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Earths in Other Solar Systems (EOS) 

How do Habitable Zone Earth-sized planets with biocritical ingredients form?
Where can we find these planets?

5-year, $5.7M dollar program; 12 coordinated research projects
25 Co-investigators +13 Postdocs and Grad Students

PI: Daniel Apai (Steward/LPL)
Deputy PI: Tom Zega (LPL)
Team Leads: Lucy Ziurys, Ilaria Pascucci, Fred Ciesla
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EOS Early Science
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How do the Planet Orbits and Occurrence Rates Depend  
on Stellar Mass?

Mulders, Pascucci, Apai 2015 ApJ

- Focusing on 1– 4 RE planets
- Occurrence rates: semi-major axis, radius, spectral type
- Considering Kepler observing sequence

- Updated stellar and planet catalogs (Huber+ 14; Burke+ 14) 

-  Q1-Q8 data

- For each Kepler star: Probability of planet detection  
 as a function of planet period, radius

- Probabilities vs. Kepler Detection Statistics —> Intrinsic  
occurrence rates and error bars

e.g. Dressing & Charbonneau 2013, Howard et al. 2012; Plavchan & Bilinski 2013
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Conclusions

1) Planet distribution for 1–4 RE are similar: increase and plateau
2) Planet occurrence rates are successively higher:    fM > fK > fG > fF
3)  Distribution scales with M*1/3   down to 2 RE and up to P=150 d

Planet formation / orbital evolution is stellar mass dependent

Mulders, Pascucci, Apai 2015 ApJ
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- Modified Mercury integrator
- No giant planet
- No volatile loss (see talk by Tian)
- Stellar mass: 0.2 - 1.0 Msun

- Stellar mass-dependent snowline

Stellar-mass Dependence of Volatile Delivery to HZ Planets
Ciesla, Mulders, Pascucci, Apai 2015 ApJ

- Time-dependent snowline
- Large number of planetesimals (~103)
- Planetesimals: CC and IC
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M=0.6 Msun

CC

Ciesla, Mulders, Pascucci, Apai 2015 ApJ
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Habitable Zone Planets Only

More massive disks form more massive planets Ice content of planetesimals is important
and can lead to wet planetesimals even around 
M-dwarfs

Ciesla, Mulders, Pascucci, Apai 2015 ApJ
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Conclusions

Target systems greatly influence the design of biosignature survey

Chemical diversity of Earth-sized planets important

EOS: Major effort to understand volatile and organics delivery

Early Science:

1) Planet distribution depends on stellar mass

2) Planet accretion: ice-rich planetesimals play important role
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