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Zodiacal dust in the Solar System 

  Within ~2 AU, the inner solar 
system is filled with dust 
near the ecliptic plane 

  Origin: tails of comets or when 

asteroids collide. 

  It’s not a smooth cloud: 

  Dust bands: asteroids families? 

  Dust trails: short period comets? 

  Resonant ring caused by the Earth 
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Zodiacal dust in the Solar System 

 Tiny total mass :  
equivalent to a medium-sized asteroid (~ 10-8 MEarth) 

  But in the form of small grains, 

it is the most luminous circumsolar component, 
although it has a low vertical 
optical thickness (~ 10-7 @ 1AU)  

  Potential noise source for future 
Earth-like finding missions 

  Motivated several studies 
to search for exozodiacal, 
debris disks around nearby stars 
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Exozodis: observations 

  Small angular separation 
+ High contrast (>1:100) 
 (near)-IR interferometry 

  Direct measurement of disk to 
star contrast, with a precision 
of a few 0.1% 

  Rough constraints on the spatial 
location 

CHARA interferometer, Mont Wilson 
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Exozodis: detection principle 

 Non-destructive near-IR interferometry: 
  An exozodiacal disk induces a loss of visibility 
  This deficit is best detected at short baselines 

Fully resolved 
for baselines 

B ~10-30m 

B~200m 

Baseline, in meters 



+ Fomalhaut 

  A rich planetary system :  
  HST: a Kuiper Belt, a planet 

  VLTI/VINCI: Exozodiacal dust, 
that represents 0.88±0.12% of the 
stellar flux at λ= 2.2µm 

Absil et al. 2009, ApJ, astroph next week 

Fit of a stellar photosphere Star + exozodi disk 
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Exozodis: a 2.2 µm survey 
with CHARA interferometer 

  ~30 systems surveyed since 2006 

  Biased toward MS stars with known 
cold debris disks (with mid/far-IR excess) 

  But includes non-excess stars as checked stars 

  Published positive 2.2 μm detections: 

  Vega: 1.29±0.19% excess, within ~8AU [Absil et al. 2006] 

  Tau Cet : 0.98±0.21% excess, within ~3AU [DiFolco et al. 2007] 

  Zeta Aql : 1.69±0.31% excess, within ~3.5AU [Absil et al. 2008] 

  Interesting negative detection: 
  Epsilon Eridani : 0.6% upper limit.  

Known to have a planet at 3.5AU on an eccentric orbit 

Tau Cet, sub-mm, 
Greaves et al. 2004 

Vega, sub-mm, 
Marsh et al. 2006 
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Dust or not dust ? 

 Background companions can be excluded 
(probabilities < 10-6) 

 Bound companions can [often] be excluded 
  M-type stars, if located well within the interferometer field of view, 

can fit the interferometric measurements 

  But, in most cases, such an hypothetic companion is inconsistent with 

  the astrometric stability (Hipparcos)  

  radial velocity constraints 

 Most likely scenario = exozodiacal dust  
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Exozodi 
emission 
spectrum 

Exozodis: are they zodi analogs? 

  Fit of the 2.2μm excess with the Solar 
system zodiacal model : 

 Vega : 3000 zodis to reproduce the 
CHARA K-band excess 

 Fomalhaut : 5000 zodis to reproduce 
the VLTI/VINCI K-band excess 

  Problem: it predicts too much flux in 
the mid-IR (by ~ an order of magnitude) 

 Our zodi is not representative : 
detected exozodis have dust much closer 
to the star 

Flux 

Wavelength 

2.2 μm 10 μm 

ZODIPIC package [Kuchner] 
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 Development of an optically thin exozodiacal disk  
model, based on debris disk model by Augereau et al. (1999) 

 Vega 
(Absil et al. 2006): 

  Small grains (mostly < 1 µm) at distances ~ 0.2 – 0.5 AU 
  Highly refractive grains, no silicate feature  carbons > 50% 
  Steep density profile: Σ(r) ~ r-4 (or steeper) 

Thermal 
emission 
only 

Total 

Exozodis : radiative transfer 

MMT/BLINC 
upper limit
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Exozodis : radiative transfer 

 Tau Ceti (Di Folco et al. 2007) 
Solar-type star (G8V at 3.65pc) 

Spitzer upper limits
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Exozodis : radiative transfer 

 Zeta Aql 
(Absil et al. 
2008): 

HARPS, direct 
imaging, Hipparcos: 
  0.6-0.65 Msun 
  5.5-8AU 



+
Vega’s exozodi : origin of the dust? 

  Exozodiacal dust grains have very short lifetime 
 high dust production rate, 
    ~10-8Mearth/year for Vega 

  Equivalent to 1 medium-sized 
asteroid every year 

  Equivalent to a dozen of 
Hale-Bopp-like comets 
passing every day 

  If we exclude the case of 
a dramatic event, the question 
is: where does all this 
dust come from? 
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Vega’s exozodi : origin of the dust? 

  Inward migration of grains due to Poynting-Robertson 
drag is excluded : too slow compared to other dynamical 
timescales: collisions, radiation pressure 

 Steady-state evolution of an asteroid belt 
excluded: km-sized bodies in a 10-3 MEarth belt at around 
0.2-0.5AU do survive ~105 years (Vega is about 350 Myr) 

 Reservoir of mass in 
Vega’s Kuiper Belt 
(~85AU, ~ 10MEarth). 

How to extract and transport 
this material well inside 1AU? 

Planets can help…  
Schematic representation of the Vega system 
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Vega: planet migration 

  Structures in the Vega Kuiper belt : migrating planet 
trapping the parent bodies of the dust grains in MMR 

  Wyatt (2003): Neptune-mass planet, 
migrating from 40 AU to 65AU, 
at a rate of 0.5AU/Myr. Circular orbits. 

  Reche et al. (2008):  
Saturn mass planet, with e<0.05, 
and relatively cold disk (<e> < 0.1) 
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Vega: the comet factory 

 A two planet system: 
  Migrating Saturn mass planet [Wyatt 2003, Reche et al. (2008)] 

  0.5 – 2 Jupiter mass planet inside 

  Numerical simulations with SWIFT. 
Counting of the test particles entering the 1AU zone 
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Vega: the comet factory 

 A two planet system: 
  Migrating Saturn mass planet [Wyatt 2003, Reche et al. (2008)] 

  A 0.5 Jupiter mass planet at ~20 – 25 AU does the job well: 

Sufficient rate of comets 
in the 1AU zone 

Resonant structures 
at 85AU preserved 
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Conclusion 

  Faint exozodis begin to reveal 
themselves thanks to very stable near-
IR interferometer 

  If this hot dust has to survive over 
millions of years, a high production 
rate is required 

  An attractive scenario for Vega 
involves the extraction of material to a 
Kuiper belt thanks to planets 

  Detected exozodis do not seem to 
resemble our zodi: they are closer/
warmer 

 supports probe-class mission like 
FKSI before launching a flagship 
mission (such as Darwin / TPF-I) 

FKSI 
Fourier Kelvin Stellar Interferometer. 
- PI = Bill Danchi (NASA/Goddard) 
- Nulling interferometry, at 3-8 microns 
- Structurally-connected space interferometer 


