







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 05 April 2007



                    Attosecond real-time observation of electron tunnelling in atoms

                    	M. Uiberacker1,2, 
	Th. Uphues3, 
	M. Schultze2, 
	A. J. Verhoef2,4, 
	V. Yakovlev1, 
	M. F. Kling5, 
	J. Rauschenberger1,2, 
	N. M. Kabachnik3,6, 
	H. Schröder2, 
	M. Lezius2, 
	K. L. Kompa2, 
	H.-G. Muller5, 
	M. J. J. Vrakking5, 
	S. Hendel3, 
	U. Kleineberg1, 
	U. Heinzmann3, 
	M. Drescher7 & 
	…
	F. Krausz1,2,4 

Show authors

                    

                    
                        
    Nature

                        volume 446, pages 627–632 (2007)Cite this article
                    

                    
        
            	
                        8131 Accesses

                    
	
                        757 Citations

                    
	
                            4 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Atoms exposed to intense light lose one or more electrons and become ions. In strong fields, the process is predicted to occur via tunnelling through the binding potential that is suppressed by the light field near the peaks of its oscillations. Here we report the real-time observation of this most elementary step in strong-field interactions: light-induced electron tunnelling. The process is found to deplete atomic bound states in sharp steps lasting several hundred attoseconds. This suggests a new technique, attosecond tunnelling, for probing short-lived, transient states of atoms or molecules with high temporal resolution. The utility of attosecond tunnelling is demonstrated by capturing multi-electron excitation (shake-up) and relaxation (cascaded Auger decay) processes with subfemtosecond resolution.
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                    Figure 1: 
                        Strong-field ionization and pump-probe setting for its real-time observation.
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Figure 2: 
                        Probing electron dynamics in atoms, molecules or solids with attosecond sampling techniques.
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Figure 4: 
                        Ne
                        2+
                         ion yield versus delay between the subfemtoscond XUV pump and the few-cycle NIR probe: experiment and modelling.
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Figure 3: 
                        Energy levels and transitions in Ne
                        1+
                         and Ne
                        2+
                         ions relevant to this study.
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Figure 5: 
                        Energy levels and transitions in xenon ions relevant to the current study.
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Figure 6: 
                        Xe
                        4+
                         and Xe
                        3+
                         ion yields versus delay between the subfemtosecond XUV pump and the few-cycle NIR probe.
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        Editorial Summary
Tunnelling out in real time
Atoms exposed to intense light lose one or more electrons and become ionized. In strong light fields this type of ionization occurs through electron tunnelling, which happens when the electrons receive so much energy that they can 'tunnel' through the potential barrier binding them to the nucleus. This processes has now been observed in real time, on a timescale measured in hundreds of attoseconds (an attosecond is a billionth of a billionth of a second). The target neon and xenon atoms were ionized with ultrafast far-ultraviolet pulses, and were then observed using near-infrared pulses tailor-made for the purpose. This technique of 'attosecond tunnelling' spectroscopy could offer control over the dynamics of electrons inside atoms and molecules.
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