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Solar wind 
Solar wind is a flow of charged particles from 

the Sun 

Density ~5 particles/cm3 at Earth (TINY!!) 

Mostly protons and electrons 

Makes auroras when the particles hit planetary 
atmospheres 





When solar wind nears a magnetized body, it is 
slowed and deflected 
Region controlled by the Earth’s magnetic field is 
called the magnetosphere 



Currents flow along the 
magnetic field 



Field Aligned currents light up 
the sky- the Aurora 



The aurora as seen by the Space 
Shuttle (300 km altitude) 



Global Aurora 

UV (ultraviolet) image 
from the Dynamics 
Explorer satellite 
shows the northern 
auroral oval 





Processes by planet 

• Earth: solar-wind driven auroras 
• Jupiter: auroras dominated by sulfur, 

•
 

oxygen plasma from the moon Io’s 
volcanoes. Main aurora is due to “co-
rotation breakdown” 
Saturn: mixture of solar wind driven and 
internal stuff from magnetospheric 
plasmas rich in water products from the 
rings and the moon Enceladus 



UVIS and VIMS are on the 
Cassini Orbiter 



Sample Saturn Spectral Images 
FUV EUV 



Spectral imaging is done 

H Lyman-a and H2 bands 

from auroras and dayglow. 

Reflected sunlight spectrum 

Rayleigh scattering in H 

and acetylene absorption bands 

by spacecraft slews 
 

Saturn’s emissions:
 



Saturn in ultraviolet (July 13, 2004): 
auroras! 

H Lyman-
alpha 

H2 band 
emission 



Saturn H Lyman-a 



Saturn Oxygen image 130 nm 
(peaks ~2 Rayleighs, cloud has 1012 grams of O) 





Saturn Auroral Spectrum 





Images deconvolved 



Saturn Day 172, 2005 

• Limb-fitting puts auroral oval in 70-75 S range  



ISS south pole methane, uv3 
images 



Recent Cassini Camera S Polar 
Image 

• Intense storm at the 
site of an unusual UV 
spectrum 

 





Polar Haze from Voyager PPS 



Polar Haze Chemistry 

• Several theoretical and laboratory studies 
suggest methane (CH4) chemistry after 

•
 

•
 

irradiation by the auroral electrons makes 
UV-dark hydrocarbon haze 
Benzene (C6H6) is an important step in 
this haze formation process 
We’ve looked for benzene in the UVIS 
data from 2005 day 172 



Polar Dark Spot (2005 day 172) 

 wavelengths (A) 1816-1894 
1738-1816    ratio 1st/2nd  1328-1426

Spot in 1st image is gone at longer wavelengths (2nd image) 

Localized small hydrocarbons? (spectrum is noisy) 

Polar convergence & downwelling? 



UVIS polar benzene feature? 
Pantos et al., 1978: broad benzene feature 

peaks at cross-section of ~2.7x10-16 cm2 

Model at left 
has C2H2 

mixing 
ratio=10-6 off 
spot, 5x10-6 on 
spot, with C6H6 

of 4x10-9 on 
spot 



                    
                    

Cassini CIRS sees enhanced benzene at 14.8 μm at 80S 
(no 90S report yet)
             column above 10 mb (cm-2)

 10 mb mixing ratio 

37S 1.1x1014                            0.98x10-13 

80S 2.2x1014                              8.73x10-13 



Auroral Time-Dependence:
 
50 day time-series moving away from Saturn near phase
 

angle 90 with the spacecraft in the solar wind
 



UVIS auroral time-series as Cassini 
recedes from Saturn… 



                            ^ shock  ^ shock 



Hubble Auroral Campaign Feb

• J. Clarke, J.-C. Gerard PI’s:

• Day-side S auroras by HST ACS in UV (5 orbits)

•  Night-side N auroras by Cassini VIMS and UVIS

• Cassini VIMS_003SA_THRCYLMAP001_UVIS_FOV

• Started 2005-048 T23:08:00 GMT, ran 8 h 22 m

• Cassini at ~800,000 km range

• Aurora was weak that day

 17, 2005



HST Campaign ACS Images: Feb 17, 2005 

16:20-16:58 17:53-18:33 

19:29-20:09 21:04-21:45 

22:40-23:21 



HST Campaign UVIS Geometry 
VIMS_003SA_THRCYLMAP001 



HST campaign UVIS map projection 

• Mostly UVIS slit was too far south, but… 

Red=aurora 

Green=no aurora 

Auroras ~75 N 



UVIS dark-side spectrum 



EUV aurora data Feb 17, 2005 (black) 
Model w/o self-absorption (dashed brown) 

