







    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: 12 October 2022



                    General-relativistic precession in a black-hole binary

                    	Mark Hannam 
            ORCID: orcid.org/0000-0001-5571-325X1 na1, 
	Charlie Hoy1 na1, 
	Jonathan E. Thompson1 na1, 
	Stephen Fairhurst 
            ORCID: orcid.org/0000-0001-8480-19611, 
	Vivien Raymond1, 
	Marta Colleoni2, 
	Derek Davis3, 
	Héctor Estellés2, 
	Carl-Johan Haster4, 
	Adrian Helmling-Cornell5, 
	Sascha Husa2, 
	David Keitel2, 
	T. J. Massinger4, 
	Alexis Menéndez-Vázquez6, 
	Kentaro Mogushi7, 
	Serguei Ossokine8, 
	Ethan Payne3, 
	Geraint Pratten9, 
	Isobel Romero-Shaw10,11,12, 
	Jam Sadiq13, 
	Patricia Schmidt9, 
	Rodrigo Tenorio2, 
	Richard Udall3, 
	John Veitch14, 
	Daniel Williams14, 
	Anjali Balasaheb Yelikar15 & 
	…
	Aaron Zimmerman16 

Show authors

                    

                    
                        
    Nature

                        volume 610, pages 652–655 (2022)Cite this article
                    

                    
        
            	
                        4654 Accesses

                    
	
                        35 Citations

                    
	
                            361 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Compact astrophysical objects
	General relativity and gravity


    


                
    
    

    
    

                
            


        
            Abstract
The general-relativistic phenomenon of spin-induced orbital precession has not yet been observed in strong-field gravity. Gravitational-wave observations of binary black holes (BBHs) are prime candidates, as we expect the astrophysical binary population to contain precessing binaries1,2. Imprints of precession have been investigated in several signals3,4,5, but no definitive identification of orbital precession has been reported in any of the 84 BBH observations so far5,6,7 by the Advanced LIGO and Virgo detectors8,9. Here we report the measurement of strong-field precession in the LIGO–Virgo–Kagra gravitational-wave signal GW200129. The binary’s orbit precesses at a rate ten orders of magnitude faster than previous weak-field measurements from binary pulsars10,11,12,13. We also find that the primary black hole is probably highly spinning. According to current binary population estimates, a GW200129-like signal is extremely unlikely, and therefore presents a direct challenge to many current binary-formation models.
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                    Fig. 1: Precession frequency of GW200129.[image: ]


Fig. 2: The magnitude and tilt of the spin of the larger black hole.[image: ]


Fig. 3: Anatomy of GW200129.[image: ]
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              The posterior samples from the analyses performed in this work are available on Zenodo at https://zenodo.org/record/6672460. Public documentation is available at https://data.cardiffgravity.org/GW200129-precession/.
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Extended data figures and tables

Extended Data Fig. 1 Mismatches between waveform models and numerical-relativity waveforms.
Mismatches between three waveform models, and five waveforms from numerical-relativity simulations. The simulations were of binaries with mass-ratio 1:2, and varying values of the in-plane spin magnitude on the primary black hole, a1⊥/m1, which is what drives precession. The dotted line shows the accuracy threshold assuming eight degrees of freedom, and the dashed-dotted line the threshold assuming only four degrees of freedom (see text for discussion). Only the NRSur7dq4 is well within the accuracy thresholds for GW200129.


Extended Data Fig. 2 Mismatches between the most accurate waveform model and those used in the LVK analysis.
Mismatches between theoretical signals (calculated using the NRSur7dq4 model) against the PhenomXPHM and SEOBNRv4PHM models. The model parameters are those recovered from our analysis of GW200129, but with a range of values of the primary spin magnitude a1/m1. We see that neither model meets the accuracy thresholds for GW200129 at high spins, but the better agreement of PhenomXPHM is consistent with it recovering results closer to those reported in this work.


Extended Data Fig. 3 Comparison between GW200129 results and those from a model-waveform injection.
One-dimensional posterior distributions for the primary black hole’s spin, a1/m1, and the binary’s mass ratio, q = m2/m1 ≤ 1, from a parameter-estimation analysis of GW200129 in raw detector data starting at 30 Hz, and an idealized zero-noise injection. The main results for the three-detector network (left) are broadly consistent between the real data and the injection. We also find in both the real data and the injection that analysis of a Hanford-Virgo-only analysis (middle) prefers equal-mass binaries and much weaker evidence for precession, while a Livingston-Virgo-only analysis (right) identifies an unequal-mass precessing binary; this can be explained by the lower SNR in Hanford (14.6, vs 21.2 in Livingston), which reduces the measurability of precession.
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