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kUniversité Claude Bernard Lyon 1, CRAL UMR5574, ENS de Lyon, CNRS, Villeurbanne,

F-69622, France
lLaboratoire Charles Fabry, Institut d’Optique Graduate School, Université de Paris-Saclay,
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ABSTRACT

The Planetary Camera and Spectrograph (PCS) will be the ELT’s dedicated instrument for exoplanet charac-
terization, with a central goal of discovering and studying rocky exoplanets. To prepare for these ambitious
objectives, the PCS R&D consortium, launched in January 2025 under ESO’s leadership, was established to
advance the conceptual design and bridge critical technology gaps. We will report on the progress of the coro-
nagraph and focal-plane wavefront control work package. Our efforts focus on the development of coronagraphs
tailored for PCS and on strategies for integrating wavefront control into their operation. A key component of
this work is the PCS Coronagraph Evaluation Pipeline (PCS-CEP), designed to provide a uniform framework

Further author information: (Send correspondence to S.Y.H.)
S.Y.H.: E-mail: haffert@strw.leidenuniv.nl



for assessing coronagraph performance and wavefront control, an approach inspired by the Habitable Worlds
Observatory coronagraph design survey. PCS-CEP enables a fair comparison of diverse concepts, ensuring a
level playing field for innovation.
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1. INTRODUCTION

The forthcoming Extremely Large Telescope (ELT) will be the largest optical/infrared telescope ever constructed
and is expected to enable transformative advances across many areas of astronomy. Among its most compelling
scientific opportunities is the direct detection and characterization of exoplanets. Owing to its unprecedented
collecting area and angular resolution, the ELT will make high-contrast direct-imaging observations hundreds
of times more efficient than current-generation facilities. To fully exploit this capability, the Planetary Camera
and Spectrograph (PCS) was identified as a dedicated ELT instrument for exoplanet science. Following the
publication of the initial PCS concept,1 an international R&D consortium was established in 2025 to mature the
technologies and instrument concepts required to achieve the ambitious scientific goals of PCS.

The primary science objective of PCS is the detection and characterization of rocky exoplanets orbiting
nearby stars. While this goal represents one of the most exciting frontiers in modern astronomy, it also poses
unprecedented technical challenges in high-contrast imaging, wavefront control, and instrument stability. The
PCS R&D roadmap was therefore created to assess the feasibility of the instrument concept, identify potential
technology gaps, and establish a path toward a future Phase A study. The roadmap encompasses the consolidation
of the science case and top-level requirements, the development of enabling technologies for extreme adaptive
optics (XAO) and high-contrast imaging on the ELT, the definition of instrument concepts consistent with
observatory constraints, the construction of performance and science-yield models, and the evaluation of technical
risks.

Within this consortium, a dedicated work package focuses on the development of the coronagraph subsystem
and the associated wavefront sensing and control architecture. The objectives of this activity are to identify
coronagraph concepts capable of meeting the stringent top-level requirements on inner and outer working angle,
field of view, raw contrast, throughput, and spectral bandwidth, while remaining compatible with the planned
visible and near-infrared imaging and spectroscopic observing modes. In parallel, the work package investi-
gates advanced wavefront-control strategies, including electric-field conjugation, linear dark-field control, and
reinforcement-learning-based approaches, assuming the availability of a dedicated deformable mirror operat-
ing independently of the adaptive-optics wavefront sensor. Additional activities include the development of an
atmospheric dispersion correction concept capable of achieving sub-milliarcsecond residual errors, potentially
through closed-loop operation, and the management of interfaces with the instrument-design work package. The
ultimate goal is to raise the technological readiness of these critical subsystems through simulation, laboratory
validation, and on-sky demonstrations, thereby providing key inputs to the PCS white paper and future ELT
instrumentation decisions.

In this proceeding, we give an overview of the project plan for Work Package 2 - the coronagraph and focal
plane wavefront control work package (WP2). We will discuss the individual sub-work packages, WP2.1 - The
PCS Coronagraph Evaluation Pipeline, WP2.2 The coronagraph design study, WP2.3 Wavefront sensing and
control. Each of the sub-work packages will be discussed in the subsequent Sections 2 - 5.