Model fit (solid brown) for H2 = 5x1020 cm-2 & T=500K 

Wavelength (ÅÅngstroms) 

Relative 
Intensity 



Recent UVIS N Auroral Image: 
2006 Day 303 

• Emission on a complete 
oval 

• Generally brighter pre-
midnight 

• Emission spot visible 
inside the oval after 
midnight 

• Sub-spacecraft lat. 45 N 
• Range 22.6 Rs 

 
 

 
 

 



2007 day 96 high-latitude N 
auroras 

• Sub-s/c lat=51º 
• Range=21.6 Rs 
• Phase=125.4º 
• Nine ~2 hour 

images 
• First image 

shown: reflected 
sunlight=red 

• aurora=blue 

 
 

 
 

 
 





Polar projected, 5º grid in lat 
sun at lower left, auroras 70-85N 



INCA-UVIS comparisons from Don Mitchell 



Equatorial view 

Meridional view 

Cassini Revolution 42 KGS trajectory 

During Revolution 42 Cassini moves from the dayside (day 90), through dusk to 
midnight between day 95 and day 98. The spacecraft moves through dawn 
towards noon between day 98 and 103. The spacecraft crosses the equator on 
day 98 –midnight (N to S), and from S to N on day 101 post-noon. 



Cassini Revolution 42 KGS trajectory

The spacecraft trajectory is
mapped using dipole plus ring
current magnetic field model

Dotted lines show ionospheric co-
latitude in 5º multiples from the
pole.

Cassini probably crosses field lines
connecting to the statistical
location (in the south) of the
auroral oval during day 98-99 near
dawn, day 100 near noon, and day
97 near midnight.

On day 96, the UVIS
observations the s/c is at highest
latitudes (mapping to ~8-11º in the
ionosphere), at a local time near to
dusk.  (Just inside the UVIS Oval!)

Northern ionosphere footprint of Cassini



UVIS observations on 96 



UVIS interval 



Auroral Movie 2007-096 Results 
• 2007-096: 9-frame movie in H2 band emission 
• Shows multiple arcs at times, spiral stuff 
• Auroras mostly 70-80 N 
• Generally brighter on dawn side 
• MAG comparisons don’t show much action: spacecraft field 

line passed inside the oval 
• Intriguing comparisons with INCA energetic neutrals 

underway: 
• INCA equatorial spirals spiral out (going clockwise) 
• UVIS auroral spirals spiral in (going clockwise) 
• Suggests mapping of patterns onto the ionosphere (larger L-

shell goes to smaller co-latitude) 
• Suggests oval shape primarily not solar wind controlled on 

that day 
• Color ratios available-> electron energy estimates 



VIMS S25 H + 
3 image from Tom Momary/Kevin Baines 

(S25NorthPoleAuroraSumCube8053THRCLMAP002) 



 

Very Recent Good Stuff 

• Auroral Movies Days 145-146 (May 25-26) 2007 
• UVIS_045SA_NAURMOV001_PRIME: 

• 2007-145T10:39:00 to 2007 -145T18:54:00. 

• UVIS_045SA_AURORA001_PRIME: 
 

• 2007-146T04:30:00 to 2007-146T09:30:00 

 
 

 
 



UVIS Summary Saturn Conclusions
Saturn auroral oval has been imaged by UVIS (and VIMS)

Auroral modeling with self-absorption in H2 and hydrocarbon
absorption has been performed

Variations have been seen in response to solar wind changes

Small south polar dark spot (enhanced acetylene, and maybe
benzene?) seen in reflected sunlight near 1750 ± 75 Å and not
other wavelengths

Now getting auroral views from over the poles-with implications
for what is causing the auroras: internally or externally driven?

(probably both)



UVIS Auroral References 
• Esposito, L. W., et al., The Cassini Ultraviolet Imaging Spectrograph Investigation. 

Space Sci. Reviews, 115, 299-361, 2004. 

• Esposito, L. W., et al., UVIS shows an active Saturnian system, Science, 307, 1251
1255, 2005. 

• Ajello, J. M., et al., The Cassini Campaign Observations of the Jupiter Aurora by the 
Ultraviolet Imaging Spectrograph and the Space Telescope Imaging Spectrograph, 
Icarus 178, 327-345, 2005. 

• Pryor, W. R., et al., Cassini UVIS Observations of Jupiter’s Auroral Variability, Icarus 
178, 312-326, 2005. 

• Nichols, J. D., et al., Response of Jupiter’s UV auroras to interplanetary conditions as 
observed by the Hubble Space Telescope during the Cassini fly-by campaign, J. 
Geophys. Res. 112, A02203, doi:10.1029/2006JA012005, 2007. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


