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            Abstract
Fluorine is one of the most interesting elements for nuclear and stellar astrophysics1,2. Fluorine abundance was first measured for stars other than the Sun in 19921, then for a handful of metal-poor stars3, which are likely to have formed in the early Universe. The main production sites of fluorine are under debate and include asymptotic giant branch stars, the ν-process in core-collapse supernovae, and Wolf–Rayet stars4,5,6,7,8,9,10. Due to the difference in the mass and lifetime of progenitor stars, high-redshift observations of fluorine can help constrain the mechanism of fluorine production in massive galaxies. Here, we report the detection of HF (signal-to-noise ratio of 8) in absorption in a gravitationally lensed dusty star-forming galaxy at redshift z = 4.4 with NHF/\({N}_{{{{{\rm{H}}}}}_{2}}\) as high as ~2 × 10−9, indicating a very quick ramp-up of the chemical enrichment in this high-z galaxy. At z = 4.4, asymptotic giant branch stars of a few solar masses are very unlikely to dominate the enrichment. Instead, we show that Wolf–Rayet stars are required to produce the observed fluorine abundance at this time, with other production mechanisms becoming important at later times. These observations therefore provide an insight into the underlying processes driving the ramp-up phase of chemical enrichment alongside rapid stellar mass assembly in a young massive galaxy.
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                    Fig. 1: ALMA contours of NGP-190387.[image: ]


Fig. 2: ALMA spectrum of NGP-190387.[image: ]


Fig. 3: Overlay of the different ALMA lines.[image: ]


Fig. 4: Evolution of fluorine abundance.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A departure from the mass–metallicity relation in merging galaxies due to an infall of metal-poor gas
                                        
                                    

                                    
                                        Article
                                        
                                         08 January 2024
                                    

                                

                                Borja Pérez-Díaz, Enrique Pérez-Montero, … Ricardo Amorín

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Enrichment by extragalactic first stars in the Large Magellanic Cloud
                                        
                                    

                                    
                                        Article
                                        
                                         20 March 2024
                                    

                                

                                Anirudh Chiti, Mohammad Mardini, … Joshua D. Simon

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A white dwarf accreting planetary material determined from X-ray observations
                                        
                                    

                                    
                                        Article
                                        
                                         09 February 2022
                                    

                                

                                Tim Cunningham, Peter J. Wheatley, … Dimitri Veras

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Data availability

              
              This paper makes use of the following ALMA data: ADS/JAO.ALMA#2017.1.00510.S, archived at https://almascience.nrao.edu/alma-data/archive. Tabulated spectral data used in this study are provided at https://github.com/maximilienfranco/f21_fluorine_spectrum.

            

Code availability

              
              The ALMA data are processed using the CASA ALMA pipeline (v.5.6.1-8) available at https://almascience.nrao.edu/processing/science-pipeline. The lens model was produced using the VISILENS package publicly available at https://github.com/jspilker/visilens/.
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