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Introduction: During Cassini’s Grand Finale, 

which began in December 2016, the spacecraft dives 
through a gap in the F-ring each week for five months. 
During several of those traverses, the orientation of 
Cassini’s Ion and Neutral Mass Spectrometer (INMS 
[1]) enables in situ measurements of both ions and neu-
trals to improve our understanding of the rings and their 
interaction with Saturn. We report on the initial results 
from the first of the INMS F-ring observations. 

Investigation goals: Saturn’s rings have complex 
interactions with the entire Saturn system. Chemically 
reactive compounds such as water products flow from 
the rings into Saturn’s atmosphere. The rings both feed 
and absorb neutrals and ions from Saturn’s extended 
magnetosphere. Micrometeor bombardment continually 
adds material to the rings while simultaneously inject-
ing grains, molecules, and ions into the surrounding 
environment.  

During Cassini’s Saturn Orbit Insertion (SOI) in 
2004, INMS measured O2 ions above Saturn’s A-ring 
(Fig. 1), demonstrating the existence of a ring iono-
sphere and that INMS can sample it. In concert with 
other instruments, some of the broader questions to 
which INMS measurements contribute are 
• What is the neutral and ion composition of the ring 

atmosphere at different locations? The relative 
abundances of O2 and H2O give insight into the 
photolytic processes generating the gas from the 
ice particles. 

• What are the fluxes of neutral and ionized species 
along the magnetic field lines linking the rings to 
Saturn and how do they vary with latitude and ring 
location?  

• What is the ultimate fate of ring material, and what 
are its contributions to Saturn’s magnetosphere and 
the plasma interacting with Enceladus?  

• What is the source of the contaminant that absorbs 
light over a broad range of wavelengths [2]; organ-
ics or nanophase iron?  

INMS measurements: In its Closed Source Neutral 
(CSN) mode, INMS measures volatile molecules such 
as H2 and CO2, but cannot measure refractory neutrals 
such as OH and atomic species (O, N, etc.) as they ad-
sorb onto the walls of the inlet chamber. Although wall 
adsorption and release delays CSN response to H2O, 
suppressing the peak and creating a tail, accurate densi-
ties H2O can be derived through modeling [3, 4]. For 
positive ions, INMS uses its Open Source Ion (OSI) 

mode. Both CSN and OSI modes have a mass resolu-
tion of 1u and a maximum mass of 99u.  

Two factors that govern INMS sensitivity are MeV 
radiation [4] and total measurement time. Energetic 
particles can increase the background from 0.05 to 7 to 
10 counts per 31-ms Integration Period (IP), which is 
INMS’s measurement interval. During the F-ring orbits, 
Cassini passes through the radiation peaks at L-shells 
2.45, 2.7, and 3.3 Saturn radii (RS) [5], but the Janus 
gap is a local minimum near 2.4 RS, the  location of the 

equatorial crossing. For long measurements times, 
INMS counts from multiple IPs can be summed to in-
crease counting statistics. This summing reduces tem-
poral and spatial resolution, but is necessary to measure 
the lowest densities.  

Near the equatorial plane, INMS should be able to 
detect ions and volatile neutrals with densities of 100 
and 500 particles/cm3, respectively. The neutrals are 
concentrated within 0.1 RS of the equatorial plane and 
have steep gradients in the region of the F-ring meas-
urements [7]. The 19 km/s velocity of Cassini relative 
to neutral molecules causes some molecules to dissoci-
ate in the CSN antechamber, which can complicate 
identification of the native species. 

In general, the predicted densities in the F-ring are 
low [7], and the INMS observing strategy is to focus on 
likely ions and molecules to improve the statistical de-
tection threshold. Measurements during initial orbits 
will include a somewhat broader range of masses, but 
the later orbits will concentrate on the species that 

 
Fig. 1. INMS ion (OSI mode) mass spectrum from SOI 
showing abundant O2

+ ions and several other species, includ-
ing O+ and OH+, with some indication of H2O+ and Na+ 
(from Waite et al. 2005). INMS measurements during the F-
ring orbits include these species.  

2735.pdfLunar and Planetary Science XLVIII (2017)



INMS can detect. Neutral measurements include water 
and its cracking products, O2, CO2, mass 28 (CO, C2H4, 
or a fragment of a higher-mass molecule), and several 
masses that were observed as grain spikes at Enceladus. 
There are extra measurements of 2u as that mass is 
most sensitive to grain impacts. For ions, all the species 
detected—even marginally—during SOI are included, 
as are Fe-containing ions and some molecular species 
such as C+, Na+, and Mg+. Both CSN and OSI include 
several masses where there are no expected molecules; 
these measurements quantify the radiation background.  

Ion temperatures are low in this region, so most ions 
will have little dispersion in velocity space. However, 
there maybe important difference in the ion velocities 
perpendicular and parallel to Saturn’s magnetic field, 
and INMS will sample several different locations in 
velocity space. 

 

INMS may also record ice or dust grains, which ap-
pear as single-IP increases in the CSN count rate. These 
spikes in the data are most evident in the H2 measure-
ments as the high-velocity grains excavate titanium 
from the walls of the inlet system, and the reactive tita-
nium extracts oxygen from the ambient H2O in the in-
strument. The minimum grain that creates measureable 
spikes is approximately 0.1 microns in diameter.  
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Fig. 2. The O2 column density with variation of radial dis-
tance, and the O2 number density in the equatorial plane 
(from Tseng et al. 2010). The density drops four orders of 
magnitude at 2.4 RS, the location of the F-ring orbits, INMS; 
all but the lowest values can be measured by INMS. 
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