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We are pleased to announce the inaugural open community event for NASA's Habitable Worlds Observatory, to be
held at the Johns Hopkins Bloomberg Center in Washington, DC, from July 28-31, 2025. This milestone event will
bring together scientists, engineers, industry and community stakeholders to propel the development of HWO, a
mission expected to usher in a new era of astrophysics discovery and address one of humanity's oldest questions
"Are we alone?"

The Habitable Worlds Observatory is NASA Astrophysics' next flagship mission, and builds on the heritage of the
Hubble, Webb, and Roman Space Telescopes. It will deploy advanced ultraviolet, optical, and infrared technologies
to identify potentially habitable worlds and analyze their atmospheres for signs of life. This same technology will
empower astronomers to address fundamental, persistent questions in cosmology, galaxy evolution, the origins of
elements, and our Solar System's place in the universe.

HWO has made significant progress in the past year, with NASA establishing a dedicated Technology Maturation
Project Office at Goddard Space Flight Center, working in close collaboration with the Jet Propulsion Laboratory,
Ames Research Center, and Marshall Space Flight Center. This initiative advances critical technologies and science
cases, and fosters collaboration across government, academia, and industry. Results of HWO working groups will
be showcased together with contributions from the global astronomy and engineering communities.

Topics of interest include, but are not limited to:

Science
e Galaxy Growth: Cosmic Web (Intergalactic & Circumgalactic Medium), Active Galactic Nuclei &
Black Holes, Galaxy Evolution
e Evolution of the Elements: Stars & Stellar Populations, Star Formation & Interstellar Medium,
Cosmic Explosions
e Cosmology: Nature of Dark Matter & Dark Energy, Distance Scale, Hubble Tension
¢ Planetary Systems: Formation, Evolution, Architectures, Our Solar System, Exoplanet
Demographics
e Search for Life: Target Stars & Systems, Biosignatures, Habitability
Technology

o Starlight Suppression: Contrast Technology & Methods
e Ultrastable Telescope and Observatory Technology

o Ultraviolet, Optical, & Near-Infrared Instrument Technologies: mirror coatings, gratings,
detectors, spectroscopic multiplexing technologies
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L2 Servicing technology and commercial synergies
Emerging Technologies: photonics, quantum sensing

Artificial Intelligence and Machine Learning for mission development, engineering, science
research
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https://www.stsci.edu/contents/events/stsci/2025/july/towards-the-habitable-worlds-observatory-visionary-science-and-transformational-technology
https://docs.google.com/spreadsheets/d/1ul3e8_oD4gTaT3EUFJx_6ah2xsjmKq8J/edit?gid=760273293#gid=760273293
https://drive.google.com/drive/folders/1O4WQId1D14fSf9Qt_crpHclLsBvT_U1Y?usp=sharing
https://www.stsci.edu/files/live/sites/www/files/home/events/event-assets/2025/_documents/HWO_DC_WelcomePacket2025.pdf
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Invited Talks

Are we alone? The Search for Life with HWOQO

Giada Arney
NASA GSFC

Are we alone? Humans have wondered the answer to this question for as long as our ancestors have
stared up at the night sky. Now, NASA is planning an observatory that may find the answers. The
Habitable Worlds Observatory will be the most powerful telescope that NASA has ever built, and the first
designed to search for signs of life in the cosmos.

For a Fistful of Photons: JPL HWO Testbed Development and Community

Participation Plan
Caleb Baker
JPL
As HWO progresses toward MCR in 2030, testbed demonstrations of critical technologies at the TRL5
level will be crucial to a successful review for the project. HWO relies on several testbeds at locations
around the US, but the main TRL-5-focused testbeds for observatory stability and coronagraphic
performance are located at NASA’s Goddard Space Flight Center and Jet Propulsion Laboratory. While the
presentation from Breann Sitarski (Goddard HWO Testbed Lead) details the Goddard-led HWO testbed
efforts, this presentation focuses on the JPL-led testbeds. We shall present a detailed testbed roadmap
with current status and key milestones leading up to TRL-5 demonstrations of HWO's coronagraphy and
dark zone stabilization architectures. Also discussed will be our participation strategy with - and
availability of the testbeds and testbed data to - the broader HWO and astrophysics scientific
communities.

From Local to Cosmic: How the Study of Our Solar System with the
Habitable Worlds Observatory Advances the Search for Habitability

Beyond

Tracy Becker

SWRI
The limiting definition once considered for a potentially habitable world - an Earth-like planet within a
goldilocks distance of its host star — has been extended to include distant satellites possessive of methane
atmospheres and lakes like Titan, icy worlds harboring subsurface oceans like Europa and Enceladus, and
possibly even asteroids that tantalize hints of ancient liquid reserves like Ceres. To determine
habitability, an assessment of the entire system is warranted: what are the properties of the rings that
may have produced - or may have been produced by - a candidate habitable world? What elements
comprise the central planet of a potentially habitable satellite? How might a variable magnetic field
impact the probability of producing and sustaining life?
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Coronagraph Design Survey and Performance Analysis for the Habitable

Worlds Observatory
Rus Belikov
NASA AMES
The coronagraph instrument is a critical part of the Habitable Worlds Observatory, tightly coupled to
exoplanet science yield, as well as to some of the most challenging requirements, such as contrast and
telescope stability. As such, coronagraph performance is also strongly tied to some of HWQ's greatest
technical and science risks. Fortunately, coronagraph trade space is very rich, with many “levers” to
improve performance and relax requirements on HWO, but this requires broader trades and deeper
optimizations than have ever been performed in the past. To facilitate such trades, a Coronagraph Design
Survey (CDS) was recently completed in mid-2024, summarizing many of the currently viable
coronagraph options and quantifying many of the levers. In this work, we summarize the results of the
CDS as well as present an update with new designs for Exploratory Analytical Cases (EACs) 1, 2, and 3. In
particular, we will present: (1) a database of different coronagraph designs that are potentially
compatible with HWO, sourced from the world-wide coronagraph community; (2) analysis of
engineering performance for these designs, such as throughput, inner working angle, sensitivity to
aberrations, contrast, and how these trade against each other; (3) preliminary analysis of expected
exoplanet science yields for these designs; (4) analysis of how performance depends on select high-
priority parameters, such as segment gap size, off-axis vs. on-axis aperture, obstruction size and strut
size; (5) an assessment of the current laboratory demonstrations and design maturity.

