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            Abstract
In ferromagnetic conductors, an electric current may induce a transverse voltage drop in zero applied magnetic field: this anomalous Hall effect1 is observed to be proportional to magnetization, and thus is not usually seen in antiferromagnets in zero field2. Recent developments in theory and experiment have provided a framework for understanding the anomalous Hall effect using Berry-phase concepts3, and this perspective has led to predictions that, under certain conditions, a large anomalous Hall effect may appear in spin liquids and antiferromagnets without net spin magnetization4,5,6,7,8. Although such a spontaneous Hall effect has now been observed in a spin liquid state9, a zero-field anomalous Hall effect has hitherto not been reported for antiferromagnets. Here we report empirical evidence for a large anomalous Hall effect in an antiferromagnet that has vanishingly small magnetization. In particular, we find that Mn3Sn, an antiferromagnet that has a non-collinear 120-degree spin order10,11, exhibits a large anomalous Hall conductivity of around 20 per ohm per centimetre at room temperature and more than 100 per ohm per centimetre at low temperatures, reaching the same order of magnitude as in ferromagnetic metals3. Notably, the chiral antiferromagnetic state has a very weak and soft ferromagnetic moment of about 0.002 Bohr magnetons per Mn atom (refs 10, 12), allowing us to switch the sign of the Hall effect with a small magnetic field of around a few hundred oersted. This soft response of the large anomalous Hall effect could be useful for various applications including spintronicsâ€”for example, to develop a memory device that produces almost no perturbing stray fields.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Crystal and magnetic structures of Mn3Sn.[image: ]


Figure 2: Magnetic field dependence of the AHE in Mn3Sn.[image: ]


Figure 3: In-plane weak ferromagnetism in Mn3Sn.[image: ]


Figure 4: Temperature evolution of the zero-field component of the AHE.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Normal and inverse triangular spin structures.
aâ€“d, Examples of normal (a, b) and inverse (c, d) triangular spin structures. An inverse triangular spin structure has the opposite sign of the vector spin chirality to a normal one. As each Mn moment has the local easy-axis parallel to the direction towards its in-plane nearest-neighbour Sn sites, the case shown in d is realized in Mn3Sn (refs 10, 11, 12).


Extended Data Figure 2 Estimation of the ordinary Hall effect using the c-axis components of the Hall resistivity.
a, b, Temperature dependence of the Hall resistivity divided by B, Ï�H/B (a), and the susceptibility M/B obtained under a field of 0.1â€‰T along the c axis (b). Measurements were made above Tâ€‰=â€‰50 K, where no spontaneous components were observed. c, Plot of Ï�H/B versus M/B; here the temperature is an implicit parameter. The solid line indicates a linear fit to equation (1), with [image: ] defined in Methods.


Extended Data Figure 3 Magnetization dependence of the AF-driven Hall effect.
Figure shows anisotropic isothermal curves of [image: ] as a function of M at 300â€‰K.


Extended Data Table 1 Hall effect parameters for ferromagnets and antiferromagnetsFull size table
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        Editorial Summary
Anomalous anomalies in an antiferromagnet
The Hall effect as it is commonly encountered describes the voltage difference that builds up across a conductor when an electric current flows in the presence of a magnetic field. For ferromagnetic materials, with built-in magnetism, a similar phenomenon â€” known as the anomalous Hall effect â€” is sometimes observed even in the absence of an external magnetic field. Such an effect would not normally be expected for antiferromagnets, which have no net magnetization in the zero-field state. Inspired by recent theoretical ideas concerning the detailed origins of the anomalous Hall effect, Satoru Nakatsuji et al. show that such a counterintuitive effect can be seen in the antiferromagnetic material Mn3Sn as a consequence of the unusual and complex arrangement of its constituent magnetic moments. The effect is not only large (comparable to that of ferromagnetic metals) but easily switchable with a small applied field â€” a combination of properties that might prove useful for spintronic applications.
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