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Outline

• Roman Coronagraph: Context & Overview of Key Technologies

• Observing Modes Available

• The Details: What/How/Who
• Science Themes
• Operations & Observing scenario
• The Community Participation Program Structure & How to Get Involved
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Circumstellar Environments from Space
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Credit: NASA/ESA/CSA, A Carter (UCSC), the ERS 
1386 team, and A. Pagan (STScI)

Gaspar et al 2023

• Achieving unparalleled stability with JWST to image 
exoplanets and circumstellar environments in Near IR

• Excellent instrument model (always improving), 
wavefront control, knowledge of wavefront

• Favors giant, young, self-luminous planets, 
unprecedented view of disks in mid-IR

• No active wavefront control, high spatial frequencies 
cannot be corrected à limited contrast close to 
coronagraph

ExSoCal 2023 - Alexandra Greenbaum
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The Roman Coronagraph Instrument paves 
the way for imaging/spec of exo-earths
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The Roman 
Coronagraph could 
take the first images of 
mature Jupiter analog 
exoplanets and 
circumstellar disks 
seen in visible 
reflected starlight

“RV” planets: planets already detected using the Radial Velocity technique and with 
minimum masses > 0.25 Jupiter mass

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

Where we are

The path

The goal

The Challenge

Instrumentation + 
postprocessing

ExSoCal 2023 - Alexandra Greenbaum
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Critical Technologies
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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.

ExSoCal 2023 - Alexandra Greenbaum
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Technology Demonstration Objectives
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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%.

Credit: Dominic Benford

• Learn throughout: design, model, build, test, use

• Falling below performance expectations, if we learn 
why, is still valuable for future missions

• The Roman coronagraph was designed to achieve 
even better contrasts up to 10-9

ExSoCal 2023 - Alexandra Greenbaum
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Supported Instrument Modes
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Complete list of filters available at https://roman.ipac.caltech.edu/sims/Param_db.html

Band 1
Imaging & 

Polarimetry

Band 3
R~50  Spectroscopy

Band 4
Imaging & 

PolarimetryCH4

CH4

Band 2
R~50  Spectroscopy

H⍺ “Engineering” filters

One “official” mode will be fully tested prior to launch
(Band 1) – Others modes (3, 4) are best effort

Additional contributed modes not supported but 
could be available with extended operations

* 660 nm spectroscopy is the lowest priority for on-sky testing. If 
time is limited, this mode may not be exercised during the 

Technology Demonstration Phase.

ExSoCal 2023 - Alexandra Greenbaum
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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

* Are there additional on-orbit “tech” demos?

Further tech 
demonstration 

possible
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Exoplanet Science Themes

9ExSoCal 2023 - Alexandra Greenbaum

• The Roman Coronagraph could take the first visible-light image and 
spectrum of a cool, Jupiter-like exoplanet
• Cool planets can be seen by their reflected visible light.
• Visible wavelengths are sensitive to clouds and hazes

Roman/CGI
Visible and near-infrared wavelengths

Jupiter-like planets

Self-luminous,
Young Super Jupiters:

Atmospheric Properties

Lacy & Burrows (2020)

resolution, assuming metal hydrides and/or VO and TiO are
present in equilibrium abundances. Our simulated observations
show that WFIRST-CGI will have no trouble attaining this S/N
for hot targets. At cooler temperatures, a much higher S/N
(around 50 or more) is needed to distinguish between solar and
∼3×solar metallicity, if the atmospheres are clear. It is
unlikely that WFIRST-CGI can obtain this S/N if these
atmospheres are clear. If the atmospheres have silicate clouds,
then there is a larger metallicity dependence at optical
wavelengths and an S/N of around 5 is once again adequate
to distinguish solar and ∼3×solar metallicity. The presence of
these silicate clouds also boosts the optical flux allowing
WFIRST-CGI to obtain a higher S/N. Both HD 206893 B and
HR 8799 e are thought to have dusty atmospheres based on
NIR spectra. If this turns out to be the case, then WFIRST-CGI
should be able to attain the requisite S/N to differentiate a
high-enrichment versus low-enrichment case within reasonable
exposure times. For the coolest planet, 51 Eri b, a moderate S/
N of around 5 inWFIRST-CGI Band 1 would differentiate solar
and 3×solar metallicity. However, the planet–star flux ratio in
Band 1 is likely not sufficient for WFIRST-CGI to make such a
measurement. At longer wavelengths, 51 Eri b is brighter, but
the S/N needed to distinguish a solar and ∼3×solar
atmosphere is also higher (around 25). A more detailed study
accounting for degeneracies and uncertainties in temperature,
surface gravity, and the effects of possible condensates needs to
be done before one can state the precision with whichWFIRST-
CGI can measure metallicities or constrain cloud properties for
young giant planets. Again, we emphasize that the best

constraining power will come from combining optical
wavelength observations with available NIR measurements.

