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            Abstract
It has often been stated that Saturn's magnetosphere and aurorae are intermediate between those of Earth, where the dominant processes are solar wind driven1, and those of Jupiter, where processes are driven by a large source of internal plasma2,3,4. But this view is based on information about Saturn that is far inferior to what is now available. Here we report ultraviolet images of Saturn, which, when combined with simultaneous Cassini measurements of the solar wind5 and Saturn kilometric radio emission6, demonstrate that its aurorae differ morphologically from those of both Earth and Jupiter. Saturn's auroral emissions vary slowly; some features appear in partial corotation whereas others are fixed to the solar wind direction; the auroral oval shifts quickly in latitude; and the aurora is often not centred on the magnetic pole nor closed on itself. In response to a large increase in solar wind dynamic pressure5 Saturn's aurora brightened dramatically, the brightest auroral emissions moved to higher latitudes, and the dawn side polar regions were filled with intense emissions. The brightening is reminiscent of terrestrial aurorae, but the other two variations are not. Rather than being intermediate between the Earth and Jupiter, Saturn's auroral emissions behave fundamentally differently from those at the other planets.
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                    Figure 1: Ultraviolet images of Saturn's southern aurora from HST STIS.[image: ]


Figure 2: Variations in Saturn's auroral power and radius of the oval.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Detection of the infrared aurora at Uranus with Keck-NIRSPEC
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 October 2023
                                    

                                

                                Emma M. Thomas, Henrik Melin, … Steve Miller

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Global upper-atmospheric heating on Jupiter by the polar aurorae
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 August 2021
                                    

                                

                                J. O’Donoghue, L. Moore, … C. Tao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Active auroral arc powered by accelerated electrons from very high altitudes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 January 2021
                                    

                                

                                Shun Imajo, Yoshizumi Miyoshi, … Tomoaki Hori

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Milan, S. E. et al. Variations in polar cap area during two substorm cycles. Ann. Geophys. 21, 1121–1140 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Hill, T. W. Auroral structures at Jupiter and Earth. Adv. Space Res. 33, 2021–2031 (2004)
Article 
    ADS 
    
                    Google Scholar 
                

	Hill, T. W. The Jovian auroral oval. J. Geophys. Res. 106, 8101–8107 (2001)
Article 
    ADS 
    
                    Google Scholar 
                

	Cowley, S. W. H. & Bunce, E. J. Origin of the main auroral oval in Jupiter's coupled magnetosphere-ionosphere system. Planet. Space Sci. 49, 1067–1088 (2001)
Article 
    ADS 
    
                    Google Scholar 
                

	Crary, F. et al. Solar wind dynamic pressure and electric field as the main factors controlling Saturn's aurorae. Nature doi:10.1038/nature03333 (this issue)

	Kurth, W. et al. An Earth-like correspondence between Saturn's auroral features and radio emission. Nature doi:10.1038/nature03334 (this issue)

	Sandel, B. R. & Broadfoot, A. L. Morphology of Saturn's aurora. Nature 292, 679–682 (1981)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Cowley, S. W. H. & Bunce, E. J. Corotation-driven magnetosphere-ionosphere coupling currents in Saturn's magnetosphere and their relation to the auroras. Ann. Geophys. 21, 1691–1707 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Richardson, J. D. Thermal ions at Saturn: Plasma parameters and implications. J. Geophys. Res. 91, 1381–1389 (1986)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Trauger, J. T. et al. Saturn's hydrogen aurora: WFPC 2 imaging from the Hubble Space Telescope. J. Geophys. Res. E 103, 20237–20244 (1998)
Article 
    ADS 
    
                    Google Scholar 
                

	Cowley, S. W. H., Bunce, E. J. & Prangé, R. Saturn's polar ionospheric flows and their relation to the main auroral oval. Ann. Geophys. 21, 1–16 (2003)
Article 
    
                    Google Scholar 
                

	Gérard, J.-C. et al. Characteristics of Saturn's FUV aurora observed with the Space Telescope Imaging Spectrograph. J. Geophys. Res. 109, A09207, doi:10.1029/2004JA010513 (2004)
ADS 
    
                    Google Scholar 
                

	Judge, D. L., Wu, F. & Carlson, R. Ultraviolet observations of the saturnian system. Science 207, 431–434 (1980)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Broadfoot, A. L. et al. Extreme ultraviolet observations from Voyager 1 encounter with Saturn. Science 212, 206–211 (1981)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Clarke, J. T. et al. IUE detection of bursts of H Ly-alpha from Saturn. Nature 290, 226–227 (1981)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	McGrath, M. & Clarke, J. T. HI Lyman alpha emission from Saturn (1980-1990). J. Geophys. Res. A 97, 13691–13703 (1992)
Article 
    ADS 
    
