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            Abstract
Quantum point contacts are narrow, one-dimensional constrictions usually patterned in a two-dimensional electron system, for example by applying voltages to local gates. The linear conductance of a point contact, when measured as function of its channel width, is quantized1,2,3 in units of GQ = 2e2/h, where e is the electron charge and h is Planck’s constant. However, the conductance also has an unexpected shoulder at ∼0.7GQ, known as the ‘0.7-anomaly’4,5,6,7,8,9,10,11,12, whose origin is still subject to debate11,12,13,14,15,16,17,18,19,20,21. Proposed theoretical explanations have invoked spontaneous spin polarization4,17, ferromagnetic spin coupling19, the formation of a quasi-bound state leading to the Kondo effect13,14, Wigner crystallization16,20 and various treatments of inelastic scattering18,21. However, explicit calculations that fully reproduce the various experimental observations in the regime of the 0.7-anomaly, including the zero-bias peak that typically accompanies it6,9,10,11, are still lacking. Here we offer a detailed microscopic explanation for both the 0.7-anomaly and the zero-bias peak: their common origin is a smeared van Hove singularity in the local density of states at the bottom of the lowest one-dimensional subband of the point contact, which causes an anomalous enhancement in the Hartree potential barrier, the magnetic spin susceptibility and the inelastic scattering rate. We find good qualitative agreement between theoretical calculations and experimental results on the dependence of the conductance on gate voltage, magnetic field, temperature, source–drain voltage (including the zero-bias peak) and interaction strength. We also clarify how the low-energy scale governing the 0.7-anomaly depends on gate voltage and interactions. For low energies, we predict and observe Fermi-liquid behaviour similar to that associated with the Kondo effect in quantum dots22. At high energies, however, the similarities between the 0.7-anomaly and the Kondo effect end.




            
                
                    

    
        
            
                
                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: Experimental set-up and model.[image: ]


Figure 2: Conductance: theory versus experiment.[image: ]


Figure 3: Finite excitation energies.[image: ]
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A paper from Michael Pepper's group at the Cavendish Laboratory, published in 1996, first described what has become known as the '0.7-anomaly' in the conductance of a quantum point contact (QPC). A QPC, a narrow constriction of a width comparable to the wavelength of an electron, is quantized in units of 2e2/h but when measured it features a shoulder at around 0.7 of the conductance quantum. The origin of this effect has remained a subject of controversy since its discovery, but in this issue of Nature two groups present independent studies that go a long way towards explaining this apparently anomalous behaviour. Both find evidence to support the involvement of a quasi-bound state resembling that seen in the Kondo effect, although Bauer et al. report that at higher energy levels, the one-dimensional nature of the lowest energy bands in the point contact becomes more important.
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