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3 Synergistic but Distinct Roadmap and Survey Efforts

Primary Objectives:  
1. Roadmap for coronagraph technologies to 

reach TRL 5 for HWO.
2. Inform NASA on prioritized investments to 

ensure coronagraph technology readiness.

Pin Chen 
(NASA ExEP) 

Laurent Pueyo 
(STScI)

Coronagraph 
Technology Roadmap 

Deformable Mirror 
Technology Roadmap

Primary Objectives:  
1. Roadmap for DM technologies to reach TRL 

5 for HWO.
2. Inform NASA on prioritized vendors, 

manufacturing needs, and test facilities to 
ensure DM technology readiness.

Eduardo 
Bendek

Tyler 
Groff

(NASA GSFC) 

Coronagraph
Design Survey

Primary Objectives:  
1. Survey and document viable coronagraph 

architectures for HWO.
2. Identify novel coronagraph technologies for 

which NASA’s technology development 
investments could be efficiently leveraged. 

Rus Belikov
(NASA ARC) 

Chris Stark
(NASA GSFC)

Duncan
Liu

(NASA JPL) 

ExEP Colloquium: June 11
(Final written report to follow)

ExEP Colloquium: June 7
(Final written report to follow)

ExEP Colloquium: now!
(Final written report to follow)
Future briefings:
• START-TAG F2F, June 3rd, 11:10 - 11:45
• SPIE poster and proceedings (June)
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Motivation: let’s make HWO as great a mission as possible!
LMS and Decadal Survey recommend thorough, early, well-funded trades

“Inadequate funding for concept studies, concept, and technology 
development”

– “Cost and Schedule Growth in NASA Missions: Findings and 

Recommendations from the Explanation of Change Study and Flagship 
Mission Assessment,” Office of the Center Director, NASA Goddard Space 
Flight Center, 2013.

Finding: “During the Pre-Phase-A period, requirements development and 
architecture trades are often over-constrained, driving the mission 
unnecessarily toward very expensive solutions[…]”

Recommendation: “[…]Conduct requirements analyses and architecture 
trades during pre-phase-A that quantify science vs. cost, thereby 
preventing unnecessary adoption of very expensive solutions[…]”

– SMD’s large mission study report 

(https://science.nasa.gov/about-us/large-mission-study)

“[GOMAP] would provide early investment in technology development 
for multiple mission concepts to lower the risks and costs of projects 
before they become too complex, large, and costly,”

– Astro2020 Decadal Survey (2021).
6

(2019)

LMS (2019)

Astro2020

https://science.nasa.gov/about-us/large-mission-study


Coronagraph design trade space is very rich

Courtesy of James Lloyd, ~2003

Many coronagraph designs have been invented 
since Lyot’s original 1930 concept, 

with several new advances since 2019



Coronagraph trade space has 
powerful levers/knobs to reduce risk and cost on mission

Olivier Guyon, 2009

Yield estimates have already improved by ~50% or more with new coronagraph designs since 2019
Potential to relax key requirements (such as stability and even contrast, etc.)

Examples of “knobs”
Knobs that may be close to saturation

(a lot of non-coronagraphic knobs are in this category)
Knobs with a lot of room to improve before physics limits

(a lot of coronagraphic knobs are in this category)

Note: the knobs on this slide are meant as a high-level cartoon for illustration purposes only. Values of the knobs are not 
meant to represent accurate values. (Later slides will show a more quantitative analysis of some of the knobs.)



Survey Goals 

1. Survey and document viable coronagraph designs across the world that can 
inform the Habitable Worlds Observatory about their capabilities and 
technology readiness.

2. Facilitate future evaluation and comparison of the coronagraph designs to 
advance based on a set of technical and programmatic assessment criteria.

3. Identify novel coronagraph technologies that could mature rapidly for which 
NASA’s technology development investments could be efficiently leveraged. 

