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Q. Why are we even 
discussing Martian rings?
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1. Discovery of rings



1. Discovery of rings

Huygens, 1659





Feibelman, 
1967

2. Discovery of 
a faint ring.



Elliot et al., 
1977

3. Discovery of 
rings not at 
Saturn.



4. Discovery 
of a faint 
ring not at 
Saturn.

Voyager 1 at Jupiter
March 4, 1979



Adrastea

Voyager 2
July 8, 1979

5. Discovery of a faint 
ring associated 
with a small moon.



Voyager 2
July 11, 1979

6. Discovery that a faint 
ring is also dusty.



Pioneer 11
September 1,
      1979

7. Discovery of 
another faint 
ring of Saturn
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8. Discovery that 
Saturn’s E ring is 
also associated 
with a moon.

Baum et al., 
1980





By the early 1980s…
• We are aware of five faint rings:

• The main ring of Jupiter.
• The D, E, F, and G rings of Saturn.

• We know that all are dominated by micron-sized dust.
• We recognize that fine dust grains have limited 

lifetimes and must be replenished continuously.
• We know that at least two of the faint rings coincide 

with the orbits of moons.
• The idea that meter-sized and larger embedded 

bodies must be the sources of dusty rings is well 
established.
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Discovery of “Mab”
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Moon Size vs. Dust Production
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Radius of moon R 

vej > vesc

Fesc ~ 1
vej < vesc

Fesc ∝ R -9/4

• vej = typical ejecta velocity from impact
• vesc = escape velocity, ∝ R

• Fesc = fraction of ejecta that escapes
• From Burns et al. chapter, Planetary Rings, 1984.
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Abstract. From the unrelated 
facts that Mars is subjected to 
a flux of asteroidal projectiles 
and that it has two very small 
satellites, an elementary 
analysis leads to the 
proposition that the planet 
possesses an orbiting dust 
belt system, previously 
unsuspected. Furthermore, 
the satellites themselves 
should have surfaces 
resembling that of the Moon. 
Factors bearing on the 
evolution of an orbiting debris 
system are discussed, leading 
to some speculations 
concerning the origin and 
structure of the rings of 
Saturn.
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1988

• Upper limit on ring 
normal I/F = 3 × 10-5

• Comparable to the 
main Jovian ring (if 
physically thin!)

• No additional moons 
larger than R ~ 50 m



Modeling starting in the 1990s:
Not your typical “dust” rings!

Juhász & Horányi, JGR 100, 1995.
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Krivov & Hamilton, Icarus 128, 1997.



E Ring Comparison

Courtesy of Matt Hedman



Predicted Ring Properties
• Rings are dominated by particles tens of microns in 

size.
• Smaller grains are lost quickly due to solar radiation 

pressure.
• Remote observing strategies have to change 

accordingly.
• High phase angles are not beneficial.

• Note: Methane absorption bands are extremely 
helpful for Earth-based viewing of rings around the 
giant planets, but they will also not help us for Mars.
• In 1997, Brad Smith et al. attempted to use a CO2 

band with HST NICMOS, but had no success.



• The rings are not necessarily thin or equatorial.
• Solar radiation pressure induces vertical thickness 

and creates warps.
• The Deimos ring is especially thick.
• Detailed structure is seasonally variable.

• The rings are displaced radially.
• The Deimos ring is displaced away from the Sun; 

The Phobos ring is displaced toward the Sun.
• Optical depths depend on highly uncertain lifetimes, 

making quantitative predictions of ring detectability 
difficult.

• Estimated τ ~ 10-5 to 10-9

Predicted Ring Properties



Mars Viewing Geometry 
1998–2005

R
a
n
g
e
 t
o
 M

a
rs

 (
A

U
)

R
in

g
 O

p
e
n
in

g
 A

n
g
le

 (
°)

1

2

20

0

-20

1998 2000 2002 2004

Year

• Ring plane crossing: May 28, 2001
• Mars opposition: June 22, 2001
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Mars Viewing Geometry 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Deimos Ring Search
WF2, F555W, 400 sec WF2, F675W, 400 sec

WF3, F675W, 400 sec
rotated 180°

WF3, F555W, 400 sec
rotated 180°

Combined, 1600 sec

Coadd every image,
regardless of filter.
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Raw Image
Search for Tiny Moons

High-Pass Filtered

Synthetic Moons Added

Deimos

Phobos



Conclusions from HST 
Campaign in 2001 

• No evidence for faint rings in the orbits of Phobos or 
Deimos.
• Optical depth limits are ~ 10-7 for a Phobos ring and  

~ 4×10-7 for a Deimos ring.
• Still consistent with, but at the low end, of dynamical 

predictions.
• 300× improvement over limit set using Viking Orbiter.

• No unseen moons were detected.
• 100–200 m limits were not quite as good as with Viking.
• Coverage was 40–80% complete, depending on 

semimajor axis.
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Sad Tales of Lost Opportunities (1)
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Sad Tales of Lost Opportunities (1)
• In spite of negative results from 2001, we 

successfully proposed for more HST time in 
2007.

• Relative to WFPC2, the newer ACS could have 
given us a several-fold improvement in 
sensitivity.

• However, ACS failed before our observations 
could execute, and our replacement WFPC2 
observations could not improve upon the 2001 
results.



Sad Tales of Lost Opportunities (2)



Sad Tales of Lost Opportunities (2)

• In late 2007, Jim Bell (PI of the MER cameras) and 
I initiated plans to search for the rings from below.

• During the Martian summer, the solar panels would 
charge up the batteries to operate for a short while 
after sunset.

• The wide-angle camera was ideal to study the 
shadow of Mars crossing a diffuse ring.

• However, a global dust storm arrived before we 
could execute our plans.



Sad Tales of Lost Opportunities (3)

• On October 19, 2014, Mars passed through the 
tail of new comet Siding Spring.

• We might expect this to produce an observable 
“puff of smoke” from Phobos and Deimos.



Sad Tales of Lost Opportunities (3)

• On October 19, 2014, Mars passed through the 
tail of new comet Siding Spring.

• We might expect this to produce an observable 
“puff of smoke” from Phobos and Deimos.

• However, HST orientation contraints ensured that 
any such puff of smoke would be obliterated by 
the overexposed planet.

• All Ground-based observations were also 
deemed infeasible.
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Sad Tales of Lost Opportunities (4)

• On July 4, 1998, Japan launched the Nozomi 
(Planet-B) spacecraft toward Mars.

• It carried a dust counter, capable of the first in 
situ detections of Martian ring dust.



Sad Tales of Lost Opportunities (4)

• On July 4, 1998, Japan launched the Nozomi 
(Planet-B) spacecraft toward Mars.

• It carried a dust counter, capable of the first in 
situ detections of Martian ring dust.

• However, due to a series of unfortunate 
malfunctions, it never went into orbit around 
Mars. 



Where do we go from here?

• There really must be some dust out there, right?
• In situ observations using an orbiting dust detector 

are probably our best remaining hope.
• A few opportunities for remote observations 

remain:
• Pursue the “looking up” option with MSL?
• JWST may provide greater sensitivity.

• Note that optimal observing times with JWST 
will be different from my pre-calculated list of 
Earth-based opportunities. 