2. WP2.1 - THE PCS CORONAGRAPH EVALUATION PIPELINE

A key activity within WP2 is the development of the PCS Coronagraph Evaluation Pipeline (CEP). The develop-
ment of the PCS-CEP was inspired by the coronagraph design survey for NASA’s Habitable Worlds Observatory.2

The objective of this pipeline is to provide a standardized framework for evaluating all coronagraph concepts pro-
posed within the PCS consortium. Rather than relying on independent simulations carried out by the individual
design teams, every submitted coronagraph will be assessed using the same simulation framework, assumptions,
and analysis procedures. This establishes a common benchmark that enables an objective comparison of the
different architectures. A schematic view of the PCS-CEP flow diagram can be seen in Figure 1.
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Figure 1. Schematic overview of the PCS-CEP developed in WP2.1. Coronagraph designs submitted by the WP2 coro-
nagraph team and external contributors are evaluated using a common simulation framework that incorporates adaptive
optics residuals from WP4, focal-plane wavefront sensing and control concepts from WP2.3, ADC performance from
WP2.4, and system-level parameters from WP6. The pipeline produces standardized coronagraph performance metrics
and point spread functions that are passed to WP7 for science yield calculations while providing performance feedback
to the coronagraph design teams.

The PCS-CEP forms the link between the coronagraph design activities in WP2 and the science yield analysis
performed in WP7. Besides providing a fair comparison between coronagraph concepts, the pipeline will generate
standardized performance summaries and data products that can be directly used as input for end-to-end science
yield calculations. This common evaluation strategy ensures that differences in predicted scientific performance
originate from the coronagraph designs themselves rather than from differences in simulation methodology.

The first activity focuses on defining the scope and evaluation goals of the pipeline. This is carried out in close
collaboration with the coronagraph design and wavefront sensing and control tasks (Tasks 2 and 3), which provide
the scientific and technical requirements that the pipeline should address. Together these activities define the
performance metrics that best characterize coronagraph performance for PCS and identify the relevant trade-
offs between competing design requirements. A second part of this activity is the definition of the common
simulation inputs. This includes selecting a representative telescope pupil, defining the observing scenarios,
and compiling a science target list that reflects the primary science cases of PCS. By adopting a common set
of input assumptions, all coronagraph concepts are evaluated under identical observing conditions, enabling a
direct comparison between designs.

The PCS-CEP also serves as an interface between multiple work packages within the PCS R&D programme.
On the input side, the pipeline will receive wavefront residual time series and environmental parameters from the
XAO working group and the systems engineering work package, representing the expected performance of the
extreme adaptive optics system. These wavefront realizations are propagated through the submitted coronagraph
models, allowing each design to be evaluated under realistic operating conditions.

On the output side, the pipeline interfaces with WP7 to ensure that the generated simulation products
contain all information required for science yield analyses. This includes defining the required output formats,
agreeing on the relevant summary statistics, and identifying the performance metrics that are needed to compare



coronagraph concepts from an observational perspective. Close coordination between WP2 and WP7 ensures
that the pipeline products can be incorporated directly into the broader PCS performance assessment.

The pipeline itself will be implemented as a modular software package based on the HCIPy framework.
Coronagraph developers will provide their designs through a common Python interface, allowing the pipeline to
execute identical simulation sequences for every submitted architecture. In addition to evaluating the corona-
graph performance, the software will automatically generate standardized summary plots and diagnostic figures
that facilitate comparison between concepts and provide feedback to the design teams during the development
process.

Ultimately, the PCS-CEP will provide the common evaluation infrastructure for the coronagraph activities
within WP2. By combining standardized simulation inputs, common performance metrics, realistic adaptive
optics residuals, and reproducible analysis tools, it will enable a transparent comparison of candidate corona-
graph architectures throughout the PCS design study. The resulting benchmark will support the down-selection
and further optimization of coronagraph concepts and provide the quantitative performance data required for
subsequent instrument design and science yield assessments.

