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AFTA Coronagraph Recommendation 

Why:  In response to NASA Administrator’s guidance, and 
Astrophysics Director’s Implementation plan, AFTA must produce a 
compelling and viable mission concept including coronagraph within 
guideline budget and schedule for potential new mission start in 
FY17 
 
What: 
• Choose primary and backup coronagraph technology to focus 

design and technology investments 
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AFTA = Astrophysics-Focused Telescope Asset 
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Recent History 

• January 6 2013:  ExoPAG#7 endorses coronagraph for AFTA 

• May 30:  NASA Administrator gives permission for AFTA pre-formulation 

activities including a coronagraph 

• June 20:  AFTA Coronagraph Working Group (ACWG) Charter signed by NASA 

Headquarters, identifying Members. 

• July 23-25:   AFTA Coronagraph Workshop (ACW)#1 held at Princeton University 

• September 9,10:  AFTA Science Definition Team (SDT) meeting 

• September 25-27:  ACW#2 held at JPL 

– Preliminary science requirements and evaluation criteria established 

• October 21-22:  ACW2.5 Telecon 

• November 20-22:  ACW3 at JPL 
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Recommendation Criteria: 
Defining a Successful Outcome 

MUSTS (Requirements):  Go/No_Go 
1. Science:  Does the proposed architecture meet the baseline science drivers? 
2. Interfaces:  For the baseline science, does the architecture meet telescope and 

spacecraft requirements of the observatory as specified by the AFTA project (DCIL1) 

3. Technology Readiness Level (TRL) Gates:  For baseline science, is there a credible plan 
to be at TRL5 at the start of FY17 and at TRL6 at the start of FY19 within available 
resources? 

4. Is the option ready in time for this selection process? 
 
WANTS (Goals):  Relative to each other, for those that pass the Musts: 
1. Science:  Relative strength of science beyond the baseline 
2. Technical:  Relative technical criteria 

- See details 
3. Programmatic:  Relative cost of plan to meet TRL Gates 
 
RISKS  and OPPORTUNITIES 
- See details 
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1DCL = Dave Content Interface List 
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AFTA Coronagraph Science Requirements 
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Baseline Science (Musts:  M1) 
1 General 

a Operate from 430 to 980 in >10% bandpasses 
b Operate separately or simultaneously in 2 polarization channels 

2 Characterization of previously-known Doppler planets:  Spectroscopically characterize from 650 to 950nm at SNR=10, R=70 
per resolution element from 600-850 at least 6 previously-known Doppler planets in 3 months of mission time 

3 Search depth for gas giant (super-neptune) planets:  Total search depth of 40 for objects from r1=4 RE to r2=13 RE and 
0.1<a<5 over a survey of 200 stars observing at 550 nm with one visit per star and a total survey time of up to 2 months 

4 Search depth for ice giant (sub-neptune) planets: Total search depth of 4 for objects of r<4RE over a survey of 200 stars 
observing at 550 nm with four visits per star and a total survey time of up to 2 months 

6 Exozodiacal disk detection:  Detect a disk of 10x our solar system’s zodiacal level at SNR=5 per resolution element at 1 AU at 
450 nm at 8 pc 

Science beyond the Baseline: Wants (W1a)  (Relative Weight indicated) 
1   

a (M) Cover at least 15% bandpass 
b n/a 

2 (M)  
3 (M) 

4 (H) Total search depth for objects of r<2RE is a important ‘extra’ science capability for selection, with a desirable value being 
>4 

6 (M) 
Threshold Science (Risk R4) 

5T Exozodiacal disk detection:  Detect a disk of 100x our solar system’s zodiacal level at SNR=5 per resolution element at 2 AU 
separation around a star 8 pc away at 450 and 800 nm 

3T Search depth for gas giant (super-neptune) planets:  Total search depth of 10 for objects from r1=4 RE to r2=13 RE and 
0.1<a<5 over a survey of 200 stars observing at 550 nm with one visit per star and a total survey time of up to 2 months 
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Evaluation Criteria:  Mask Architecture 

 

10 





ExoPlanet Exploration Program 

Down-select detailed schedule 
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Classical Lyot Coronagraph Design 

DM #1 
with FSM DM #2 

LOWFS 
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Post-processing 
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high–order wavefront control loop   
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jitter correction loop 
(pointing stability) 

low-order wavefront control loop 
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The architecture  
downselect 
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CG-6: System-Level Demonstration 
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Star light suppression -- Technical Approach 
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Primary 
approach 

Back-up 
approach 

Down select 1/6/2014 

TRL-5 @ start of Phase A (10/2016) TRL-6 @ PDR (10/2018) 

Visible Nuller Coronagraph: 
Phase-Occulting (Lyon, GSFC) 

Visible Nuller Coronagraph: 
DaVinci (Shao, JPL) 

Six different concepts 
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Hybrid Lyot 

DM1, DM2 Pupil 
mapping 

Apodizer 
mask 

Occulting 
mask 

Lyot stop Inverse 
pupil 
mapping 

Mild ACAD on 
both DMs 

Complex 
transmission, 
on filter 
wheel 

Transmission, 
grey, fixed 
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FPA 

DM1/FSM 

DM2 

To LOWFS 
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Shaped Pupil 

DM1, DM2 Pupil 
mapping 

Apodizer 
mask 

Focal plane 
mask 

Lyot stop Inverse 
pupil 
mapping 

Mild ACAD on 
both DMs 

Binary 
reflection on 
filter wheels 

Binary 
transmission, 
on filter 
wheel 
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FPA 
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Vector Vortex 

DM1, DM2 Pupil 
mapping 

Apodizer 
mask 

Focal plane 
mask 

Lyot stop Inverse 
pupil 
mapping 

Strong ACAD 
on both DMs 

Binary 
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wheel  
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wheel 

Transmission, 
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FPA 

To LOWFS? 

DM1/FSM 

DM2 
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PIAA - CMC 

DM1, DM2 Pupil 
mapping 

Apodizer 
mask 

Occulting 
mask 

Lyot stop Inverse 
pupil 
mapping 

Medium 
ACAD on both 
DMs 

PIAA mirrors Gray scale, 
filer wheels? 

Phase 
transmission, 
on filter 
wheel 

Transmission, 
binary, fixed? 

Inverse PIAA 
mirrors 
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FPA 

To LOWFS 
PIAA 
mirrors 

Inverse 
PIAA 

DM1/FSM 

DM2 

Final design deadline extended to 11/4/2013 
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VNC-DaVinci 
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Interferometer WFC 

2 stage nulling interferometers One DM (4 quadrants) for both phase and 
amplitude control 

Diluted aperture (4X) Lyot stop mask (binary, transmission, fixed) 

Achromatic phase shifters Fiber bundle spatial filters 

Delay line to adjust OPD 

FPA 

π 
π 0 
0 

π 
π 0 
0 

DM 
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Summary: 
 
• Exoplanet Direct Imaging Science is 

Compelling 

• AFTA is Next Important Step 

• Current Trade will focus design and 

technology investments 
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