9

Intended Application
• Provide to GOMAP, START, TAG, and ExEP management an assessment of 

coronagraph technologies that can be used to evaluate risk and performance for a 
Habitable Worlds Observatory

• Inform and facilitate upcoming HWO trade and parameter studies
• Enable coronagraph designers to rapidly evaluate and iterate their designs according to 

a uniform set of metrics for HWO

Astro2020 decadal survey recommendations for HWO 
flagship



• Information Matrix summarizing our surveyed coronagraphs
– No downselecting! (Fact-finding only.)
– Intended to be a living document, periodically updated as coronagraphs mature, new designs become 

available, and possible changes to metrics (including yield) become standardized

• Survey briefings and Final Report
– Description of process
– Surveyed coronagraph options
– Survey findings

• Software Pipeline
– Intended as a tool for 

– START / TAG, to facilitate rapid coronagraph parameter studies
– Coronagraph designers, to facilitate evaluation of their designs according to HWO metrics, and guide optimizations

– Public release coming soon (please contact us if you would like a demo / preview)

Products  and Deliverables



• Motivation, goals, deliverables

• Results
• Information Matrix

• Process and CDS pipeline

• Technical performance and robustness

• Maturity

• Science Yields

• Findings and conclusions

Outline
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Survey Summary Matrix: rows are metrics
Current version located at: https://docs.google.com/spreadsheets/d/1Z_D0H4VA1RWyBxuk5VzW4reOKAijnSUGaVjzP_vVWRQ/edit#gid=2138297368

Permanent location of the living version: TBD 
We will zoom in on this matrix in later slides

https://docs.google.com/spreadsheets/d/1Z_D0H4VA1RWyBxuk5VzW4reOKAijnSUGaVjzP_vVWRQ/edit#gid=2138297368


Survey Summary Matrix: rows are metrics
Current version located at: https://docs.google.com/spreadsheets/d/1Z_D0H4VA1RWyBxuk5VzW4reOKAijnSUGaVjzP_vVWRQ/edit#gid=2138297368

Permanent location of the living version: TBD 
We will zoom in on this matrix in later slides

Science yield metrics

Coronagraph performance and robustness

Maturity, telescope compatibility,
programmatic considerations

https://docs.google.com/spreadsheets/d/1Z_D0H4VA1RWyBxuk5VzW4reOKAijnSUGaVjzP_vVWRQ/edit#gid=2138297368


Survey Summary Matrix: columns are coronagraphs
Current version located at: https://docs.google.com/spreadsheets/d/1Z_D0H4VA1RWyBxuk5VzW4reOKAijnSUGaVjzP_vVWRQ/edit#gid=2138297368

Permanent location of the living version: TBD
We will zoom in on this matrix in later slides

 

Lyot-type coronagraphs
Pupil 

apodization 
coronagraphs

Hybrid coronagraphs

Emerging 
technologies

(and 
theoretical 

limit)

Science yield metrics

Coronagraph 
performance and 

robustness

Maturity, telescope 
compatibility,
programmatic 
considerations

https://docs.google.com/spreadsheets/d/1Z_D0H4VA1RWyBxuk5VzW4reOKAijnSUGaVjzP_vVWRQ/edit#gid=2138297368


Overview of Apertures and Surveyed Designs

HabEx / monolithic LUVOIR B

USORT monolithic USORT off-axis USORT on-axis

Vector vortex (4 designs)
Optimal 2N    (4 designs)

APLC     (3 designs)
PAPLC   (1 design)

AVC     (2 designs)
HLC     (1 design)

VC              (4 designs)
LCPPC       (1 design)
PIAA           (1 design)
Optimal 2N (4 designs)

AAVC         (1 design)
SPC           (1 design)
APLC         (2 designs)
PIC             (5 designs)
Optimal 2N (4 designs)

PIAA-VC    (1 design)
Optimal 2N (4 designs)

LUVOIR A

15 architecture concepts surveyed, + 1 optimal coronagraph (theoretical limit) + 5 enhancing techs
28 coronagraph designs surveyed, + 16 optimal coronagraph designs, spanning 6 apertures



Workflow

Science yields 
WG

(lead: C. Stark)

Maturity WG
(Lead: B. 

Mennesson)

Coronagraph
designs

Yield input 
packages

KT matrix

Science yield rows
(mostly automated

pipeline)

Performance / robustness rows
(mostly automated pipeline)

Maturity / feasibility / compatibility  rows

Coronagraph
operator

Info on lab 
demos, practical 
considerations, 
quotes, etc.