The Habitable Worlds Observatory Technology Development Plan
Matt Bolcar
NASA GSFC
The Habitable Worlds Observatory (HWO) is NASA’s next large space telescope, selected by the 2020
Decadal Survey in Astronomy and Astrophysics to search for and characterize habitable exoplanets while
enabling a broad range of transformative astrophysics. In August 2024, the HWO Technology Maturation
Project Office (TMPO) was formed to begin exploring the HWO science, technology, and mission
architectures toward a Mission Concept Review (MCR) at the end of the decade. A primary deliverable of
this effort is a technology development plan that identifies critical technologies that enable the mission,
defines a process for assessing the readiness of those technologies, and outlines a strategy for developing
those technologies to a Technology Readiness Level (TRL) of 5 before the MCR. In this paper we
summarize the HWO technology development plan which comprises three “tracks”: Coronagraph System
technologies, Ultra-stable Telescope System technologies, and High-sensitivity Ultraviolet and Visible
Instrumentation technologies. Each track has completed an initial assessment of technology gaps,
prioritized the gaps for investment, and laid out development roadmaps to mature candidate
technologies to close those gaps.
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The Era of Exoplanets, or Why This is a Watershed Moment
Jessie Christiansen
NExScl

The past few decades have heralded one of the greatest realizations of humanity’s imagination and
ambition - the discovery of planets around other stars. From the startling discovery of pulsar planets and
hot Jupiters to the thousands of planets and planetary systems we are studying today, the era of
exoplanets is truly upon us. In this talk I will detail some of the history and accomplishments of the
search for exoplanets, as well as the challenges we face in finding Earth 2.0, and why this is such a critical,
exciting moment in that search.

Habitable Worlds Observatory Overall Approach and Progress
Lee Feinberg
NASA GSFC
This talk will review the overall approach to maturing the architecture, science and technology for the
Habitable Worlds Observatory. It will start with the overall big picture drivers and rationale including
how the approach connects to lessons learned from JWST, RST and the Large Mission Study. It will cover
the overall approach to iterating architectures, technology and science towards the Mission Concept
Review. The talk will especially focus on the three Exploratory Analytic Cases (EAC 1,2,3) developed this
past year and the associated servicing considerations. It will also describe the process used to select the
next two Exploratory Analytics Cases and introduce these cases (EAC4 and 5). It will conclude with a
discussion of the new Technology Maturation Project Office (TMPO) status and plans.

Constraining Galaxy Evolution and Reionization with Deep Rest-UV
Imaging
Steven Finkelstein
University of Texas Austin

While JWST now allows us to probe rest-frame ultraviolet (UV) light to extremely high redshifts, our knowledge of
the rest-UV properties of galaxies from the end of cosmic reionization (z~6) through cosmic noon (z~2) is still
incomplete. Observations with HST can probe this light, but not at the depth nor resolution to resolve the detailed
properties of star formation. In this talk, I will describe several science areas where HWO can provide
observations to answer key open questions which will not be solved by JWST. This includes the nature of star-
formation (e.g., is star-formation clumpy, as would be expected if it is highly stochastic as has been hinted at for the
highest redshifts, or is it more smooth), and the ability for star-forming galaxies to dominate reionization (e.g.,
what can we learn about the ionizing properties of stars, and the escape of Lyman continuum radiation).

Emerging Technologies and Designs for Far-UV Integral-Field
Spectroscopy on HWO

Brian Fleming

University of Colorado
Astronomy in the Far-UV is primarily the study of nearby objects, from stars and nebulae in the Milky Way to
galaxies at redshift z < 1. At these distances, especially with the large aperture and exquisite angular resolution of
the Habitable Worlds Observatory (HWO), most of the non-stellar sources are brilliant and beautiful objects, yet
the tools that have existed to-date are not suited to extended source spectroscopy. A wide-field multi-object
spectrograph (MOS) enables far more efficient sampling of clusters and cross-sections of gaseous clouds, but is
only marginally more efficient at mapping the gas distribution, structure, and kinematics across two-dimensional

Page | 8



fields than a traditional long-slit. With the development of large format, photon-counting detectors, advanced
broadband mirror coatings, micro-mirror devices, and efficient aberration-correcting gratings, this technology-
limited paradigm has changed. This talk presents several new instruments and designs for integral-field
spectroscopy, some that have already been deployed and others that are in development. These designs are readily
scalable, and we conclude with a draft architecture and parameter trade space for an efficient, powerful, yet low-
cost instrument for UV integral-field spectroscopy on HWO.

Servicing Space Observatories
John Grunsfeld

Former Astronaut

Galaxy Formation with HWO: Crucial Final Push to Fully Understand the

Galactic Ecosystems

Yuichi Harikane

University of Tokyo
Understanding how galaxies form and evolve over the 13.8-billion-year history of the Universe is one of the
ultimate goals of modern astronomy. The Habitable Worlds Observatory (HWO), with its unprecedented sensitivity
and spatial resolution, will enable transformative science in the study of galaxy formation and evolution. In this
talk, I will highlight key science cases that HWO will help advance—such as chemical enrichment, gas inflows and
outflows, and the growth of supermassive black holes—toward a comprehensive understanding of the galactic
ecosystem.

HWO Exploratory Analytical Cases and Lessons Learned

Alice Liu
NASA GSFC
The Exploratory Analytic Cases (EACs) are conceptual designs developed to explore the trade space for the
Habitable Worlds Observatory (HWO) architecture. EACs enable both engineering and science teams to utilize
design tools and integrated modeling methods to evaluate each architecture's performance. The EACs are concept-
driven, rather than requirements-driven, to identify key technology gaps and guide the maturation of potential
technology solutions. EACs support various configurations: ground-testing, launch, and on-orbit operations. The
launch configuration tackles fairing packaging challenges and allows the HWO project to provide feedback to
rocket vendors for next generation rockets. The on-orbit configuration allows the team to focus on the most
demanding science objectives of the mission, such as the yield of terrestrial exoplanet discoveries, contrast ratio,
and contrast ratio stability, while exploring the most challenging engineering parameters of the trade space, such
as telescope aperture and size, as well as instrument volume, wavebands, and detector temperatures. This talk will
describe (1) the initial three EACs formulated, designated EAC-1, 2, and 3; (2) the integrated modeling pipeline and
results for EAC-1, which was used to develop an end-to-end modeling process, including modeling tools and a data
exchange framework; and (3) the lessons learned by both the design and analysis teams. These lessons learned will
guide the next concepts, EAC-4 and 5, to refine the observatory trade space.

