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ABSTRACT   

The Nancy Grace Roman Space Telescope (formerly WFIRST) will be launched in the mid-2020s with an onboard 
Coronagraph Instrument which will serve as a technology demonstrator for exoplanet direct imaging. The Roman 
Coronagraph will be capable of detecting and characterizing exoplanets and circumstellar disks in visible light at an 
unprecedented contrast level of ~10-8 or better. Such a contrast level, which is 2 to 3 orders of magnitude better than state-
of-the-art visible or near-infrared coronagraphs, raises entirely new challenges that will be overcome using a combination 
of hardware, calibration and data processing. In particular, the Roman Coronagraph will be the first space-based 
coronagraphic instrument with active low- and high-order wavefront control through the use of large-format deformable 
mirrors, and its electron-multiplying Charge Coupled Device (EMCCD) detector will enable faint signal detection in 
photon-counting mode. The Roman Coronagraph passed its critical design review (CDR) successfully in April 2021, and 
is now well on its path to demonstrate many core technologies at the levels required for potential future exo-Earth direct 
imaging missions. 
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1. INTRODUCTION  
The Roman Coronagraph serves as a technology demonstrator in preparation for future high-contrast direct imaging 
missions that are dedicated to the spectral characterization of mature exoplanetary systems in reflected light and designed 
to obtain optical spectra of rocky planets in the habitable zone (e.g., the HabEx and LUVOIR mission concepts). The 
Roman Coronagraph will demonstrate high-contrast coronagraphy from space with active wavefront control for the first 
time, advance the engineering and readiness of the various coronagraph elements, develop and demonstrate advanced 
coronagraph wavefront sensing and control algorithms, collect data to enable integrated observatory characterization, and 
demonstrate high-contrast data processing techniques in a new regime where both phase and amplitude defects limit 
performance. In the following sections, we describe the various Roman Coronagraph’s observing modes available (Section 
2), describe the current state of the coronagraph technology elements (Section 3), and the coronagraph’s expected on-sky 
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performance based on extensive lab results and structural, thermal, optical performance (STOP) analysis (Section 4). A 
timeline of the next instrument development phases from payload integration and test (I&T), to delivery, and then to on-
sky operations and community participation is given in Section 5. We conclude by assessing the relevance of the Roman 
Coronagraph technology demonstration (“tech demo”) to the needs of future missions (Section 6).   

2. REQUIREMENTS AND SUPPORTED OBSERVING MODES 
Prior to the instrument preliminary design review (PDR) held in September 2019, the Roman Coronagraph design had to 
meet 4 baseline technology requirements: broad-band high-contrast imaging of point sources, high contrast spectroscopy, 
high-contrast imaging of spatially extended sources, and polarimetry. Post PDR, in an effort to reduce cost and schedule 
risk, NASA HQ directed the project to move to a single threshold technical requirement (“TTR”), stating that the Roman 
Coronagraph shall be able to measure the brightness of an astrophysical point source located 6 – 9 λ/D from an adjacent 
star with V ≤ 5, at a flux ratio ≥ 10-7 with a signal-to-noise ≥ 5, over a bandpass shall have a central wavelength ≤ 600 nm 
and a bandwidth ≥ 10%1. However, since the design of the instrument was already well matured by PDR time, HQ also 
directed the team to keep the pre-PDR design and capabilities, and only descope functionalities in case difficulties arise to 
meet cost and schedule constraints. As a result, the coronagraph instrument being built is expected to be far more capable 
than specified by its single – and fairly modest – threshold technical requirement.  

The Roman Coronagraph has 3 fully supported observing modes (Table 1):  

• Narrow field-of-view imaging (“NFOV” mode) over a 10% bandpass centered at 575nm, providing a full 360 
deg dark hole extending from 0.14” to 0.45”. This mode uses a Hybrid Lyot coronagraphic mask and can be used 
in conjunction with polarimetry. This is the mode that will be used to verify the TTR. It will also provide the 
smallest inner working angle of any mode, and will be the mode of choice for detecting close-in point sources 
and inner regions of spatially extended structures. 

• Prism-based slit spectroscopy (“SPEC” mode) at a resolution of ~ 50 over a 15% bandpass centered at either 730 
nm or 660 nm (lower priority for on-sky testing). This mode uses a shaped pupil mask and provides two dark hole 
regions extending from 0.17” to 0.55” located 180 deg apart in azimuth and each covering a range of 65 deg in 
azimuth.  

