







    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: 24 June 2020



                    A planet within the debris disk around the pre-main-sequence star AU Microscopii

                    	Peter Plavchan 
            ORCID: orcid.org/0000-0002-8864-16671, 
	Thomas Barclay 
            ORCID: orcid.org/0000-0001-7139-27242,13, 
	Jonathan Gagné3, 
	Peter Gao 
            ORCID: orcid.org/0000-0002-8518-96014, 
	Bryson Cale1, 
	William Matzko1, 
	Diana Dragomir5,6, 
	Sam Quinn7, 
	Dax Feliz8, 
	Keivan Stassun 
            ORCID: orcid.org/0000-0002-3481-90528, 
	Ian J. M. Crossfield5,9, 
	David A. Berardo5, 
	David W. Latham7, 
	Ben Tieu1, 
	Guillem Anglada-Escudé 
            ORCID: orcid.org/0000-0002-3645-597710, 
	George Ricker5, 
	Roland Vanderspek5, 
	Sara Seager 
            ORCID: orcid.org/0000-0002-6892-69485, 
	Joshua N. Winn11, 
	Jon M. Jenkins 
            ORCID: orcid.org/0000-0002-4715-946012, 
	Stephen Rinehart13, 
	Akshata Krishnamurthy5, 
	Scott Dynes5, 
	John Doty13, 
	Fred Adams14, 
	Dennis A. Afanasev13, 
	Chas Beichman15,16, 
	Mike Bottom17, 
	Brendan P. Bowler18, 
	Carolyn Brinkworth19, 
	Carolyn J. Brown20, 
	Andrew Cancino21, 
	David R. Ciardi16, 
	Mark Clampin13, 
	Jake T. Clark20, 
	Karen Collins 
            ORCID: orcid.org/0000-0001-6588-95747, 
	Cassy Davison22, 
	Daniel Foreman-Mackey23, 
	Elise Furlan15, 
	Eric J. Gaidos24, 
	Claire Geneser25, 
	Frank Giddens21, 
	Emily Gilbert26, 
	Ryan Hall22, 
	Coel Hellier27, 
	Todd Henry28, 
	Jonathan Horner20, 
	Andrew W. Howard29, 
	Chelsea Huang5, 
	Joseph Huber21, 
	Stephen R. Kane30, 
	Matthew Kenworthy 
            ORCID: orcid.org/0000-0002-7064-827031, 
	John Kielkopf 
            ORCID: orcid.org/0000-0003-0497-265132, 
	David Kipping33, 
	Chris Klenke21, 
	Ethan Kruse13, 
	Natasha Latouf1, 
	Patrick Lowrance34, 
	Bertrand Mennesson15, 
	Matthew Mengel20, 
	Sean M. Mills29, 
	Tim Morton35, 
	Norio Narita 
            ORCID: orcid.org/0000-0001-8511-298136,37,38,39,40, 
	Elisabeth Newton41, 
	America Nishimoto21, 
	Jack Okumura20, 
	Enric Palle40, 
	Joshua Pepper 
            ORCID: orcid.org/0000-0002-3827-841742, 
	Elisa V. Quintana13, 
	Aki Roberge 
            ORCID: orcid.org/0000-0002-2989-372513, 
	Veronica Roccatagliata43,44,45, 
	Joshua E. Schlieder13, 
	Angelle Tanner25, 
	Johanna Teske46, 
	C. G. Tinney47, 
	Andrew Vanderburg18, 
	Kaspar von Braun48, 
	Bernie Walp49, 
	Jason Wang 
            ORCID: orcid.org/0000-0003-0774-65024,29, 
	Sharon Xuesong Wang 
            ORCID: orcid.org/0000-0002-6937-903446, 
	Denise Weigand21, 
	Russel White22, 
	Robert A. Wittenmyer20, 
	Duncan J. Wright20, 
	Allison Youngblood13, 
	Hui Zhang50 & 
	…
	Perri Zilberman 
            ORCID: orcid.org/0000-0003-4714-067951 

Show authors

                    

                    
                        
    Nature

                        volume 582, pages 497–500 (2020)Cite this article
                    

                    
        
            	
                        4714 Accesses

                    
	
                        141 Citations

                    
	
                            568 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Exoplanets
	Stars
	Time-domain astronomy


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Publisher Correction to this article was published on 15 July 2020

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
AU Microscopii (AU Mic) is the second closest pre-main-sequence star, at a distance of 9.79 parsecs and with an age of 22 million years1. AU Mic possesses a relatively rare2 and spatially resolved3 edge-on debris disk extending from about 35 to 210 astronomical units from the star4, and with clumps exhibiting non-Keplerian motion5,6,7. Detection of newly formed planets around such a star is challenged by the presence of spots, plage, flares and other manifestations of magnetic ‘activity’ on the star8,9. Here we report observations of a planet transiting AU Mic. The transiting planet, AU Mic b, has an orbital period of 8.46 days, an orbital distance of 0.07 astronomical units, a radius of 0.4 Jupiter radii, and a mass of less than 0.18 Jupiter masses at 3σ confidence. Our observations of a planet co-existing with a debris disk offer the opportunity to test the predictions of current models of planet formation and evolution.
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                    Fig. 1: TESS light curve for AU Mic.[image: ]