5. Results: Hypothetical Systems

In this section, we shift from the earlier focus on WFIRST-
CGI targets and imminent mission planning, to an exploration
of the possible insights to be gained from observing young
giant planets with possible upcoming missions aiming to search
for exoearths. We focus especially on determining the
combinations of age, mass, and planet–star separation where
both reflected light and residual heat of formation will
contribute significant optical flux to the observed planet
spectra.

5.1. Irradiated Evolutionary Model Grid and Spectra

First, we computed evolutionary models for a grid of planet
masses and planet–star separations. These models provide
effective temperatures, radii, and surface gravities that can be
used as input for our spectral code. In all cases, we assume a
solar metallicity composition for the planet and a G2V spectral
type for the host star. The resulting tracks in temperature-
surface gravity and temperature-radius space are shown in
Figure 8 for the full grid of models. Early on, there is not a
strong dependence on planet–star separation. Objects with
different masses at the same separation eventually converge to
the same temperature, but to different radii and surface
gravities. In Figure 8, this is evident as the terminal dots line
up horizontally for planets at 0.5, 1.0, and 1.5 au separations.
At larger separations, the larger-mass objects have not had

Figure 7. Simulated WFIRST-CGI observations of HD 984B, β-Pic b, HD 206893B, HR 8799e with a cloudy atmosphere, HR 8799e with a clear atmosphere, and 51
Eri b. Exposure times vary, but in all cases we limited them to below the maximum exposure times of 500 hr for spectra and 100 hr for imaging. We assume a noise
from one exozodi’s worth of background dust scattering light in all cases. In reality, β-Pic has an extremely bright debris disk, which may drown out the signal
modeled here. Accounting for the extremely bright disk around β-Pic, these simulated observations show that HD 984B, HD 206893B, and HR8799e are the best
targets for WFIRST-CGI to obtain spectra.
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The Astrophysical Journal, 892:151 (20pp), 2020 April 1 Lacy & Burrows

CGI Band 1
CGI Band 2
CGI Band 3
CGI Band 4

Mature Jupiter Analogues in 
Reflected Light:

Atmospheric Properties

Natasha Batalha, Roxana Lupu,  & Mark Marley (Ames)

Orbital Solution and
Mass Measurement

Neil Zimmermann (GSFC)
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Disk Science Themes
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• The Roman Coronagraph will probe the 
formation and evolution of extrasolar systems by 
observing three types of disks:

• Exozodi disks (Douglas et al. 2022)
• Colliding or evaporating asteroids and comets
• Can potentially obscure small Earth-like planets from observation

• Debris disks
• Remains of planet formation + colliding or evaporating asteroids and comets

• Protoplanetary & Transition disks (Stretch goal)
• Newly-forming planetary systems

Perrin et al. (2015)

ESO/A. Müller et al.

NASA/JPL-Caltech

Credit: Rob Zellem
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Roman Coronagraph Science Potential

11ExSoCal 2023 - Alexandra Greenbaum

• Science capability will depend on: 
• Coronagraph Performance
• Time devoted to Coronagraph 

observations

• The CPP will enable members of the community to engage in the technology demonstration phase.
– If warranted by instrument performance, the CPP may perform science operations beyond the 18 month technology 

demonstration period.
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Target list Objectives/Priorities
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Tech demo phase (TDP)
• Known self-luminous young planets: observe at new wavelengths
• Known RV planets: Image for the first time in reflected visible light
• Known debris disks: imaging and polarimetry at new wavelengths and/or higher spatial 

resolution
• Exozodi: opportunistically during deep imaging of known RV systems
• Calibrators: single stars  for PSF reference; photometric, spectroscopic, polarimetric, & 

astrometric standards

Post TDP
• All of the above, plus

• Potential to observe protoplanetary disks
• Search for new reflected light planets
• Search for exozodi (future mission exo-Earth search targets prioritized)

• New science cases, including non-exoplanet?

ExSoCal 2023 - Alexandra Greenbaum
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Roman Coronagraph Tech Demo Operations
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Instrument Operations:
• Coronagraph Technology Center (CTC) at JPL 
• The Science Support Center (SSC) at IPAC
• The Science Operations Center (SOC) at STScI
• The Mission Operations Center (MOC) at GSFC

The Community Participation Program (CPP) core team recently 
selected/assembled
• 7 US members + 4 international partners 
• Roman project points of contact
Detailed simulations, plan and carry out observations, coordinate data 
analysis, and more.

