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1.  Pick a science goal
2.  Simulate mission and 

determine what it takes
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Observing Exoplanets & Inner Working Angle 

2	

Inner	Working	Angle	(IWA)	

Unobservable	
region	of	sky	
interior	to	IWA	

Marois et al. (2008) 

With Suppression 

IWA 

Planet 

Without Suppression 

Model Actual Observations 

Coronagraph IWA ∝ λ/D. 

Max distance ~ 1 AU / IWA, so should yield go as D3?  



The Limiting Resource 
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To correctly estimate science yield, one must 
understand the limiting resource. 



Calculating Yield with a DRM Code 

4	
DRM 



Observing an Exoplanetary Scene 
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L. Pueyo & M. N’Diaye 



HZ 

ExoEarth Yield Estimated via Completeness 

IWA 
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Too 
faint 

τ 

•  Completeness, C = the chance of observing a given planet around a 
given star if that planet exists (Brown 2004) 

•  Yield = ηEarth Σ C 

•  Calculated via a Monte Carlo simulation with synthetic planets 
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Maximizing Yield by Optimizing 
Observations 

C
 

Optimizing exposure times can potentially double yield 

Optimized Exposure Times 

•  Calculate C(τ) for 
each observation 

•  Award exposure time 
based to each 
observation based on 
dC/dτ until time 
budget is used up 



HZ 

ExoEarth Yield Estimated via Completeness 

IWA 
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Too 
faint 

τ 

•  Revisiting same star multiple times can increase total completeness 

•  Can optimize number of visits and delay time between visits 



9	Optimized revisits increase yield by additional 35-75% 

Maximizing Yield by Optimizing 
Observations 

Optimized Revisits 



Result: A Static Optimized Observation Plan 
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Alpha Cen 

Beta Pic 

Eps Eri 

Starry 
McStarface 

Visit 1 Visit 2 Visit 3 Visit 4 

t2=100 s t1=100 s t3=100 s t4=100 s 
Δt21=0.3 yr Δt32=0.2 yr Δt43=0.1 yr 

t2=300 s t1=300 s t3=200 s Δt21=0.5 yr Δt32=0.2 yr 

t2=400 s t1=500 s Δt21=0.4 yr 
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Maximizing Yield by Optimizing 
Observations 
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What Telescope/Instrument Parameters Matter? 

Yield most strongly depends on aperture.  
Moderately weak exposure time dependence. 

Yield ∝ Dφ

Yield ∝ tφ
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IWA matters more than contrast when treating both linearly. OWA doesn’t 
matter much. Noise floors with Δmag > 26.5 are unnecessary. 

Coronagraph Scaling Laws 
What Telescope/Instrument Parameters Matter? 
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Details of an Optimized Observation Plan: 
Stellar and Planet Vmag distribution 

D = 12 m 

D = 4 m 

D = 12 m 

D = 4 m 
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Lower Limits on Aperture Size 

If ηEarth = 0.1, detecting >30 exoEarth candidates 
requires D ≳ 11 m. 

Amount	of	
exozodiacal	dust	
(×	solar	zodiacal	

amount)	
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Optimizing Starshades: Balancing Time with Fuel 

We search the 5-dimensional parameter space controlling 
starshade yield to maximize yield 
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Maximized Yields for Starshades 
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Yield is moderately sensitive to aperture size and turns over 
at large D; an optimum aperture size exists. 

Near x = x0, 

SLS 



18 

Yield vs Instrument Optical Parameters 
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Small IWA = fuel hungry; Large IWA = planets unobservable. 
An optimum IWA exists. 



19	

Direct Comparison of Baseline Coronagraph & 
Baseline Starshade Yields 

Assumes identical astrophysical assumptions, 
science goals, and observational “rules.”   

Need to examine the impact of the rules.

n = 3 zodis n = 60 zodis 

SLS 

Falcon 9 

Delta IV H SLS 

Falcon 9 

Delta IV H 

Coronagraph 

Coronagraph 