3. WP2.2 - CORONAGRAPH DESIGNS

The ELT-PCS science cases are exceptionally broad, spanning rocky planets in the habitable zone of nearby
stars, sub-Neptunes and Neptunes in reflected light, temperate and young giant planets, exomoons and exorings,
protoplanets, planet-forming disks, and debris disks3 [ref to update once we have the full list of authors].
This diversity translates into a wide and sometimes conflicting set of instrumental requirements: inner working
angles ranging from λ/D for nearby rocky planets to several dozens λ/D of field-of-view for wide-separation com-
panions, contrast levels varying by orders of magnitude depending on the target class, and spectral bandwidths
spanning from narrow-band accretion line tracers to broad optical and near-infrared windows for atmospheric
characterization, in addition with the open question of possible polarimetry capabilities. Rather than prema-
turely converging on a single architecture that might be optimized for only a subset of these cases, we chose
to keep the coronagraph requirements deliberately broad at this stage, to be iteratively refined in collaboration
with other work packages (other sub-systems as well as science target work packages). A wide exploration of the
coronagraph concepts, from existing to under-development, is therefore needed to identify the most promising
designs before entering a down-selection phase.

We began with a state-of-the-art review of existing coronagraph concepts, assessing their performance (con-
trast, angular separation, working spectral band) and their maturation level. Building on this, we launched an
open call for coronagraph concepts to the community, with reminders on the science cases and broad indicative
coronagraph requirements: these requirements serve as guidance only and should not constrain nor limit design
choices, as the final performance metrics will be assessed through PCS-CEP. Overall, the inner working angle
target is approximately 10 mas, with some science cases driving this down to 6 mas. The field of view spans from
100 mas for rocky planet science to 1000–1500 mas for exomoons, rings, and disks. Wavelength coverage extends
from the V to the K band, with spectral resolution requirements ranging from R ∼ 10 for broadband imaging to
R ∼ 100, 000 for high-resolution molecular spectroscopy. In terms of contrast, the typical targets are 10−9−10−8

at 10 mas and 10−9 at 30 mas, understood as post-coronagrpah, post-adaptive optics, post-wavefront control,
and post-processing values.

This call resulted in 11 declarations of interest to submit concepts, covering a diverse range of families
including scalar vortex coronagraphs,4–7 apodized pupil Lyot coronagraphs,8,9 shaped-pupil designs,10,11 PI-
AACMC,12,13 nulling approaches,14–16 and architectures involving programmable devices.17–20 Each submitted
concept will be evaluated through the PCS-CEP to ensure a fair and uniform comparison across designs, fol-
lowing the same philosophy as the Habitable Worlds Observatory coronagraph design survey. Throughout this
process, an ongoing dialogue with WP7 will ensure that throughput, inner working angle, and bandwidth require-
ments reflect realistic yield expectations, while requirements might be revised, as post-processing capabilities and
contributions and limitations from other subsystems are better characterized.

In the coming months, WP2.2 will deliver a catalog of coronagraph concepts with standardized performance
metrics produced via PCS-CEP, a down-selected set of baseline and alternative coronagraph designs for PCS
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Figure 2. Example submissions for the PCS call of coronagraphs. These three designs are from left to right, an APLC,
SPP and PAPLC design. The top row shows the on-axis coronagraphic images while the bottom row shows the off-axis
PSF at 30 mas.
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Figure 3. Outputs of the current PCS-CEP for several submitted designs. The left figure shows the normalized intensity,
which is the raw contrast divided by the peak intensity of an off-axis PSF. The middle figure shows the integrated
throughput of after the coronagraph as a function of angular separation. And finally, the right figure shows the core
throughput within 1.4λ/D as a function of angular separation.



along with their technology readiness levels to flag concepts that require further developments or validation, and
an updated requirements document refined through iteration with the science and other subsystems’ WPs.

