







    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: 19 August 2015



                    Growing the gas-giant planets by the gradual accumulation of pebbles

                    	Harold F. Levison1, 
	Katherine A. Kretke1 & 
	Martin J. Duncan2Â 



                    

                    
                        
    Nature

                        volumeÂ 524,Â pages 322â€“324 (2015)Cite this article
                    

                    
        
            	
                        6208 Accesses

                    
	
                        186 Citations

                    
	
                            234 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Early solar system
	Giant planets


    


                
    
    

    
    

                
            


        
            Abstract
It is widely held that the first step in forming gas-giant planets, such as Jupiter and Saturn, was the production of solid â€˜coresâ€™ each with a mass roughly ten times that of the Earth1,2. Getting the cores to form before the solar nebula dissipates (in about one to ten million years; ref. 3) has been a major challenge for planet formation models4,5. Recently models have emerged in which â€˜pebblesâ€™ (centimetre-to-metre-sized objects) are first concentrated by aerodynamic drag and then gravitationally collapse to form objects 100 to 1,000 kilometres in size6,7,8,9. These â€˜planetesimalsâ€™ can then efficiently accrete left-over pebbles10 and directly form the cores of giant planets11,12. This model is known as â€˜pebble accretionâ€™; theoretically, it can produce cores of ten Earth masses in only a few thousand years11,13. Unfortunately, full simulations of this process13 show that, rather than creating a few such cores, it produces a population of hundreds of Earth-mass objects that are inconsistent with the structure of the Solar System. Here we report that this difficulty can be overcome if pebbles form slowly enough to allow the planetesimals to gravitationally interact with one another. In this situation, the largest planetesimals have time to scatter their smaller siblings out of the disk of pebbles, thereby stifling their growth. Our models show that, for a large and physically reasonable region of parameter space, this typically leads to the formation of one to four gas giants between 5 and 15 astronomical units from the Sun, in agreement with the observed structure of the Solar System.
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                    Figure 1: The cumulative mass distribution of planetesimals and embryos.


Figure 2: The vertical distribution of pebbles and embryos.


Figure 3: Embryo growth rate as a function of mass.
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