ExSoCal 2023 - Alexandra Greenbaum
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CGI Observing Scenario
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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
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High Order Wavefront Sensing and Control
at Roman Science Support Center (SSC)

15

Coronagraph 
Instrument

Spacecraft1

2
3

SSC (@IPAC)

8

HOWFSC algorithms

ExtractionCommands 5

6

7

9

10

The autonomous HOWFSC ground loop:

1-3) The coronagraph gathers observations and sends data and 
telemetry to ground stations

4-6) HOWFSC data is sent via ground system/MOC to SSC, where 
the data are extracted and run through HOWFSC algorithms

7-10) Resulting DM settings and camera parameters are sent back 
to the spacecraft via the ground/system MOC.

Mission Operation 
Center (MOC)

4
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Operations at Roman SSC
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Observation Design
(Custom observation planning tool)

Web interface at SSC

Data Analysis Environment Operations

Mission 
Operations

Center (MOC; 
Goddard)

Science Operations Center 
(SOC; STScI)

Science Support Center (IPAC)

Observation
Planning & 
Scheduling 
Products

Housekeeping/ 
HOWFS Data

Housekeeping, 
HOWFSC

Observation 
Data Files

Observatory 
Commands

Coronagraph 
Technology Center 

(CTC; JPL)

Commands 
& Products

Observation Planning & 
Data Products

Observation 
Specifications &
Data Products

Coronagraph Community 
Participation Program 

(CPP)

Observation 
Data Analysis 
Environment

HOWFSC
 Data Analysis 
Environment

Data Archive

Processing environment, 
data access, management
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Data to be Produced During the Tech Demo
Level 0 – S/C telemetry – retrieved by IPAC from Roman Archive

• All CGI health & status telemetry
• Standard image data, DM settings, HOWFSC data

Level 1 – Generated by IPAC from subset of telemetry
• FITS images with programmatic & telemetry metadata
• Data Quality Assessment

Level 2 – Detector calibrations applied to data frames

Level 3 – Astrophysical units, WCS determined

Level 4 – PSF-subtracted combined images
17

IPAC

CTC
+

CPP

101010110101011100010

Target Reference

**L1-L4 Data 
made public via 
Roman Archive
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Timeline

18ExSoCal 2023 - Alexandra Greenbaum

Instrument Full Functional Tests complete!
Feb 2023: Instrument TVAC Tests
May 2024: Instrument delivery to GSFC
Late 2026: Launch
Commissioning Phase
à 450 hr in first 90 days after launch

Coronagraph Instrument Technology Demonstration 
Phase (TDP)

~2200 hr (3 months) baselined in next 1.5 years of mission

Roman Resources

https://roman.gsfc.nasa.gov/science/roses.html

https://roman.gsfc.nasa.gov/science/roses.html
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Coronagraph Community Participation Program 
PIs

Arthur Vigan
CNES

Oliver Krause
MPIA

Ty Robinson
Univ of AZ

Schuyler Wolff
Univ of AZ

Laurent Pueyo
STScI

Jason Wang
Northwestern

Max Millar-Blanchaer
UCSB

Rus Belikov
Ames

Dmitry Savransky
Cornell

Inaugural co-chair
ESA TBA

Naoshi Murakami
JAXA
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Community Participation Program Structure

Working Groups

Observation Planning (Lead: Schuyler Wolff)
• Target selection, target database, reference star identification, precursor observations
• Development and maintenance of the exposure time calculator & astrophysical modeling
• Observation planning for both primary and goal modes

Data Reduction and Simulation (Co-Leads: Jason Wang & Max Millar-Blancher)
• Development of the EXCAM observation data reduction pipeline
• Generation of image simulations and performance predictions
• Development of algorithms for data analysis and calibration

Hardware (Co-Leads: Dan Sirbu & Emil Por)
• Assist in CGI integration, testing, commissioning, and operations of the primary and goal observing modes
• Research high-order wavefront sensing and control algorithms
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Core team

All of the US team PIs, international team PIs, and Roman Project ex officio members.

Project Team

Members of the US and international partner teams who commit to supporting high-priority CPP activities

Community Team

**All persons are welcome to participate in the work of the CPP as Community Team members.** 

Community Participation Program Structure
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Where to find more information 
https://roman.gsfc.nasa.gov/
Mission/science overview,
documents, media

https://roman.ipac.caltech.edu/
Instrument parameters,
simulations, workshop materials

https://www.jpl.nasa.gov/missions/the-nancy-grace-roman-space-telescope/
Instrument overview and capabilities

Sign up for the roman announcements mailing list and stay tuned!

