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The Frequency of Earth-Analogs

• Important input for designing future 
direct imaging missions that can detect 
and characterize potentially
habitable planets.

• Currently best estimate(s) are from Kepler 
• Earth-analogs on edge of 

Kepler sensitivity function
• Relies on extrapolation from 

shorter-period/larger-radii planets

Gaudi	et	al	2020
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What would an Earth-analog look like to Roman?
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• 0.28 deg! FOV, 7 fields 
→ ∼ 2 deg! total

• Six 72-day seasons
• ∼ 5 − year baseline

• 15 min cadence in 1-2 𝜇m bandpass
• ≤12 hr in 0.8-1 𝜇m bandpass

• 10" stars, >30,000microlensing events

Survey details

Johnson	et	al.,	in	prep

Made	with	VBBL	(Bozza+2020)	and	MulensModel (Poleski+2018)

𝐷!"#$ = 6.8 kpc
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New Model – Koshimoto et al. 2021

• Increase simulation footprint and 
number of fields per square degree

• Investigate dependence of planet 
yield on primary filter cadence

• Fine tune the survey parameters for 
microlensing yield
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Bhattacharya	et	al.,	2018

More likely to measure mass of 
Earth-analog systems

Microlensing is sensitive to the mass ratio 
between the planet and the host star

Planets with higher mass (brighter) host 
stars more likely to have 𝜇!"# measured

Model of 
the event

Use 4.5-year survey-baseline to measure 
lens-source separation (𝜇!"#)



Further prospects
• Combining Roman with Kepler
• Interpolation, not extrapolation

• Improve Earth-analog frequency estimate
• System-wide exoplanet demographics

• Crucial for predicting yields of future 
space-based direct imaging surveys
• Complex combined sensitivity function
• different host-star populations
• different planet populations?

• Mass-radius relationship vital
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Thank you!

Johnson	et	al.,	in	prep

• Roman will constrain eta-Earth 
on its own and with Kepler

• Incorporating Koshimoto+2021 
Galactic model to improve 
estimates

• Fine tuning the survey 
parameters for planet yield
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Scaling	𝜃! and	𝑡!
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Mission design changes
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Event rate weighting
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Calamida+2015 – bulge
OGLE – giant branch
Besançon – bulge stars

– ×1.33
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