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Fluorescent Hydroxyl Emissions from
Saturn’s Ring Atmosphere

Doyle T. Hall, Paul D. Feldman, J. B. Holberg,
Melissa A. McGrath

Just before Earth passed through Saturn’s ring plane on 10 August 1995, the Hubble
Space Telescope Faint Object Spectrograph detected ultraviolet fluorescent emissions
from a tenuous atmosphere of OH molecules enveloping the rings. Brightnesses decrease
with increasing distance above the rings, implying a scale height of about 0.45 Saturn radii
(Rg). Aspatial scan 0.28R4 above the A and B rings indicates OH column densities of about
10"3 cm~2 and number densities of up to 700 cm~3. Saturn’s rings must produce roughly
102% to 10%° OH molecules per second to maintain the observed OH distribution.

The discovery of the icy composition of
Saturn’s rings (1) led to the prediction of a
tenuous atmosphere of water vapor and oth-
er gaseous water dissociation products (in-
cluding OH, O, and H) enveloping the ring
system (2), much like the coma that en-
shrouds the icy nucleus of a comet. With
the advent of rocket-borne and spacecraft
ultraviolet instruments, this prediction was
confirmed by the detection of hydrogen
Lyman-a radiation from the vicinity of the
rings, indicating an H atom density of 400
to 600 cm™? (3, 4). Subsequent charged-
particle measurements from the Pioneer
and Voyager spacecraft indicated that Sat-
urn’s inner magnetosphere is populated
with water-group ions partially derived from
ionization of the neutral gas in the ring
atmosphere (5, 6). These spacecraft also
revealed a substantial influx of water into
Saturn’s ionosphere from the rings (7).
Early suggestions for the sources of the
ring atmosphere included sublimation,
charged-particle sputtering, and photosput-
tering of Saturn’s icy ring particles and in-
ner satellites, but these processes failed to
explain quantitatively the observed H den-
sity near the rings (5). In addition, the
question of hydrogen gas source rates is
complicated by the existence of a larger H
cloud extending from outside Titan’s orbit
inward nearly to Saturn (4, 8). This cloud
derives its material from several sources,
including the upper atmospheres of Titan
and Saturn (8), and makes it difficult to
determine the H gas production rate from
the rings alone. However, detailed models
have demonstrated that meteoritic bom-
bardment and vaporization of the ring par-
ticles and inner satellites should produce
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significant quantities of gas (9), including
water vapor and other oxygen-bearing spe-
cies (10-12). Because these oxygen-bearing
gases are unlikely to originate from Saturn’s
atmosphere, measuring their density and
distribution provides a less ambiguous mea-
sure of the erosion rate of the icy ring
particles by meteoritic impacts and other
processes. This is an important consider-
ation because, although outer solar system
meteoritic impact rates are extremely un-
certain, impact erosion can in principle lim-
it the lifetime of Saturn’s rings to much less
than the known age of the solar system (9,
10, 13).

Shemansky et al. (14) first used the
Hubble Space Telescope (HST) to detect
OH A *-X*IT (0,0) band emissions (15)
from the Saturn system at an equatorial
distance of 4.5 Saturn radii (IRg = 60,330
km), a location between the orbits of the
satellites Enceladus and Dione, well outside
the main ring system. Possible sources for
this extended OH gas cloud include mi-
crometeorite impact (14), charged-particle
sputtering (16), and collisions of E-ring
grains with the icy satellites (17). Here we
extend the study of the Saturn-system OH
distribution using HST observations sched-
uled to coincide with a Saturn ring-plane
crossing event, providing a rare opportunity
to measure OH fluorescence directly above
the ring plane.

During six HST orbits that preceded the
10 August 1995 ring-plane crossing event

by less than 36 hours, the Faint Object
Spectrograph (FOS) acquired spectra at five
locations above Saturn’s ring plane (Table
1). The FOS RED detector and G270H
grating provided wavelength coverage from
2220 to 3280 A, with an effective spectral
resolution of about 24 A for diffuse sources
filling the aperture, well suited to measure
the OH A%XT-X*IT (0,0) band, which has
emission lines cxtcndmg from 3070 to 3110
A (15). The largest available spectrograph
aperture (3.66 arc sec by 1.29 arc sec) was
used for maximum throughput. The five
target locations were selected to provide
scans of the emission both perpendicular to
the ring plane (1, 2, and 3) and parallel to
the ring plane (1, 4, and 5). Target posi-
tions 1, 4, and 5 were selected to measure
the emission as close to the ring plane as
possible and to prevent the rings or any of
Saturn’s satellites from entering the aper-
ture; the relatively intense reflected sun-
light from these objects would have con-
taminated the spectra, severely reducing the
chance of detecting the faint fluorescent
emission from the ring atmosphere.