4. WP2.3 - WAVEFRONT SENSING AND CONTROL ARCHITECTURES

4.1 Activities

High-contrast imaging at the contrast levels required for PCS demands not only an optimized coronagraph
but also advanced wavefront sensing and control (WFS&C) techniques capable of creating and maintaining
deep regions of suppressed starlight. While the extreme adaptive optics (XAO) system corrects atmospheric
turbulence, residual quasi-static aberrations ultimately limit the achievable contrast. The objective of WP2.3 is
therefore to investigate post-AO wavefront sensing and control architectures (see Figure 4) that are compatible
with the proposed coronagraph concepts and capable of delivering the required raw contrast for PCS.

The activities within WP2.3 are closely coupled to the coronagraph development carried out in WP2.2.
Different coronagraph architectures place different requirements on wavefront sensing, deformable mirror config-
urations, and control algorithms. Consequently, the work package aims to develop a consistent set of wavefront
control concepts that can be evaluated alongside the proposed coronagraph designs. The resulting requirements
and performance estimates will feed back into the overall instrument architecture and support the comparison
of candidate coronagraph concepts.

The first activity consists of a literature review of existing wavefront sensing and control approaches. This
review summarizes the current state of the art, identify the most promising techniques for PCS, and assess their
technology readiness level. Particular attention will be given to methods that have demonstrated high-contrast
performance either in laboratory environments or on-sky. Such summary is represented in Table 1

Building on the literature review, the second major activity is the derivation of high-level requirements for
wavefront sensing and control. These requirements will be developed in close collaboration with the science
requirements defined in WP1 and the coronagraph requirements from WP2.2. Particular attention will be given
to defining a suitable pupil stabilization strategy, identifying the required deformable mirror architecture, and
evaluating detector technologies and camera requirements for both wavefront sensing and focal-plane control.
These studies will provide a consistent set of assumptions for the subsequent development and evaluation of
candidate WFS&C concepts.

The primary deliverables of WP2.3 are a comprehensive review of candidate wavefront sensing and control
architectures, a set of high-level WFS&C requirements for PCS, and a collection of compatible control concepts
for the proposed coronagraph designs. During the first phase of the project the focus will be on the literature
review and requirements definition. Subsequently, candidate control strategies will be adapted to the proposed
coronagraph architectures and evaluated in collaboration with WP2.2, while maintaining close interfaces with
WP3, WP4, and the overall PCS system design activities.

4.2 Litterature review

4.2.1 PSF sharpening

One important topic is point spread function (PSF) sharpening, which aims to maximize the Strehl ratio delivered
to the coronagraph by correcting residual non-common path aberrations. Existing approaches based on focal-
plane wavefront sensing and calibration will be reviewed together with their demonstrated performance on current
high-contrast imaging instruments. Their applicability to the PCS observing regime and expected performance
will be assessed.

PSF sharpening will be performed in two different steps. First, a plain PSF sharpening shall be done during
instrument integration, using the instrument internal source. It aims to correct for large wavefront errors induced
by optics misalignment. Therefore we need for a linear algorithm, although a high sensitivity is not required.
We can cite e.g. the Gerberch-Saxton algorithm,21 a phase diversity algorithm in non-coronagraphic conditions.
However, those techniques flatten the wavefront at the science camera plane while coronagraph best performance
are obtained when the wavefront is controlled at the focal plane mask plane. Algorithms like COFFEE26 could
therefore be used for such plain correction.



Numerical simulation In-lab test On-sky test

PSF sharpening

Gerberch-Saxton Gerchberg (1972)21 Kay (2007)22

Phase diversity Gonsalves (1982)23 Fusco (2015)24 Kuznetsov (2024)25

COFFEE Paul (2013)26 Paul (2014)27

Fast & Furious Keller (2012)28 Bos (2020)29 Bos (2020)29

APFWS Martinache (2013)30 Martinache (2016)31 Martinache (2016)31

dOTF Codona (2013)32 Martinez (2023)33

Dr. WHO Codona (2013b)34 Skaf (2022)35

ZWFS N’Diaye (2013)36 N’Diaye (2016)37 Vigan (2019)38

Vortex Phase retrieval Riaud (2012)39

Photonics lantern WFS Lin (2022)40 Lin (2023)41 Lin (2025)42

Dark Hole control

SCC (normal) Singh (2019)43 Singh (2019)43 Galicher (2019)44

SCC (FAST) Gerard (2018)45 Gerard (2021)46

SCC (spectraly
modulated)