Performance / 
robustness WG
(lead: E. Por)

Science yield 
metrics

Coronagraph 
performance and 

robustness

Maturity, 
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compatibility,
programmatic 
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Survey Content 
Fact-finding using the Kepner-Tregoe Matrix
Survey Contents 
The What
Survey Goals 
The What

Astro2020 decadal survey recommendations for HWO 
flagshipWorkflow and Pipeline

Design 
teams
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Coronagraph Designs Submitted to Coronagraph Design Survey

18

Primarily focal-plane Primarily pupil-plane Hybrid Emerging Enhancing

Pipeline designed to accept new coronagraph designs in 
the future, and iterations of existing designs



Science 
yields WG
(Stark et al.)

Maturity WG
(Mennesson et al.)

Design 
teams

Coronagraph
designs

Yield input 
packages

KT matrix

Science yield rows
(mostly automated
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(mostly automated pipeline)

Maturity / feasibility / compatibility  rows

Coronagraph
operator

Info on lab 
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quotes, etc.

Science yield 
metrics
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performance and 

robustness
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programmatic 
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robustness WG

(Por et al.)
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AYO
or

EXOSIMS

Coronagraph 
design teams
(worldwide)

Coronagraph design 1
CDS performance 

and sensitivity 
calculator

Coronagraph Design Survey Pipeline

Coronagraph design N

Coronagraph design 2
…

Throughput Contrast Sensitivity to SD 

Sensitivity to LO Sensitivity to HO Sensitivity to segments

Standard AYO 
input file package

Process:
1. Design coronagraph
2. Convert to CDS standard form
3. Run pipeline
4. Get coronagraph performance 

metrics and yields
5. Iterate as needed

New python toolset
• Automated batch processing of 

coronagraphs
• Typical processing time minutes to 

hours per coronagraph (depending 
on coronagraph operator)

• Planned open-source release soon 
(please contact us if you would like 
a demo / preview)

Features / design goals:
• Automation and rapid-turnaround (minutes or hours per coronagraph for complete set of metrics+yields)
• Standardized interface to coronagraph designs and to yield calculators: batch processing, apples-to-apples comparisons
• Simplicity and low barrier of entry to coronagraph designers and START/TAG team members

Emiel Por (primary author), Ruslan 
Belikov, Kevin Fogarty, John Krist, 
Roser Juanola Parramon, Susan 

Redmond, Dan Sirbu

AYO: Stark et al.
EXOSIMS: Savransky et al.

…



Off Axis Coronagraph Designs Point Source

Note: many coronagraph designs have not yet been optimizedPlots created by Emiel Por and Susan Redmond

PIAA

PIC

Key trade: coronagraph performance vs. maturity (effectively, science performance vs. technical risk)



Off Axis Coronagraph Designs Point Source

Note: many coronagraph designs have not yet been optimizedPlots created by Emiel Por and Susan Redmond

PIAA

PIC OVC LCPC

AAVC

AVC

PIAA

SPC

HLC

APLC

OVC

Optimal (physics limit)

PIC

PIAA

AVC

HLC
SPC

AAVC
APLC
LCPC

Key trade: coronagraph performance vs. maturity (effectively, science performance vs. technical risk)



Off Axis Coronagraph Designs Finite Source

Note: many coronagraph designs have not yet been optimizedPlots created by Emiel Por and Susan Redmond

OVC

Optimal (physics limit)

PIC

PIAA

AVC

HLC
SPC

AAVC
APLC
LCPC

PIC OVC LCPC

AAVC

AVC

PIAA

SPC

HLC

APLC

Key trade: coronagraph performance vs. maturity (effectively, science performance vs. technical risk)



On-Axis Coronagraph Designs Point

Plots created by Emiel Por and Susan Redmond

PAPLC

APLCs

Note: many coronagraph designs have not yet been optimized

Key trade: coronagraph performance vs. maturity (effectively, science performance vs. technical risk)



On-Axis Coronagraph Designs Finite

Plots created by Emiel Por and Susan Redmond

PAPLC

PAPLC

APLCs

Note: many coronagraph designs have not yet been optimized

APLCs



• Details of plot

– Markers represent different coronagraph designs, showing 
the IWA and stellar diameter for which different 
coronagraph designs can still maintain < 1e-10 peak 
contrast

– “Circles” represent hypothetical planets in the middle of a 
Habitable Zone

o Red circles are HWO targets (Mamajek & Stapelfeldt)

o Black circles are a randomly generated population of 
systems beyond HWO targets (not real stars)

o Size of dot represents exo-Earth brightness

o λ = 500nm

• Key trade: IWA vs. sensitivity to tip/tilt/stellar size (allows 
relaxation of telescope jitter requirements)

