








Fun Facts: Mars Close Approach is 131,000 km

• 1/3 the average Earth-Moon distance.

• 1/17 the distance of the closest comet to fly by Earth in 
the last 500 years.

• 15x  the mean distance of Phobos from Mars, 6x the 
mean distance of Deimos.

• The comet nucleus is only 1 order of magnitude smaller 
than the moons.

• The outer gaseous coma of the comet will sweep across 
Mars.



Comet  C/2013 A1 
(Siding Spring)

• Discovered on 3 January 2013 by Robert 
McNaught using the 0.5-meter Uppsala 
Southern Schmidt Telescope at Siding 
Spring Observatory, Australia

• Within days, an extremely close 
approach to Mars on Oct. 19, 2014 was 
predicted (on the Solar System Dynamics 
website)

• Probability of impact with Mars rose as 
high as 1 in 600 by early March, but as 
orbit knowledge got more precise, the 
probability dropped, and impact was 
ruled out in the late 2013.

• A “dynamically new”, long period comet. 

• Comet is being actively observed with 
over 600 observations, ~40 per month.



Siding Spring
Observatory











CSS Observed by HST



CSS Observed by NEOWISE
29 Jul 2014





Comet Modeling
 Model the comet-produced dust distribution as a function of time

– In fall of 2013, two modeling groups were selected through the MEP Critical 
Data Products program to help with this:

• Pasquale Tricarico, Nalin H. Samarasinha, Mark Sykes, PSI
• Tony Farnham, Mike S. P. Kelley, Dennis Bodewits, U. Maryland

– Also participating, providing time-of-arrival of comet nucleus and debris:
• Davide Farnocchia, Paul Chodas, Steven Chesley, JPL Solar System Dynamics Group

– Reports have been or will soon be submitted for publication
• P. Tricarico et al., Astrophysical Journal Letters, 787, L35, 2014
• Farnocchia et al., in press, Astrophysical Journal
• Farnham et al., in preparation

– Original reports and overview available on http://mepag.jpl.nasa.gov/cdp.cfm

 Results of the modeling activity

– Modeling results were constrained using available observations of the comet.

– Provided arrival timing & duration of the comet-associated particle flux at Mars.

– Characterized the comet-derived particles in terms of size and number density.

http://mepag.jpl.nasa.gov/cdp.cfm
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Modeled Particle Field

• Fluence is estimated to be in the
0 to 10-6 counts/m2 [1/km2] range

• The particles, from 1 to 10 mm in 
diameter, arrive at Mars travelling 
56 km/s, 80-110 minutes after 
closest approach of the nucleus.

• Orbiters can hide behind Mars for 
30-40 minutes, by phasing in orbit.

• Rovers are protected by the Mars 
atmosphere, thin as it is.



B-Plane footprint of Comet Tail
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DSN Communications Strategy 







Orbiter Communication Strategies
Orbiter Nominal Attitude Mitigation 

Attitude

ODY HGA: 40 kbps MGA: 40 bps

MRO HGA: 3 Mbps LGA: 40 bps

MAVEN LGA:  100 bps

MEX (ESA) LGA: S-band Beacon

MOM (ISRO) HGA: 1 kbps n/a



Planned DSN Configuration: GDSCC

DSS14

ODY X-band
MRO X-band

Also:
• ODY X-band RSR
• MRO X-band RSR
• MOM S-band RSR
• MEX  S-band RSR
• MVN X-band RSR

DSS25

MRO X-band
MVN X-band

DSS26

MVN X-band  
ODY X-band

DSS24

MOM S-band

DSS15

MEX X-band
MEX S-band



• Survive:  Low fluence & orbit phasing take care of that
• Science Objectives Focus on Two Areas:  1) the comet itself and 2) its 

potential impact on the Mars atmosphere.  
• For the comet, the goals are:

 First-ever resolution of the nucleus of a long-period comet.
o MRO HiRISE:  140 m/pixel on a nucleus ~ 500 to 2500 m across

 Characterize C/SS coma & tail:  Particle size, gas composition, activity.
o Warning:  The Mars spacecraft instruments weren’t designed for high-spectral 

resolution gas survey or for imaging diffuse, faint objects (as compared to Mars), but 
we will see what we can do.

o The best instruments for comet composition may well be on MAVEN, which will 
follow orbit insertion on Sept. 21 with maneuvers and instrument deployments as 
they transition to their nominal science orbit.

• For Mars, the goals are:
 Observe impacts of cometary gas & dust on the Mars atmosphere.

o Upper Atmospheric heating (>150 km)
o Ionospheric enhancement
o Cloud seeding?

C/SS Encounter Goals for Mars Assets



Science Observations* - Preliminary

Target Observation Objective
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Comet

Comet General Features      

Comet Nucleus: Size, Shape & Rotation 

Comet Activity:  Jets & Variable Brightness     

Comet Coma: Variability, particle size, gas 
composition       

Comet Tail: Particle Size       

Mars Response

Mars Upper Atmosphere Composition: 
Neutrals, ions & electrons; meteor trails        

Mars Lower Atmosphere:        Temperature 
and Clouds      

Key:  major contribution  contribution 

*Conducted only if safe, posing no spacecraft or instrument issues

1Conducted only if transition to science orbit is nominal

NASA Missions















Back-Up
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