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Introduction:  Prior to Cassini’s arrival at Saturn, 

most of what was known about the composition of the 
plasma in Saturn’s environment was derived from lim-
ited measurements by Pioneer 11 and Voyager 1 and 2 
in 1979-1981[1-3].  The measurements reported here 
were made by the Cassini Plasma Spectrometer 
(CAPS) [4] during the first two Cassini orbits, includ-
ing the closest approach to Saturn and the rings during 
the tour,  and  a close flyby of Titan.  The CAPS in-
strument resolves ion energy/charge from 1 V to 50 
kV and ion mass/charge from 1 to ~100 amu/e, and it 
measures electron energy from 1 eV to 28 keV.   Initial 
composition measurements of Saturn’s magnetosphere 
show that protons dominate outside ~8 R , while in-
side this radius the plasma is dominated by a mix of 
water-derived ions and N .  Over the A and B rings  a 
plasma layer is observed composed of O  and O .  
The close passage near Titan shows a rich network of 
both positive and negative molecular ions.  We report 
preliminary analysis  of these and other composition 
findings. 
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Water-Derived Ions:  Within ~14 RS, the CAPS 
instrument detected H+,  O+, and water group ions (de-
noted as W+ and defined as a combination of OH+, 
H2O+ and H3O+), and within ~8 Rs, O+ and W+ domi-
nate the ion composition.   The latter region is identi-
fied as the inner plasmasphere and  its sources include 
the E ring (~3 to 8 RS),   a rich source of water vapor 
[5].  In this region the relative speed between neutral 
gas and ions is low and ion-molecule reactions become 
important [6].  The presence of H3O+ is consistent with 
this picture, as it is created through collisions between 
H2O+ and neutral H2O. 

Nitrogen Ions:  Also within 8 RS we detect N+ at  
fractional concentrations ~3%; this is the first  identifi-
cation of atomic nitrogen ions in Saturn’s magneto-
sphere.  Suprisingly, N+ has so far been observed only 
in the inner magnetosphere, not further out; specifi-
cally, not in the vicinity of Titan’s orbit.  Possible ni-
trogen sources are: neutral nitrogen from Titan that is 

transported inward and locally  ionized [7], or nitrogen 
derived from a small abundance of ammonia within the 
surfaces of inner icy satellites and subsequently sput-
tered off [8].  Neither explanation is entirely supported 
by the data and further modeling is required to resolve 
the origin question. 

Ring “Ionosphere”:  When Cassini passed over 
the A and B rings during orbital insertion, CAPS de-
tected a  plasma layer dominated by O2

+ and O+ at den-
sities ranging from ~0.1 cm-3 to ~1 cm-3 and tempera-
tures ~ 1 eV.  The presence of O2

+ suggests the exis-
tence of an O2 layer over the rings, similar to the at-
mospheres of Europa and Ganymede [9].  These ob-
servations are consistent with a model where O2 is 
liberated from ring ice by ultraviolet photons and re-
distributed throughout the magnetosphere.  O2

+ and O+ 
are produced via direct photoionization and photodis-
association, respectively, of O2 [10, 11]. 

Titan’s Ionosphere: Plasma data from the first 
flyby through Titan’s ionosphere show the presence of 
a complex network of cold molecular ions.  Individual 
species identification is still pending, but more than 10 
positive ion mass peaks and 3 negative ion mass peaks 
have been resolved, ranging in mass up to ~110 amu.   
An ongoing detailed composition analysis should pro-
vide strong tests of Titan atmospheric/ionospheric 
models. 
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