 4/m′mm 4′/m′m′m

3

3̄ 3̄′

32 32′

3m 3m′

3̄m 3̄m′ 3̄′m′ 3̄′m

6 6′

6̄ 6̄′

6/m 6′/m′ 6/m′ 6′/m

622 6′22′ 62′2′

6mm 6′mm′ 6m′m′

6̄m2 6̄′2m′ 6̄′m2′ 6̄m′2′

6/mmm 6′/m′mm′ 6/mm′m′ 6/m′m′m′ 6/m′mm 6′/mmm′

23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

22 6 VISUALIZING THE 122 MAGNETIC POINT GROUPS

Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
1

1̄ 1̄′

2 2′

m m′

2/m 2′/m′ 2/m′ 2′/m

222 2′2′2

mm2 m′m′2 2′m′m

mmm mm′m′ m′m′m′ mmm′

4 4′

4̄ 4̄′

4/m 4′/m 4/m′ 4′/m′

422 4′22′ 42′2′

4mm 4′mm′ 4m′m′

4̄2m 4̄′2m′ 4̄′m2′ 4̄2′m′

4/mmm 4′/mmm′ 4/mm′m′ 4/m′m′m′ 4/m′mm 4′/m′m′m

3

3̄ 3̄′

32 32′

3m 3m′

3̄m 3̄m′ 3̄′m′ 3̄′m

6 6′

6̄ 6̄′

6/m 6′/m′ 6/m′ 6′/m

622 6′22′ 62′2′

6mm 6′mm′ 6m′m′

6̄m2 6̄′2m′ 6̄′m2′ 6̄m′2′

6/mmm 6′/m′mm′ 6/mm′m′ 6/m′m′m′ 6/m′mm 6′/mmm′

23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

22 6 VISUALIZING THE 122 MAGNETIC POINT GROUPS

Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
1

1̄ 1̄′

2 2′

m m′

2/m 2′/m′ 2/m′ 2′/m

222 2′2′2

mm2 m′m′2 2′m′m

mmm mm′m′ m′m′m′ mmm′

4 4′

4̄ 4̄′

4/m 4′/m 4/m′ 4′/m′

422 4′22′ 42′2′

4mm 4′mm′ 4m′m′

4̄2m 4̄′2m′ 4̄′m2′ 4̄2′m′

4/mmm 4′/mmm′ 4/mm′m′ 4/m′m′m′ 4/m′mm 4′/m′m′m

3

3̄ 3̄′

32 32′

3m 3m′

3̄m 3̄m′ 3̄′m′ 3̄′m

6 6′

6̄ 6̄′

6/m 6′/m′ 6/m′ 6′/m

622 6′22′ 62′2′

6mm 6′mm′ 6m′m′

6̄m2 6̄′2m′ 6̄′m2′ 6̄m′2′

6/mmm 6′/m′mm′ 6/mm′m′ 6/m′m′m′ 6/m′mm 6′/mmm′

23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

22 6 VISUALIZING THE 122 MAGNETIC POINT GROUPS

Table 1: List of the 32 crystallographic point groups (leftmost column) and the 58

derived magnetic point groups in Hermann-Mauguin notation. Bold group symbols
indicate the 31 groups that allow for a ferromagnetic state. The gray magnetic point
groups are obtained from the first column by adding the symbol 1 ′ to the point
group symbol.
1

1̄ 1̄′

2 2′

m m′

2/m 2′/m′ 2/m′ 2′/m

222 2′2′2

mm2 m′m′2 2′m′m

mmm mm′m′ m′m′m′ mmm′

4 4′

4̄ 4̄′

4/m 4′/m 4/m′ 4′/m′

422 4′22′ 42′2′

4mm 4′mm′ 4m′m′

4̄2m 4̄′2m′ 4̄′m2′ 4̄2′m′

4/mmm 4′/mmm′ 4/mm′m′ 4/m′m′m′ 4/m′mm 4′/m′m′m

3

3̄ 3̄′

32 32′

3m 3m′

3̄m 3̄m′ 3̄′m′ 3̄′m

6 6′

6̄ 6̄′

6/m 6′/m′ 6/m′ 6′/m

622 6′22′ 62′2′

6mm 6′mm′ 6m′m′

6̄m2 6̄′2m′ 6̄′m2′ 6̄m′2′

6/mmm 6′/m′mm′ 6/mm′m′ 6/m′m′m′ 6/m′mm 6′/mmm′

23

m3̄ m′3̄′

432 4′32′

4̄3m 4̄′3m′

m3̄m m3̄m′ m′3̄′m′ m′3̄′m

32 

All 122 magnetic crystal point groups allow for 
antiferromagnetic order & all allow for AMR