Haffert (2022)47

SCC (spatially-clipped) Liberman (2025)48

SCC (polarization
encoded)

Bos (2021)49

PWP Goulas (2026)50 Potier (2019)51 Potier (2022)52

iEFC Haffert (2023)53 Haffert (2023)53 Haffert (2026)54

dOTF Martinez (2025)55

Speckle Nulling Martinache (2012)56 Martinache (2014)57

Fiber nulling Llop-Sayson (2019)58 Llop-Sayson (2022)59 Xin (2023)14

Photonics lantern nulling Xin (2025)15 Xin (2025)15

Wavefront stabilization

QACITS Huby (2015)60 Huby (2015)60 Huby (2017)61

FLOWFS Guyon (2009)62 Guyon (2009)62

PAPLC WFS Por (2023)63 Por (2023)63

Encoded ZWFS Ruane (2023)64 Ruane (2023)64

LLOWFS Singh (2014)65 Singh (2015)66 Singh (2017)67

Spatial LFDC Miller (2017)68 Miller (2019)69 Bos (2021b)70

Spectral LDFC Guyon (2017)71 Poon (2023)72

DH maintenance Pogorelyuk (2019)73 Redmond (2022)74

Table 1. State of the art of WS&C algorithms with current TRL. Only first author is mentioned. The list is non exhaustive,
prioritizing demonstration oriented in ground-based conditions for each technique. The simulation column is mostly non
AO conditions, except in some case where simulation of the techniques including AO residuals have been performed. The
laboratory demonstration are mostly in non turbulent conditions, include demonstration in non turbulent conditions but
at the telescope if they exist or demonstration on testbed with turbulent conditions if they exist.
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Figure 4. The proposed block scheme of PCS. PCS will consist of an eXtreme AO (XAO) system that provides well
corrected wavefronts to the coronagraph sub-system. The coronagraph sub-subsystem will handle non-common path
aberrations using dedicated DMs. There will be multiple wavefront control loops for low-order stabilization and high-
order dark hole digging. The green boxes are the parts that the coronagraph work package is responsible for. We anticate
that we will run the low-order stabilization loops at speeds up to 8 kHz, dark hole digging and maintenance at 100 Hz
and control of the ADC at or below 1 Hz.

On a daily basis after commissioning, a fine tuned correction should be perform either with the internal
source or on-sky. Indeed we expect thermal instabilities to slowly ruin the initial flattening (by a few nm rms
daily). An automatic Zernike Wavefront Sensor36 (ZWFS, requiring an additional Zernike mask in the FPM
filter wheel) or a differential Optical Transfer Function32 (dOTF) scheme could be employed before operations.
On-sky, sensitive and fast algorithms could be employed either without (Fast & Furious,28 Dr Who34) or with
(Asymmetric Pupil Fourier Wavefront Sensor or APFWS,30 Vortex phase retrieval39) a coronagraph.

4.2.2 Dark Hole control

A second focus is dark-hole control. Nearly two decades after the first laboratory demonstrations of dark-
hole generation using deformable mirrors,75 these techniques have matured to successful on-sky demonstrations
with VLT/SPHERE52 and, more recently, MagAO-X.54 Furthermore, the Roman Coronagraph Instrument will
provide the first demonstration of active dark-hole digging and maintenance in space.76 Within WP2.3 we
will investigate the applicability of these techniques to PCS, including implementations that operate without
a dedicated deformable mirrors,50,52 and architectures employing dedicated deformable mirrors for focal-plane
wavefront control.54 The advantages and limitations of single- and dual-deformable mirror systems will also be
evaluated, particularly with respect to achievable contrast, controllable outer working angle, and algorithmic
complexity.77,78

