







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 16 October 2017



                    Spectroscopic identification of r-process nucleosynthesis in a double neutron-star merger

                    	E. Pian1, 
	P. D’Avanzo2, 
	S. Benetti3, 
	M. Branchesi4,5, 
	E. Brocato6, 
	S. Campana2, 
	E. Cappellaro3, 
	S. Covino2, 
	V. D’Elia6,7, 
	J. P. U. Fynbo8, 
	F. Getman9, 
	G. Ghirlanda2, 
	G. Ghisellini2, 
	A. Grado9, 
	G. Greco10,11, 
	J. Hjorth8, 
	C. Kouveliotou12, 
	A. Levan13, 
	L. Limatola9, 
	D. Malesani8, 
	P. A. Mazzali14,15, 
	A. Melandri2, 
	P. Møller16, 
	L. Nicastro1, 
	E. Palazzi1, 
	S. Piranomonte6, 
	A. Rossi1, 
	O. S. Salafia2,17, 
	J. Selsing8, 
	G. Stratta10,11, 
	M. Tanaka18, 
	N. R. Tanvir19, 
	L. Tomasella3, 
	D. Watson8, 
	S. Yang20,21, 
	L. Amati1, 
	L. A. Antonelli6, 
	S. Ascenzi6,22,23, 
	M. G. Bernardini2,24, 
	M. Boër25, 
	F. Bufano26, 
	A. Bulgarelli1, 
	M. Capaccioli9,27, 
	P. Casella6, 
	A. J. Castro-Tirado28, 
	E. Chassande-Mottin29, 
	R. Ciolfi3,30, 
	C. M. Copperwheat14, 
	M. Dadina1, 
	G. De Cesare1, 
	A. Di Paola6, 
	Y. Z. Fan31, 
	B. Gendre32, 
	G. Giuffrida6, 
	A. Giunta6, 
	L. K. Hunt33, 
	G. L. Israel6, 
	Z.-P. Jin31, 
	M. M. Kasliwal34, 
	S. Klose35, 
	M. Lisi6, 
	F. Longo36, 
	E. Maiorano1, 
	M. Mapelli3,37, 
	N. Masetti1,38, 
	L. Nava2,39, 
	B. Patricelli40, 
	D. Perley14, 
	A. Pescalli2,41, 
	T. Piran42, 
	A. Possenti43, 
	L. Pulone6, 
	M. Razzano40, 
	R. Salvaterra44, 
	P. Schipani9, 
	M. Spera3, 
	A. Stamerra40,45, 
	L. Stella6, 
	G. Tagliaferri2, 
	V. Testa6, 
	E. Troja46, 
	M. Turatto3, 
	S. D. Vergani2,47 & 
	…
	D. Vergani1 

Show authors

                    

                    
                        
    Nature

                        volume 551, pages 67–70 (2017)Cite this article
                    

                    
        
            	
                        18k Accesses

                    
	
                        619 Citations

                    
	
                            61 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	High-energy astrophysics
	Stars


    


                
    
    

    
    

                
            


        
            Abstract
The merger of two neutron stars is predicted to give rise to three major detectable phenomena: a short burst of γ-rays, a gravitational-wave signal, and a transient optical–near-infrared source powered by the synthesis of large amounts of very heavy elements via rapid neutron capture (the r-process)1,2,3. Such transients, named ‘macronovae’ or ‘kilonovae’4,5,6,7, are believed to be centres of production of rare elements such as gold and platinum8. The most compelling evidence so far for a kilonova was a very faint near-infrared rebrightening in the afterglow of a short γ-ray burst9,10 at redshift z = 0.356, although findings indicating bluer events have been reported11. Here we report the spectral identification and describe the physical properties of a bright kilonova associated with the gravitational-wave source12 GW170817 and γ-ray burst13,14 GRB 170817A associated with a galaxy at a distance of 40 megaparsecs from Earth. Using a series of spectra from ground-based observatories covering the wavelength range from the ultraviolet to the near-infrared, we find that the kilonova is characterized by rapidly expanding ejecta with spectral features similar to those predicted by current models15,16. The ejecta is optically thick early on, with a velocity of about 0.2 times light speed, and reaches a radius of about 50 astronomical units in only 1.5 days. As the ejecta expands, broad absorption-like lines appear on the spectral continuum, indicating atomic species produced by nucleosynthesis that occurs in the post-merger fast-moving dynamical ejecta and in two slower (0.05 times light speed) wind regions. Comparison with spectral models suggests that the merger ejected 0.03 to 0.05 solar masses of material, including high-opacity lanthanides.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more



