







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 06 July 2011



                    Attosecond control of electrons emitted from a nanoscale metal tip

                    	Michael Krüger1 na1, 
	Markus Schenk1 na1 & 
	Peter Hommelhoff1 



                    

                    
                        
    Nature

                        volume 475, pages 78–81 (2011)Cite this article
                    

                    
        
            	
                        9376 Accesses

                    
	
                        521 Citations

                    
	
                            32 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Particle physics
	Techniques and instrumentation


    


                
    
    

    
    

                
            


        
            Abstract
Attosecond science is based on steering electrons with the electric field of well controlled femtosecond laser pulses1. It has led to the generation of extreme-ultraviolet pulses2 with a duration of less than 100 attoseconds (ref. 3; 1 as = 10−18 s), to the measurement of intramolecular dynamics (by diffraction of an electron taken from the molecule under scrutiny4,5) and to ultrafast electron holography6. All these effects have been observed with atoms or molecules in the gas phase. Electrons liberated from solids by few-cycle laser pulses are also predicted7,8 to show a strong light-phase sensitivity, but only very small effects have been observed14. Here we report that the spectra of electrons undergoing photoemission from a nanometre-scale tungsten tip show a dependence on the carrier-envelope phase of the laser, with a current modulation of up to 100 per cent. Depending on the carrier-envelope phase, electrons are emitted either from a single sub-500-attosecond interval of the 6-femtosecond laser pulse, or from two such intervals; the latter case leads to spectral interference. We also show that coherent elastic re-scattering of liberated electrons takes place at the metal surface. Owing to field enhancement at the tip, a simple laser oscillator reaches the peak electric field strengths required for attosecond experiments at 100-megahertz repetition rates, rendering complex amplified laser systems dispensable. Practically, this work represents a simple, extremely sensitive carrier-envelope phase sensor, which could be shrunk in volume to about one cubic centimetre. Our results indicate that the attosecond techniques developed with (and for) atoms and molecules can also be used with solids. In particular, we foresee subfemtosecond, subnanometre probing of collective electron dynamics (such as plasmon polaritons9) in solid-state systems ranging in scale from mesoscopic solids to clusters and to single protruding atoms.
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                    Figure 1: 
                        Overview of the experiment.
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Figure 2: 
                        Carrier-envelope phase modulation in photoelectron spectra.
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Figure 3: 
                        Theoretical modelling of the experimental data.
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        Editorial Summary
Solid attosecond science
Attosecond techniques exploit the electric field surrounding femtosecond laser pulses to steer electrons, and are widely applied to atoms or molecules in the gas phase. Electrons liberated by few-cycle laser pulses from solids are also predicted to show strong sensitivity to the phase of the light, but observation of this effect has been elusive. Krüger et al. demonstrate the phenomenon in the spectra of electrons laser-emitted from a nanoscale tungsten tip; current modulation of up to 100% and interference are observed, depending on the carrier envelope phase of the laser. This work should facilitate sub-femtosecond, sub-nanometre probing of collective electron dynamics in a range of solid-state systems.
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