• Substantial gap remains between current coronagraphs 
and theoretical limits

– Especially for segmented and/or on-axis apertures 
(optimal coronagraph performance is largely insensitive to 
aperture shape)

– Opportunity to improve performance, but requires 
technology development

IWA and Robustness to Tip / Tilt / Stellar Size

Note: many coronagraph designs have not yet been optimizedPlots created by Emiel Por and Susan Redmond

(approx.)
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• Many other instability and aberration modes implemented

• Key trade Telescope stability vs. coronagraph robustness (e.g. can we relax the 10pm stability requirements?)

Robustness to Other Aberrations

sensitivity to
low-order aberrations

sensitivity to
segment-level aberrations



Science 
yields WGDesign 

teams Coronagraph
designs

Yield input 
packages

KT matrix

Science yield rows
(mostly automated

pipeline)

Performance / robustness rows
(mostly automated pipeline)

Maturity / feasibility / compatibility  rows

Coronagraph
operator

Info on lab 
demos, practical 
considerations, 
quotes, etc.

Performance 
/ robustness 

WG

Science yield 
metrics

Coronagraph 
performance and 

robustness
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Maturity WG
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Maturity Working Group
(led by Bertrand Mennesson)

▪ Detailed maturity questionnaire sent to 
all coronagraph designers

▪ Answers received and reviewed for 13 
designs

▪ Includes all coronagraph types with 
broad-band contrast demonstrations

▪ Consolidated answers under 3 
categories (see table) 



Maturity: Extent of Lab Testing

Coronagraph 
Type HLC mg-VVC EWC VVC SP(L)C PIAA IAH APLC PAPLC PIAA

Vortex
Photonic 

Chip
Optimal  

limit
Fiber

nulling

Tested in the 
lab? Y Y Y Y Y Y Y Y Y N Y N Y

Tested 
broadband? Y Y Y Y Y Y N Y Y N N N Y

Tested in 
vacuum? Y N N Y Y Y N N N N N N N



Maturity: Extent of Performance Modeling

Coronagraph 
Type HLC mg-VVC EWC VVC SP(L)C PIAA IAH APLC PAPLC PIAA-Vort

ex
Photonic 

Chip
Optimal  

limit
Fiber-nulli

ng

Model developed 
to  predict  
performance ?

Y N N Y Y Y Y Y Y N Y N Y

Error Budget ? Y N N Y Y Y N Y N N N N Y

Broadband 
Performance 
Limiting Factor

Mask Mask Mask Mask ?
PIAA 

Optics
?

N/A In-air In-air N/A N/A N/A
Non- 
SM 

Effects



Maturity: Broadband (>~10%) lab contrast results         
per aperture type

Coronagraph Type HLC EWC VVC SP(L)C PIAA(CMC) APLC PAPLC Fiber-nulling

In air or Vaccum? Vacuum In air Vacuum Vacuum Vacuum In air In air In air

Off-axis Monolith
5.2 x 10-10 

3-15 λ/D
One-sided

~10-4 
at ~3λ/D

1.6 x 10-9  

3-10 λ/D
One-sided

2.4 x 10-9

4-10 λ/D
 90 deg

1 x 10-8

2-4 λ/D
One-sided

tbd
2.5 x 10-5

~0.5-2 λ/D
360 deg

Off-axis Segmented 4.7 x 10-9  

3-10 λ/D
One-sided

tbd
4.2 x 10-8

2-13 λ/D
One-sided*

Would be 
same

On-axis Monolith (CGI)
1.6 x 10-9    

3-9 λ/D
360 deg

4.1 x 10-9

3-9 λ/D
2x 65 deg

3.5 x 10-9 
6.3-19.5 λ/D 

360 deg

1.8 x 10-7

1.3-6.5 λ/D
One-sided tbd  

Would be 
same

On-axis Segmented 
1.9 x 10-8

3.5-8 λ/D
One-sided

 tbd  
Would be 

same



Broad-band Contrast Lab Results (I)

 

VVC4  off-axis monolith 1DM (above) 

VVC4  off-axis monolith 2DMs (below)

CLC  off-axis monolith 2DMs

PIAA off-axis monolith 1DM

CGI HLC  on-axis monolith 2DMs

HLC  off-axis monolith 1DM

Monolithic apertures only:

PIAA 1DM

VVC4 1DM 

HLC 2DM

2DM 

CLC  2DMs HLC  1DM



Broad-band Contrast Lab Results (II)

PIAACMC on-axis segmented 1DM

VVC4  off-axis segmented 1DM

VVC4  off-axis monolith 1DM (above) 

VVC4  off-axis monolith 2DMs (below)

CLC  off-axis monolith 2DMs

 PAPLC off-axis segmented 1DM (in air)

PIAA off-axis monolith 1DM

CGI HLC  on-axis monolith 2DMs

HLC  off-axis monolith 1DM

Monolithic and segmented apertures:

Figure adapted from Mennesson et al. 2024 (https://arxiv.org/pdf/2404.18036 ).  Best azimuthal mean contrast (normalized intensity) demonstrated to date by different starlight 
suppression approaches and laboratory experiments over a ~10% spectral bandwidth. The x-axis shows the angular separation in units of λ/D, where D is the entrance pupil 
inscribed diameter and λ is the central wavelength of the bandpass. Coronagraphic results were obtained with either one or two DMs, and for different aperture types: off-axis 
monolith (plain curves); off-axis segmented (dashed curves); on-axis monolith (dashed dotted curve); and on-axis segmented (dotted curve). 

PIAA 1DM

VVC4 1DM 

HLC 2DM

2DM 

CLC  2DMs HLC  1DM

 PAPLC 1DM (in air)

PIAACMC 1DM

https://arxiv.org/pdf/2404.18036


Off-axis (Exoplanet) Core Throughput of Lab Set-ups

Figure adapted from Mennesson et al. 2024 (https://arxiv.org/pdf/2404.18036 ). 
Core throughput of the broad-band coronagraph lab setups tested so far. Core throughput is given as a function of angular separation in units of λ/D, where λ is the central 
wavelength and D is the inscribed diameter of the entrance aperture. At a given separation, the core throughput is computed within a circular aperture of radius 0.7λ/D for all 
systems, except for the Roman HLC and SPC-spec coronagraphs, which have highly-spatially-extended PSFs and for which the PSF FWHM region is used instead. The 
PIAACMC curve assumes that inverse PIAA optics are used to correct for off-axis PSF distortion (although they were not part of the original lab set-up). 

Coronagraph with the deepest contrast 
demonstrated in the lab tend to have lower  
exoplanet throughput at small separation

https://arxiv.org/pdf/2404.18036


Key Findings of Maturity WG

▪ Among entries: ~12 coronagraph approaches tested via high contrast lab demos
• 9 broad-band (>10%)
• Only 4 tested in vacuum (HLC, SPC, VVC, PIAA)
• Only 3 on segmented mask (VVC4, PIAACMC) or aperture (PAPLC) 
• Current best results found on monolithic apertures, but only 2 vacuum demo, both on segmented 

masks: VVC4 (off-axis) and PIAACMC (on-axis)

                → More vacuum coronagraphic tests urgently needed with segmented apertures
▪ Most lab tests have concentrated on starlight suppression, which is however not the 

end of the story. To increase design maturity: 

→ Core throughput should be given more weight

→ Post-calibration capabilities need to be better quantified to optimize design 

trade between raw contrast and core throughput (Mennesson et al. 2024, Stark et al. 2024)

▪ In most cases, broadband performance is inferred to be limited by mask defects

      → Better mask manufacturing process and inspection before coronagraphic  

testing will improve performance and hence increase TRL for HWO



Maturity WG

Design 
teams Coronagraph

designs
Yield input 
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Science yield rows
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(mostly automated pipeline)
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considerations, 
quotes, etc.

Performance 
/ robustness 
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Science yield 
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Coronagraph 
performance and 
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Maturity, 
telescope 

compatibility,
programmatic 
considerations

Science 
yields WG

Workflow and Pipeline



Science Performance Working Group

Members: 
• Chris Stark (lead)
• Pin Chen
• Jeremy Kasdin
• Rhonda Morgan
• Laurent Pueyo
• Susan Redmond
• Karl Stapelfeldt
• Armen Tokadjian



Science Performance Working Group

Evaluation Criteria Considered



Science Performance Working Group
Yield Calculation Assumptions

• All assumptions documented
• Description of philosophy, observation 

strategy, etc.
• Made several assumptions that are 

more optimistic than LUVOIR study: 
only two aluminum surfaces, dual VIS 
channels, no detector noise, no raw 
contrast floor