• Wide field-of-view imaging (“WFOV” mode) over a 10% bandpass centered at 825nm, providing a full 360 deg 
dark hole extending from 0.45” to 1.4”. This mode uses a shaped pupil mask and can be used in conjunction with 
polarimetry. It will be the mode of choice for imaging the outer regions of spatially extended structures, as well 
as self-luminous exoplanets.  

Table 1: Characteristics of fully supported observing modes and masks, enabling narrow field-of-view imaging (for TTR 
demonstration), prism-based slit spectroscopy, and wide field-of-view imaging. (*) The 660 nm spectroscopy mode is the 
lowest priority for on-sky testing. If time is limited, it may not be exercised during the coronagraph tech demo phase.  

 

 
1 The Roman Coronagraph’s Objectives and Threshold Technical Requirement can be found in the Program Level 
Requirements Agreement (PLRA) at https://roman.gsfc.nasa.gov/science/rsig.html 
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3. KEY TECHNOLOGY ELEMENTS  
 

 
Figure 1: Schematic optical layout of the Roman Coronagraph, showing the 3 different observing modes supported 
(narrow field of view imaging, spectroscopy and wide field of-view imaging) and the key technology elements to be 
demonstrated: low-order and high order wavefront sensing and control, large format deformable mirrors (DMs), high 
contrast coronagraphic masks and stops selectable via a series of precision alignment mechanisms, ultra-low-noise photon 
counting EMCCDs (LOCAM and EXCAM), and data post-processing at unprecedented levels of raw contrast.  

The Roman Coronagraph will demonstrate key technologies (Figure 1) required for high contrast imaging: ultra-precise 
(sub-nm) low- and high-order wavefront sensing and control, the use of large format (48x48 actuators) deformable mirrors 
in space, high contrast “broad-band” (10 to 15% bandwidth) coronagraphic masks, operation of ultra-low dark current (~ 
10-4 e-/pix/s) photon counting detectors (EMCCDs) in a relevant space environment (L2 orbit), and post-processing of 
broad-band coronagraphic data obtained at unprecedented contrast levels. Beyond the demonstration of these individual 
technologies, the instrument will validate the whole system level performance and end-to-end model predictions for 
conducting high contrast imaging from a space platform.  We give hereafter an overview of the different coronagraph key 
technology elements, describing their capabilities and current status.  

 

3.1 Low-order wavefront sensing and control (LOWFSC) 

Drifts in the wavefront delivered by the observatory to CGI during the HOWFSC and exoplanet observations are sensed 
and rejected by the Low-Order WaveFront Sensing and Control (LOWFSC) system, which operates independently from 
and contemporaneously with both HOWFSC and exoplanet observations.  The operational concept on which LOWFSC is 
built is to measure a reference wavefront and calibrate the response to the actuated wavefront modes at the beginning of 
every observing visit, then attempt to control the actuated wavefront modes to maintain the wavefront at its reference 
throughout the remainder of the visit.  It is not intended to drive the wavefront to any particularly preferred state, only to 
maintain it at the state it measured at the beginning of the observing visit.  The differential nature of the LOWFSC 
responsibility entails differential measurement accuracies at the level of 10s of picometers, without any need for 
comparable levels of absolute wavefront estimation accuracy. 
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Low-order wavefront sensing (Figure 2) during the science camera exposures is provided by a Zernike Wavefront sensor 
– a fast read EMCCD – that continuously measures any drifts in the Z2 to Z11 Zernike coefficients, i.e, tip-tilt, defocus, 
astigmatism, coma, and spherical aberrations, using on-axis starlight reflected by the focal plane mask1. The error signal 
is then fed to a fast-steering mirror (FSM) for pointing control at an effective control bandwidth of 20 Hz, to a dedicated 
focus control mechanism for a control bandwidth of 2 mHz, and one of two deformable mirrors (DM1, located in a pupil 
conjugate) for correction of any large (> 100 pm) drifts detected in Z5-Z11, also at 2 mHz control bandwidth. The flight 
FSM element has completed its mechanical testing and is ready for delivery to the active optics team in August 2021. 
Using the control feedback loop alone (Figure 2), it has already demonstrated tip-tilt control down to less than 1 mas rms 
per axis - meeting the requirement - using realistic starlight flux levels and -worse case- observatory pointing disturbances 
consistent with Roman’s reaction wheel speed profiles and resulting input pointing errors. Further reduction of pointing 
errors down to less than 0.2 mas rms per axis was also demonstrated in the lab using a feedforward loop with a Kalman 
filter and rejecting reaction wheel vibrations at specific frequencies. However, this lab-demonstrated capability will not be 
implemented in flight, in order to meet cost and schedule constraints.  