An important consideration in observa-
tions of Saturn-system OH fluorescence is
light from nearby bright objects (not within
the spectrograph entrance aperture) that is
scattered inside the HST optical assembly
into the FOS instrument (14, 18). When
Saturn’s rings are not viewed edge-on, scat-
tered light from the rings produces a large
contaminating signal precluding measure-
ments in the vicinity of the rings. The HST
Wide Field Planetary Camera 2 (WFPC-2)
images acquired during the 1995 ring-plane
crossing events reveal that the largest
source of scattered light is Saturn, although
the inner satellites and edge-on rings con-
tribute as well (19). Because the spectra of
these objects in the 2990 to 3200 A wave-
length range are dominated by reflected
sunlight, the scattered light was modeled by
convolving a reflected solar spectrum with
the FOS line-spread function for a diffuse
source that fills the aperture (14, 18). Mod-
eled scattered-light spectra were scaled to
fit the observed spectra in two wavelength
ranges that bracket the OH emission and
were then subtracted from the observed

Table 1. Saturn ring atmosphere OH A2S +-X2I1 (0,0) band observations. The dates are universal times
(UT) spanned by the observations. The position of the center of the FOS aperture is measured by x
(parallel to ring plane) and z (perpendicular) relative to the center of Saturn. The brightness is based on the
integrated flux in the 3060 to 3110 A range. The quoted uncertainties are the estimated 1o errors due to
both statistical uncertainties and scattered-light subtraction.

Target Date Duration (s) X (Rg) z (Rg) B (R)
1 9 Aug 1995, 11:52-13:569 3605 1.9 0.28 79 =17
2 9 Aug 1995, 14:57-156:30 1663 1.9 0.40 62 =12
3 9 Aug 1995, 16:34-17:37 2035 1.9 0.60 20 =13
4 10 Aug 1995, 11:52-12:29 1895 2.1 0.28 87 =23
5 10 Aug 1995, 10:19-10:56 1915 2.3 0.28 111 £ 12
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lations (8, 11, 12, 14, 26) indicate that the
OH distribution is a complicated function
of the rates at which the rings and inner
satellites produce gas, the distribution of
energies imparted to newly produced mole-
cules, and the OH molecule lifetime in the
Saturn system.
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the May 1995 Ring-Plane Crossing
Amanda S. Bosh and Andrew S. Rivkin

The 22 May 1995 Saturn ring-plane crossing was observed with the Hubble Space
Telescope; the markedly reduced scattered light from the rings at this time allowed study
of the small inner satellites of the Saturn system. Prometheus was further from its
predicted location than expected based on uncertainties in the 1981 ephemerides prop-
agated forward by 15 years. A body found orbiting near or within Saturn’s F ring is either
an F-ring shepherd or a transient clump of dust within the F ring; given its approximate

brightness, the clump theory is more likely.

On22 May 1995, the Earth passed through
the plane of Saturn’s rings, allowing us to
view them in an edge-on configuration.
During this time, the usually bright rings
become faint, making this an ideal time to
study the small inner satellites. These sat-
ellites have poorly defined ephemerides be-
cause they have rarely been observed. Dis-
covered with ground-based telescopes dur-
ing the 1966 and 1980 Saturn ring-plane
crossings (I, 2) and by Voyagers 1 and 2
(3), these satellites include Pan, orbiting
within the Encke gap; Atlas, just outside
the outer edge of the A ring; Prometheus
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and Pandora, the F ring shepherds; Janus
and Epimetheus, the coorbital satellites;
Telesto and Calypso, at Tethys's L, and L
Lagrange points; and Helene, at Dione’s L,
point (4). Only Janus, Epimetheus, Telesto,
Calypso, and Helene have been observed
since 1980 (5, 6), leading to better deter-
minations of libration parameters for these
bodies.

For Atlas, Prometheus, Pandora, Janus,
Epimetheus, Telesto, and Calypso, we ex-
amine the differences between observed
and predicted locations in images of the
Saturn system taken with the Wide Field—
Planetary Camera 2 (WFPC2) (7) on the
Hubble Space Telescope (HST). The Sat-
urn system was observed on 22 May 1995
for 11 hours spanning the time of the Earth
ring-plane crossing (8) and on 22 Novem-





