







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature photonics

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 19 October 2023



                    Coherence and superradiance from a plasma-based quasiparticle accelerator

                    	B. MalacaÂ 
            ORCID: orcid.org/0000-0002-0472-35001, 
	M. Pardal1, 
	D. Ramsey2, 
	J. R. PierceÂ 
            ORCID: orcid.org/0000-0003-1450-873X3, 
	K. WeichmanÂ 
            ORCID: orcid.org/0000-0002-3487-79222, 
	I. A. AndriyashÂ 
            ORCID: orcid.org/0000-0003-0313-44964, 
	W. B. Mori3, 
	J. P. PalastroÂ 
            ORCID: orcid.org/0000-0002-6721-19242, 
	R. A. Fonseca1,5 & 
	â€¦
	J. VieiraÂ 
            ORCID: orcid.org/0000-0002-5515-36241Â 

Show authors

                    

                    
                        
    Nature Photonics

                        volumeÂ 18,Â pages 39â€“45 (2024)Cite this article
                    

                    
        
            	
                        2822 Accesses

                    
	
                        3 Citations

                    
	
                            296 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Free-electron lasers
	Plasma-based accelerators


    


                
    
    

    
    

                
            


        
            Abstract
Coherent light sources, such as free-electron lasers, provide bright beams for studies in biology, chemistry and physics. However, increasing the brightness of these sources requires progressively larger instruments, with the largest examples, such as the Linac Coherent Light Source at Stanford, being several kilometres long. It would be transformative if this scaling trend could be overcome so that compact, bright sources could be employed at universities, hospitals and industrial laboratories. Here we address this issue by rethinking the basic principles of radiation physics. At the core of our work is the introduction of quasiparticle-based light sources that rely on the collective and macroscopic motion of an ensemble of light-emitting charges to evolve and radiate in ways that would be unphysical for single charges. The underlying concept allows for temporal coherence and superradiance in new configurations, such as in plasma accelerators, providing radiation with intriguing properties and clear experimental signatures spanning nearly ten octaves in wavelength, from the terahertz to the extreme ultraviolet. The simplicity of the quasiparticle approach makes it suitable for experimental demonstrations at existing laser and accelerator facilities and also extends well beyond this case to other scenarios such as nonlinear optical configurations.
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                    Fig. 1: Nonlinear plasma wakefields and their radiation.


Fig. 2: Onset of quasiparticle Cherenkov emission.


Fig. 3: Quasiparticle Cherenkov radiation in a LWFA.


Fig. 4: Quasiparticle undulator radiation for an oscillating quasiparticle with Ï‰câ€‰=â€‰0.1Ï‰p and Î”xcâ€‰=â€‰0.25c/Ï‰p.


Fig. 5: Peak brightness estimated as a function of photon energy for nonlinear wakefield quasiparticle radiation, spanning frequencies ranging from terahertz to extreme ultraviolet.
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