22ExSoCal 2023 - Alexandra Greenbaum
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Backup

23
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Potential Target List

ExSoCal 2023 - Alexandra Greenbaum – December 11, 2023 24
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Roman Coronagraph Observing Sequence

Credit: Sergi 
Hildebrandt
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Observing modes available

26

Riggs et al., 2021 SPIE
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Some Roman & HWO+ common challenges
• Roman is a stepping stone to 10-10 contrast
• Active control + novel coronagraph designs for “broadband” & small IWA 
• Understand stability (pointing jitter, low & high order WF)

• Efficient detection
• Photon-counting detection
• Low noise, High QE

• Capabilities: Imaging, Spectroscopy, & Polarimetry
• Commanding an instrument/telescope with active WF control at L2
• How can additional telemetry feed post-processing
(How could a deep dive into the telemetry inform HWO technologies?)

27ExSoCal 2023 - Alexandra Greenbaum
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HOWFSC Cadence

HWO and Beyond Tech Day - Alexandra Greenbaum - July 14, 2023 28

CGI Nominal Observing Sequence follows an 
initial HOWFSC/GITL instance and is repeated 

as necessary to obtain the requested S/N.  

Initial HOWFSC Data 
Collection

(only a few iterations 
shown)

G
IT

L

G
IT

L

G
IT

L

• High Order Wave Front Sensing and Control (HOWFSC) 
• 48x48 deformable mirror actuators to “dig a dark hole” 
• Iterative process (7-9 iterations for initial instance) optimizes actuator (and camera) 

settings
• Used for initial dark hole (~7-30 hours) and touch-ups (~4 hours)
• Approx. 24hr cadence between HOWFSC instances.

• The calculations needed to dig a dark hole are performed at the SSC using Ground In The Loop 
(GITL).  The ground loop takes <30 minutes.
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Data Volume

• L0-L1 processing to accommodate 0.9 Tb/24 hr
• Current best estimate (CBE): 0.43 Tb per 24h (5 megabits/s).  
• SSC will store all L1-L4 data, HOWFSC data, and Housekeeping 

telemetry for the duration of the tech demo.
(CBE total storage volume: about 450 Tb (55 TB))

29
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Mission Operations
Center (MOC)

Science Operations 
Center (SOC)

Flight Dynamics 
Operations Area 

(FDOA)

Science 
Users & 

Community
SITs, Public 

GO/GI
Archive

Science Support 
Center (SSC)

Planning & Scheduling 
Products

HOWFSC Data; Real Time HK Telemetry

Maneuver Plans, Products

NEN: S-Band (CMD/TLM/TRK); Ka-Band (SCI)
ESA-New Norcia: Ka-Band (SCI)

JAXA-GREAT: Ka-Band (SCI)
DSN: S-Band (CMD/TLM/TRK) 

HK Telemetry

Science Data Files

Observatory Commands

Acquisition and 

Tracking Data 

CMD – Command; TLM – Telemetry; TRK – Tracking; HK – Housekeeping; SCI – Science; SITs – Science Investigation Teams; 
GO/GI – General Observer/Guest Investigator 

SN (Launch Support):
S-Band (CMD/TLM) 

Coronagraph 
Technology Center 

(CTC)

CGI Commands & Products

WFI & SOSE Data Products

Observation Planning,
Data Products

Observations,
Data Products

Observations,
Data Products, 

Proposals

CGI 
Observation 

Specifications,
Data Products

DAPHNE
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TTR5 band 1: 0.6” - 0.9”
HLC band 1 goal: 0.3” - 0.9”
SPC spec Band 3: 0.4” - 1.2”
SPC WFOV Band 4: 0.9” - 2.9”

TTR5
goal

Req’d + Best Effort
Band 1

Imaging (& polarimetry) Band 3 
Slit spectroscopy

s
l
i
t

Band 4
Imaging (& polarimetry)

Band 1 = 575nm
Band 2 = 660nm
Band 3 = 730nm
Band 4 = 825nm
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Lifetime studies

• Detector degradation & stability

• Necessary cadence of calibrations

• Main limiting sources of noise/systematics

• Wavefront stability 

• Instrument model validation

32ExSoCal 2023 - Alexandra Greenbaum
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Learning Opportunities in Operations
• High order wavefront sensing – “Ground in the Loop”
• Not locked into WFS algorithm onboard
• Assess on-board calibrations for HOWFSC loop
• Respond to and troubleshoot any anomalies
• Realtime operations & active control

• Explore challenges for observations (incl. calibrations)
• Flat field sources: astrophysical or internal
• Constraints from Roman/WFI that could be lifted for dedicated mission

Knowledge gained will carry forward to future missions

33ExSoCal 2023 - Alexandra Greenbaum