T time inversion

1" = P space inversion

m = 2" mirror

1"′ = PT

https://www.researchgate.net/profile/Libor_Smejkal


Global chirality in CoNb3S6 antiferromagnet
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Mirrorleft-handed right-handed
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Co
<latexit sha1_base64="Uhnj7h9bD66zU4c61NUKvVUMcFo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeiz24rGC/YA0lM120i7dZMPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQ4srqXQ3ZAakSKCFAiV0Uw0sDiV0wnFj5nceQRuhkgecpBDEbJiISHCGVvJ7CE8YRnlDTfuVqltz56CrxCtIlRRo9itfvYHiWQwJcsmM8T03xSBnGgWXMC33MgMp42M2BN/ShMVggnx+8pSeW2VAI6VtJUjn6u+JnMXGTOLQdsYMR2bZm4n/eX6G0U2QiyTNEBK+WBRlkqKis//pQGjgKCeWMK6FvZXyEdOMo02pbEPwll9eJe3LmufWvPurav22iKNETskZuSAeuSZ1ckeapEU4UeSZvJI3B50X5935WLSuOcXMCfkD5/MHp5uRew==</latexit><latexit sha1_base64="Uhnj7h9bD66zU4c61NUKvVUMcFo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeiz24rGC/YA0lM120i7dZMPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQ4srqXQ3ZAakSKCFAiV0Uw0sDiV0wnFj5nceQRuhkgecpBDEbJiISHCGVvJ7CE8YRnlDTfuVqltz56CrxCtIlRRo9itfvYHiWQwJcsmM8T03xSBnGgWXMC33MgMp42M2BN/ShMVggnx+8pSeW2VAI6VtJUjn6u+JnMXGTOLQdsYMR2bZm4n/eX6G0U2QiyTNEBK+WBRlkqKis//pQGjgKCeWMK6FvZXyEdOMo02pbEPwll9eJe3LmufWvPurav22iKNETskZuSAeuSZ1ckeapEU4UeSZvJI3B50X5935WLSuOcXMCfkD5/MHp5uRew==</latexit><latexit sha1_base64="Uhnj7h9bD66zU4c61NUKvVUMcFo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeiz24rGC/YA0lM120i7dZMPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQ4srqXQ3ZAakSKCFAiV0Uw0sDiV0wnFj5nceQRuhkgecpBDEbJiISHCGVvJ7CE8YRnlDTfuVqltz56CrxCtIlRRo9itfvYHiWQwJcsmM8T03xSBnGgWXMC33MgMp42M2BN/ShMVggnx+8pSeW2VAI6VtJUjn6u+JnMXGTOLQdsYMR2bZm4n/eX6G0U2QiyTNEBK+WBRlkqKis//pQGjgKCeWMK6FvZXyEdOMo02pbEPwll9eJe3LmufWvPurav22iKNETskZuSAeuSZ1ckeapEU4UeSZvJI3B50X5935WLSuOcXMCfkD5/MHp5uRew==</latexit><latexit sha1_base64="Uhnj7h9bD66zU4c61NUKvVUMcFo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeiz24rGC/YA0lM120i7dZMPuRCyhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWaQ4srqXQ3ZAakSKCFAiV0Uw0sDiV0wnFj5nceQRuhkgecpBDEbJiISHCGVvJ7CE8YRnlDTfuVqltz56CrxCtIlRRo9itfvYHiWQwJcsmM8T03xSBnGgWXMC33MgMp42M2BN/ShMVggnx+8pSeW2VAI6VtJUjn6u+JnMXGTOLQdsYMR2bZm4n/eX6G0U2QiyTNEBK+WBRlkqKis//pQGjgKCeWMK6FvZXyEdOMo02pbEPwll9eJe3LmufWvPurav22iKNETskZuSAeuSZ1ckeapEU4UeSZvJI3B50X5935WLSuOcXMCfkD5/MHp5uRew==</latexit>

