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Credit: Scott Manley, Armagh Observatory

Planetary systems are dynamic!



Signatures of Rocky Planet Formation/Evolution

Song et al. (2005)

BD+20 307: one million times dustier 
than the Sun’s zodiacal cloud.
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Signatures of Rocky Planet Formation/Evolution

Song et al. (2005)

BD+20 307: one million times dustier 
than the Sun’s zodiacal cloud.

Gemini Observatory/Lynette CookZuckerman et al. (2008)
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Melis et al. (2012, Nature)
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Subaru COMICS (Jun, 2013)
Melis et al. (2012, Nature)
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Melis et al. (2012, Nature)
VLT VISIR (Feb, 2016; Apr, 2022) Günther et al. (2017)
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Where did it go?

Gemini Observatory/Lynette Cook
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Where did it go?

Gemini Observatory/Lynette Cook



Pre-2009 Epoch
• Tdust ≈ 450 K; Rdust ≈ 0.4 AU
• LIR/L* ≈ 11%

• Mdust > 5 × 1021 g

Post-2009 Epoch
• Tdust ~ 200 K; Rdust ~ 2 AU
• LIR/L* ≈ 0.1%
• Mdust > 1021 g

• LIR/L* < 0.05% for any remaining 450 K
   dust.
 ⇒ Grains with radius up to ~1mm must
   be removed from 0.4 AU (LIR/L* ∝ a-1/2).

Disk Parameters
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TYC 8241 2652 1 itself 
is pretty normal for its 
age and spectral type.

What about the star?
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Alien Dust

Melis et al. (2013)

?
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Alien Dust: host planetary systems

Melis et al. (2013)
Lisse et al. (2017)

Gemini Observatory/Lynette Cook

~5-20 Myr old



Alien Dust: host planetary systems

1.63”
3”

Vican et al. (2016) Currie et al. (2017)

Rebollido et al. (2022)

Moor et al. (2017)

Moor et al. (2017)

Moor et al. (2017)
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Alien Dust: just a bunch of comets?
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Alien Dust: just a bunch of comets?
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Alien Dust: …or something truly strange?



The dustiest main sequence star known

Thot  ~ 800 K
Tcool ~ 130 K
LIR/L* ≈ 16%

Zuckerman et al. (2012)
Sankar et al. (2021)

Slide  14 (of  26)

~80 Myr old



V488 Per: also variable in the IR

Rieke et al. (2021)
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V488 Per: why so dusty? and variable?

Sankar et al. (2021)

Is it a companion stirring an asteroid belt?
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V488 Per: why so dusty? and variable?

Sankar et al. (2021); Rieke et al. (2021)
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Is it a companion stirring an asteroid belt?
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V488 Per: but no mid-IR spectral feature?

Sankar et al. (2021)
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TYC 8830 410 1: dusty

Melis et al. (2021)
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TYC 8830 410 1: dusty dipper

Melis et al. (2021)
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TYC 8830 410 1: dusty dipper
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TYC 8830 410 1: dusty dipper
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TYC 8830 410 1: dusty old dipper

300-600 Myr old!

log R’HK ~ -4.75 M4.5 companion
H! EW ~ 2.1 Å
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The Dustiest Main Sequence Stars
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Youngins: planet formation?

Gemini Observatory/Lynette Cook

Giant-impact formation events should 
occur at ages <~100 Myr (Hartmann & 
Davis 1975; Genda et al. 2015; Levison 
et al. 2015).

• ~0.5% of FGK stars in the 10-100 
Myr age range have extreme 
quantities of warm dust (Balog et al. 
2009; Melis et al. 2010).

• But there should be ~1 Earth-like 
planet for every FGK star! (Petigura 
& Marcy 2013; Burke et al. 2015).

Where are all the dusty stars?
Perhaps some process acts to remove 
dust effectively (Najita, Kenyon, et al.).
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Older and old: instabilities?

Izidoro et al. (2021)

Hansen et al. (2023)

Tight-packed inner planetary systems
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Credit: NASA/JPL-Caltech

Conclusions

• Strong evidence for violent processes that
   produce copious amounts of  dust around other
   stars.

• More observations and theoretical work are 
   necessary to robustly attach events occurring
   around main sequence stars to a specific phase 
   of planetary system formation or evolution.