The Era of Exoplanets, or Why This is a Watershed Moment
Bruce Macintosh
UC Santa Cruz
Directly imaging an extrasolar planet - resolving its light from its parent star - is potential one of the most
powerful ways to study planets and their atmospheres, and the only technique that can plausibly allow us
to study the atmosphere of an Earthlike planet orbiting a Sunlike star. Decades of progress in this field
have allowed us to image giant planets but it is still extremely challenging, since stars are ten billion
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times brighter than their Earthlike planets. I will review the progress in this field, both on the ground and
in space, and the discoveries this has enabled. The culmination of this road will be the Habitable Worlds
Observatory, the first space telescope designed especially for this purpose; I will summarize the road to
HWO and the next steps.

Habitable World Discovery and Characterization: Coronagraph Concept

of Operations and Data Post-Processing
Mike McElwain
NASA GSFC
The discovery and characterization of habitable worlds was the top scientific recommendation of the
Astro2020 decadal survey. Biosignature identification drives exceedingly challenging observations,
which require spectroscopy at 1e-10 contrast. Despite the technological advances for the Roman Space
Telescope’s Coronagraph Instrument, technological gaps still exist in a wide range of technologies such as
starlight suppression, deformable mirrors, wavefront control, low noise detectors, and high-contrast
spectroscopy. Even with these new technologies matured, the mission must carefully obtain the
observations and rely on post-processing of the data to achieve its science objectives.
During the START and TAG efforts, a working group was convened to explore the coronagraph concept of
operations and post-processing (COPP) in the context of the Habitable Worlds Observatory. This COPP working
group evaluated coronagraphic concept of operations to enable different post processing approaches, such as
reference differential imaging and angular differential imaging, polarization differential imaging, orbital
differential imaging, coherent differential imaging, spectral processing, and point-spread function subtraction
algorithms that incorporate ancillary telemetry and data. Future integrated modeling simulations and testbed
demonstrations are needed to determine the achievable post processing gains for each approach. We report a
summary of this working group’s activities and findings, as well as an outlook for maturation of these techniques
and infusion into the Habitable Worlds Observatory technology portfolio.

The Roman and HWO Coronagraphs
Bertrand Mennesson
NASA JPL
The Nancy Grace Roman Space Telescope is scheduled to launch by May 2027 with an onboard
Coronagraph Instrument (CI) that will serve as a technology demonstrator for exoplanet direct imaging
and spectroscopy in reflected light. The Roman CI will be the first space-based coronagraph with active
low- and high-order wavefront control, including a pair of large format (48x48) deformable mirrors,
enabling direct observations of exoplanets and circumstellar disks in visible light at an unprecedented
contrast level of ~10-8 or better at small separations. Such a contrast level already represents a 2 to 3
orders of magnitude improvement over state-of-the-art coronagraphs. Yet, HWO will need further
detection limits improvements to directly observe exo-Earths in reflected light. Therefore, we examine
here how far the Roman CI overall subsystems and planned observations will get us in the perspective of
HWO from a technical and scientific standpoint.

Lava Worlds and Beyond: Unveiling the Rocky Frontier of Exoplanets

Yamila Miguel
Leiden University/SRON
The field of exoplanets has grown exponentially in the last 30 years. With near 6000 confirmed
exoplanets, we’ve moved from detection to in-depth characterisation. With the long-term goal of
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understanding whether life exists elsewhere, rocky exoplanets, more difficult to study than giant ones,
present the next frontier to conquer.While hundreds of rocky exoplanets have been discovered, we are
only able to characterise those with shorter periods, which makes them easier to observe using the
transit technique from space. Several JWST programs are devoted to studying these worlds, investigating
their potential to retain an atmosphere and exploring their composition. Among the hundreds of rocky
exoplanets discovered, ultra-short-period rocky planets, or Lava planets, are uniquely compelling: their
proximity to the star makes them easier to observe and characterise. These planets have terrestrial
densities yet experience dayside temperatures high enough to melt and even vaporize rock. Their
atmospheres originate from the vaporization of their surfaces, directly linking interiors to atmospheres
and providing valuable insights into their potential formation, evolution, and interior processes. Recent
JWST data have shed light on these extreme outcomes of planet formation, revealing atmosphere-
interior interactions under intense stellar irradiation.

In this presentation, I will review the state-of-the-art data from JWST on rocky planets with a focus on
short period planets and demonstrate how upcoming missions such as HWO will expand our ability to
characterise rocky exoplanets, thus opening a new frontier in our quest to comprehend these
extraordinary worlds and the potential existence of life in the Universe.

From Science to Engineering for HWO
AKi Roberge
NASA GSFC
The science scope of the Habitable Worlds Observatory (HWO) spans a wide range of very different
areas: astrobiology, exoplanets, astrophysics, and solar system remote sensing. That complex landscape
poses unique challenges for obtaining the quantitative understanding needed to thoroughly inform
mission concept development. Here we present our evolved approach to tackling those challenges
through integrated science return analysis. Our goals include: 1) more rapid analysis of total returns from
a particular set of mission parameters; 2) better demonstration of the sensitivities of science returns to
varying mission parameters, and the correlations between them; 3) clear understanding of the relative
value of engineering decisions (“bang for the buck”); 4) more insight on the impact of particular
technology developments for science returns; and 5) reducing inconsistencies via uniform input
parameters for all science cases. This presentation will show how science, engineering, and technology
must band together in the journey to realize this revolutionary endeavor.