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: Multiband optical light curve of AT 2017gfo.


Figure 2: Time evolution of the AT 2017gfo spectra.


Figure 3: Kilonova models compared with the AT 2017gfo spectra.
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Extended data figures and tables

Extended Data Figure 1 Image of the NGC 4993 galaxy.
The image was obtained with the X-shooter acquisition camera (z filter). The X-shooter slit is overlaid as a rectangle. The position of the optical transient is marked by a blue circle. The position of the line emission in the slit is marked by an ellipse. The dust lanes that are visible in the host intersect the slit at the position of the line emission.


Extended Data Figure 2 Blackbody fit to the AT 2017gfo spectra.
The two early X-shooter spectra of GW170817, obtained 1.5 and 3.5 days after discovery, are compared with the spectra of the type-Ib supernova SN 2008D59, obtained 2–5 days after the explosion (light grey, arbitrarily scaled in flux, ×10−16). The shaded areas represent wavelength intervals with low atmospheric transmission. The dotted green lines show the black-body fits of the optical continuum of GW170817 with temperature 5,000 K and 3,200 K.


Extended Data Figure 3 Two-dimensional image of the AT 2017gfo spectrum.
Top, the rectified, X-shooter two-dimensional image. The dark line visible across the entire spectral window is the bright continuum of the optical transient and the offset. The dark green blobs indicate the position of the line emission from N ii λ ≈ 6,549 Å, Hα and N ii λ ≈ 6,583 Å. Bottom, the line emission and the line fits. The integrated line fluxes are given, normalized by a factor of 10−17 for clarity. The error bars on the black points represent the individual 1σ spectral uncertainties. The blue shaded area represents 1σ uncertainty.


Extended Data Figure 4 Off-axis GRB afterglow model.
Synthetic X-ray (black curve), optical (dark grey curve) and radio (light grey curve) light curves of the GRB afterglow, as predicted by an off-axis jet model, derived using standard afterglow dynamics and radiation codes78. The filled circle shows the X-ray detection23 and the squares with arrows show two representative radio upper limits76,77.


Extended Data Table 1 Log of photometric observationsFull size table


Extended Data Table 2 Log of spectroscopic observationsFull size table





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3
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Merging neutron stars are potential sources of gravitational waves and have long been predicted to produce jets of material as part of a low-luminosity transient known as a 'kilonova'. There is growing evidence that neutron-star mergers also give rise to short, hard gamma-ray bursts. A group of papers in this issue report observations of a transient associated with the gravitational-wave event GW170817—a signature of two neutron stars merging and a gamma-ray flash—that was detected in August 2017. The observed gamma-ray, X-ray, optical and infrared radiation signatures support the predictions of an outflow of matter from double neutron-star mergers and present a clear origin for gamma-ray bursts. Previous predictions differ over whether the jet material would combine to form light or heavy elements. These papers now show that the early part of the outflow was associated with lighter elements whereas the later observations can be explained by heavier elements, the origins of which have been uncertain. However, one paper (by Stephen Smartt and colleagues) argues that only light elements are needed for the entire event. Additionally, Eleonora Troja and colleagues report X-ray observations and radio emissions that suggest that the 'kilonova' jet was observed off-axis, which could explain why gamma-ray-burst detections are seen as dim.
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