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We  present  global  one-fluid  MHD  simulations  of  the  interactions  between  Jupiter's 

magnetosphere and the solar wind plasma. Unlike the magnetosphere of the Earth, Jupiter's 

magnetosphere is characterized by: 1) a strong internal plasma source (the volcanic moon 

Io ejects ~1000  kg of plasma per second in the magnetosphere), 2) a fast rotation period 

(9h55m),  3)  a  strong magnetic  field  (the  surface  equatorial  field  strength  is  ~14 times 

higher  at  Jupiter  than  at  the  Earth).  As  a  result,  transport  processes  in  Jupiter's 

magnetosphere  are  very  different  from  what  is  observed  at  Earth.  Accelerated  by  the 

Lorentz force, the plasma rotates around Jupiter. In the inner magnetosphere, the angular 

velocity of the plasma and of the planet is the same (rigid corotation). Further from the 

planet the Lorentz force cannot sustain the acceleration of the plasma and the corotation 

breaks down. The higher the ionospheric conductivity is, the better the momentum transfer 

between the atmosphere and the magnetosphere is (and the corotation breaks down further 

away), see Hill [1979]. The position of the break-down is important because it bends the 

field lines and generates  a current  system responsible  for  the main auroral  emission at 

Jupiter [Hill, 2001; Cowley & Bunce, 2001]. Our model is particularly well suited to study 

the Jovian magnetosphere, since it includes the mass-loading associated with Io, as well as 

the  ion-neutral  collisions  of  the  ionosphere.  In  our  simulations,  the  azimuthal  velocity 

profiles are in good quantitative agreement with theoretical predictions [Saur et al., 2004] 

and with spacecraft measurements [McNutt et al., 1981]. In addition, the position of the 

corotation  break-down  maps,  as  expected,  to  the  main  auroral  oval.  The  dusk-dawn 

asymmetry is also visible in our simulation, with a thicker current sheet on the dusk side 

and with faster azimuthal flows on the dawn side. Finally, the discontinuity in the main oval 

observed by Radioti et al. [2008] is also present in our results, where it is caused by an 

asymmetry in the pressure distribution, due to the interaction between  the rotating plasma 

and the magnetopause. We use our model to investigate the influence of internal sources 

(mass-loading rate, ionospheric conductivity) as well as the influence of the solar wind.
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