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Fig 7.3 
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    HOW ARE YOU GOING TO DO YOUR 
SCIENCE? 
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      WHAT DO YOU NEED TO DO YOUR 
SCIENCE? 
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Planning an observation on an existing instrument 
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Planning an observation on a NEW instrument 
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From OST
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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 
• Flows the science goals and objectives to instrument and mission 

requirements 
• Science objectives should be quantified 
• Shows a well-understood concept 

Science 
model 

Measurement 
model 

Instrument performance 
model 

Mission 
model 



   

   

Instrument Models inform potential capability 

From LYNX Final report 
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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 9 
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THE IMPORTANCE OF METRICS 
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Exoplanet metric: number of habitable zone exoplanets 
spectrally characterized to a specific SNR, R, BW 

Metrics may represent different tiers of science goals 

H2O line 
reconnaissance 

O2 line 
reconnaissance 

Broad Spectra 
Coronagraph 

Ty Robinson simulated earth spectra at 7.5 pc 
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Different yield metrics reveal different sensitivities 
Observing scenario, SNR, spectral resolution, number of sub-spectra, and precursor knowledge effect yield. 

Target 
Perfect prior depletion 

Perfect prior 

EPRV prior 
Perfect prior 

blind search EPRV prior 
EPRV prior 

blind search 
blind search 
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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


   

         
     

   

   

Metrics quantify performance sensitivity to key parameters 

What is the shape of the curve for other metrics? 
For tiered observing scenarios that combine metrics? 

? ? ? 
Stark, MacIntosh, Mawet 2017 

Yield = 6 x (D/5m)1.97 (Tint/yr)0.32 (41mas/IWAd)0.98 

x (ηE/0.1)0.96 (A/0.2)0.65 (3/Zodimedian)0.17 

Stark et al. 2014 

? ? ? 

https://3/Zodimedian)0.17
https://A/0.2)0.65
https://x(�E/0.1)0.96
https://41mas/IWAd)0.98
https://Tint/yr)0.32
https://D/5m)1.97


    

         
  

    
      

  
       
       

      
           

   

                
     

What are good metrics going forward? 

• Represent the desired science measurable at a quality required to accomplish 
the science goal 
– Clearly communicate apples from oranges 
– Computationally tenable for many iterations and trades 

• Defining the science metrics is work 
– That will require iterating on the science performance models 
– That will likely require iterating on the measurement models 
– There are nuances that are worth understanding EARLY 
– There is an opportunity with this workshop to identify the work that needs to 

be done to design good metrics 

We as a community need to be clear on which metric we are using so that 
there are not apples to oranges comparisons muddying the trades. 
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Fig 7.3 



BACKUP 
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Common Comparison 
https://exoplanets.nasa.gov/exep/studies/sdet 

You can find more details 
in the Final Report 
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https://exoplanets.nasa.gov/exep/studies/sdet
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https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=5F