Nb
<latexit sha1_base64="kVZ8s2+ySqZxwDCpNZrazmTI9Os=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZNUsLWQhrLZbtqlm92wOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwg5737ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdiYhhgkvWQo6CdVLNSBIJ9hCNrqf+wyPThit5j+OUhQkZSB5zStBKQRfZE0ZxfhtNetWaV/dmcJeJX5AaFGj2ql/dvqJZwiRSQYwJfC/FMCcaORVsUulmhqWEjsiABZZKkjAT5rOTJ+6JVfpurLQtie5M/T2Rk8SYcRLZzoTg0Cx6U/E/L8gwvgxzLtMMmaTzRXEmXFTu9H+3zzWjKMaWEKq5vdWlQ6IJRZtSxYbgL768TNpndd+r+3fntcZVEUcZjuAYTsGHC2jADTShBRQUPMMrvDnovDjvzse8teQUM4fwB87nD6SckXk=</latexit><latexit sha1_base64="kVZ8s2+ySqZxwDCpNZrazmTI9Os=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZNUsLWQhrLZbtqlm92wOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwg5737ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdiYhhgkvWQo6CdVLNSBIJ9hCNrqf+wyPThit5j+OUhQkZSB5zStBKQRfZE0ZxfhtNetWaV/dmcJeJX5AaFGj2ql/dvqJZwiRSQYwJfC/FMCcaORVsUulmhqWEjsiABZZKkjAT5rOTJ+6JVfpurLQtie5M/T2Rk8SYcRLZzoTg0Cx6U/E/L8gwvgxzLtMMmaTzRXEmXFTu9H+3zzWjKMaWEKq5vdWlQ6IJRZtSxYbgL768TNpndd+r+3fntcZVEUcZjuAYTsGHC2jADTShBRQUPMMrvDnovDjvzse8teQUM4fwB87nD6SckXk=</latexit><latexit sha1_base64="kVZ8s2+ySqZxwDCpNZrazmTI9Os=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZNUsLWQhrLZbtqlm92wOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwg5737ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdiYhhgkvWQo6CdVLNSBIJ9hCNrqf+wyPThit5j+OUhQkZSB5zStBKQRfZE0ZxfhtNetWaV/dmcJeJX5AaFGj2ql/dvqJZwiRSQYwJfC/FMCcaORVsUulmhqWEjsiABZZKkjAT5rOTJ+6JVfpurLQtie5M/T2Rk8SYcRLZzoTg0Cx6U/E/L8gwvgxzLtMMmaTzRXEmXFTu9H+3zzWjKMaWEKq5vdWlQ6IJRZtSxYbgL768TNpndd+r+3fntcZVEUcZjuAYTsGHC2jADTShBRQUPMMrvDnovDjvzse8teQUM4fwB87nD6SckXk=</latexit><latexit sha1_base64="kVZ8s2+ySqZxwDCpNZrazmTI9Os=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZNUsLWQhrLZbtqlm92wOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwg5737ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdiYhhgkvWQo6CdVLNSBIJ9hCNrqf+wyPThit5j+OUhQkZSB5zStBKQRfZE0ZxfhtNetWaV/dmcJeJX5AaFGj2ql/dvqJZwiRSQYwJfC/FMCcaORVsUulmhqWEjsiABZZKkjAT5rOTJ+6JVfpurLQtie5M/T2Rk8SYcRLZzoTg0Cx6U/E/L8gwvgxzLtMMmaTzRXEmXFTu9H+3zzWjKMaWEKq5vdWlQ6IJRZtSxYbgL768TNpndd+r+3fntcZVEUcZjuAYTsGHC2jADTShBRQUPMMrvDnovDjvzse8teQUM4fwB87nD6SckXk=</latexit> S

<latexit sha1_base64="U7P6IdYuth9VkpfvXW5PM+joL+8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4zjhfkQHSoSCUbTSQxf5EwZhdjfplStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt4Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LJhuAtvrxMmmdVz616t+eV2lUeRxGO4BhOwYMLqMEN1KEBDBQ8wyu8OcZ5cd6dj3lrwclnDuEPnM8f7pSREg==</latexit><latexit sha1_base64="U7P6IdYuth9VkpfvXW5PM+joL+8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4zjhfkQHSoSCUbTSQxf5EwZhdjfplStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt4Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LJhuAtvrxMmmdVz616t+eV2lUeRxGO4BhOwYMLqMEN1KEBDBQ8wyu8OcZ5cd6dj3lrwclnDuEPnM8f7pSREg==</latexit><latexit sha1_base64="U7P6IdYuth9VkpfvXW5PM+joL+8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4zjhfkQHSoSCUbTSQxf5EwZhdjfplStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt4Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LJhuAtvrxMmmdVz616t+eV2lUeRxGO4BhOwYMLqMEN1KEBDBQ8wyu8OcZ5cd6dj3lrwclnDuEPnM8f7pSREg==</latexit><latexit sha1_base64="U7P6IdYuth9VkpfvXW5PM+joL+8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4zjhfkQHSoSCUbTSQxf5EwZhdjfplStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt4Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LJhuAtvrxMmmdVz616t+eV2lUeRxGO4BhOwYMLqMEN1KEBDBQ8wyu8OcZ5cd6dj3lrwclnDuEPnM8f7pSREg==</latexit>