The Potential of Moderate to High-Resolution Spectroscopy for Detecting

Biosignatures

Jean-Baptiste Ruffio
UC San Diego

A primary goal of the Habitable Worlds Observatory (HWO) is to detect and measure the abundance of
biosignature molecules, such as water (H20) and oxygen (02), in the atmosphere of Earth analogs. Moderate to
high-resolution spectroscopy (R>1000) can resolve the distinct spectral features of chemical species in exoplanet
atmospheres. It is a powerful way to disentangle the planet signal from the stellar halo (i.e., speckles). In order to
inform the optimal spectral resolution of the high-contrast spectrograph, we simulated observations of Earth
analogs around 164 stars using representative mission parameters and post processing assumptions. Our findings
suggest that a moderate or high resolution spectrograph (R>1,000) could be optimal to detect biosignatures. As a
recent demonstration of this technique in space with JWST/NIRSpec (R~2,700), [ will present the first detection of
refractory species (sulfur; H2S) and isotopologues (13CO and C180) in the HR 8799 multi-planet system as well as
CO2, CH4, H20, and CO.
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Towards the HWO Astrophysics Instrument Complement: Science Drivers
and Capabilities

Paul Scowen
NASA GSFC

Over the past 2 years many members of the science community have crafted science case development
documents (SCDDs) to capture the groundbreaking science the Habitable Worlds Observatory (HWO)
will be able to enable. The breadth of science addressed has been guided by the priorities of the 2020
Decadal Survey and seeks to leverage the extended reach and resolution of the new Observatory. In this
talk I will review some of those drivers as well as the instrumental capabilities they seek to require with a
pinch of reality throw in. We ultimately seek to balance the conception of visionary science against the
practical implementation of a new Observatory that needs to deliver unprecedented stability and
performance in the UVOIR.

Exoplanet Atmospheric Lessons: Revisiting the standard HST picture of

transiting planets with new JWST data
David Sing
The Johns Hopkins University
For a quarter of a century, transiting exoplanets have given us our first detailed look into exoplanet
atmospheres — thanks in large part to space-based facilities led by the Hubble Space Telescope. With
observations of nearly 100 planets ranging from terrestrial to Neptune and Jupiter masses, these HST
observations revealed a standard picture of hot Jupiter atmospheres with spectral features, notably from
water, were common though with persistent, and sometimes pervasive, cloud cover. For transiting
exoplanets, JWST observations represents a many orders of magnitude improvement over previous data,
providing a real-(exo)world test of how existing theories and models hold up after major advances in
data quality. In this talk, [ will review the state of the field for transiting planets pre-JWST, comparing that
to what has been learned in the first few years with JWST observations. I will show new results from the
large Cycle 3 'Grand Tour’ program, which indicates a strong need to reassess decades of HST
observations spanning an entire exoplanet population. Such lessons could provide valuable insights for
HWO, which aims to push exoplanet observations even further by orders of magnitude to Earth-like
planets.

Advancing TRLs of Critical HWO Components at the GSFC Ultra-Stable

Structures Laboratory

Breann Sitarski
NASA GSFC

Habitable Worlds Observatory will revolutionize our understanding of the cosmos by enabling transformative
astrophysics across the UV /optical/near-infrared spectrum. It is the only space telescope intended to discover
whether humanity is alone by detecting and characterizing Earth-like planets around Sun-like stars. To achieve
these incredible science goals, HWO will require unprecedented levels of stability (~10 picometers/10 minutes)
over the observatory. The ultra-stable structures laboratory at NASA’s Goddard Space Flight Center has a long
history of making fine measurements to advance the TRL of critical technologies for JWST and beyond. Recent
developments, including the first light of the Mini-Metrology and Ultra-Stable Testbed (Mini-MUST), will enable
TRL advancement of several critical technologies like sub-scale mirror and system-level demonstrations. We will
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discuss the design of Mini-MUST and the first light data, which shows stability improvements from 10s of
picometers RMS over 100 minutes in the older facility to single-digit picometers RMS over 10 minutes between
0.01 and 10 Hz for piston, tip, and tilt. This talk will discuss plans to characterize industry efforts in key ultra-stable
technologies discussed in the FY24 and FY25 ROSES D.19 calls.

HWO Road to Mission Concept Review
Scott Smith
NASA GSFC
The Habitable Worlds Observatory (HWO), NASA's next flagship mission after Roman, aims to
revolutionize astrophysics and seeks to answer questions about humanity's place in the universe. This
talk will address the road ahead to the next major milestone, the Mission Concept Review (MCR). It
outlines HWO's next steps for architectural evolution, while also detailing the role of technology
maturation, testbed demonstrations, and development of science requirements. The presentation will
highlight the upcoming work to refine concepts for science instruments, the role of the Community
Science and Instrument Team (CSIT), and the importance of servicability. Finally, the presentation will
emphasize the next steps for the two new cases (EACs 4-5) and outline plans for their future refinement
into a baseline concept for the MCR.

Kinship, Roots, and Destiny: Seeking our Origins and Fate in the Cosmos
with the Habitable Worlds Observatory

Jason Tumlinson
STScl
HWO will transform our ability to trace how stars create the elements and galaxies mix them together to
create the ingredients of planets and life. By understanding these astrophysical roots of life, we can
understand our degree of kinship with life elsewhere. HWO can answer, with scientific confidence,
questions humans have asked for millennia, and open a new frontier in human exploration beyond our
solar system.

Habitable Worlds and Intergalactic Immigration: The Cosmic Baryon
Cycle in High Definition
Jessica Werk
University of Washington

With the last 15 years of observations with HST/COS combined with state-of-the-art cosmological
simulations, we now understand that the vast majority of the atomic matter in a galaxy courses through
its starless, expansive outskirts, within the circumgalactic medium (CGM). Although this diffuse gas
extends far beyond the galaxy disk, it provides the fuel necessary to sustain star formation in the disks of
galaxies for billions of years. It steadfastly collects and recycles the by-products of galaxies’ violent
outbursts. The atoms that make up our planet, the air we breathe, and our bodies passed through the
Milky Way’s CGM billions of years ago. Thus, the CGM is a critical component of our cosmic origins story.
The Habitable Worlds Observatory (HWO) will transform CGM science by directly mapping the flows of
matter and energy between galaxies and their surroundings with unprecedented UV sensitivity, revealing
how galaxies acquire, eject, and recycle the gas that fuels star formation. By resolving the spatial
distribution and kinematics of warm-hot gas, HWO will enable the measurement of precise mass flow
rates, feedback coupling efficiencies, and allow us to distinguish between competing physical models of
gas cooling—solving longstanding uncertainties that currently span two orders of magnitude. With HWO,
we will be able to establish a complete census of metals throughout cosmic time, decode the regulatory
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mechanisms that determine galaxy evolution, and reveal the complex ecology of galactic neighborhoods,
ultimately connecting the cosmic processes that have made habitable worlds like Earth possible.

