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Abstract: On 14 October 1997 lo and the lo plasma torus were simultane ously observed by three di er ent instruments: the HST Space Telesmpe Imaging
Spectrograph (stis ) obtained six spectrally resolved images in the 1200{1700 A range of a 290 25 rectangle encompassing lo [Roesler et al. 1999]; a
nondispersing imager at the McMath-Pier ce west auxiliary telescope [Woodward et al. 1999] obtained nine images of the east ansa of the plasma torus in
[Sii] 6731A; and the echelle spectrograph on the McMath-Pier ce main telescope obtained eighteen spectra of [ O i] 6300A from a 5%° 5% apertur e centered
on lo [Oliversenet al. 1999]. lo's neutral emissions in these datasets have been discussed elsewhere. Here we will examine the emissions of Sii, both near
lo and in the torus, primarily in the stis dataset. Because lo was near western (receding) elongation when these data were acquired, the torus emission
observed by stis was strongly in uenc ed by line-of-sight geometry, and therefore by the precise location of the torus. The torus radial position and scale
height are known to vary with magnetic longitude, local time, and other factors in ways that are not well understood; therefore, the groundbased torus
images, in addition to their intrinsic inter est, are crucial in interpr eting the spatial ly limite d stis data: with the aid of a semiempiric al model of the
plasma torus [Woodward and Smyth 1994], these images allow us to model the underlying torus emission in the stis data, and thus to separate it from
emission local to lo, and distinguish true temporal variations from the e e cts of viewing geometry. In particular, we will examine the behavior of the torus
and near-lo ion emissions during a brightening of neutral iogenic emissions at 06:00 UT. This work was supported in part by NASA grant #NAS5-30131.

Motiv ation:  Observations of lo with the
Space Telescope Imaging Spectrograph (stis )
over the last 2.5 years have yielded sewral in-
teresting results in the study of lo's neutral
sulfur and oxygen emission features [Roesler
et al. 1999] but the ion lines in these same
data have beenmuch lessstudied thus far, in
part becauseof the dicult y of distinguish-
ing between emission from ions local to lo
and emission from the plasma torus in which
lo is always, to some degree, immersed. We
have been particularly interested in the six
spectrally resolved imagesacquired during Oc-
tober 1997 (g. 1), since we simultaneously
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Fig. 1:

stis image (raw data). The second, fourth,
and sixth images, which are less contaminated with
terrestrial airglow than the others, have been com-
binedto reducenoise. Eachimageis 1024 1024 pix-
els, each0:0244%square on the sky plane, with 0.584
Alpixel dispersion convolved with the spatial infor-
mation horizontally; thus, for each emission wave-
length, a\slit image" appears at a di erent (but po-
tentially overlapping) position on the detector. Posi-
tions of slit imagesfor expected emissionwavelengths
are shown above the image. The circular features are
emissionnea lo's limb.

acquired [Oi] 6300A spectra of lo [Scherbet
al. 1998]and [Sii] 6731A imagesof the plasma
torus [Woodward et al. 1999](g. 2) from the
ground. As reported earlier, we found a si-
multaneous brightening of the neutral lines
in the optical and UV data; thus, once it
became clear that all or nearly all of the
emission near 1250A was Sii 1256A, rather
than Si 1251A, we wished to know if this
ion line underwent the same brightening. To
do this quantitativ ely, however, we had to re-
move the contribution of the underlying torus.

Fig. 2: Groundbasedimages of the lo plasmatorus
in [Sii] 6731A. Jovian north is up; east (approach-
ing) ansais visible. UT (at start of integration) is
given in the lower left corner of each image; Sys-
tem Il CML (at mid-integration) is givenin the lower
right. Intensity rangeis zero (black) to three (white)
kilorayleighs. Scattered light has not beenremoved.
The increase in scattered light and defocussing of
Jupiter in later images are a result of deteriorating
sky conditions.

Mo delling: We have available a semiempir-
ical model of the lo plasma torus [Woodward
and Smyth 1994] but the torus is highly vari-
able and the model accordingly has many free

parameters. To reduce this ambiguity, we t

the model to the groundbased images of the
torus. These images do not overlap all stis

images in time, and the seeingwas so poor
when the last two images were acquired that
they are almost useless. Moreover, they in-
clude only the east (approaching) ansa of the
torus, and lo was on the west (receding) side;
the stis data, of course, are from the west
side. (We have since learned how to get use-
ful data under some circumstances even when
lo or other moons are in the eld of view.)
Nonetheless, these images provide signicant
constraints on the model. In this work, we ex-
amine only the e ect of adjusting ", the ratio
of convectional to corotational electric elds.

We modeled the [Sii] 6731A data for seweral
possible values of " and correlated them with

the \ribb on" feature in the data; the best t,

shown in g. 3A, is" = 0:040 0:005. This
is an unusually (but not unprecedertedly)
large value, but the generally acceptedaverage
value of " = 0:025is clearly not right (g. 3B).