Dark Hole wavefront control requires minimizing parameters that are linear with the speckle electric field
(E-field). This comes in two main flavors: a temporal or a spatial modulation of such speckles. The former
requires the dedicated deformable mirror to inject phase diversities into the system. Those diversities either
directly enable the estimation of the speckle E-field by the mean of an instrument model (speckle nulling,57 pair-
wise probing,79 dOTF33) which can be combined with a model-based controller (Electric Field Conjugation79),



FPM LS Science camera

Low-order
Encoded ZWFS

FLOWFS
LLOWFS QACITS

High-order in half FoV PAPLC WFS Spatial LDFC

High-order in full FoV Encoded ZWFS
Spectral LDFC
DH maintenance

Table 2. Tradeoffs and solutions for wavefront maintenance algorithms. To improve the signal-to-noise ratio and overall
correction performance, algorithms utilizing the FPM, the LS, and the science camera should be integrated into a unified
sensor fusion architecture to maximize photon efficiency.

or can be completely model-free (iEFC53) through the need of an empirical Jacobian to be calibrated on the
system itself. The latter needs the introduction of pinholes in the LS, capturing the light rejected by the FPM
(Self Coherent Camera or SCC80). This light then recombines with the residual speckle intensity, creating fringes
through coherence properties. Since those fringes are linear with the speckle E-field, EFC algorithms can be
utilized to minimize their intensity in the DH region. The SCC now comes into various flavors to maximize the
light going through the pinhole in order to increase the control loop frequency. Either a dedicated coronagraph
is used (FAST45), or the pinhole is set closer to the LS diaphragm by mean of polarization encoding,49 spatial
clipping48 or a spectral modulation.47

4.2.3 Wavefront maintenance

Beyond establishing the dark hole, maintaining its performance over long science observations will be equally
important. Slow instrumental drifts, thermal variations, and changing observing conditions require continuous
wavefront monitoring and correction to preserve the required contrast. WP2.3 will therefore investigate wavefront
maintenance strategies that can operate alongside the science observations while minimizing interruptions and
preserving observing efficiency.

Many wavefront maintenance algorithms use the light rejected either by the coronagraph FPM or LS (see in
Table. 2), requiring the introduction of additional optics and camera in the instrument optical layout, that could
run faster than the photon-starved science camera. Low-order aberrations can be sensed through in-band and
non destructive schemes (FLOWFS62 and Encoded ZWFS64 in the FPM, LLOWFS65 from the LS, QACITS60

from the science camera), inducing high temporal frequencies and no differential aberrations with the science
path. Extending to higher order terms require half dark hole configurations where the degraded side of the
field of view is used to correct its counterpart (PAPLC WFS63 from the FPM, spatial LDFC68 from the science
camera). Finally high-order wavefront maintenance comes at a cost, either requiring an out-of-band scheme
(Encoded ZWFS64 in the FPM, spectral LDFC72) or a destructive behavior (DH maintenance74 in the science
camera plane). Their performance are highly coronagraph dependent (e.g. Lyot-type coronagraph are required
for FPM rejections) and need to be designed along with the coronagraph in mind.

4.2.4 The case for photonics wavefront sensing solutions

Since PCS aims to perform high-resolution spectroscopy on detected exoplanets, single-mode fibers can replace
conventional imaging cameras for light collection. In this architecture, Dark Hole wavefront control remains
applicable; however, the objective shifts from creating a null at a specific focal-plane location to minimizing
stellar coupling into the fiber, while maintaining high injection efficiency for the off-axis planet.59

By utilizing photonics lanterns, either to replace or in combination with a conventional coronagraph, wave-
front sensing can be performed directly within the instrument science path, leading the system to measure and
correct NCPAs alongside the science capture. Although this technology is currently at a lower TRL, initial
demonstrations have successfully utilized lantern outputs to sharpen the PSF42 and optimize off-axis planet
coupling, even while suppressing on-axis stellar light.15