 
Figure 2: Lab demonstration of pointing control using the LOWFS signal to drive the coronagraph fast steering mirror 
(from Shi et al. 2019). The feed forward control loop will not be implemented for the flight design. See text for details.  

3.2 High-order wavefront sensing and control (HOWFSC) 

High-order wavefront sensing is based on the electric field conjugation technique2, where focal plane images are recorded 
by the science EMCCD camera (EXCAM in Figure 1) at different deformable mirror (DM) settings in order to estimate 
the wavefront complex electric field. That estimate is then combined with a coronagraph optical model to derive the next 
set of actuator positions to be applied to each of the DMs. A coronagraphic dark hole is then generated around the star by 
cycling periodically through such iterations of focal plane wavefront sensing and subsequent wavefront control with the 
DMs. For broad-band “dark hole digging”, electric-field conjugation (EFC) is run sequentially through a number of sub-
bands (3 for the 10% bandwidth imaging modes) before a full-band correction is estimated and sent to the DMs.  

A major change in the HOWFSC approach since the coronagraph PDR is that the estimation of the electric field and the 
computation of the corresponding new set of DM settings is now offloaded to the ground, in an effort to reduce flight 
software schedule risk. During coronagraphic observations, there will be daily contacts with the ground, allowing ~10 
iterations to be conducted at the beginning of each new coronagraph observational sequence, and a single iteration per day 
for subsequent touch-ups of the dark hole. Each iteration – from the last exposure to the uplink of the new DM commands- 
is required to take less than 30 minutes and expected to take about 22 minutes given the communications bandwidth 
between the Roman Coronagraph, the spacecraft and the ground station. Interestingly, this “ground in the loop” HOWFSC 
approach not only offloads the computationally-expensive parts to the ground (eliminating the need for a second flight 
computer) but also offers the possibility to use alternate dark hole digging and maintenance algorithms, even if they prove 
more computationally intensive than traditional EFC.  
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3.3 Deformable Mirrors (DMs) 

The Roman Coronagraph uses two DMs from Northrop Grumman Xinetics (NG-AOX), each with 48x48 electrostrictive 
lead magnesium niobate (PMN) ceramic actuators. The fabrication of the PMN Deformable Mirror (DM) is a joint effort 
between NG-AOX and JPL – AOX produces the PMN module and assembles the front-end, and JPL builds the electrical 
interconnect and assembles the flight article. JPL is also responsible for the flight qualification testing. 
Xinetics DMs have been used in JPL’s High Contrast Imaging Testbed (HCIT) for 15 years, and larger format 48x48 DMs 
for the last 10 years, successfully demonstrating ~ 10-10 contrast using clear apertures3. However, the interconnect used in 
the lab was not flight-qualified, and JPL took over the interconnect work in 2019. The solution selected for interconnect 
of the electronics with the DM actuators relies on a new robust pin grid array (Figure 3). The flight-design DM has met 
the coronagraph requirements and repeated tests in thermal, vibration, lifetime, radiation and performance, including 
repeated pin bending and headers/connectors insertion/extraction tests successfully, with no failed pins. It has also passed 
tests designed to verify its robustness to handling that is consistent with the assembly procedures. All assembly steps have 
been reviewed and verified by use of flight-like proxies (e.g., PMN modules from previous production runs, flight-design 
mechanical parts, flight-procedures for metallization and soldering). The Roman Coronagraph DMs reached a technology 
readiness level (TRL) of 6 - subsystem demonstration in a relevant lab environment - in November 2020. JPL delivered a 
flight module with nail-pins to Xinetics in June 2021 for DM front-end build (i.e., face-sheet addition, polishing support 
and bezel) and the production of flight DMs has commenced.  

 

 
 

Figure 3: Roman Coronagraph DMs pin grid array (left) and Engineering Development Unit (right picture).  

