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ly aligned dipole, Om is constant and equal to the 
Kepler angular velocity seen in the reference frame rotat­
ing with the planet. For Saturn, sweeping resonances oc­
cur only for electrons because protons drift in the op­
posite direction to the moon. 

As mentioned earlier, this theory neglects the offset 
of the dipole center. At planets where the offset is large, 
the sweeping rate predicted here is no longer correct, es­
pecially at small L-values, because circular drift shells, 
which are centered on the dipole, may dip into the 
planet's atmosphere over some longitudinal extent. Par­
ticle precipitation in these shells is enhanced (for exam­
ple, the south Atlantic anomaly at Earth). 

In Figure 8, we show examples of satellite sweeping 
rates calculated by the method outlined earlier, but in­
cluding offsets. The sweeping rates calculated for Uranus 
are typical of the outer planets, showing that peaks in 
the loss rate occur at the minimum L-values of each 
moon (shown here are the minimum L-values of the 
moons, Miranda, Ariel, and Umbriel). Peaks also occur 
where the particle mirror latitude equals the moon lati­
tude. This latter peak occurs because bouncing particles 
spend a long time close to the mirror point, where their 
parallel velocity goes to zero. Also, because the field is 
stronger at the mirror point, the radius of gyration is 
smaller. These circumstances make the probability of ab­
sorption by a moon at those latitudes more likely. The 
L-values shown in Figure 8 are too large to be affected 
by atmospheric precipitation due to the offset; however, 
the absorption peaks from the moons would shift in L­
value if the effect of the offset were removed. 

These calculated loss rates are compared in detailed 
analysis with losses from plasma wave scattering and 
charge exchange (with ambient neutral gas atoms, lead­
ing to neutralization and subsequent loss of energetic 
ions). This "strong diffusion rate" shown in Figure 8 
is a theoretical upper limit to the rate of precipitation 
loss induced by plasma wave scattering and is a conven­
ient benchmark for comparison with satellite sweeping. 
The strong diffusion loss rate is in fact approached with­
in the 10 torus at Jupiter, and satellite sweeping by 10 
itself is a relatively unimportant process. At Uranus and 
Neptune, however, the importance of satellite sweeping 
compared with other processes is still controversial and 
will be a topic for further study. 
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Figure 8. Total satellite sweeping loss rate T - 1 of 1-MeV elec­
trons (blue) and protons (red) with equatorial pitch angles of 30°. 
The dashed red and blue lines are the pitch-angle diffusion loss 
rate, Ts6 x 10 - 3 . The minimum L-values of the moons Miranda 
(M), Anel (A), and Umbriel (U) are shown. SO = strong diffusion. 
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