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The Ring Current of Saturn
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However, the full particle energy
distribution was not available then. -
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Giampieri and Dougherty used a Connerney-like model to fit Pioneer 11 and Voyager 1 and 2

magnetic field data. An axisymmetric current sheet model is inadequate for describing the
Saturnian ring current (local time and temporal variation not compatible with the assumption of
an axisymmetric disk). Then Cassini got there...

2004-2006 Cassini equatorial coverage
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As was later shown, when particle data
were also included in the analysis, this
assumption proved incorrect. J,,; drops
with radial distance faster than 1/r.
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Bunce et al., JGR, 2008



_ The radial, steady-state, force balance equation

Sergis etal., GRL, 2010 can be solved for the azimuthal current density:
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Plasma B in the Saturnian magnetosphere
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Thomsen et al., JGR, 2010. Equatorial orbits 2004-2006,
E<45 keV particle pressure. total (CAPS+MIMI) particle pressure.

Saturn possesses a high- B magnetosphere with B>1 outside 8 R ,
reaching an (average) maximum of 2-10 near 11 to 14 Rg

High- B values (~ 1) are maintained up to the dayside magne topause



Kellett at al. , 2011 analyzed the magnetic field and plasma data (2004-2006)
per Local Time sector and found higher (x2) current densities in the nightside.
Still, noon-to-dust is missing...
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2004-2011 Cassini equatorial coverage All local times are now covered
and suprathermal pressure map. (but with a 7-year span...)

Pressure (dyne/cm?)




2004-2011, full MIMI data set (E>3 keV) NEW RESULTS!

Occurrence probability map for the equatorial supra thermal
plasma pressure in the Saturnian magnetosphere from
Cassini/MIMI, all local times, July 2004-April 2011
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We now look at the local time
variation of the maximum
suprathermal pressure
(plateau between 8 and 11 Ry)

Clear local time variation
perfectly noon-to-midnight
symmetric, with nightside
(max) pressure being higher
by a factor of ~4.

5x10710 + 3x1019%0s(0.262 xLT)
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Suprathermal pressure (dyne/cm?)
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Weighted distribution of the energetic
particle injections in local time.

Mueller et al., JGR, 2010

Suprathermal pressure (dyne/cm?)
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Suprathermal pressure radial profile  per Local Time sector
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suprathermal pressure (dyne/cmz)
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Fitting with 4 ™ order polynomials
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Suprathermal pressure gradient (VP

sup)

along the radial direction per Local Time sector
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By including the magnetic field measurements (court esy of M. Dougherty
and C. Jackman of the Cassini/MAG team), we can deri  ve directly the
average suprathermal contribution  to the pressure grad-driven component

of the Saturnian ring current, per local time sect;r c V; “oP| P (A_]j
/ . p r| or| R A
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Significant local time asymmetry.

This ring current component almost vanishes in the noon-to-dusk sector!
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Let us take a look at the coverage statistics:
equatorial plane 6 to 18 R ¢ (2004-2011)
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Analysis of plasma, energetic particle and magnetic field data acquired by Cassini
from the beginning of the mission to this day (2004-2011) show that:

1. The equatorial plane of the Saturnian magnetosphere is being progressively
covered in (6-18 RS),
making possible the and the

. The radial profile of the suprathermal pressure and the corresponding pressure
gradient (-dP/or) present being higher by

a factor of 2 to 8 in the nightside, resulting a
The average ring current density appears as recently reported (Sergis et al., 2010
Kellett et al., 2011).

. As Cassini continues its equatorial plane orbits, more data will be analyzed and
better coverage will be obtained. By early 2012 (perhaps EGU 2012) we will be
able to have a complete picture of the ring current structure. Also,

(e.g. 2007-2011) will be available for direct comparison
(seasonal change?)