4.2.5 Post-AO control enhancement through machine learning and advanced controller

Unlike conventional methods that rely on time-consuming mechanical probes or require specific system knowl-
edge, reinforcement learning (RL) approaches can autonomously learn from sequential focal-plane images to
optimize wavefront performance without prior calibration. Although limited by the number of modes that can
be corrected, simulations demonstrate that the method achieves near-optimal starlight suppression and Strehl
ratios, matching the performance of traditional modal control while offering greater flexibility across diverse coro-
nagraph designs and operating conditions.81,82 Also, real time utility of such methods extends beyond sensing.
By transitioning from static optimization to predictive control, these algorithms can anticipate and counteract
aberration evolution rather than merely reacting to past errors. Consequently, by replacing the latency-prone
integral controllers typically found in current testbeds with these predictive RL models, instruments can leverage
temporal correlations in telemetry data to maintain significantly deeper and more stable starlight suppression.
Ultimately, this shift towards data-driven prediction complements and builds upon foundational conventional
control techniques, such as the LQG regulator and its Kalman filter, which similarly utilize temporal state
prediction to mitigate the deterministic lag inherent in wavefront correction loops.83,84

5. WP2 MILESTONES

The development activities within WP2 are organized around a series of milestones that progressively mature the
coronagraph, wavefront sensing and control (WFS&C), and atmospheric dispersion corrector (ADC) concepts
towards the PCS white paper. These are summarized in Table 3.

Table 3. High-level milestones for the WP2 development programme.

Time Milestone
Early 2026

• Draft high-level requirements for all WP2 tasks.

• Completion of the coronagraph literature review.

• Completion of the WFS&C literature review.
Mid 2026

• First draft coronagraph designs.

• First draft wavefront sensing and control concepts.

• Preliminary optical design of the ADC.
Early 2027

• Completion of the PCS Coronagraph Design Survey (CDS) pipeline.
Mid–Late 2027

• Comparative evaluation of submitted coronagraph concepts using the PCS CDS
pipeline.

• Science yield assessment in collaboration with WP7.

• Proposed WFS&C strategy for the shortlisted coronagraph architectures.

• Proposed optical design of the ADC.
Early 2028

• Delivery of the PCS White Paper.

6. CONCLUSION

The PCS R&D consortium was established in 2025 to identify and address the technological challenges that
must be overcome before the Planetary Camera and Spectrograph can be realized. Within this effort, WP2



focuses on the development of coronagraph architectures and their associated wavefront sensing and control
(WFS&C) strategies. The first phase of the work has concentrated on reviewing the current state of the art in
both coronagraphy and WFS&C to determine which concepts have the potential to meet the demanding science
requirements of PCS. This survey has identified a diverse range of candidate coronagraph architectures, with
inner working angles spanning from approximately λ/D to several λ/D, and covering a broad range of technology
readiness levels.

Over the coming two years, these concepts will be further developed and evaluated within the consortium.
A central component of this effort is the PCS Coronagraph Evaluation Pipeline (PCS-CEP), which provides a
common simulation framework for assessing all submitted coronagraph designs. By evaluating each architecture
using identical assumptions, performance metrics, and analysis procedures, the PCS-CEP enables an objective
comparison of the proposed concepts. The resulting standardized data products will be passed to the science
yield work package (WP7), where they will be used to assess the scientific capabilities of each design and identify
potential limitations in field-of-view coverage and overall performance.

Since high-contrast performance ultimately depends on both the coronagraph and the accompanying wave-
front control strategy, WP2 also investigates focal-plane wavefront sensing and control techniques that are com-
patible with the proposed coronagraph architectures. The development of these control strategies proceeds
in parallel with the coronagraph studies, ensuring that each candidate concept can be evaluated as part of a
complete high-contrast imaging system.

At the time of writing, the consortium has completed the initial literature surveys and established the overall
WP2 architecture and interfaces between the different activities. The coming project phases will focus on the
development of candidate coronagraphs and wavefront control concepts, their evaluation within the PCS-CEP
framework, and the delivery of the resulting performance assessments to support the PCS white paper.
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