                    Google Scholar 
                

	Prangé, R. et al. A CME-driven interplanetary shock traced from the Sun to Saturn by planetary auroral emissions. Nature (in the press)


Download references




Acknowledgements
This work is based on observations with the NASA/ESA Hubble Space Telescope, obtained at the Space Telescope Science Institute (STScI), which is operated by AURA, Inc., for NASA. The research was supported by grants from STScI and NASA to Boston University. J.C.G. and D.G. acknowledge support from the Belgian Fund for Scientific Research and the PRODEX programme of ESA. S.W.H.C. was supported by a PPARC senior fellowship, and E.J.B. by a PPARC post-doctoral fellowship. F.C., W.K. and T.H. acknowledge support from the NASA/JPL Cassini project.


Author information
Authors and Affiliations
	Boston University, 725 Commonwealth Avenue, Boston, Massachusetts, 02215, USA
J. T. Clarke & S. Wannawichian

	Université de Liège, Allée du 6 Aout - Sart Tilman, B4000, Liège, Belgium
J.-C. Gérard, D. Grodent & J. Gustin

	NASA Goddard Space Flight Center, Greenbelt, Maryland, 20771, USA
J. Connerney

	Southwest Research Institute, San Antonio, Culebra Road, Texas, 78228, USA
F. Crary

	Imperial College, SW7 2AZ, London, UK
M. Dougherty

	University of Iowa, Iowa City, Iowa, 52242, USA
W. Kurth

	University of Leicester, LEI 7RH, Leicester, UK
S. W. H. Cowley & E. J. Bunce

	Rice University, Houston, Texas, 77005, USA
T. Hill

	School of Civil and Environmental Engineering, Yonsei University, 120-749, Seoul, Korea
J. Kim


Authors	J. T. ClarkeView author publications
You can also search for this author in
                        PubMed Google Scholar



	J.-C. GérardView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. GrodentView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. WannawichianView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. GustinView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. ConnerneyView author publications
You can also search for this author in
                        PubMed Google Scholar



	F. CraryView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. DoughertyView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. KurthView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. W. H. CowleyView author publications
You can also search for this author in
                        PubMed Google Scholar



	E. J. BunceView author publications
You can also search for this author in
                        PubMed Google Scholar



	T. HillView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. KimView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                J. T. Clarke.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Clarke, J., Gérard, JC., Grodent, D. et al. Morphological differences between Saturn's ultraviolet aurorae and those of Earth and Jupiter.
                    Nature 433, 717–719 (2005). https://doi.org/10.1038/nature03331
Download citation
	Received: 17 August 2004

	Accepted: 22 December 2004

	Issue Date: 17 February 2005

	DOI: https://doi.org/10.1038/nature03331


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

                
                    	
                            
                                
                                    
                                        Auroral Processes at the Giant Planets: Energy Deposition, Emission Mechanisms, Morphology and Spectra
                                    
                                

                            
                                
                                    	Sarah V. Badman
	Graziella Branduardi-Raymont
	Chihiro Tao


                                
                                Space Science Reviews (2015)

                            
	
                            
                                
                                    
                                        Solar Wind and Internally Driven Dynamics: Influences on Magnetodiscs and Auroral Responses
                                    
                                

                            
                                
                                    	P. A. Delamere
	F. Bagenal
	C. Arridge


                                
                                Space Science Reviews (2015)

                            
	
                            
                                
                                    
                                        A Brief Review of Ultraviolet Auroral Emissions on Giant Planets
                                    
                                

                            
                                
                                    	Denis Grodent


                                
                                Space Science Reviews (2015)

                            
	
                            
                                
                                    
                                        Large-Scale Structure and Dynamics of the Magnetotails of Mercury, Earth, Jupiter and Saturn
                                    
                                

                            
                                
                                    	C. M. Jackman
	C. S. Arridge
	A. P. Walsh


                                
                                Space Science Reviews (2014)

                            


                

            

        
    

            
                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
Saturn's aurora
The cover shows Hubble Space Telescope (HST) images of Saturn and its polar auroral emissions on 24, 26 and 28 January 2004. Visible wavelength images are combined with ultraviolet images of the south polar region. The strong brightening of the aurora on 28 January corresponded with a large disturbance in the solar wind. These images were obtained during a campaign by the Cassini spacecraft to measure the solar wind approaching Saturn and the Saturn kilometric emissions, and the combined results are presented in three letters in this issue. Saturn's aurorae differ in shape and form from those seen on Earth and on Jupiter, and they also differ in their response to the solar wind. Saturn's strongest radio emissions appear to be closely tied to the polar aurora.
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