Groundbased Atmospheric
Monitoring Update: Why 1s the

Atmosphere so Stable?

John Spencer SwRI
Emmanuel Lellouch Obs. Paris Meudon
Matt Richter U.C. Davis
Miguel Lopez-Valverde Inst. Astron. Andalucia
Kandis Lea Jessup SwRI
Thomas Greathouse U. Texas
Jean-Marie Flaud Univ. Paris-Sud

lo Workshop, Boulder, June 2005



V2 50 L 1 L I B B B

Date Long.
: i Iy, Py, L”W””W\( 01/11/15 163 -
Observations | w0 [l i 1 e
B m P e M 01/11/16 334
3.5+ WWWW e Rt 01/11/16 345 —
- o S s 01/11/17 205 T
- 01/11/17 215 T
TEXES, IRTF I o O s B s -
. 0' Iy it b Py 01/11/18 50 T
R:60 OOO O e e Pt e 02112106 194 —
) - 02/12/06 210
. B W m W m 02/12/09 90 T
19 microns . ol el e o 021209 99
o i Wy o Al g MMM Wty 02/12/14 22
n 251 02/12/14 30 —
SOz Uz band T - m W m W 02112114 35
1 1 . bl % B " NI P Ao Wy 02/12/14 43 7
~ i e rparsnetl 02112117 256 7
S lines visible S I o B vl B e sdioni
20— 02/12/19 311 —
- e 02/12/19 317
y b t i m T m wpomns,, 02/12/19 319 7
T 1011S: B o b, e 02/12/19 323 7
ODSCIVALIONS I s st 0l B vt
1.5+ arongostn oy A Ay 04/01/06 105
2001, 2002, - N | | WL L 04/01/07 301
2004 B Ww,/\ L rstropial ol {1 A 04/01/07 310
B 04/01/08 140 T
‘ﬁ m m m 04/01/08 150
10— —w T W Model —

528.5 529.0 529.5 530.0 530.5 531.0 531.5 532.0
Wavenumber, cm'l, lo Rest Frame




Modeling

Line strength depends on
surface, atmosphere T

Non-LTE effects are important
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= Isothermal with variable T

AtmOSthI'IC = Several models of spatial distribution:
Model * Uniform

* Solar incidence dependent

* Latitude dependent

° Latitude dependent with increased mid-latitude
abundance

N(SO,) (x10' cm?)
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Model Results

Band strength vs. subsolar column density, atmospheric T, for each
atmospheric model:

Uniform Incidence Dependence
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Band strength vs. longitude

« Large longitudinal variations

= Stable over 3 years
(including January 2005
data, not shown)

= Correlate (sort of) with
Io’s 3500/5500 A color
and distribution of
optically thick SO, frost
(McEwen 1988)
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Band depth interpretation

= Used modified-latitude atmospheric model: most
consistent with other data

= Observed maximum band depth ~7%
* Sets upper limit to atmospheric temperature: ~140 K
(surprisingly low)
* Sets lower limit to
subsolar column
density: ~10'7 cm
on anti-Jupiter side

Observed maximum band depth
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Longitudinal atmospheric distribution

= UseT=125Kto
match band depths

= Matches UV
observations
(though inferred
density tends to be
higher than Ly-alpha
results (Feaga et al.
2004, DPS poster)

= No obvious
heliocentric
variation (except

maybe 2001 — 2002
anti-Jupiter side)
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Global Atmospheric Model

Latitude
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Publication

Spencer et al. 2005, Icarus, in press. See
for a
preprint


http://www.boulder.swri.edu/~spencer/publications.html

Frost/Atmosphere Correlation

Which comes
first?

ATMOSPHERE

Lava/Surface
Interaction

FROST . Condensation VOLCANOQOS




Why 1s the Atmosphere so Stable?

Band strengths on the leading/anti-Jupiter side

Sublimation atmosphere should have collapsed in the last 3 years
as lo and Jupiter reached aphelion
* Simple sublimation models predict a 2-3 fold drop in atmospheric pressure
from 2001 - 2005
Volcanic atmosphere should show variations in response to
variations in volcanic activity

° One possible example- drop in SO, band strength on the anti-Jupiter side
between 2001 and 2002

Mm-wave (Lellouch 1996) and mid-UV (Jessup et al. 2005)
observations in the 1990s showed significant variations from year
to year, unlike the mid-IR

* Do the mm-wave, mid-UV, and mid-IR observations sense different parts
of the atmosphere?

* Or has the atmosphere simply been more stable lately?
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