• Observations optimized for the 
performance parameters of the mission



Science Performance Working Group
Results

• Pipeline fully connected 
from coronagraph operator 
to yield outputs

• Outputs include:
• List of target stars
• List of observations
• Yield convergence 

checks
• Coronagraph input 

checks
• Multi-planet yields
• Output visualizations

Target list .csv file

Observations list .csv file

Yield convergence check

Coronagraph performance check



Science Performance Working Group
Example Results: USORT off-axis, 6.5m ID, Optimal Coronagraph Limits



Example Results: USORT off-axis, 6.5m ID, Optimal Coronagraph Limits



Science Performance Working Group
Example Results: LUVOIR-B Off-axis, 6.5 m ID, DM-Apodized Vortex Coronagraph



Example Results: LUVOIR-B Off-axis, 6.5 m ID, DM-Apodized Vortex Coronagraph



Science Performance Working Group
Example Results: LUVOIR-A On-axis, 6.5 m ID, PAPLC



Example Results: LUVOIR-A On-axis, 6.5 m ID, PAPLC



Science Performance Working Group
Example Results: USORT Off-axis, 6.5 m ID, 16-channel PIC



Example Results: USORT Off-axis, 6.5 m ID, 16-channel PIC



Science Performance Working Group
Science Performance Working Group Information Matrix

Notes: 
• Absolute yields should not be compared to LUVOIR/HabEx studies, as different assumptions were made.
• CDS recommends emphasis be placed on relative, not absolute, performance at this point in time.
• Some coronagraphs could be improved with further design work.



Example Results: LUVOIR-B Off-axis, 6.5 m ID, DM-Apodized Vortex Coronagraph

5 Fiducial CTR Stars:
• HIP 32439
• HIP 77052
• HIP 79672
• HIP 26779
• HIP 113283



Example Results: LUVOIR-B Off-axis, 6.5 m ID, DM-Apodized Vortex Coronagraph

5 Fiducial CTR Stars:
• HIP 32439
• HIP 77052
• HIP 79672
• HIP 26779
• HIP 113283

The CTR fiducial stars push the limits of 
many coronagraphs--not good detection 
candidates for HLC, not good O2 search 
candidates for many coronagraphs. This 
highlights the dangers of prescribing 
targets. Targets should be the result of 
yield calculations.



Science Performance Working Group
ETC Cross-Model Validation Effort

• Validating exposure time calculators among yield codes
• Coordinated with Coronagraph Technology Roadmap study and START/TAG 

Exoplanet Science Yield sub-Working Group (ESYWG) Members of ETC 
Calibration Group 
(ESYWG, CDS, & CTR):

• Sarah Steiger
• Armen Tokadjian
• Dmitry Savransky
• Rhonda Morgan
• Karl Stapelfeldt
• Corey Spohn
• Peter Plavchan
• Pin Chen
• Rus Belikov
• Laurent PueyoCalibration spreadsheet: https://drive.google.com/drive/u/1/folders/1iURjzKsqGG6_EXyJRNEAadZU0Rc93ZJa 

https://drive.google.com/drive/u/1/folders/1iURjzKsqGG6_EXyJRNEAadZU0Rc93ZJa


Science Performance Working Group
ETC Cross-Model Validation Effort

• Comparing exposure times, count rates, and intermediate parameters
– detection at 500 nm and 1000 nm
– characterization to detect O2 and 800 nm and H2O at 1000 nm

• 5 fiducial stars spanning late F to late K
• Should wrap up by mid-May
• Will keep all documentation for others to calibrate to later
• Has resulted in multiple updates to exposure time/yield calculators
• ESYWG will produce draft report by end of May prior to June F2F

– Lessons learned
– Calibration document
– Instructions & methods

• May host a future “hack” day for community members



Science Performance Working Group
CDS Results are a “Snapshot in Time”

• No CDS results are the final word, as no iteration with coronagraph designers occurred
• Future iterations could improve performance; lots of design lever arms available

Stark et al. (2014)



Findings 

• Substantial progress has been made since the LUVOIR and HabEx final 
reports. 