Reaching Concept Maturity Level 3 on HWO
John Ziemer
NASA JPL
The Habitable Worlds Observatory (HWO) is NASA’s next flagship observatory, recommended by the
2020 Astronomy and Astrophysics Decadal Survey. The recommendation also included the formation of a
new pre-formulation program and project to mature the technology and mission concept before entering
Phase A at the end of this decade. This talk focuses on how the HWO Technology Maturation Program
Office (TMPO) has spent its first year exploring the trade space of science, engineering, and technology to
reach a Concept Maturity Level (CML) of 3. Using CMLs has been endorsed by NASA'’s Science Mission
Directorate and the Large Mission Study as a way to motivate and pace progress with intermediate
milestones in all dimensions of concept maturation. The milestones are used during pre-formulation
design and technology maturation to plan and track progress towards reaching Mission Concept Review
(MCR) by the end of the decade.

Contributed Talks

System Analysis for a High-Precision, High-Accuracy Astrometric
Instrument for HWO

Jerome Amiaux
CEA-DAp

We present a system analysis for an instrument on-board HWO dedicated to high-precision high-
accuracy differential Astrometry with the main science driver to detect Earth-like planets signal around
the closest Sun-like stars.

The error budget provides a breakdown into the main contributors to the sub-microarcsec required error
for a single-measurement. Part of this budget is dedicated to the photo-center estimation of both the
target and the calibration stars used for differential astrometry. Other major contributors are related to
instrumental control of systematics in the reconstruction of differential angle measurements from pixel
data (focal plane calibration) to on sky line of sight (telescope distortion calibration).

End-of-mission astrometry requires multiple observations (typically 100) of the same target distributed
over the mission lifetime. An assessment of the mission profile is given in order to estimate the
percentage of survey time required for astrometric survey to achieve the science objective.

A trade-off for the instrument concept is derived from error budget and mission constraints based on a
large visible detector array composed of an assembly of multiple CMOS sensor chips leading to an overall
gigapixel focal plane. We studied two main options: the first is associated to the High-Resolution Imager,
one of HWO instruments; the second is a simplified design for a dedicated astrometry camera located in
the telescope FGS focal plane optimized for this purpose.

We assess TRL level and propose a way forward reaching TRL 5 level for key technologies by the Mission
Consolidation Review in 2029.
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A 1% Measurement of the Hubble Constant with a Two-Rung Distance

Ladder Using the Habitable Worlds Observatory

Gagandeep Anand
STScl

Classical Cepheids are pulsating variable stars of intermediate mass whose pulsation period scales with
their mean luminosity according to the Leavitt Law. This relation allows for their use as standardizable
candles to measure distances to their host galaxies. The Habitable Worlds Observatory will allow us to
extend their reach out to D=100 Mpc, providing an order of magnitude increase in the volume they can
probe with current facilities (including HST and JWST). This increase in range will allow for the
construction of a two-rung distance ladder, allowing us to bypass Type la supernovae as the final step in
the measurement of the local value of the Hubble constant (HO). Observations of ~25 Cepheid host
galaxies within the 80-100 Mpc range will enable a 1% measurement of HO. In addition, simultaneous
distances (from the same imaging) with the J-region Asymptotic Giant Branch (JAGB) and the Tip of the
Red Giant Branch (TRGB) will allow for cross-checks on the Cepheid measurements themselves. Such an
experiment repeated over multiple regions of the sky (e.g. each of four quadrants) would provide a
definitive answer to whether or not there is a significant discrepancy between the local value of HO and
that predicted by the LCDM model when combined with observations of the cosmic microwave
background, and thus a need for new physics.

Advancement of Concept Maturity Level for a Servicing Architecture for
the Habitable Worlds Observatory

Jonathan Arenberg
Northrop Grumman Systems Corporation

The advent of robotic servicing of an unprepared client, as demonstrated by Northrop Grumman'’s Mission
Extension Vehicle missions, has brought the promise of servicing after launch for future missions like Habitable
Worlds Observatory to front of mind. Servicing is a potential attribute of the HWO system architecture that may
enable great flexibility in system and program design. As with any other novel program attribute, the addition of
servicing to the HWO mission architecture presents risks. For a cost-capped mission, preparation for servicing is
an opportunity cost. Before any decisions are made for servicing requirements on HWO, the opportunities and
costs must be well understood, investigated, and properly balanced against other program requirements and
constraints. The basis for our discussion is the NASA’s Concept Maturity Level (CML) index. This paper discusses
how CML will be advanced through the identification of study options and how they are evaluated. The mission
architectural elements that comprise our basic analytic unit, the servicing option (SO) are introduced. The
importance of a wide-ranging initial list of candidate SOs and their efficient evaluation will be discussed in detail.

Connecting HWO Polarization Aberrations to Earth-like Exoplanet Yields

Jaren Ashcraft
UC Santa Barbara, NASA Hubble Fellowship Program
The Habitable Worlds Observatory (HWO) aims to enable the detection and characterization of Earth-like planets
around Sun-like stars to search for possible signs of life elsewhere in our universe. This requires an incredibly
sensitive coronagraph instrument that suppresses the light from the star by a factor of 10 billion, and teams must
contend with error terms that have not previously limited high-contrast instrumentation at lower levels of
starlight suppression. Polarization aberrations are one such source of error that is particularly problematic for
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coronagraphy on a large space telescope. Optical rays in large, compact astronomical observatories can have large
changes in angle of incidence over the beam, which induce polarization aberrations that decrease sensitivities to
faint signals at small angular separations. Limiting variation in angles of incidence along the optical path could lead
to larger, less stable observatories. This could negatively impact the total number of exo-Earths HWO would be
able to detect. This study links open-source physical optics modeling tools to an exoplanet yield optimizer to
understand how polarization aberrations influence science return for HWO. We also explore how polarization
aberrations scale with change in angle of incidence, which could drive the primary-secondary mirror distance. We
report on mitigation strategies to minimize the presence of polarization aberrations in HWO.