 

3.4 Coronagraphic masks  

Multiple mask configurations are required to overcome the challenging telescope pupil obscurations and enable the desired 
types of imaging, spectroscopy, and polarimetry. In designing each mask configuration, many performance metrics were 
considered, including spectral bandwidth, field of view, contrast, core throughput, encircled energy, deformable mirror 
surface height, and low-order aberration sensitivity4. All flight masks and stops have been designed and are on track for 
manufacturing completion this fall at JPL’s Microdevices Lab. This includes masks and stop designs for the 3 supported 
modes described in section 2: narrow-field imaging (NFOV mode) with HLC masks, spectroscopy (SPEC mode) and wide 
field-of-view imaging (WFOV mode) with SPC masks. It also includes a number of “unsupported” (shared risk) masks 
and modes that will not tested prior to launch. These additional masks are contributed by NASA’s Exoplanet Exploration 
Program (ExEP) and fill otherwise empty slots that are selectable via the different pupil and focal planes precision 
alignment mechanisms. These masks will only be aligned and tested if time allows, and there is currently no plan for 
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commissioning them on-sky. They would only be available after the tech demo demonstration, and on a shared risk basis, 
similar to HST/STIS Bar 5. It is worth noting that the different masks are designed to work over a specific wavelength, so 
that masks and filters cannot be arbitrarily mixed and matched. A given filter can only be used if it covers a sub-band of 
the designed wavelength range for a given mask.  For a thorough description of all shaped pupil masks, focal plane masks, 
Lyot stops and field stops design and current status, please see the dedicated paper by A.J. Riggs4 in these conference 
proceedings.  

3.5 Photon-counting EMCCDs 

A point source 10-7 times fainter than a Vmag= 5 central star has a magnitude of 22.5, while a Jupiter analog around this 
same star has an apparent magnitude V ~27. The expected detected count rate for such a faint source is less than a photon 
per minute in the coronagraph 10% bandwidth direct imaging filters, driving to the use of an ultra-low noise – and 
essentially no read noise – photon counting Electron Multiplying Charge Coupled Device (EMCCD).  
The Roman CGI camera system consists of an ESA-contributed EMCCD being manufactured by Teledyne-e2v 
(Chelmsford, UK), a JPL-procured controller being designed and fabricated by ABB (Quebec, Canada) and NuVu cameras 
(Quebec, Canada), and an optomechanical shield assembly being designed and fabricated by JPL. In addition to shielding, 
modifications to the EMCCD (“notch channels”) have been put in place to mitigate and characterize the effects of charge 
traps created by radiation damage, which are particularly impactful at the ultra-low flux levels considered.  There are two 
identical flight camera systems, each clocked with custom waveforms to meet the specific requirements of faint light 
science and bright light wavefront sensing applications. An Engineering Development Unit (EDU) camera was fabricated 
using a commercial prototype EMCCD and is currently under test. 
The EMCCD (Figure 4) is a custom 1k x 2k design with 13-micron pixels that includes features to improve performance 
and lifetime in the space environment.  The silicon die is thinned and AR coated for maximum sensitivity at 600 nm.  A 
custom invar package provides the necessary structure to interface with the camera mechanical assembly.  Teledyne-e2v 
is completing production of electrical and mechanical parts needed for sensor assembly and test.  Commissioning of the 
test camera is underway in preparation for a Test Readiness Review, and flight sensors are planned to be delivered in late 
2021. 
The camera controller is a flight adaptation of the NuVu CCD Controller for Counting Photons (CCCP).  The FPGA-based 
design reads data at a 10 MHz rate and retains the programmability of the commercial version with some modifications to 
reduce power consumption (<20W). The flight boards have been manufactured at ABB, and environmental testing is 
planned for the fall with delivery at the end of the year. 
The camera mechanical assembly (Figure 4) is made of a tungsten alloy and is designed to provide a minimum 1 cm of 
shielding in any direction to improve EMCCD lifetime.  An integrated fold mirror at the entrance aperture deflects light 
onto the EMCCD while preventing the possibility of exposure to unshielded radiation.  The EMCCD is passively cooled 
by a radiator to a planned operating temperature of -100C to minimize dark current.  Mechanical parts are in fabrication, 
and the two flight camera assemblies will be assembled, environmentally tested and delivered to the instrument I&T in 
2022. 
 

