







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 18 May 2022



                    Resolving the H i in damped Lyman α systems that power star formation

                    	Rongmon Bordoloi 
            ORCID: orcid.org/0000-0002-3120-71731, 
	John M. O’Meara2, 
	Keren Sharon 
            ORCID: orcid.org/0000-0002-7559-08643, 
	Jane R. Rigby4, 
	Jeff Cooke5,6, 
	Ahmed Shaban 
            ORCID: orcid.org/0000-0002-8858-78751, 
	Mateusz Matuszewski 
            ORCID: orcid.org/0000-0003-2821-17507, 
	Luca Rizzi2, 
	Greg Doppmann2, 
	D. Christopher Martin7, 
	Anna M. Moore8, 
	Patrick Morrissey 
            ORCID: orcid.org/0000-0001-8177-10237 & 
	…
	James D. Neill 
            ORCID: orcid.org/0000-0002-0466-11197 

Show authors

                    

                    
                        
    Nature

                        volume 606, pages 59–63 (2022)Cite this article
                    

                    
        
            	
                        1898 Accesses

                    
	
                        9 Citations

                    
	
                            233 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Early universe
	Galaxies and clusters


    


                
    
    

    
    

                
            


        
            Abstract
Reservoirs of dense atomic gas (primarily hydrogen) contain approximately 90 per cent of the neutral gas at a redshift of 3, and contribute to between 2 and 3 per cent of the total baryons in the Universe1,2,3,4. These ‘damped Lyman α systems’—so called because they absorb Lyman α photons within and from background sources—have been studied for decades, but only through absorption lines present in the spectra of background quasars and γ-ray bursts5,6,7,8,9,10. Such pencil beams do not constrain the physical extent of the systems. Here we report integral-field spectroscopy of a bright, gravitationally lensed galaxy at a redshift of 2.7 with two foreground damped Lyman α systems. These systems are greater than 238 kiloparsecs squared in extent, with column densities of neutral hydrogen varying by more than an order of magnitude on scales of less than 3 kiloparsecs. The mean column densities are between 1020.46 and 1020.84 centimetres squared and the total masses are greater than 5.5 × 108–1.4 × 109 times the mass of the Sun, showing that they contain the necessary fuel for the next generation of star formation, consistent with relatively massive, low-luminosity primeval galaxies at redshifts greater than 2.
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                    Fig. 1: Spatial variation of neutral hydrogen column density.[image: ]


Fig. 2: Maps of H i and metal absorption strengths in the absorber source-plane.[image: ]


Fig. 3: Lyman α emission maps of the DLA host galaxies.[image: ]


Fig. 4: Lyman α emission from the background DLAs in their source planes.[image: ]



                


                
                    
                
            

            
                Data availability

              
              Data that support the findings of this study are publicly available at the Keck Observatory Archive, https://www2.keck.hawaii.edu/koa/public/koa.php, under project codes N083 and K338 and the Barbara A. Mikulski Archive for Space Telescope under project code GO-13003. Fully reduced data are available from the corresponding author upon request.

            

Code availability

              
              All codes used in this work are publicly available. The H i column density measurements were performed using the linetools package (https://doi.org/10.5281/zenodo.168270). Reduction and analysis of the KCWI data cubes were done using the kcwitools package (https://doi.org/10.5281/zenodo.6079396). The lensing raytracing and absorption line measurements are done using the rbcodes package (https://doi.org/10.5281/zenodo.6079264). HST image analysis and lens modelling were performed with AstroDizzle31 software and Lenstool34, respectively.
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Extended data figures and tables

Extended Data Fig. 1 Source plane reconstruction of SGAS J152745.1+065219.
a, WFC3/HST images of SGAS J152745.1+065219 in the WFC3-IR F160W, WFC3-UVIS F606W and WFC3-UVIS F475W filters32. North is up and east is to the left. The gravitational lensing critical curve is shown in red, representing areas in the image plane with extreme magnification. Three boxes mark the locations of the three partially lensed images. The lensing potential is caused by the z = 0.43 elliptical galaxy at the centre of this field, boosted by a cluster of galaxies at z = 0.39, located within 1 arcminute in projection northeast of this galaxy. b, The reconstructed source plane image of the galaxy. The source-plane caustic is marked in yellow, representing regions with extreme magnification, and defining the multiplicity of the strongly lensed source. The region interior to the cusp is lensed into three images, whereas areas outside the cusp are magnified, but not multiply imaged.


Extended Data Fig. 2 Pairwise H i column density variation versus physical separation.
Variation in H i column density between six individual pointings to the background arc as a function of physical separation between them. Error bars correspond to the ±1σ uncertainty in column density ratios. The z ≈ 2.5 DLA (blue squares) shows an order-of-magnitude variation in column density in 2–3 kpc separations. This suggests significant small-scale variation inside the DLA, at 2–3 kpc physical scales. By contrast, the z ≈ 2.05 DLA (red circles) shows very little variation in column densities across different sightlines. The red circles are offset in the x direction by 1 kpc for clarity of presentation.


Extended Data Fig. 3 Variation in metal absorption line strengths of the two DLA systems.
a–e, Metal absorption line strength variations of different ions across the arc for the z ≈ 2.5 DLA (blue squares) and the z ≈ 2.05 DLA (red circles), respectively. The physical separations are in the source-plane of the absorbers and centred on the centre of the background arc. The filled symbols are detections, and the open symbols are 2σ limits of non-detections. Error bars correspond to the ±1σ uncertainty measurement of absorption strengths. In all cases, the z ≈ 2.5 DLA exhibits much weaker metal absorption lines as compared to the z ≈ 2.05 DLA.


Extended Data Fig. 4 Spatial variation of neutral hydrogen column density of the z ≈ 2.05 DLA.
a, The extracted 1D Lyman α absorption profiles are shown for apertures A–C. The best-fit Voigt profiles with ±1σ error bounds are shown as solid green and dashed orange lines, respectively. The DLA column densities are marked in each panel and are in units of atoms cm−2. In each absorption profile, the DLA absorption trough reaches zero flux, indicating that the aperture is fully covering the DLA gas cloud. The emission spike in the middle of the absorption trough corresponds to Lyman α emission leaking out of the corresponding DLA host galaxy. b, As in a, but for apertures D–F.


Extended Data Table 1 Absorption line measurements for the z = 2.54290 DLAFull size table


Extended Data Table 2 Absorption line measurements for the z = 2.05601 DLAFull size table
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