Characterizing the Dynamics and Chemistry of Transiting Exoplanets
with the Habitable World Observatory

Joanna Barstow
The Open University, UK

Transiting exoplanets are particularly amenable to atmospheric characterization; the system geometry of
transiting exoplanets also allows for phase curve observations, which can map out the chemistry and
atmospheric structure of the planet. Spectra obtained with Hubble and JWST demonstrate that optical to
near-infrared wavelengths are critical for constraining atmospheric properties, with optical wavelengths
particularly crucial for characterizing aerosols, and infrared wavelengths sensitive to absorption due to
gas-phase molecules. Phase curve observations require continuous observation of the planet-star system
throughout at least one planetary orbit. Transiting giant planets accessible to phase curve observations
with current platforms are close enough to their parent stars that they are tidally-locked and the vast
majority are highly irradiated. HWO will have sufficient stability and precision to allow phase curve
observations for longer-period giant planets, situated beyond the tidal locking orbital radius. Obtaining
phase curve observations of gas giants with different radiative forcings will allow us to characterize their
atmospheric structures and study the transition between the superrotating dynamical regime common
on tidally-locked planets, and multi-cell circulation patterns closer to that of Jupiter. We discuss how
phase curves with HWO will allow us to probe and understand the dynamical and thermal forcing across
gas giants with different orbital periods, and the observational requirements to maximise science return.

White Dwarfs as Probes of Extrasolar Planet Compositions
Martin Barstow
University of Leicester, UK

It is now clear that many white dwarfs are actively accreting planetary material from exo-asteroids, exo-comets,
and occasionally exo-planets. These white dwarfs are so called polluted white dwarfs. Hence, study of white dwarf
atmospheres can reveal the incidence of planetary systems and, uniquely, the bulk composition of extra-solar
planetary material. However, extracting this information from the observations depends on a thorough
understanding of the evolution of white dwarfs, including their photospheric compositions and the physical
mechanisms that determine these.
There is also the puzzle of the circumstellar material (CS) seen in the UV spectra of many hotter white dwarfs. It is
possible that this CS material may also be associated with closely orbiting planetary debris, which would be
sublimated around hot stars. Alternatively, it could be remnants from earlier phases of mass-loss, part of the
cosmic recycling of processed material, enriching the local interstellar medium (LISM). Radiation from hot white
dwarfs also affects the LISM ionisation balance surrounding them. Some high ionisation lines detected in white
dwarf spectra are interstellar rather than CS, tracing the physical state of the LISM and testing models of the
formation and evolution of the Local Bubble.
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Significant progress in solving these problems requires access to high resolution UV and visible
spectroscopy for a large number (50-100) of white dwarf targets. We will review the requirements this
places on the performance of HWO and describe the scientific progress expected from proposed
observations.

High Precision Astrometry for HWO HRI
Eduardo Bendek
NASA AMES
Accurately measuring exoplanet masses is essential to address priority topics of the Astro2020 Decadal
Survey, such as detecting and assessing the habitability of nearby Earth analogs. Measuring Earth-type
exoplanet masses to ~10% is necessary to break the degeneracy between some true biosignatures and
lifeless atmospheres. Stellar astrometry can detect exoplanets and it is the only technique that can
unambiguously measure their masses. However, measuring the masses of Earth analogs around FGK
stars out to 10 pc requires sub-microarcsecond astrometric accuracy, which is beyond the capabilities of
current instrumentation. The main limiting factor is optical distortions caused by the motion of the
optical elements. Previously, a solution to calibrate changes in the distortion field has been proposed
using diffraction fiducials created by a pattern imprinted on the telescope's primary mirror. While we
have shown that this solution can effectively mitigate the optical distortions, it does increase the
diffracted light that might affect other astrophysical science cases.

We propose to enhance high-precision astrometry for exoplanet detection using the Habitable Worlds
Observatory High-Resolution Imager (HRI) instrument. For that we propose to implement an optional
high-precision astrometry mode using a switchable diffractive pupil at the entrance of the HRI. This
optical element would create diffraction features that will propagate through the camera and map optical
distortions on the focal plane, allowing for distortion calibration and enhancing the astrometric accuracy
of the observatory.

NASA’s Emerging Technologies for Astrophysics Missions Workshop

Dominic Benford
NASA HQ

NASA's Astrophysics Division held a workshop in March 2025 entitled "Emerging Technologies for
Astrophysics Missions". The workshop brought together experts from around the country from four
targeted emerging technologies disciplines - astrophotonics, quantum sensing, advanced materials, and
AI/ML. The objective was to look for possible novel and innovative solutions to the Division's capability
needs. Several of the emerging technologies from the workshop were identified to have potential HWO
applications. We will present those technologies, their applications, and potential benefits for
consideration by the HWO mission architects and designers.

Characterizing Gas Flows through Observations of the Disk-CGM Interface
with the HWO

Sanchayeeta Borthakur
Arizona State University
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Gas flows are critical for regulating galaxy growth, yet the pathways for gas inflows and the fate of the
outflows are still open questions, as highlighted in the Decadal Survey (Astro2020). The spectroscopic
capabilities of the next-generation UV flagship telescope will be critical for answering these questions. In
this talk, [ will discuss the key requirements such as wavelength coverage, spectral resolution, and
sensitivity that are necessary to make measurements that will enable astronomers to conclusively
detect and characterize gas flows in the unique region of the disk-CGM interface to answer how gas flows
into, through, and out of galaxies. I'll focus on various experimental designs to provide

a holistic understanding of gas flows and energetics supporting galactic ecosystems.

Looking Forward to HWO: Technological Perspectives and Advancements
by the Italian Astrophysical Community

Runa Briguglio
INAF

The Italian astrophysical community envisioned fundamental advancements in several technological
fields dedicated to observational astrophysical research. We propose a bouquet of transformational ideas
relevant to UVOIR high-contrast space telescopes.

