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Nancy Grace Roman Envisioned Imaging Reflected Light Planets in Space

Image credit: NASA, ESA

NASA’s First Chief Astronomer, 
appointed 1959





Voyager 1
February 14, 1990



“… priority recommendation in 
the frontier category for space 
is a large (~6 m diameter) 
IR/O/UV telescope with high-
contrast (10–10) imaging and 
spectroscopy...”

Astro2020 Decadal Report
SOURCE: NASA, HabEx report

SOURCE: NASA LUVOIR report

National Academies of Sciences, Engineering, and Medicine. 
2023. Pathways to Discovery in Astronomy and Astrophysics 
for the 2020s. Washington, DC: The National Academies Press. 
https://doi.org/10.17226/26141.

Fl
ux

 ra
tio



Imaging planets is hard
Consider young Jupiters, 1 million x 
fainter than their star

For typical solar system distances for a 
near-ish star:
➢ Imaging a firefly next to floodlights from 

the next state over!

Earth-analogs are 10 billion times fainter 
than their parent stars in the visible!

Stadium lights

Solution: coronagraph and wavefront control!



https://science.nasa.gov/astrophysics/programs/exep/technology/coronagraph-video/
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Roman Observatory



The Coronagraph Tech Demo
Paving the way towards imaging an Earth-like Planet around a Sun-like star

The Challenge

Credit: NASA/ESA/CSA, A Carter (UCSC), the ERS 
1386 team, and A. Pagan (STScI)



The Roman Coronagraph Instrument



Critical Technologies

Ultra-Precise Wavefront 

Sensing & Control 

Large-format 

Deformable Mirrors

High-contrast 

Coronagraph 

Masks

Data Post-

Processing

The Roman Coronagraph is an advanced 

technology demonstrator for NASA’s future 

flagship mission that will directly image Earth-like 

exoplanets.

Ultra-low noise photon-

counting EMCCD 

Detectors 

FSM FCM

The first space-based demo of tech needed to image and characterize rocky planets in the habitable zones of nearby stars.



Coronagraph Observing Modes

Band λcenter BW Mode FOV 
radius

FOV 
Coverage

Pol? Coronagraph 
Mask Type

Support

1 575 nm 10% Narrow FOV Imaging 0.15” – 0.45” 360° Y ** Hybrid Lyot Req’d

1 575 nm 10% “Wide” FOV Imaging 0.45” – 1.4” 360° Y Hybrid Lyot Best 
Effort

2 660 nm 17% Slit + R~50 Prism 
Spectroscopy

0.17” – 0.52” 2 x 65° - Shaped Pupil Best 
Effort

3 730 nm 17% Slit + R~50 Prism 
Spectroscopy

0.18” – 0.55” 2 x 65° - Shaped Pupil Best 
Effort

4 825 nm 11% “Wide” FOV Imaging 0.45” – 1.4” 360° Y Shaped Pupil Best 
Effort

B1 HLC NFOV is fully supported, B4 imaging, spectroscopy & polarimetry are best effort
Even more contributed modes: see Riggs et al. 2025



Pathway to exo-earth imaging
https://github.com/nasavbailey/DI-flux-ratio-plot

The goal

The Roman Coronagraph 
could take the first images of 
mature Jupiter analog 
exoplanets and circumstellar 
disks seen in visible 
reflected starlight

TTR5 requirement: Roman shall be 
able to measure brightness of an 
astrophysical point source w/ SNR ≥ 
5 located 6 – 9 λ/D from an adjacent 
star with VAB ≤ 5, flux ratio ≥ 10-7; 
bandpass shall have a central 
wavelength ≤ 600 nm and a 
bandwidth ≥ 10%.

https://github.com/nasavbailey/DI-flux-ratio-plot
https://github.com/nasavbailey/DI-flux-ratio-plot
https://github.com/nasavbailey/DI-flux-ratio-plot
https://github.com/nasavbailey/DI-flux-ratio-plot
https://github.com/nasavbailey/DI-flux-ratio-plot
https://github.com/nasavbailey/DI-flux-ratio-plot
https://github.com/nasavbailey/DI-flux-ratio-plot


Roman Coronagraph Instrument Status

• First space-based coronagraph with active 
wavefront control

• Requirement: 10-7 flux ratio 5σ detection 
limit in a single photometric band
• Designed to outperform requirement
• Predicted performance ≥4x beyond req