• Coronagraph design trade space is multi-variate and complex. 
• Prescribed observations can bias comparisons; target list and science 

observations must be jointly optimized given coronagraph’s capabilities

• Many (but not all!) of the coronagraph designs submitted to the CDS study 
adopt a similar optical layout. 
• By accommodating more coronagraphs HWO may be able to reduce risk

• Improvements in coronagraph efficiency and robustness to aberrations, if 
achieved, could significantly improve HWO science yield and reduce 
overall mission risk



• There are coronagraph designs that, in theory, can provide adequate 
robustness to expected HWO-like WF aberrations. 

• Of primary importance is the demonstration of high-efficiency designs in the 
laboratory. 

• HWO could benefit from further pipeline development with a focus on 
establishing standardized interfaces between key codes and automated 
execution. 

• More data gathering, iteration, and analysis is required before a down-select 
can occur. Early down-selection could negatively affect coronagraph 
development.

Findings 



• CDS did not fund all designers and may not be a comprehensive or unbiased study 
(but is intended to be a good starting point). 

• Not all designs adopted a USORT aperture. We included scaled Habex, LUVOIR-A, and 
LUVOIR-B designs.

• None of the coronagraph designs were iterated during the CDS efforts. Some designs 
may benefit more than others from iterative design.

• CDS did not iterate the PM design or look at things like sensitivity to gaps. See SCDA 
reports.

• CDS abstracted the issue of WFSC and assumed negligible WFE for baseline 
performance and yield estimates. The impacts of WFE are described via contrast 
sensitivity calculations. (But, CDS pipeline architecture is compatible with adding 
WFSC.)

• CDS did not consider combinations of differing coronagraph “flavors.” HWO may end 
up using different types of coronagraphs for different stars.

Unaddressed and Potential Issues



How START & TAG Can Use the CDS Deliverables

Deliverable 2: The CDS Software Pipeline

This will enable HWO studies to…
• Standardize analyses for more reliable comparisons
• Continue to evaluate additional coronagraph designs
• Easily evaluate yields for customized mission parameters/coronagraphs
• Evaluate PSF subtraction methods and incorporate into yield calculations

Deliverable 1: Report and Documentation



• CDS surveyed coronagraph designs to facilitate future trade studies for HWO
o 16 designs + 6 enhancing tech.; wide range of maturity and performance; new designs since 

HabEx/LUVOIR

• Modeling tools have been developed and will be delivered to TAG and community
o Rapid turnaround, modular, apples-to-apples evaluation of coronagraph designs, including yields
o Can serve the future PO in the down-select process

• Several key trades identified, such as
o Parallel coronagraph channels
o Telescope stability vs. coronagraph robustness (and/or better WFC, post-processing)
o Raw contrast vs. coronagraph efficiency (robustness, bandwidth, IWA, throughput, etc.) 
o On-axis vs. off-axis aperture

• Future useful analyses noted, including
o A survey of possible design changes to the system and potential benefits
o Incorporation of WFSC and polarization aberrations into CDS pipeline
o Study of how multiple coronagraph designs could work together

Summary and Final Remarks



3 Synergistic but Distinct Roadmap and Survey Efforts

Primary Objectives:  
1. Roadmap for coronagraph technologies to 

reach TRL 5 for HWO.
2. Inform NASA on prioritized investments to 

ensure coronagraph technology readiness.

Pin Chen 
(NASA ExEP) 

Laurent Pueyo 
(STScI)

Coronagraph 
Technology Roadmap 

Deformable Mirror 
Technology Roadmap

Primary Objectives:  
1. Roadmap for DM technologies to reach TRL 

5 for HWO.
2. Inform NASA on prioritized vendors, 

manufacturing needs, and test facilities to 
ensure DM technology readiness.

Eduardo 
Bendek

Tyler 
Groff

(NASA GSFC) 

Coronagraph
Design Survey

Primary Objectives:  
1. Survey and document viable coronagraph 

architectures for HWO.
2. Identify novel coronagraph technologies for 

which NASA’s technology development 
investments could be efficiently leveraged. 

Rus Belikov
(NASA ARC) 

Chris Stark
(NASA GSFC)

Duncan
Liu

(NASA JPL) 

ExEP Colloquium: June 11 ExEP Colloquium: June 7
ExEP Colloquium: just concluded
Future briefings:
• START-TAG F2F, June 3rd, 11:10 - 11:45
• SPIE poster and proceedings (June)