In this talk, we will introduce the network and its main research paths from a top-level perspective. The
goal is to show-case possible contributions of the Italian community to the HWO activities.

Concerning the Exoplanet science, we are focusing on several key aspects such as: optimized criteria for
target selection, techniques for atmospheric retrieval, circumstellar disks, characterization of planet
hosts' properties, including habitability modeling, exoplanets population.

Concerning the enabling technologies for high contrast, we build on our 20+ years expertise in the
developments for 8m and future ELT-class telescopes (which can be exploited to demonstrate
technological concepts); our research includes WaveFront sensing and correction facilities, focal plane
instrumentation and detectors, pipelines for contrast enhancement, high accuracy astrometry, Al-
Assisted observational strategies.

This talk will summarize, on behalf of the community, both scientific and technological areas of interest.

Geochemical Habitability: Experiments to Improve HWO ROI

Kara Brugman

FORCE, Arizona State University
HWO proposes to identify habitable exoplanets via spectroscopic observations of their atmospheres. However, the
effect of rocky, silicate exoplanet compositional variability on exoplanet habitability is largely unknown and
unexplored. In order to select the most viable observation targets, preparatory work needs to be done to
determine what exoplanets are likely to be geochemically habitable. In this presentation, we will present results
from the first petrologic experiments on likely rocky exoplanet compositions (Brugman et al. 2021). We found that
a small change in a planet’ Mg/Si or Ca/Al content relative to Earth could result in conditions that are detrimental
to long-term habitability, including suppressing the cycling of elements necessary for life and causing a persistent
surficial magma ocean (Brugman et al. 2021). If we want to make the most of HWO’s capabilities, we must conduct
a broader experimental survey of likely rocky exoplanet geochemistry so HWO's targets are likely to have
geochemical trends and characteristics similar enough to Earth that they could be habitable to life as we know it.
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Mapping Emission from Galactic Winds and Thermal Instabilities in the

Circumglactic Medium with HWO

Joe Burchett
New Mexico State University

The gas flows in and out of galaxies are paramount to Cosmic Ecosystems, regulating star formation and
chemical enrichment. We have made great strides in understanding these flows via absorption line
spectroscopy from HST and FUSE as well as ground based integral field spectroscopy. However, key
questions remain that can only be answered by spectrally mapping, in ultraviolet (UV) emission, the
extended gaseous halos, or circumgalactic medium (CGM), about nearby galaxies. UV spectral lines
directly trace the 1074 K cool (e.g., HI Lyman series and C III) and 10*5-1076 K warm-hot (O VI and C IV)
gas accreting, outflowing, and precipitating in/out of galactic gas reservoirs, and Habitable Worlds
Observatory will bring transformational capabilities to conduct deep, spatially resolved UV spectroscopy
in emission in the CGM. I will present the HWO CGM/IGM Working Group's science case that leverages
HWO's UV instrumentation to 1) kinematically map large-scale (10s of kpc) galactic winds predicted to
be ubiquitous around star-forming galaxies and 2) unveil the small-scale (10s of pc) structure of thermal
instabilities that are likely critical to galaxy fueling. Informed by hydrodynamical galaxy formation
simulations and analytical thermodynamic models, we explore a two-pronged observing strategy
combining the larger field-of-view (FOV) offered by current UV multi-object spectrograph concepts and a
smaller-FOV (but higher spatial resolution) integral field unit. Probing over four orders of magnitude in
spatial scale, a remarkable kinematic and thermodynamic picture of the gastrophysics driving galaxy
growth is within reach of our next flagship observatory.

The Heavy Element Enrichment History of the Universe

Eric Burns
Louisiana State University

The origin of the heavy (r-process) elements has been a mystery for more than half a century. Neutron
star mergers have been identified as a key site through multimessenger observations. These
nucleosynthesis sites occur with a significant delay from star formation, suggesting the universe may
have low amounts of heavy elements at early times. This may limit life like us to evolving only later in the
universe. Habitable Worlds Observatory will be uniquely capable of making the necessary observations
to probe the neutron star merger heavy element enrichment history of the universe.

Leveraging Lessons Learned from Roman CGI for Future EMCCD Based

Instruments for HWO

Nathan Bush
JPL

The Roman Coronagraph Instrument (CGI) will be the first photon counting space-based demonstration of EMCCD
technology with its two scientific camera systems; EXCAM and LOCAM. The Roman CGI technology development
program for EMCCDs started with radiation testing of COTS parts and has resulted in a customized, radiation
hardened detector - the CCD311 - qualified for a total of 5 years at L2. Throughout both the technology
development program and integration and test of Roman CGI, there have been many “lessons learned” concerning
the implementation and operation of the cameras both at component and system level. Improvements in almost
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every performance metric are possible, including radiation hardness, read noise, spurious charge and response
from the NIR to UV. In addition, a dedicated “life test” of EMCCD aging characteristics revealed a significant
resilience to total charge passed through the gain register, demonstrating a useable life well beyond a nominal 10-
year L2 mission. In this presentation we communicate the lessons learned from Roman CGIs implementation of
EMCCDs and outline potential improvements to the technology that could represent a low cost, low risk
implementation of the technology for future HWO instruments.

Resolving the Physics of Lyman Continuum Escape with HWO

Cody Carr

Zheijiang University
Approximately one billion years after the Big Bang, the Universe underwent its last major phase transition, during
which most of the neutral hydrogen in the intergalactic medium (IGM) was ionized. This era, known as the Epoch
of Reionization (EoR), remains one of the final frontiers in cosmology. Key questions, such as the exact duration of
the EoR and the nature of the astrophysical objects responsible for reionizing the Universe, are still unanswered.
Measuring the output of ionizing (LyC) radiation from these objects is crucial to answering these questions.
However, extinction by the IGM prevents direct observations at high redshift, which means astronomers must rely
on observations of local analogs to high-redshift galaxies to understand the physics of LyC escape and how the
Universe was reionized.
UV spectroscopy has played a critical role, revealing the physics of stellar feedback through spectral lines. Early
observations with the Hubble Space Telescope (HST) show complex relationships between LyC escape and various
indicators, such as star formation surface density. There also appears to be a competition between radiation and
supernova feedback as the primary mechanisms facilitating LyC escape. To fully understand the underlying
physics, it is necessary to resolve galaxies down to the level of super star clusters, the primary sources of LyC
photons.
The advent of high-resolution multi-object/integral field unit spectroscopy with the Habitable Worlds Observatory
(HWO) will be the breakthrough we need. In this talk, I will discuss recent results on the physics of LyC escape
obtained with HST, outline our goals, and highlight the challenges ahead. I will also suggest various specifications
for HWO, based on our work within the HWO science working groups.

