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            Abstract
Jupiter’s atmosphere is rotating differentially, with zones and belts rotating at speeds that differ by up to 100 metres per second. Whether this is also true of the gas giant’s interior has been unknown1,2, limiting our ability to probe the structure and composition of the planet3,4. The discovery by the Juno spacecraft that Jupiter’s gravity field is north–south asymmetric5 and the determination of its non-zero odd gravitational harmonics J3, J5, J7 and J9 demonstrates that the observed zonal cloud flow must persist to a depth of about 3,000 kilometres from the cloud tops6. Here we report an analysis of Jupiter’s even gravitational harmonics J4, J6, J8 and J10 as observed by Juno5 and compared to the predictions of interior models. We find that the deep interior of the planet rotates nearly as a rigid body, with differential rotation decreasing by at least an order of magnitude compared to the atmosphere. Moreover, we find that the atmospheric zonal flow extends to more than 2,000 kilometres and to less than 3,500 kilometres, making it fully consistent with the constraints obtained independently from the odd gravitational harmonics. This depth corresponds to the point at which the electric conductivity becomes large and magnetic drag should suppress differential rotation7. Given that electric conductivity is dependent on planetary mass, we expect the outer, differentially rotating region to be at least three times deeper in Saturn and to be shallower in massive giant planets and brown dwarfs.
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                    Figure 1: Jupiter’s gravitational harmonics J2 to J10.[image: ]


Figure 2: Constraint on the depth H of Jupiter’s zonal flow obtained from interior models and Juno’s even gravitational harmonics.[image: ]


Figure 3: Ensemble of interior models of Jupiter fitting the even gravitational harmonics J2 to J10[image: ]
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Extended data figures and tables

Extended Data Figure 1 Validation of the calculation of gravitational harmonics with the CEPAM method.
The four panels provide a comparison of gravitational harmonics J2 to J10 calculated with various methods: CEPAM models with 241 radial layers (black points), CMS models with 800 layers (grey points), CEPAM models with 1,041 layers (red crosses), and CMS calculations for the CEPAM models with 1,041 layers (blue circles).


Extended Data Figure 2 Constraint on the characteristic amplitude of deep differential rotation in Jupiter.
The red curves show the likelihood of models (y axis) in which to the differentially rotating outer region constrained by Juno’s odd harmonics6 we add a deeper cylindrical flow of amplitude v (x axis). The dashed red curve uses 1σ error bars. The solid red curve considers an extended ensemble of possibilities for the outer flow6 with solutions up to 3σ. In both cases, the model favours v <6 m s−1. The blue curve shows the same model but without the added outer layer. That model also favours low-amplitude winds but is found to be 4 × 104 times less likely than the model including the differentially rotating outer region.


Extended Data Table 1 Parameters used for the calculation of interior modelsFull size table


Extended Data Table 2 Comparison of model gravitational harmonicsFull size table





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Guillot, T., Miguel, Y., Militzer, B. et al. A suppression of differential rotation in Jupiter’s deep interior.
                    Nature 555, 227–230 (2018). https://doi.org/10.1038/nature25775
Download citation
	Received: 19 September 2017

	Accepted: 17 January 2018

	Published: 08 March 2018

	Issue Date: 08 March 2018

	DOI: https://doi.org/10.1038/nature25775


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Tidal Dissipation in Giant Planets
                                    
                                

                            
                                
                                    	Jim Fuller
	Tristan Guillot
	Carl Murray


                                
                                Space Science Reviews (2024)

                            
	
                            
                                
                                    
                                        Observational evidence for cylindrically oriented zonal flows on Jupiter
                                    
                                

                            
                                
                                    	Y. Kaspi
	E. Galanti
	S. J. Bolton


                                
                                Nature Astronomy (2023)

                            
	
                            
                                
                                    
                                        An intense narrow equatorial jet in Jupiter’s lower stratosphere observed by JWST
                                    
                                

                            
                                
                                    	Ricardo Hueso
	Agustín Sánchez-Lavega
	Kunio M. Sayanagi


                                
                                Nature Astronomy (2023)

                            
	
                            
                                
                                    
                                        Jupiter Science Enabled by ESA’s Jupiter Icy Moons Explorer
                                    
                                

                            
                                
                                    	Leigh N. Fletcher
	Thibault Cavalié
	Marc Costa


                                
                                Space Science Reviews (2023)

                            
	
                            
                                
                                    
                                        Uranus and Neptune are key to understand planets with hydrogen atmospheres
                                    
                                

                            
                                
                                    	Tristan Guillot


                                
                                Experimental Astronomy (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Probing the depths of Jupiter
The Juno mission set out to probe the hidden properties of Jupiter, such as its gravitational field, the depth of its atmospheric jets and its composition beneath the clouds. A collection of papers in this week's issue report some of the mission's key findings. Jupiter's gravitational field varies from pole to pole, but the cause of this asymmetry is unknown. Rotating planets that are squashed at the poles like Jupiter can have a gravity field that is characterized by a solid-body component, plus components that arise from motions in the atmosphere. Luciano Iess and colleagues use Juno's Doppler tracking data to determine Jupiter's gravity harmonics. They find that the north–south asymmetry arises from atmospheric and interior wind flows. To determine the depths of these flows, Yohai Kaspi and colleagues analyse the odd gravitational harmonics and find that the J3, J5, J7 and J9 harmonics are consistent with the jets extending deep into the atmosphere, perhaps as far as 3,000 kilometres. They conclude that the mass of Jupiter's dynamical atmosphere is about one per cent of Jupiter's total mass. The composition of Jupiter beneath its turbulent atmosphere remains a mystery. If different parts of a spinning object rotate at different rates, then the object probably has a fluid composition. Tristan Guillot and colleagues study the even gravitational harmonics and find that, below a depth of about 3,000 kilometres, Jupiter is rotating almost as a solid body. The atmospheric zonal flows extend downwards by more than 2,000 kilometres, but not beyond 3,500 kilometres, as is also the case with the jets.
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