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            Abstract
Multidimensional solitary states (MDSS)—self-sustained wavepackets—have attracted renewed interest in many different fields of physics. They are of particular importance in nonlinear optics, especially for the nonlinear propagation of ultrashort pulses in multimode fibres, which contain rich spatiotemporal intermodal interactions and dynamics, albeit often in an unstable manner. Here, we report the observation of the formation of highly stable multidimensional solitary states in a molecular gas-filled large-core hollow-core fibre. We experimentally and numerically demonstrate the creation of MDSS by multimillijoule, subpicosecond near-infrared pulses and the underlying physics. We find that the MDSS have a broadband redshifted spectra with an uncommon negative quadratic spectral phase at the output of the hollow-core fibre, originating from Raman enhancement due to the strong intermodal nonlinear interactions. The spatial and temporal localization of MDSS enables the compression of the broadened pulses at the output to 10.8 fs by simple linear propagation in a piece of fused silica. The high spatiotemporal quality of MDSS is further verified by high-harmonic generation. Our results present new opportunities for studying multimodal spatiotemporal dynamics in the high-energy regime. This work also presents a route toward a new class of compact, tunable and high-energy spatiotemporally engineered coherent light sources based on picosecond ytterbium technology.
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                    Fig. 1: Conceptual illustration and experimental observation of MDSS.[image: ]


Fig. 2: Demonstration of MDSS creation and Raman enhancement via multidimensional interactions.[image: ]


Fig. 3: Modal evolution of the self-trapped MDSS beam using 700 fs driver pulses with 5 mJ input energy.[image: ]


Fig. 4: Temporal evolution of the self-trapped MDSS driven by 5 mJ, 700 fs pulses at 2,500 mbar.[image: ]


Fig. 5: High-harmonic generation in argon using compressed MDSS pulses.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        High-energy pulse self-compression and ultraviolet generation through soliton dynamics in hollow capillary fibres
                                        
                                    

                                    
                                        Article
                                        
                                         15 April 2019
                                    

                                

                                John C. Travers, Teodora F. Grigorova, … Federico Belli

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Formation of optical supramolecular structures in a fibre laser by tailoring long-range soliton interactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 December 2019
                                    

                                

                                W. He, M. Pang, … P. St. J. Russell

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Superradiance from lattice-confined atoms inside hollow core fibre
                                        
                                    

                                    
                                        Article
                                         Open access
                                         31 October 2019
                                    

                                

                                Shoichi Okaba, Deshui Yu, … Hidetoshi Katori

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Data availability
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