 
 

Figure 4: Left: Custom 1kx2k EMCCD from e2V. Right: Engineering Development Unit of the camera assembly. Pictures 
courtesy of Patrick Morrissey (JPL).  
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3.6 Spectroscopy Modes 

Figure 5: Simulations of Roman Coronagraph observations in spectroscopy mode (band 3). Slit is deployed at a point 
source position (left) and an Amici prims triplet (bottom) disperses the shaped pupil mask PSF perpendicularly to the slit 
direction (middle). The point source spectrum is extracted from the dispersed image after post-processing (right), using 
reference differential imaging. Figure courtesy: Neil Zimmerman and Tyler Groff (GSFC).  

In addition to broad-band imaging over a 10% bandwidth (narrow and wide field-of-view baseline modes), the Roman 
Coronagraph offers the capability of point source spectroscopy using a slit spectrograph deployed at the previously detected 
point source position and a triplet of AMICI prisms for dispersion in the direction perpendicular to the slit long dimension 
(Figure 5). There are two supported spectroscopy modes, each of them using a dedicated shaped pupil mask: one covers 
the Roman Coronagraph band 2 (15% wide centered at 660 nm) and the other one covers band 3 (15% wide centered at 
730 nm). Band 3 is centered at the wavelength of a deep methane absorption feature expected to be present in the 
atmosphere of gas giant planets5, and band 3 spectroscopy will have higher priority for observations during the technology 
demonstration phase. The dispersive elements spectral resolution is designed to be 50 at the central wavelength of each 
band, going up at the blue end, and down at the red end (Figure 6).  

 
Figure 6: Amici prisms spectral resolution (model) as a function of wavelength for each of the 2 spectroscopic (15%) 
bands: band 2 centered at 660 nm, and band 3 centered at 730 nm.  

 

Proc. of SPIE Vol. 11823  1182310-7
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 21 Apr 2022
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 
 

 
 

 
 

3.7 Polarimetric Modes 

Total intensity and polarized images of high inclination – optically thin- debris disks or rings6,7 give access to the grains 
scattering phase function, which in turns constrains the grain size, shape, and possibly mineralogy when conducted at  

different wavelengths. As opposed to total intensity (unpolarized) imaging, polarimetry also allows one to break the 
degeneracy between grain density and scattering efficiencies. Polarimetry is enabled by a pair of Wollaston prims (WPs) 
and is available for the narrow (525nm) and wide (825nm) field-of-view broadband imaging baseline modes. Each WP 
forms 2 orthogonally polarized images on the EXCAM science camera, separated by 7.5” on the sky (Figure 7). The linear 
polarization fraction of each spatial resolution element in the source of interest is then estimated from the 4 linearly 
polarized images obtained on the target of interest, as well as on a minimum of 3 polarization calibrators (one unpolarized 
standard and 2 polarized standards) to calibrate for instrumental polarization effects. Such measurements will be repeated 
at 2 different telescope roll angle positions (+/- 13 deg) to further reduce any measurement uncertainties. Folding in the 
model Mueller matrix of the system, all detector effects including any flat-fielding residuals, the uncertainty on the 
calibrator linear polarization fraction and orientation, and shot noise, the current best estimate of linear polarization fraction 
measurement accuracy per spatial resolution element is 1.7% rmse, assuming a target star with V =5. Coronagraphic 
polarimetry will be limited to circumstellar structures around a central star with V<~6.  

 
Figure 7: Principle of polarimetry with Roman, where 2 orthogonally linearly polarized images are formed at the same 
time with one WP, then 2 more with the other, enabling measurements of the source linear polarization fraction at each 
spatial resolution element (~50x50 mas in band 1 NFOV imaging mode, and  ~70x70 mas in band 4 WFOV imaging mode).  
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4. SIMULATED OBSERVING SCENARIOS AND EXPECTED PERFORMANCE 

 
Figure 8: The Roman Coronagraph will bridge the gap between the current state-of-the-art for ground and space-based 
coronagraphy (upper blue and red detection limit curves) which are only sensitive to bright self-luminous giant planets 
(red squares) and the performance needed for exo-Earth detections. The Roman Coronagraph predicted detection limits 
(informed by finite element analysis of the observatory system over a realistic observing sequence) are indicated for the 3 
baseline observing modes: narrow field-of-view imaging (NFOV: blue curve for 100 hr of integration), spectroscopy 
(SPEC mode at 730nm, 400 hr), and wide field-of-view imaging (WFOV: red curve, 100 hr). Underlying data available at 
https://github.com/nasavbailey/DI-flux-ratio-plot 
 