[SI] 67314 data + model: eps = 0.04D
T T T T T

-6 -4 -2 0 2 4 3
RJ

[SI] 67314 data + model: eps = 0.025
T T T T T

Fig. 3: Fifth [Sii] 6731A torus image, with model
ts for (A) " = 0:040 and (B) " = 0:025. Scattered
light has been removed with a power law t. Data
intensity range is 0 (black) to 750 (white) rayleighs.
Model contours are at intervals of 200 rayleighs.
" = 0:040 is the best t to the ribbon; however,
the model does not accurately reproduce the cold
torus in either case.
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Fig. 4: Model of torus west ansain 1256A for (A)
" = 0:040 and (B) " = 0:025. Orientation is the
same as the stis images. The large circles are the
disk of Jupiter. The narrow rectangles are the stis
slit projected on the sky plane during the fourth in-
tegration. The tiny circles within are the disk of lo.

Wethen modeledthe Sii 1256A emissionfrom
the torus expected in the stis slit. We ex-
pected it to be sensitive to the value of ",
becausechangesin " result in changesin the
location of the \ribb on," a prominent feature
near lo with a sharp radial gradient, but found
that, becauseof interactions of jovian mag-
netic longitude, lo orbital phase,and viewing
geometry, " had little e ect on the model in
the slit (g. 4).

1256 A prole: Examining the stis data,
we averaged the 1256A slit image along the
horizontal (dispersion) dimension of eadh stis
image, yielding one-dimensional spatial pro-
les along the length of the slit (g. 5).

[USp————)

01340120

STIS 12564 armiss

[USp————)

Fig. 5: Spatial pro les of Sii 1256A nea lo. Pro les
from each stis image are shown sepaately. Each
dot is the averageof one row (along the dispersion
direction) of the slit image, excluding areas overlap-
ping the 1216A and 1299A slit images. The solid
line is a sliding boxcar average of the data over a
1Rinterval. The vertical dotted lines enclosethe
projection of lo's disk. The lower pair of curves
show the modeled torus contribution for " = 0:025
(dashed) and " = 0:040 (dash-dot); the upper pair
are the same with an empirically chosen constant
oset to compensate for scattered light in the in-
strument.
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Fig. 6: Spatial prole of Sii 1256A nea lo in
fourth stis image, lessmodel torus. Dots and lines
have the same meaning asin g. 5, exceptthat the
model curve from g. 5, with the constant o set
and " = 0:040, has been subtracted from the data.
Large, asymmetric extended wings remain.

Even after allowing for the background torus
emission, there is signicant excessemission
to at least sewral Rix|m uch more than is
presert in the neutral emissionsin the same
stis images. Fig. 6 shows the 1256A pro-
le from the fourth stis image, which is si-
multaneous with the fth groundbasedimage
(9. 3), after subtraction of the modeled torus
background contribution.  There is a clear
asymmetry (also unlik e the neutral emissions):
an excesson the positive side of lo, which
is the direction that is nearer to Jupiter and
to the torus certrifugal equator. Presumably,
this is a consequenceof the greater torus elec-
tron density in that direction; further model
calculations are planned to test this hypothe-
sis.
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Fig. 7: Temporal brightening of Sii 1256A emission
compared to various neutral emissionlines: (A) neu-
tral UV emissionlines from stis data over a 200 490
aperture; (B) the [Oi] 6300A line from groundbased
data overa 5% 5%aperture; and (C) the Sii 1256A
line from stis data overa 1:4%° 4%aperture ( ) and
a1:4% 10%aperture excluding the central 1:4% 4%
(a ). All apertures are centeredon lo. 1R, = 0:55%
The aperture width in (C) is reducedto excludelight
from neaby emissionlines.

Brigh tening: As reported earlier [Roesleret
al. 1999] the UV neutral emission lines in
the stis data brightened by a factor of < 2
(g. 7A) over the night, while [Oi] 6300A
obsened simultaneously from the ground
brightened fourfold (g. 7B). Examining the
Sii 1256A data (g. 7C) after removal of the
background torus shows a threefold brighten-
ing, or, in the case of emission at 4{10 Ry,,
possibly sixfold. Evenignoring the earliest ex-
tended point in g. 7C, it is clear that the in-
creasein Sii 1256A intensity is signi cantly
greater than that of the UV netural lines, and
approachesthat of [Oi] 6300A.

Summary:

= Using the [Sii] 6731A synoptic torus im-
agerdata, we determined " = 0:040 0:005
during the October 1997 STIS obsena-
tions of lo.

= The spatially extended Sii 1256A emission
near lo is asymmetric and signi cantly en-
hanced compared to the neutral UV emis-
sion lines.

= The lo Sii 1256A emissionbrightens up by
a factor of > 3, more closely resenbling
[Oi] 630QA than the neutral UV lines.
This brightening is not simply an artifact
of viewing geometry.
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