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            Abstract
Recent observations show that the probability of encountering an extremely large rogue wave in the open ocean is much larger than expected from ordinary wave-amplitude statistics1,2,3. Although considerable effort has been directed towards understanding the physics behind these mysterious and potentially destructive events, the complete picture remains uncertain. Furthermore, rogue waves have not yet been observed in other physical systems. Here, we introduce the concept of optical rogue waves, a counterpart of the infamous rare water waves. Using a new real-time detection technique, we study a system that exposes extremely steep, large waves as rare outcomes from an almost identically prepared initial population of waves. Specifically, we report the observation of rogue waves in an optical system, based on a microstructured optical fibre, near the threshold of soliton-fission supercontinuum generation4,5â€”a noise-sensitive5,6,7 nonlinear process in which extremely broadband radiation is generated from a narrowband input8. We model the generation of these rogue waves using the generalized nonlinear SchrÃ¶dinger equation9 and demonstrate that they arise infrequently from initially smooth pulses owing to power transfer seeded by a small noise perturbation.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
                        Experimental observation of optical rogue waves.
                      [image: ]


Figure 2: 
                        Simulation of optical rogue waves using the generalized nonlinear SchrÃ¶dinger equation.
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Figure 3: 
                        Timeâ€“wavelength profile of an optical rogue wave obtained from a short-time Fourier transform.
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        Editorial Summary
Catch a freak wave
Mariners have known for centuries that freak, giant waves can appear out of the blue in the ocean. The probability of encountering such a 'rogue' wave was recently found to be much larger than expected from conventional wave-amplitude statistics. In an effort to understand the physics of such events, Solli et al. investigate the concept of optical rogue waves. Using a new real-time detection technique, they study a system â€” based on a microstructured optical fibre â€” that exposes extremely steep, large optical waves as rare outcomes from an injection of a population of almost-identical optical pulses. The optical rogue waves arise when random noise perturbs the initially smooth pulses with a certain frequency shift and within a well-defined time window.
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