







    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 Photonics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature photonics

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 01 September 2013



                    Relativistic plasma nanophotonics for ultrahigh energy density physics

                    	Michael A. Purvis1, 
	Vyacheslav N. Shlyaptsev1, 
	Reed Hollinger1, 
	Clayton Bargsten1, 
	Alexander Pukhov2, 
	Amy Prieto3, 
	Yong Wang1, 
	Bradley M. Luther1,3, 
	Liang Yin1, 
	Shoujun Wang1 & 
	â€¦
	Jorge J. Rocca1,4Â 

Show authors

                    

                    
                        
    Nature Photonics

                        volumeÂ 7,Â pages 796â€“800 (2013)Cite this article
                    

                    
        
            	
                        6088 Accesses

                    
	
                        153 Citations

                    
	
                            18 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Laser-produced plasmas
	Lasers, LEDs and light sources


    


                
    
    

    
    

                
            


        
            Abstract
The heating of dense matter to extreme temperatures motivates the development of powerful lasers1,2,3,4. However, the barrier the critical electron density imposes to light penetration into ionized materials results in the deposition of most of the laser energy into a thin surface layer at typically only 0.1% of solid density. Here, we demonstrate that trapping of femtosecond laser pulses of relativistic intensity deep within ordered nanowire arrays can volumetrically heat dense matter into a new ultrahot plasma regime. Electron densities nearly 100 times greater than the typical critical density and multi-keV temperatures are achieved using laser pulses of only 0.5Â J energy. We obtained extraordinarily high degrees of ionization (for example, 52 times ionized Au) and gigabar pressures only exceeded in the central hot spot of highly compressed thermonuclear fusion plasmas. Scaling to higher laser intensities promises to create plasmas with temperatures and pressures approaching those in the centre of the Sun.
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                    Figure 1: PIC simulation and spectra from plasma generated by femtosecond pulse irradiation of a vertically aligned array of 55-nm-diameter Ni nanowires.[image: ]


Figure 2: Single-shot M-shell spectra of vertically aligned arrays of 80-nm-diameter Au nanowires compared with the spectra from a flat, polished Au target.[image: ]


Figure 3: Generation of He-like ions in the volumetrically heated Ni plasmas.[image: ]


Figure 4: Parameter space of temperatureâ€“electron density showing the plasma regime accessible by irradiation of aligned nanowire arrays relative to other high-energy density plasmas.[image: ]
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