







    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 Astronomy]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature astronomy

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 11 January 2021



                    An investigation of spectral line stacking techniques and application to the detection of HC11N

                    	Ryan A. LoomisÂ 
            ORCID: orcid.org/0000-0002-8932-12191, 
	Andrew M. BurkhardtÂ 
            ORCID: orcid.org/0000-0003-0799-09272, 
	Christopher N. Shingledecker3,4,5, 
	Steven B. Charnley6, 
	Martin A. CordinerÂ 
            ORCID: orcid.org/0000-0001-8233-24366,7, 
	Eric Herbst8,9, 
	Sergei Kalenskii10, 
	Kin Long Kelvin Lee2, 
	Eric R. WillisÂ 
            ORCID: orcid.org/0000-0002-7475-39088, 
	Ci XueÂ 
            ORCID: orcid.org/0000-0003-2760-21198, 
	Anthony J. Remijan2, 
	Michael C. McCarthyÂ 
            ORCID: orcid.org/0000-0001-9142-00082 & 
	â€¦
	Brett A. McGuireÂ 
            ORCID: orcid.org/0000-0003-1254-48171,2,11Â 

Show authors

                    

                    
                        
    Nature Astronomy

                        volumeÂ 5,Â pages 188â€“196 (2021)Cite this article
                    

                    
        
            	
                        1157 Accesses

                    
	
                        50 Citations

                    
	
                            42 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Astronomy and astrophysics
	Interstellar medium


    


                
    
    

    
    

                
            


        
            Abstract
As the inventory of interstellar molecules continues to grow, the gulf between small species, whose individual rotational lines can be observed with radio telescopes, and large ones, such as polycyclic aromatic hydrocarbons best studied in bulk via infrared and optical observations, is slowly being bridged. Understanding the connection between these two molecular reservoirs is critical to understanding the interstellar carbon cycle, but will require pushing the boundaries of how far we can probe molecular complexity while still retaining observational specificity. Towards this end, we present a method for detecting and characterizing new molecular species in single-dish observations towards sources with sparse line spectra. We have applied this method to data from the ongoing GOTHAM (GBT Observations of TMC-1: Hunting Aromatic Molecules) Green Bank Telescope large programme, discovering six new interstellar species. Here we highlight the detection of HC11N, the largest cyanopolyyne in the interstellar medium.
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                    Fig. 1: Schematic diagram of our method for molecular detection and characterization.[image: ]


Fig. 2: Schematic showing two spatial distribution regimes into which the emission from TMC-1 may fall and the approximations we use in our analysis.[image: ]


Fig. 3: Individual line detections of HC9N in the GOTHAM data.[image: ]


Fig. 4: HC9N spectra in TMC-1.[image: ]


Fig. 5: Fractional modification to rotational constants plotted versus normalized matched filter response.[image: ]


Fig. 6: Individual line observations of HC11N in the GOTHAM data.[image: ]


Fig. 7: HC11N spectra in TMC-1.[image: ]


Fig. 8: A comparison of cyanopolyyne column densities in TMC-1 from observations and a chemical model.[image: ]
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                Data availability

              
              The datasets analysed during the current study are available in the Green Bank Telescope archive (https://archive.nrao.edu/archive/advquery.jsp; PI: B.A.M.). A user manual for their reduction and analysis is also available (https://greenbankobservatory.org/science/gbt-observers/visitor-facilities-policies/data-reduction-gbt-using-idl/). The complete, reduced survey data in the X band are available as supplementary information in ref. 8. The individual portions of the reduced spectra used in the analysis of the individual species presented here are available in the Harvard Dataverse Archive42.

            

Code availability

              
              All the codes used in the MCMC fitting and stacking analysis presented in this paper are open source and publicly available at https://github.com/ryanaloomis/TMC1_mcmc_fitting. The open source code for our spectral simulator can be found at https://github.com/ryanaloomis/spectral_simulator.
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Extended data

Extended Data Fig. 1 Parameter covariances and marginalized posterior distributions for the HC9N MCMC fit.
16th, 50th, and 84th confidence intervals (corresponding to Â± 1 sigma for a Gaussian posterior distribution) are shown as vertical lines.


Extended Data Fig. 2 HC9N best-fit parameters from MCMC analysis.
The quoted uncertainties represent the 16th and 84th percentile (1Ïƒ for a Gaussian distribution) uncertainties. â€ Column density values are highly covariant with the derived source sizes. The marginalized uncertainties on the column densities are therefore dominated by the largely unconstrained nature of the source sizes, and not by the signal-to-noise of the observations. â€¡Uncertainties derived by adding the uncertainties of the individual components in quadrature.


Extended Data Fig. 3 Parameter covariances and marginalized posterior distributions for the HC13N MCMC fit.
The 97.8th confidence interval (corresponding to 2Ïƒ for a Gaussian posterior distribution) is shown as a vertical line.


Extended Data Fig. 4 Parameter covariances and marginalized posterior distributions for the HC11N MCMC fit.
16th, 50th, and 84th confidence intervals (corresponding to Â± 1Ïƒ for a Gaussian posterior distribution) are shown as vertical lines.


Extended Data Fig. 5 HC11N best-fit parameters from MCMC analysis.
The quoted uncertainties represent the 16th and 84th percentile (1Ïƒ for a Gaussian distribution) uncertainties. Values in the table are also available in the files provided at ref. 42. â€ Column density values are highly covariant with the derived source sizes. The marginalized uncertainties on the column densities are therefore dominated by the largely unconstrained nature of the source sizes, and not by the signal-to-noise of the observations. â€¡Uncertainties derived by adding the uncertainties of the individual components in quadrature.
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