Full Roman Coronagraph observing sequences have been simulated for observatory design and models of increasing 
fidelity since 2015 8,9. They include repeated observations of a bright (V< 3) reference star for dark hole digging and 
maintenance, as well as slews to a comparatively fainter (V=5.0) target of interest which is observed at two different 
telescope roll angles of +/- 13 degrees. For best coronagraphic performance, targets of interest must have a V magnitude 
lower than 5. These end-to-end structural, optical performance (STOP) analyses include thermal deformations (induced by 
the change in solar incidence angle) , structural finite element modeling of the entire observatory and instrument lay-out, 
realistic dynamical modeling of the reaction wheels vibrations (consistent with their speed profile during the sequence), 
low-order wavefront sensing and correction models, as well as finite optical diffraction propagation from the primary 
mirror to the final focal plane camera (EXCAM). The output of these STOP simulations is a realistic time series of speckle 
fields around the target star, measured every 5 minutes over periods of tens of hours8. The latest simulations results 
correspond to observing scenario #9 (“OS9”, available at https://roman.ipac.caltech.edu).  In the case of HLC observations 
in narrow field-of-view imaging mode (TTR demonstration mode), a post-processing analysis of the simulated OS9 
speckle fields sequence10 shows that a 10-8 point-source companion located at 3.5 l/D separation from a representative 
V=5.0 target star (47 UMa) can be detected at 10s less in 20 hours of exposure on target.  
Detection limits are then derived from the OS9 results for the 3 baseline observing modes (NFOV at 575 nm, SPEC at 730 
nm, and WFOV at 825 nm) and by folding in all available lab data on coronagraph and detector performance. The resulting 
5s post-processed detection limit curves obtained vs angular separation are shown in Figure 8, assuming model uncertainty 
factors (“MUFs”) of 1. The most recent observing scenario (OS 11) is based on the latest observatory and telescope models, 
and now includes the effect of having the “ground-in-the-loop” for high-order wavefront sensing and control (as described 
in section 3.2). Full results from the OS11 simulations are expected in the fall of 2021 and will be fully described in a 
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paper in preparation by J. Krist et al. The detection limits predicted by OS11 are expected to be close to those currently 
obtained with the OS9 observing sequence and shown in Figure 8.  
 

5. TIMELINE AND COMMUNITY PARTICIPATION PROGRAM 
A high-level timeline of the Roman Coronagraph development between now and the end of the Roman space telescope 5-
year prime mission is shown in Figure 9. The instrument critical design review (CDR) was passed successfully in April 
2021.  The full mission CDR is scheduled for September 2021, after which the Roman mission is expected to enter phase 
D with instrument system assembly. The Roman Coronagraph is planned for delivery in late 2023 to NASA’s Goddard 
Space Flight Center for payload integration and test, with a subsequent launch now expected in 2026. A total of 450 hours 
of instrument commissioning will take place in the 90 first days after launch, to test basic functionalities, including the 
ability to dig a coronagraphic dark hole around a bright star. The coronagraph technology demonstration (“tech demo”) 
phase will follow, with 3 months of operations (including slews, dark hole generation and all other overheads) spread out 
over the first 18 months of the mission. The tech demo phase shall demonstrate that the single technical threshold 
requirement coronagraphic performance is met, and time permitting, will exercise all fully supported modes (Table 1) and 
fulfill the coronagraph tech demo objectives. A NASA ROSES “Community Participation Program2” (CPP) call will be 
issued in late 2021/early 2022 to invite interested community members to collaborate with the Roman Coronagraph team.  
 

 
Figure 9: Timeline of Roman Coronagraph development through launch and subsequent operations.  
 
The CPP and Roman coronagraph project teams will jointly prepare and execute the tech demo phase observations (e.g., 
target selection, image simulations, data analysis tools, potential alternative wavefront sensing and control strategies, etc.) 
and operations, at least till the end of the tech demo phase. The CPP will be formed of members from the US community 
and four international partners contributing hardware to the coronagraph (ESA, JAXA CNES and MPIA). The Roman 
coronagraph data will be available to the community in the Roman archive. 
If the Coronagraph tech demo is successful, it is anticipated that some fraction of the remainder of Roman’s 5-year primary 
mission time may be available for scientific observations with the coronagraph baseline modes, as well as for 
commissioning of the unsupported (shared-risk) modes. This continued post-tech demo access is not guaranteed nor funded 
at this point, and the form of potential community participation (e.g., via a CPP extension or a full GO program) is not yet 
defined.  
 

