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How the press views our 
community 
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From Nature, Jan 1, 2015  
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Sampling of Direct Imaging 
Mission Concepts 
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aCEND/ 
ACESAT 

(Belikov, 
Bendek et al.) 

0.25-0.45m 

EXCEDE 
Schneider et al. 

0.7m 

Exo-C 
 Stapelfeldt et al. 

1.4m 

Exo-S 
 Seager et al. 

1.1m 

AFTA-C/S 
2.4m 

NWT/ 
ATLAST 

4m+ 

2020s 
flagship 

2030s 
flagship $1B probes 

Mid-2020 decade 
SMEX / mid-EX 

Early 2020 decade 



Main Goal:  
help unify our community  

!  “Unification” = we all agree on which mission to fly with what technology (at 
least at a flagship level for Astro 2020) 

!  Fundamental prerequisite: Standardization of mission yield analysis. This 
hopefully allows  
!  A way of comparing direct imaging missions / technologies that hopefully everyone 

can agree on 
!  Expected science yields based on a process endorsed by the entire community 
!  Trade studies and understanding of how science depends on instrument parameters 
!  Traceable flow-down between science and instrument requirements 
!  = credible mission strategy and perception of unity for Astro 2020 

!  How do we accomplish this? 
!  Break up the analysis into ~ 5 approximately stand-alone modules 
!  Define interfaces between each module within a unified framework 
!  Assign a 1-year SAG/subSAG to each module (~5 SAG-year effort) 

5 



Example unified framework 
for science yield analysis 
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1.  Astrophysics 
parameters 
(Traub, Bryden,  
Roberge, etc.) 

4. Exoplanet 
sensitivity 

(Traub, Stapelfeldt, etc.) 

2. Instrument  
(Krist, Belikov, etc.) 

Eta_Earth 
Exozodi 
HZ definition 
Etc. 

3. Post- 
processing 

(Soummer,  
Macintosh, etc.) 

Telescope size 
Throughput vs. angle 
Contrast vs angle 
Band 
Etc. 
 

Telescope size 
Throughput vs. angle 
Contrast vs angle 
Band 
Etc. 
 

5. Observing 
Strategy 

(Brown, Stark, etc.) 

Exposure time 
False alarm % 
Completeness 
Etc. 

Expected 
science 
yield 

!  Proposed strategy: 
!  1. Converge on a final version of this diagram – please contact me if you would like to volunteer 
!  2. Interested parties form SAGs focused on each box, with a lead assigned to each 

!  Work internally to define standard computation methods, reconcile any differences 
!  Work with adjacent SAG to define interfaces 

!  3. Use the resulting structure to 
!  Compute expected planet yields for different missions and for a set of standard astrophysics cases 
!  Conduct trade studies (e.g. science vs. telescope size or IWA) 
!  Invert the computation to derive required instrument specs from desired planet yields (from SAG4 and 9) 



Org structure 
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Main SAG 
Coordination 
Global trades 

1.  Astrophysics 
parameters  
(Traub, Bryden,  
Roberge, etc.) 

2. Instrument  
(Krist, Belikov, etc.) 

3. Post- 
processing 

(Soummer,  
Macintosh, etc.) 

4. Exoplanet 
sensitivity 

(Traub, Stapelfeldt, etc.) 

5. Observing 
Strategy 

(Brown, Stark, etc.) 

!  Prospective SAG members: please contact me 
(ruslan.belikov@nasa.gov) and state whether you are interested in 
!  participating in a specific box 
!  leading a specific box 

!  Please also send me work you’ve done related to any of the boxes (if 
you have not already) 

sub-SAGs 



Sampe template for science yield table 

8 

Science yield 
parameter 

Exo-S Exo-C AFTA-C Etc. 

Number of known RV 
Jupiter-mass planets 
spectroscopically 
characterized 

Number of stars searched 
for HZ planets down to 
Earth sizes 
Number of planets expected 

Number of stars searched  
for 2 Re sub Neptunes 
Number of planets expected 

 
 

Number of stars surveyed 
for Jupiters 
Number of planets expected 

Number of known 
circumstellar disk targets 
surveyed 



Alternative template 
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 	   Exo-C	   Exo-S	   Etc.	  

Prescribed (assumptions, design 
parameter)	  

 	    	  

Star List	    	    	  
eta_planet 
exozodi	  

 	    	  

assumption N	    	    	  

Derived:  	    	    	  

Derived:  parameter 1	    	    	  
Derived:  Parameter 2	    	    	  

Risks	    	    	  

If <this input assumption is instead X>	   Then consequence	   Then consequence	  

Opportunities	    	    	  

If <this input assumption is instead X>	   Then consequence	   Then consequence	  

(based on a suggestion from Gary Blackwood) 



Possible downscopes to 1 SAG 
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1.  Astrophysics 
parameters 
(Traub, Bryden,  
Roberge, etc.) 

4. Exoplanet 
sensitivity 

(Traub, Stapelfeldt, etc.) 

2. Instrument  
(Krist, Belikov, etc.) 

Eta_Earth 
Exozodi 
HZ definition 
Etc. 

3. Post- 
processing 

(Soummer,  
Macintosh, etc.) 

Telescope size 
Throughput vs. angle 
Contrast vs angle 
Band 
Etc. 
 

Telescope size 
Throughput vs. angle 
Contrast vs angle 
Band 
Etc. 
 

5. Observing 
Strategy 

(Brown, Stark, etc.) 

Exposure time 
False alarm % 
Completeness 
Etc. 

Expected 
Planet 
yield 

!  If the ~5 SAG effort is not possible, two proposed downscopes to 1 SAG 
are: 
!  Focus on Instrument (Box #2):  

!  Compute/compare instrument performance for different missions / technologies / environment 
assumptions 

!  study trade-offs between IWA, Contrast, sensitivity to aberrations 
!  Focus on gathering Exoplanet yield calculations: 

!  Gather/compare inputs from the community about planet yields for different missions without 
attempting to standardize computations 



Request for feedback and 
volunteers 

!  Looking for constructive negative feedback 
on general approach 

! Prospective SAG members: please contact 
me (ruslan.belikov@nasa.gov) and state 
whether you are interested in 
! participating in a specific box 
!  leading a specific box 
! contribute information / input to a specific box 

(work you or somebody else has done) 
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