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  Yield Modeling Tools Resources 
bit.ly/YieldTools_AAS234 
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Fundamental Concepts short-talks Purpose 

The purpose of this workshop is to: 
• Bring together the vibrant communities of mission 

and instrument designers and yield modelers to share 
their expertise 

• Introduce fundamental concepts in exoplanet 
imaging yield modeling 

• Present state of the art yield modeling tools available 
for use today and provide basic instruction in their 
use 

• Discuss gaps in yield modeling approaches and 
potential future efforts to close them 
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ExEP’s Yield Modeling Tools Workshop Remix 
bit.ly/YieldTools_AAS234 

Time 
(CT) 
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9:00 Importance of yield tools for science and mission Rhonda Morgan (ExEP) 
requirements 

9:10 Detailed overview of EXOSIMS open-source mission Dmitry Savransky 
simulation tool (Cornell) 

9:40 Detailed overview of AYO (Altruistic Yield Optimization) Chris Stark (GSFC) 

10:00 Interactive tutorial of EXOSIMS Rhonda Morgan (ExEP) 

10:20 Interactive tutorial of ExoVista Alexander Howe (GSFC) 

10:50 Discussion of priorities for future model improvement Rhonda Morgan (ExEP) 
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What is science performance (yield) modeling? 

• How much science can we get out of our instrument and mission? 

Metric Capability Constraints 

• We’ll want to iterate, so be parametric to be computationally fast 

Measurement model 

What you want to observe 
(and not observe): definition 
of an ‘Earth-like’ exoplanet, 
star list 
occurrence rate 
noise and confusion sources 

Instrument model 

Optics 
Photometry 
Starlight suppression 
~mission dynamics 

Mission model 

- Allocating resources: exposure time, 
mission time, fuel. 

- Allocation strategies would be different for 
target-limited or time-limited scenarios. 

- For time-limited, efficiency concerns lead 
to desire for optimization schemes. 

- Optimization and scheduling is its own 
field 
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Credit: Stark Stark 2014 

Stark 2015 

Brown 2005 

Hunyadi, Shaklan, Brown 2007 

Hunyadi, Lo, Shaklan 2007 

Morgan 2021 

TPF THEIA, O3 ATLAST, LUVOIR, HabEx 

EPRV 

Savransky 2013 

Savransky, Kasdin, Cady 2010 



 Exoplanet Probe Studies (2015) 
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    Exoplanet Direct Imaging Concept Missions 
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description 

of
astrophysical 

inputs 

Standard Definitions and Evaluation Team 
https://bit.ly/StandardsTeam 

Chartered to provide a consistent, transparent yield analysis using common input parameters 

EXOSIMS 

AYO 

Thorough 

HabEx 
Instrument 
Obs Scenario 

LUVOIR 
Instrument 
Obs Scenario 

Target List 

Occurrence 
Rates 

ExoZodi 

Planet Types 

Planet 
Properties 

Yield 
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https://bit.ly/StandardsTeam


Astro2020 recommendation for exoplanets 

● Astro2020 recommended a “future large IR/O/UV telescope optimized for observing habitable exoplanets and general 
astrophysics” to be ready by end of the decade 

● Astro2020 recommended “to search for biosignatures from a robust number of about ~25 habitable zone [exo]planets” 

Fig 7.6 

Fig 7.5 

Standards Team 

Fig 7.4 

              
        

             

 

 

 

 

                 
           

    
                  

● Building on the work done by large concept studies and the Standards Evaluation Team, we can iterate, address nuances, and 
incorporate progress to map exoplanet science goals to planet characterization to metrics 

This will not be easy! 
● Characterization is complicated and will likely involve multiple measurements. … This means we’ll have more than one metric 



    
 

    

 

    
  

  
  

  

  
  

 

           

 

 

 

 

Different yield metrics reveal different sensitivities 
Observing scenario, SNR, spectral resolution, number of sub-spectra, and precursor knowledge effect yield. 

Perfect prior: upper Target 
bound using realistic depletion 
mission constraints 

Perfect prior 

Partial prior using EPRV 
sensitivity for positive 

Perfect prior 

detections 
EPRV prior 

EPRV prior 
Blind search requires 

photometric detection, orbit 
determination, then spectral 

blind search 
blind search 

characterization 
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Fig
7.6 

More comparisons of metric impact on architectures in Morgan et al. 2021 
https://doi.org/10.1117/1.JATIS.7.2.021220 

https://doi.org/10.1117/1.JATIS.7.2.021220


     
 

           

 

    
  

  
  

  

  
  

 

           

 

 

 

 

EPRV prior

blind search

Perfect priorPartial prior using EPRV
sensitivity for positive
detections

Blind search requires 
photometric detection, orbit
determination, then spectral

characterization

Perfect prior: upper
bound using realistic
mission constraints

EPRV prior

blind search

Perfect prior

Target
depletion

Different yield metrics reveal different sensitivities 
Observing scenario, SNR, spectral resolution, number of sub-spectra, and precursor knowledge effect yield. 

Fig
7.6 

IW
A 
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More comparisons of metric impact on architectures in Morgan et al. 2021 

https://doi.org/10.1117/1.JATIS.7.2.021220 

https://doi.org/10.1117/1.JATIS.7.2.021220


      
 

        

 
 

 

Yield with broadband metric for three architectures 

The HabEx 4m architectures were scaled to 6m and starshade from 52 m to 72m 

13 

Can be 
improved by 

tuning optimizer 



    

   
   

  

 

Metrics are used to quantify trades 

Metric 

Metric 

Decision Matrix adapted from C.D. Jilla, MIT dissertation, 2002 

Pareto front 

Kepner and Tregoe, 1965 14 



From OST

  

        
           

    

           
  

     

  

 
  
  

J. R. Weiss, W. D. Smythe and Wenwen Lu, "Science traceability," 2005 IEEE
Aerospace Conference, 2005, pp. 292-299, doi: 10.1109/AERO.2005.1559323.

Science Traceability Matrix (STM) 

• A tool to communicate how the science shapes the mission 
Yield tools link the flow • Flows the science goals and objectives to instrument and mission requirements of science observables 

• Science objectives should be quantified to mission requirements 

Science 
model 

Measurement 
model 

Instrument performance model Mission model 
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BACKUP 
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Observing Strategy impact on metrics 
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rdering observations 

HabEx Final Report Fig. 3.1-1 LUVOIR Final Report Fig. 3-11 
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Exoplanet science yield model 

Astrophysical Inputs 
Star list 
exozodi 
Occurrence rate 

Instrument Parms 
Aperture 
Throughput, QE 
Contrast, IWA, OWA 

Mission Constraints 
Lifetime 
Observing allocation 
Observatory orbit 

Planet radii Spectral Resolution Solar keepout 
albedo Bandwidth, SNR Observing scenario 

EXOSIMS: Open source. Python. Parametric. Probabilistic. Modular. 
Creates Monte Carlo ensembles of missions. 

https://github/dsavransky/EXOSIMS 

Measurement 
model 

Instrument 
performance 

model 

Mission 
model 

Universe n Universe 
n+1 

Universe 
n+2 

⟨n⟩ planets 
characterized 

SNR = 
Rs = 
BW = 
Wavelength = 
In habitable zone 
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