6. RELEVANCE TO FUTURE MISSIONS 
 
As shown in Figure 8, the Roman Coronagraph is expected to provide a 100-1000x improvement over current state-of-the-
art in coronagraphic performance. However, its predicted detection limit of ~10-8 at 3l/D is still a factor ~100 away from 
what is needed for future exo-Earth imaging missions. A fair question is then: how far is the Roman Coronagraph really 
going in preparing for a potential future exo-Earth direct imaging mission? A recent whitepaper10 directly answered that 
question by comparing the Roman Coronagraph performance estimates – as well as its specifications – to the needs of 
possible future exo-Earth direct characterization missions, illustrated by the HabEx and LUVOIR concepts. 
 

 
2 The CPP call is expected to be released at the same time as the call for science investigation teams using the Wide-
Field instrument. For questions about the CPP call, please contact Dominic Benford (dominic.j.benford@nasa.gov) at 
NASA HQ. 
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Table 2: High-level summary comparing the Roman Coronagraph estimated performance to the needs of possible future 
direct imaging missions targeting exo-Earths, such as HabEx and LUVOIR B. The Roman Coronagraph point source 
detection limit is ~100x worse than required by these future missions (FM).  However, its components and subsystems 
performance are highly comparable to those required for FM in many cases.  Table color coding indicates whether Roman 
Coronagraph performance is better (green), in family with (blue), slightly worse (orange) or significantly worse than 
required for FM. Table reproduced from Mennesson et al. 202011.  
(*): NTE = Not-to-exceed value. (**): Predicted performance from Roman Space Telescope end-to-end STOP model, with 
Model Uncertainty Factor=2 on observatory model. A detailed quantitative comparison per subsystem can be found in x.  
 

 
 
 
This analysis was by no means exhaustive, but all the main subsystems and functionalities were considered and compared 
in a quantitative way. The main take-away message is that while the detection limits of Roman and future missions do 
significantly differ, the performance of many of their respective subsystems are very much in family, making the Roman 
Coronagraph an excellent technology demonstration for these future missions. In fact, in many key technical areas, such 
as pointing jitter control, low-order wavefront control and detector properties, the Roman Coronagraph has to work as well 
or better than both HabEx and LUVOIR. This result has to do with the heavily obscured entrance pupil of the Roman 
Space Telescope. This pupil poses a great technical challenge to high-contrast coronagraphy, (by increasing the 
instrument’s sensitivity to common optical aberrations, limiting its off-axis throughput) and drives its subsystems to very 
tight requirements at a given contrast level.  
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7. SUMMARY 
The Roman Coronagraph is a technology demonstration instrument serving as a stepping stone to enabling potential future 
missions that aim to directly image and characterize exo-Earths around sun-like stars. The Roman telescope complex 
entrance pupil limits its point source detection limits but makes it a very powerful technology demonstration at the key 
sub-systems level, with many of them having to perform at levels commensurate with the needs of future missions.  

The Roman Coronagraph passed its critical design review in April 2021 and is now ready to enter the system assembly 
and instrument I&T phase. It will demonstrate key technologies required for high contrast coronagraphy: ultra-precise 
(sub-nm) active wavefront sensing and control, the use of large format (48x48 actuators) deformable mirrors in space, high 
contrast “broad-band” (>10% bandwidth) coronagraphic masks, operation of ultra-low dark current (~ 10-4 e-/pix/s) photon 
counting detectors (EMCCDs) in a relevant space environment (L2 orbit), post-processing of broad-band images and 
spectroscopic data obtained at unprecedented contrast levels. Beyond the demonstration of these individual technologies, 
the Roman Coronagraph will validate the whole system level performance and end-to-end model predictions for 
conducting high contrast imaging from a space platform.  

A community participation program (CPP) call will be issued in late 2021/early 2022 to provide opportunities for external 
involvement to the coronagraph integration and test, and to operations during the coronagraph technology demonstration 
phase. Useful Roman Coronagraph resources including simulated observations results and instrument parameters can be 
found at https://roman.ipac.caltech.edu and https://roman.ipac.caltech.edu/sims/Param_db.html 
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