� k [010]
<latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit><latexit sha1_base64="0hXTSm2PFT0P23rMSe/TBogKRrw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVTIi6LKgC5cV7ANmhpLJZNrQJDMkGaGUrt34K25cKOLWL3Dn35hpZ6GtB0IO59zLvfdEGWfaIPTtVFZW19Y3qpu1re2d3T13/6Cj01wR2iYpT1UvwppyJmnbMMNpL1MUi4jTbjS6LvzuA1WapfLejDMaCjyQLGEEGyv13eMgSnmsx8J+gWYDgWGQYYU5pxz6yENh362jBpoBLhOvJHVQotV3v4I4Jbmg0hCOtfY9lJlwgpVhhNNpLcg1zTAZ4QH1LZVYUB1OZqdM4alVYpikyj5p4Ez93THBQhfb2kqBzVAveoX4n+fnJrkKJ0xmuaGSzAclOYcmhUUuMGaKEsPHlmCimN0VkqENghibXs2G4C2evEw65w0PNby7i3rzpoyjCo7ACTgDHrgETXALWqANCHgEz+AVvDlPzovz7nzMSytO2XMI/sD5/AGZypop</latexit>

[100]
<latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit><latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit><latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit><latexit sha1_base64="iPAtkpR2L0TMutXv6TOc2qUriMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4fHezOzMC1PBtXHdb6e0sbm1vVPereztHxweVY9P2jrJFEOfJSJR3ZBqFFyib7gR2E0V0jgU2Aknt3O/84RK80Q+mmmKQUxHkkecUWMlv+e5bjCo1ty6uwBZJ15BalCgNah+9YcJy2KUhgmqtZ2SmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/li2Rm5sMqQRImyTxqyUH935DTWehqHtjKmZqxXvbn4n9fLTHQT5FymmUHJlh9FmSAmIfPLyZArZEZMLaFMcbsrYWOqKDM2n4oNwVs9eZ20r+qeW/cermvNuyKOMpzBOVyCBw1owj20wAcGHJ7hFd4c6bw4787HsrTkFD2n8AfO5w+54I33</latexit>

[001]
<latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit><latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit><latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit><latexit sha1_base64="CkEjTLRt0d9grMfxgvs8LuvuMrU=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqWRF0GNBDx4ruLWwXUo2zbah2eySZIWy9Dd48aCIV3+QN/+NabsHbX0w8Hhvhpl5USaFsYR8o8ra+sbmVnW7trO7t39QPzzqmDTXjPsslanuRtRwKRT3rbCSdzPNaRJJ/hiNb2b+4xPXRqTqwU4yHiZ0qEQsGLVO8gNCvLBfb5AmmQOvEq8kDSjR7te/eoOU5QlXlklqTOCRzIYF1VYwyae1Xm54RtmYDnngqKIJN2ExP3aKz5wywHGqXSmL5+rviYImxkySyHUm1I7MsjcT//OC3MbXYSFUlluu2GJRnEtsUzz7HA+E5szKiSOUaeFuxWxENWXW5VNzIXjLL6+SzkXTI03v/rLRui3jqMIJnMI5eHAFLbiDNvjAQMAzvMIbUugFvaOPRWsFlTPH8Afo8we53o33</latexit>

Experiment: ~27 S/cm
Ghimire et al. Nat. Comm. (2018)

Our theory: ~80 S/cm

Global crystal chirality controls Hall sign!

https://www.researchgate.net/profile/Libor_Smejkal


Measured Hall effects in antiferromagnets
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Experiment: ~27 S/cm
Ghimire et al. Nat. Comm. (2018)

Our theory: ~80 S/cm

Experiment 
Bibes et al. Nat. Phys. (2018)

Topological Hall effect?

Heterogenous ferromagnets with anomalous Hall with 
opposite polarities 

 -> crystal chiral domains —> Crystal Hall effect
Gerber, PRB (2018)

https://www.researchgate.net/profile/Libor_Smejkal


Spontaneous Hall antiferromagnets                                

 19https://www.researchgate.net/profile/Libor_Smejkal

“topological” Hall 

spin-orbit coupling complexity
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LS, R.Hernandez-Gonzales, TJ, JS, arXiv 
1901.00445 (2019)

strained
FexMn1-x 

IrMn3 RuO2
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A. Allows Hall effect in abundant collinear antiferromagnets ~1/10! 
B. Fundamental understanding (anisotropy, orbital, spin-orbit) 
C. Many more variants to come.
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