
Exploring the Jovian System with JWST 
!
!

Jupiter: 
•  NIRCam 
•  NIRSpec IFU 
•  MIRI: MRS/

IFU 

Rings: 
•  NIRCam 

Io: 
•  NIRSpec IFU 
•  MIRI MRS/IFU 
•  NIRISS/AMI 

 

Ganymede: 
•  NIRSpec 

IFU 
•  MIRI MRS/

IFU 
 

ERS Program 1373:  Observations of the Jovian System as a demonstration of JWST’s capabilities for Solar System science 

Leigh&N.&Fletcher,&Giant&Planets&from&JWST 7

Complex Chemistry
• Bulk+composition+of+H2/He.
• Reduced+forms+of+most+common+

elements+(CH4,+NH3,+H2S,+H2O).
• Most+condense,+but+CH44

photochemistry crucial.
• Stratospheric+composition+ driven+

by+seasonallySdependent and+
dynamicallySmodulated
methane+chemistry.

• Additional+ ionSdriven4chemistry4
at+high+latitudes.

• Additional+ oxygen4chemistry.

VLT/CRIRES$Imaging$of$Aurorae$in$H3+

!IRTF/TEXES$spectra$of$thermal$response$to$aurorae.

Moses$et$al.$2000
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2. Scientific Justification

SO emission
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Figure 4: a) Disk-averaged SO emission band at 1.707 µm (R=2000) while Io was in eclipse, with model
spectra at different temperatures superposed [34] b) A preliminary map of SO emission constructed from
data obtained with the OSIRIS IFU and adaptive optics (AO) on Keck in July 2010. The brightest (red)
region includes contamination by continuum emission from Loki Patera. The approximate size of Io is
indicated by the arrow on the image. c) Synthetic spectrum of Io’s atmosphere in the ⌫3 (7.3 µm), ⌫1 (8.6
µm), and ⌫2 (19 µm) bands of SO2, and two atmospheric models for SO2 column density and temperature.
MIRI/MRS observations of ⌫3 and ⌫1 will enable disentangling these models.

and quenching temperatures will be correlated with the magma temperature, which will constrain the
atmospheric emission and heating mechanisms. We note that SO can only be observed when Io is in
eclipse, since reflected sunlight from Io “hides” the weak emission band.

2.4 Jupiter’s Icy Galilean Satellites: Ganymede
Ganymede, the largest satellite in our Solar System, comprises a molten core, a silicate mantle, and a
complex crust overlying a liquid water layer, making it an archetype of water worlds. Most intriguing,
Ganymede has an intrinsic magnetic field. Here we focus on Ganymede’s exosphere and aurora, and the
interaction of magnetospheric plasma with the atmosphere and the surface.

Figure 5: Left: Ganymede leading hemisphere; Middle: Galileo/NIMS reflectance spectrum of
Ganymede [37]; Right: Simulated NIRSpec exospheric CO2 emission spectrum at a spectral resolution
R = 2700 in nadir viewing, using fluorescence calculations for an exospheric temperature of 100 K.

• Exosphere Ganymede’s surface composition is dominated by water ice, and as a consequence the
main constituents detected in Ganymede’s exosphere are H2O and O2 [38, 39]. H2O gas in Ganymede’s
exosphere likely originates from sublimation at low- to mid-latitudes, where the temperature is higher,
and from sputtering and/or radiolysis of ice at high latitudes by Jovian plasma [38, 40]. Because of
the asymmetries in plasma precipitation, and the influence of temperature and surface composition on
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We scale the higher 
resolution data by the 
ratio of flux measured 

in a surrounding 
aperture (blue 

rectangle) to improve 
the photometric 

measurement for the 

two hot spots. 
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