







    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: 05 December 2002



                    Multiple ionization of atom clusters by intense soft X-rays from a free-electron laser

                    	H. Wabnitz1, 
	L. Bittner1, 
	A. R. B. de Castro2,3, 
	R. Döhrmann1, 
	P. Gürtler1, 
	T. Laarmann1, 
	W. Laasch1, 
	J. Schulz1, 
	A. Swiderski1, 
	K. von Haeften1,4 nAff5, 
	T. Möller1, 
	B. Faatz1, 
	A. Fateev4 nAff5, 
	J. Feldhaus1, 
	C. Gerth1, 
	U. Hahn1, 
	E. Saldin4, 
	E. Schneidmiller4, 
	K. Sytchev4, 
	K. Tiedtke1, 
	R. Treusch1 & 
	…
	M. Yurkov5 

Show authors

                    

                    
                        
    Nature

                        volume 420, pages 482–485 (2002)Cite this article
                    

                    
        
            	
                        2438 Accesses

                    
	
                        392 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Intense radiation from lasers has opened up many new areas of research in physics and chemistry, and has revolutionized optical technology. So far, most work in the field of nonlinear processes has been restricted to infrared, visible and ultraviolet light1, although progress in the development of X-ray lasers has been made recently2. With the advent of a free-electron laser in the soft-X-ray regime below 100 nm wavelength3, a new light source is now available for experiments with intense, short-wavelength radiation that could be used to obtain deeper insights into the structure of matter. Other free-electron sources with even shorter wavelengths are planned for the future. Here we present initial results from a study of the interaction of soft X-ray radiation, generated by a free-electron laser, with Xe atoms and clusters. We find that, whereas Xe atoms become only singly ionized by the absorption of single photons, absorption in clusters is strongly enhanced. On average, each atom in large clusters absorbs up to 400 eV, corresponding to 30 photons. We suggest that the clusters are heated up and electrons are emitted after acquiring sufficient energy. The clusters finally disintegrate completely by Coulomb explosion.
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                    Figure 1: Time-of-flight (TOF) mass spectra of ionization products of Xe atoms and clusters.[image: ]


Figure 2: TOF mass spectra recorded after irradiation of 1,500-atom Xe clusters as a function of power density.[image: ]


Figure 3: Classical simulations of the electron motion and ionization for Xe13 clusters after irradiation with infrared radiation and soft X-rays.[image: ]


Figure 4: Schematic illustration of the ionization of Xe clusters and a subsequent Coulomb explosion.[image: ]
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