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Observation of Saturn and the Enceladus water torus at
557GHz with Odin
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Abstr act and the 549-Al receiver was connected to the AC1
(0.17 MHz resolution). This setup and observing strat-
The stratospheric water 557 GHz line was first ob- €9Y is similar to that used with Odin since 2003 on
served in 1999 by the SWAS satellite which revealed Mars and Jupiter observations [1, 2].
a broad (20 kms!) emission line. But in 2009, the i
Herschel Space Observatory revealed an additional2. Data reduction
~ 20% deep and narrow (6 knT$) absorption line
in the core [4]. Subsequent analysis implies that this
absorption line is caused by the cold water vapor con-
tained in a torus located at the Enceladus orbit posi-
tion. It is thought to be populated by the water escap-
ing Enceladus through the plumes putinto evidence by
the Cassini spacecraft. The tilt of Saturn equator rela-
tive to the Earth was unfavorable in 1999 to see itin ab-
sorption against Saturn disk but the geometry in 2011 2.1  Spectra reduction and aver aging
was expected to enable such detection with the Odin
satellite [5]. The Odin submm observatory astronomy
program was specially reactivated to monitor the wa-
ter line of Saturn between 21 and 24 January 2011 to
cover two complete orbits of Enceladus around Saturn.

Each spectrum has been reduced according to [6], with
system temperatures (3180 K for 555-B2 and 2970 K
for 549-A1, SSB) and every channel gain correction.
Frequency scale was checked on the atmospheric line.
Estimated resulting uncertainty in the velocity frame
is 0.0l km s,

Spectra were then averaged with the 45 min of
best pointing accuracy data selected for each orbit.
Reference position observations were also averaged,
smoothed (replaced by sines + polynomial fit for ACs
data) and subtracted to the on Saturn data.

1. Observations 2.2 Spectraanalysis

The basic observing scheme was Dicke Switching pye to low signal-to-noise ratio spectra from differ-
[3]. Most of the background emission is cancelled ent Odin orbits corresponding to similar positions of
by switching every 3 s from the source to a refer- Enceladus on its orbit were averaged. These were av-
ence about 4zway, through a wide beam. In addi- eraged first in twelvez30° spans of Enceladus sub-
tion 6 orbits of observation of a reference position 15" Egarth Jongitude and then further into only 4 groups
off Saturn were also used to remove additional emis- (spanning~90° of Enceladus longitude) (Fig. 3). A
sion from losses in the main beam. The 556.9 GHz ~200 MHz “classical” ripple has been subtracted to
H20 (110 — 101) line was observed in Saturn from  AQS data. The total and quadrant averages of AOS
21.80 till 24.38 January 2011 using two receivers and gpectra are shown in Figs 1 and 2.

three spectrometers (Sub-Earth Saturnocentric latitude

[ = +10.3°). The 555-B2 receiver was connected to 3. Data analysis

the 1-GHz bandwidth AOS (0.6 MHz sampling and

1 MHz resolution) and 112-MHz bandwidth high res- Odin has a system temperature much higher than Her-
olution autocorrelator 2 (AC2, 0.15 MHz resolution) schel (s, s(DSB) = 84K) and a larger beam dilution,



resulting in lower S/N ratio. But on the other hand the
much longer allocated observation permits the mon-
itoring of both the emission and absorption parts of
the water line as Enceladus and its torus rotate around . .

T
Saturn HyO emission line

Saturn. The main goal was to see if variation in theg
absorption line could be seen with Enceladus orbitag
longitude and to derive information on the diffusion of é
water vapor in the torus away from its source.
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Figure 3: Plot of the evolution of the Saturn@ line
characteristics (peak intensity of the emission and ab-
sorption components, based on fixed line widths and
Gaussian fits), as a function of Enceladus position.
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B = —3° and +2 respectively [4]. As shown in
Fig.3, within the uncertainties and random fluctuations
of the signal, there is no clear variation of the absorp-

o
Velocity (km/s)

Figure 1: AOS spectrum: average of all data. The fea- ~ - .
tures around-130 km s-! are due to an interference tion along the orbit of Enceladus and its torus. If the

not completely removed and always present in these diffusion time scale in the torus of the water vapor
AOS spectra produced by Enceladus plumes was much longer than

its destruction, we would expect a stronger absorption
R AARRARRARAARA closer to Enceladus position9)0than at the opposite
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12 ] position (180). Within the ~20% uncertainty, noth-
‘ WWWMW ing is clearly seen.
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