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Discovery of the Neutral Sodium Tail
Potter et al., 2002

Schmidt et al., 2010
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Baumgardner et al., 2008

Kameda et al., 2008
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STEREO A & B Spacecraft HI-1
Heliospheric Imager 1:

• Since October 2006, the HI-1 cameras monitor the inner 
heliosphere from 2 spacecrafts for stereo imaging.

• Capture broadband optical emission, mainly Thomson 
scattering of electrons in the solar F corona

• 20 field of view centered at 14 eastward and westward of 
the sun

• 20 minute exposures with 40 minute cadence
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HI-1 Data Reduction

slide 4Schmidt et al. MESSENGER – BepiColombo Workshop 2010

Cosmic ray scrub ► Summed, binned, transmitted ► Flat field ►
Shutterless readout correction ► Average of the lowest 25% of an 11 day 
running stack subtracts the F corona. 



STEREO Observations 
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STEREO HI-1A 
February 8th thru 10th 2008
40 min cadence

Example from:
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QuickTime™ and a
 decompressor

are needed to see this picture.



STEREO Observations 
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STEREO HI-1A 
February 8th thru 10th 2008
40 min cadence

Example from:
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* Scattering rates for picked up calcium ions increase by a factor of 
5 at typical solar wind speeds.  



Detections of Tail Structures 
with the STEREO Spacecraft
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UT Date HI-1A HI-1B
True 

Anomaly Sun-STEREO-Mercury Angle Tail Direction 

2/19/2007 to 2/21/2007 Yes
Out of 
field 55 to 66 9.6 to 6.4 (A) / 8.8 to 5.6 (B) Towards (A) / Towards (B)

2/6/2008 to 2/9/2008 Yes No 56 to 71 12.3 to 7.8 (A) / 9.9 to 15.1 (B) Towards (A) / Towards (B)

1/25/2009 to 1/28/2009 Yes No 67 to 81 12.3 to 7.9 (A) / 19.8 to 20.6 (B) Towards (A) / ~ Plane of Sky (B)

1/16/2010 to 1/19/2010 Yes No 87 to 99 9.8 to 5.3 (A) / 15.1 to 13.5 (B) Towards (A) / Away (B)

4/8/2010 No Yes 57 12.1 (A) / 5.7 (B) Away (A) / Towards (B)

Large down-tail projection effects are present in all detections; a 
small fraction of the disc is illuminated, with the tail pointing 
towards the spacecraft.  

► Diffuse source extending several hundred planetary radii  
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Forming Tail Structures: Doppler 
Effects on Na at Mercury

Changes in solar flux:
1) Determine the fraction of the exosphere population which can escape
2) Determine how far atoms will travel before being photo-ionized (τi = 4.4-10.2 hours) 
3) Determine the solar flux available for scattering, ie. brightness of the tail
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QuickTime™ and a
 decompressor

are needed to see this picture.

Presenter
Presentation Notes
First, radiation acceleration determines the number of atoms which are capable of being pushed beyond the escape velocity to overcome surface gravity, thereby controlling the fraction of the source population lost to the tail.  Second, radiation acceleration governs how far the atoms travel down the tail before being photo-ionized, setting the neutral tail’s length (τi = 4.4-10.2 hours, depending on the orbital distance from the sun).  Third, since scattered sunlight is being observed, the solar flux available for scattering affects the tail brightness. 
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Calibration for Sodium D line Emission

 

Actual
Apparent

≈
1

sin(180 −α)
α Much brighter than the 200-

300 R in ground-based 
measurements! 

(Schmidt et al. 2010)►Physical distance is at this time ~440 RMercury

Actual
Apparent

Examining the tail at 14 arc-minutes . . . 
► 15 kRMedian brightness during the first 24 hours 

Subtracting solar wind background gives ► 4.4 kR
Approximate cross-tail brightness at this distance ► 1.5 kR
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QuickTime™ and a
 decompressor

are needed to see this picture.
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19th 20th 21st 22nd 24th 27th 30th 1st
April-May 2009 Mercury elongation

Comparison with Ground-based Sodium
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QuickTime™ and a
 decompressor

are needed to see this picture.



Possible Sources
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• Resonant scattering of solar photons by:
• Sodium (D line)*
• Potassium (D line)*
• Hydrogen (Hα)
• Ca I* and Ca II
• Sulfur*
• Other species?

• Thomson scattering of solar coronal electrons
• Thomson scattering of Hermean plasma
• Scattering by dust particles

* Scattering rates strongly dependent on orbital phase
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Summary & Conclusion
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• Heliospheric Imagers aboard both STEREO spacecraft record 
occasional anti-sunward emissions at Mercury.

• The time coverage of these observations exceeds all other 
methods to date, optimizing variability studies.

• Detections occur during times of maximum radiation pressure, 
resonant scattering has positive feedback via Doppler shifting.

• Comparison with ground-based data at similar orbital phase 
suggests the emission is >5 times too bright to be sodium alone. 
A 20 nm shift in instrument spectral response (from lab 
calibration to orbit) is needed to account for a sodium source.

• The possibility that the source of this emission is plasma or dust 
has not been ruled out.
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Back Up Slides



UT April 30th 2009 02:45

Replaced opaque coronagraph mask with 1000x density filter.  

350 second exposure
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QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.
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Calibration for Ca+ Emission
Vervack et al., 2010 

Messenger Ca+ Emission at 393.5 nm

Calibrating the HI-1A data to this line gives an emission of several 
hundred Rayleighs at 450 RM. This is much too bright, but a small 

Ca+ contribution is possible. 
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Meteorite Impacts
Releasing and tracking 

3 1022 atoms/s for .2 days 
- 8% aloft 40 runs stacked. 

Releasing with a 3000K Maxweliian distribution
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Releasing and tracking 
1.5 1025 atoms/s for 1 days 
- 4% aloft 6 runs stacked. 

Schmidt et al. MESSENGER – BepiColombo Workshop 2010

Presenter
Presentation Notes
Shadowing is evident.



Solar wind sputtering

Modelled escape on 31 May 2007. 
Releasing and tracking 3.2 1024 

atoms/s for 1 day, 14% escape 

Energy distribution used is given by Leblanc & Johnson 
(2002). Open field lines above 50º latitude
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Presenter
Presentation Notes
This is a result I’m rather pleased with. Keplarian curvature is evident when viewed from above the ecliptic. The right image is a pretty picture only, .004 days, 1e21 particles, open field lines exist above 50º latitude for ambient solar wind conditions. Our own George Siscoe . The conditions and escape rate here is that of the first tail observation we made. The brightness is roughly the same, and the escaping fraction concluded from the comparison of our escape estimates with Potter et al., 2007 also agrees.
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MESSENGER (UVVS) Observed Anti-
Sunward Emission

McClintock et al., 2008
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Vervack et al., 2010 

Sodium D line

Calcium 4228 A Magnesium 2853 A 

Ca+ emission at 393.5 nm is 10 to 100 Rayleighs at 2 to 3 Mercury radii.
Schmidt et al. MESSENGER – BepiColombo Workshop 2010
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