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Exoplanet Imaging in Reflected Light
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Schematic of projected exosystem. Planet is sufficiently illuminated for detection in
reflected light on solid part of orbit, and observable outside the gray region.

All imaging systems have an inner/outer working angle (IWA/OWA) and a limiting
planet/star flux ratio (function of angular separation). J




Imaging Observables: Projected Separation and Amag
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The Choice of Phase Function is Important
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The Direct Imaging Joint Probability Distribution
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For more details see: Brown, “Single-visit photometric and obscurational completeness”, 2005; Garrett and Savransky, “Analytical
Formulation of the Single-visit Completeness Joint Probability Density Function”, 2016



ument Limits and Completeness
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The Impact of Stellar Distance
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Zone Populations and the Impact of Stellar Luminosity

e If simulating a habitable zone
population, you want to scale orbits to
match solar insolation, such that
a= \/EaLzlLG where ar—1r is the
semi-major axis at 1 solar luminosity

o This implies:

r= \/ETL:U;@ S = \/ZSLzlL@

Amag = Amag;_q;, + 2.5logy, (L)

@ There’s no need to re-evaluate the
underlying population PDF—simply
redefine the abscissa and ordinate



Habitable Zone Populations and the Impact of Stellar Luminosity
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Integration Time and Completeness

@ Achievable Amag is a function of integration time, and therefore so is completeness
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Integra me and Compl

Integration Time = 3.000e-05 d

45 1.0
——- Projected IWA
—-=- Projected OWA
ol T Amagjim 084
a€[0.7 1.5] AU )
e€[0. 0.35]
2 p=0.367,Rp=1.0Rs |
é 35 IWA = 0.05 arcsec § 06 1
in OWA = 0.25 arcsec %‘
o d=3.638 pc 2
g 10 L=0.222 L, g 0.4
3
25 0.2 1
............................................ 00 . | |
0.0 0.5 1.0 15 2.0 10-3 10-1 10!

siVL (AU) Integration Time (d)



The Impact of Real Instrument Performance
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Completeness From True Instrument Curves Can Always Be

Computed with Constant Amag limits
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Beware Edge Cases
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Dynamic Completeness
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From: Brown and Soummer, “New Completeness Methods for Estimating Exoplanet Discoveries by Direct Detection”, 2010



Integration Time-Adjusted Completeness
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From: Keithly, Savransky, and Spohn, “Integration time adjusted completeness”, 2021



Key Take-Aways and Additional Resources

o Completeness can be computed solely by
sampling semi-major axis, eccentricity, argument
of periapsis, inclination, and true anomaly

e Completeness for a given population is always a
function of stellar distance, but can also be a
function of stellar luminosity when trying to
match insolations

o Even with unlimited integration time, you may
never reach a completeness of 1 due to
inner/outer working angle effects and integration
time saturation

o Single-visit completeness is not the end of the
story: there are many refinements and extensions




	Talk

	anm2: 
	2.39: 
	2.38: 
	2.37: 
	2.36: 
	2.35: 
	2.34: 
	2.33: 
	2.32: 
	2.31: 
	2.30: 
	2.29: 
	2.28: 
	2.27: 
	2.26: 
	2.25: 
	2.24: 
	2.23: 
	2.22: 
	2.21: 
	2.20: 
	2.19: 
	2.18: 
	2.17: 
	2.16: 
	2.15: 
	2.14: 
	2.13: 
	2.12: 
	2.11: 
	2.10: 
	2.9: 
	2.8: 
	2.7: 
	2.6: 
	2.5: 
	2.4: 
	2.3: 
	2.2: 
	2.1: 
	2.0: 
	anm1: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