Fig. 2: Light curves of the transits of AU Mic b, and a separate, candidate transit event.[image: ]


Fig. 3: Mass–radius diagram showing AU Mic b in the context of ‘mature’ exoplanets and known young exoplanets.[image: ]
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                Data availability

              
              In addition to the figure data available, all raw spectroscopic data are available either in the associated observatory archive or upon request from the corresponding author. The TESS light curve is available at the MAST archive, and the SuperWASP light curve is available at the NASA Exoplanet Archive. Source data are provided with this paper.
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Extended data figures and tables

Extended Data Fig. 1 TESS and Spitzer light curves for AU Mic centred on four transit events.
a, b, Two TESS transits (respectively 1 and 2) for AU Mic b, with the model components plotted as indicated in the key. A flare is present during the egress of the first transit of AU Mic b, and a flare is present just after the ingress during the second transit of AU Mic b. Although this is unfortunate timing, flares of this amplitude are pervasive throughout the TESS light curve for AU Mic, and complicate the recovery of these events from automated transit search algorithms. c, The Spitzer transit observation of AU Mic b. The deviations in transit are not instrumental and will be the subject of a future paper, and are likely to be related to the planet crossing large active regions on the stellar surface (key from a and b applies here). d, The ~1 p.p.t. candidate single transit event seen in the TESS light curve. For all panels, 1σ measurement uncertainties are suppressed for visual clarity and are <1 p.p.t. 1σ model uncertainties in transit are shown as shaded regions.
Source data


Extended Data Fig. 2 MCMC corner plot for custom combined Spitzer and TESS light-curve analysis for AU Mic.
The full set of model parameters are shown, with the posterior probability distributions along the diagonal, the others are the two-dimensional parameter covariance plots.
Source data


Extended Data Fig. 3 One season (July to October 2007) of SuperWASP light curves for AU Mic from the NASA Exoplanet Archive, phase-folded to the rotation period of the star.
Measurements with large photometric uncertainties (>5%) have been excluded from the plot. 1σ measurement uncertainties are suppressed for visual clarity and are typically <1% but occasionally up to 5% at phases where there is more apparent vertical scatter in the measurement values themselves.
Source data


Extended Data Fig. 4 Correlation plots of the standard HARPS stellar activity indicators with the RVs.
The bisector values for the cross-correlation function (‘CCF bisector’), but not the activity indicators (Hα, Na D, Ca ii H and K), show a correlation with the RVs, with substantial remaining scatter. Formal uncertainties are smaller than the plotted symbols.
Source data


Extended Data Fig. 5 Correlation plots of the HARPS activity indicators with each other.
The activity indicators Ca ii H and K, Hα, and Na D are strongly correlated with one another, but not with the RVs or with the CCF bisector.
Source data


Extended Data Fig. 6 The HARPS RVs and standard activity indicators, phase folded to the rotation period of the star.
Blue circles, HARPS RVs; black circles, standard activity indicators. None of the activity indicators show a statistically significant trend with the period of AU Mic b. The Ca and Na activity indicators appear to show (by eye) some cyclic variation with the rotation period of the star. Formal uncertainties are smaller than the plotted symbols.
Source data


Extended Data Fig. 7 RV time-series of AU Mic, with fitting residuals, and phased to the orbital period of AU Mic b.
Shown are data from three spectrometers: iSHELL (yellow circles), HIRES (black circles) and HARPS (red squares). Uncertainties shown are 1σ for HARPS and iSHELL. For HIRES, a 5 m s−1 minimum 1σ uncertainty is adopted, although the formal 1σ uncertainties are smaller for all but one epoch at 5.43 m s−1. The maximum-likelihood best fit model is overlaid in blue, with shaded regions indicating the 1σ model confidence interval, with a separate GP for each dataset indicated with different coloured shaded regions. b, Model-subtracted residuals, with the same colours as in a. Because our RVs are undersampled with respect to the stellar rotation period38, the GP best-fit model overfits the AU Mic RV time-series. c, RV measurements are phased to the orbital period of AU Mic b, and binned in phase (red circles). The blue curve is a maximum-likelihood best-fit circular orbit model, after subtracting the best fit GP model of stellar activity and the modelled instrument offsets. The plot is labelled with the best-fit orbital period Pb, velocity semi-amplitude Kb, and the assumed circular orbit (eb = 0).
Source data


Extended Data Fig. 8 RADVEL MCMC corner plot for the model parameters for the iSHELL, HARPS and HIRES RV datasets.
Along the diagonal are the one-dimensional posterior probability distributions for a given model parameter; the others are the two-dimensional parameter covariance plots.
Source data


Extended Data Fig. 9 Photometric variability amplitudes obtained contemporaneously in four different bandpasses.
The amplitudes (black squares) are from ref. 21. The horizontal error bars correspond to the effective bandpass widths, and the 1σ vertical error bars are set to 1 mmag. A 1/λ trend is shown in red, as would be expected for cool starspots with relatively small temperature contrast35.
Source data


Extended Data Table 1 Model comparison resultsFull size table
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