• Delivered to GSFC on May 19, 2024
• Attached to SCIPA & S/C 
• Completed Observatory TVAC + I&T
• Launch readiness date: Aug 2026

Credit: Eric Cady, Byoung-Joon Seo, A. J. Riggs, Brian 

Kern, David Marx, Fang Shi, Hanying Zhou, John Krist, 
Garreth Ruane 

Poberezhskiy et al. 2025

See JATIS special issue 2025



Observing Scenario

Post-Processing

Bright Reference Star Target Star

Dig the “dark 
hole”

HOWFS/GITL Observe target

Observe 
reference

star

Real-time 
ground 

processing 
and settings 

update



Many players – 
distributed 
ground system
• Instrument team & 

Coronagraph Technology 
Center at JPL

• Mission Operations 
Center at GSFC

• Science Support Center 
at IPAC

• Science Operation 
Center at STScI

• Project science
• Community 

Participation Program



Early technical demonstration goals in operations

• Check out baseline mode (HLC B1 
NFOV), demonstrate TTR5 

• Deep dark hole digging in HLC B1 & 
WFOV B1 polarimetry

• Wavefront sensing: probe with 
wollaston, different probes

• Check out goal modes (spectroscopy, 
polarimetry, WFOV)

• Understand faint star performance
• Screen reference stars (valuable for 

HWO too!)

Roman Coronagraph 
Observation Phase

Commissioning
3 mo.

GBTDS
Blackout Dates

Feb. - March

L + 3 
mo.

L + 9 
mo.

Observation Phase 
ends L + 21 months.

Launch



HWO technical challenges that Roman addresses

• Starlight suppression at small IWA
• Contrast stability
• Large format deformable mirrors
• Finite bandwidth
• Low noise detectors
• Spectroscopy & Polarimetry
• Post-processing

Bolcar et al. 2026



Technology gap list – CGI sets state of the art
Technology State of the Art Needs

Contrast 1.6×10-9 raw contrast at 10% 
bandwidth across angles of 3-9 λ/D 
(Roman CGI Lab Demos) with 
obstructed pupil

≤ 10-10 raw contrast, >30% core 
throughput, inner working angle ≤ 3 
λ/D, 20% bandwidth; 
obscured/segmented pupil

Coronagraph stability RST CGI demonstrated ~10-8 
contrast in a simulated dynamic 
environment using LOWFS (which 
obtained 12 pm focus sensitivity) 

This stability is likely to require 
wavefront error stability at the level of 
10-100 pm per control step (of order 10 
minutes).

Integrated modeling RST CGI IM demonstrated contrast in 
TVAC (TRL 6)

Automate/streamline integrated 
modeling

Detection Sensitivity 
(visible)

RST CGI EMCCDs; low noise, photon 
counting

Similar sensitivity / noise requirements 
across, vis+NIR

Deformable mirrors RST CGI has 48x48 actuator DMs, 
surface quality does not limit 
contrast (1e-9)

96x96 actuator, surface quality does 
not limit contrast (1e-10)

https://assets.science.nasa.gov/content/dam/science/astro/programs/exep/technology/gap-
lists/files/The_2024_Exoplanet_Exploration_Program_Technology_Gap_List_v2.pdf

https://assets.science.nasa.gov/content/dam/science/astro/programs/exep/technology/gap-lists/files/The_2024_Exoplanet_Exploration_Program_Technology_Gap_List_v2.pdf
https://assets.science.nasa.gov/content/dam/science/astro/programs/exep/technology/gap-lists/files/The_2024_Exoplanet_Exploration_Program_Technology_Gap_List_v2.pdf
https://assets.science.nasa.gov/content/dam/science/astro/programs/exep/technology/gap-lists/files/The_2024_Exoplanet_Exploration_Program_Technology_Gap_List_v2.pdf


How CGI compares to HWO concept studies

Mennesson et al. 2020 https://arxiv.org/pdf/2008.05624.pdf 



Credit: R. Juanola Parramon, N. Zimmerman, A. Roberge (NASA GSFC)
See https://habitableworldsobservatory.org/technology



Additional (backup)



24

Contributed modes include

Not shown: low-contrast classical coronagraph ‘contributed modes’

• High order ZWFS

• Multi-star demo

• SPC & HLC orientations & filter 
combinations

• Classical Lyot coronagraphs

See Riggs et al. 2025
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