Dynamic Wavefront and Line-of-Sight Performance Predictions for a 6-
meter Inscribed Diameter Habitable World Observatory Segmented

Telescope with Non-Contact Vibration Isolation and Pointing System

Alain Carrier

Lockheed Martin
The Habitable World Observatory recommended by the Astro2020 Decadal Survey fundamentally challenges the
prevalent test-like-you-fly approach to space systems because of its physical scale, multiple stages of on-orbit
deployment, and extremely stringent wavefront stability requirements unique to visible-light coronagraphy. In
response to these technical challenges, the Lockheed Martin Integrated Modeling team, in partnership with NASA
and other Industry Partners, has developed a high-fidelity, rigorous, and multi-disciplinary integrated modeling
infrastructure that enables model-based design and level-1 requirements decomposition, and supports
observatory software development and system-level verification. In this paper, we report on the development of an
integrated model for the Exploratory Analytic Case 1 (EAC-1) observatory architecture consisting of an off-axis 6-
meter inscribed segmented optical system and an unobscured telescope with 19 primary mirror segments. We
present an overview of our integrated modeling advancements and the increases in model fidelity under
Technology Maturation for Astrophysics Space Telescope (TechMAST). We report on our performance projections
and error decomposition pertaining to dynamic wavefront, dynamic line-of-sight, and associated coronagraph
contrast degradations.
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Assessing Icy Ocean World Habitability with HWO

Richard Cartwright
JHU APL

Many icy moons and volatile-rich dwarf planets could harbor saline reservoirs or global saline oceans
beneath their icy exteriors. Liquid water in the interiors of these icy “ocean worlds” could reach their
surfaces via fractures extending to liquid layers, as is likely the case on Jupiter’s moon Europa and the
dwarf planet Ceres, depositing salts and other internally-derived compounds that can help constrain
internal habitability. At Saturn’s moon Enceladus, ocean material is being jetted into space by a large
plume, much of which falls back onto its surface. Spectral investigation of the surfaces and exospheres of
icy ocean worlds can therefore provide invaluable insights into their ocean chemistries and potential
habitability.

Existing observations of icy ocean worlds are often limited to low signal-to-noise (SNR) and low resolving
power (R) datasets, in particular over UV wavelengths that are largely inaccessible with state-of-the-art
facilities like the James Webb Space Telescope (JWST). Future observations made with an integral field
spectrograph (IFS), spanning the UV (~100 - 400 nm) with moderate resolving power (R ~ 3000+), on
the Habitable Worlds Observatory would allow investigation of plume and exospheric activity on known
active worlds and enable an assessment of other, possibly active icy worlds, spanning Ceres to the Trans-
Neptunian region. High SNR, UV imaging spectroscopy will be crucial for identifying ionized and neutral
species in their exospheres, sustained by sputtering and outgassing processes operating over short
timescales. Contemporaneous NIR spectral capabilities (~1 - 5 um, R ~ 3000+) would provide
measurements of H20 vapor, CO2 gas, and solid-state ices and provide continuity of long temporal
observations that have been started with JWST.

Surface Biosignatures of Cold, Hot, and Dry Exoplanets - Insights from

over 200 Measured Extremophiles

Ligia Fonesca Coelho
Cornell University

We cannot predict life. We can, instead, learn from Earth’s biodiversity and their varied molecular
catalogue of markers of adaptability. Biopigments are widespread biomolecules that serve as powerful
surface biomarkers of adaptability to extreme conditions on our planet. These molecules have powerful
and unique spectral signatures providing the best avenue for detecting life at the surface of exoplanets.
However, current surface models for other planets struggle to incorporate Earth’s biodiversity, limiting
the power to predict surface biosignatures and their different resulting atmospheres - crucial for the
success of observations with the Habitable World Observatory (HWO). A common limitation in some
models is the use of visible-light-dependent organisms, adding unnecessary restrictions to atmospheric
opacity and composition. Earth’s biosphere offers a diverse array of biopigments that serve as reference
for many planetary contexts, captured in more than 200 extremophiles in our catalogue of measured
reflection spectra hosted at Cornell University and available online. By integrating Earth’s evolutionary
and biological diversity with astrophysical tools, [ will present life-detection patterns, a high diversity of
spectral data, and the lessons learned from the past 10 years of spectral cataloguing. This data is crucial
for high-fidelity simulations and modeling in preparation for HWO. I will show new reflectance spectra
from a diversity of extreme environments such as Svalbard (Arctic), Atacama desert and anoxic
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ecosystems. HWO will probe several planetary surfaces searching for an extraterrestrial biosphere and it
needs to be prepared for colors such as orange, yellow, or purple to be the new green.

Key Findings of the Ultra-stable Large Telescope Research and Analysis
Program to Mature Enabling HWO Technology

Laura Coyle
BAE Systems Inc., Space and Mission Systems

Since 2018, BAE Systems Inc, Space & Mission Systems (SMS) has led an experienced Industrial /
Academic team to identify and mature critical technologies to enable large, ultra-stable telescopes in
space, particularly the Habitable Worlds Observatory (HWO). This series of efforts, called the Ultra-stable
Large Telescope Research and Analysis or “ULTRA” Program, has been moving from component-level to
subsystem to system demonstrations and performing integrated modeling to raise TRL, reduce risk, and
inform architecture trades in key areas. This TRL maturation is generally achieved through (1) high-
fidelity simulations to determine feasibility, predict performance, and to refine technology needs / gaps
and/or (2) sub-scale hardware demonstrations with path to flight properties that demonstrate key
performance metrics and capture component interactions. Key areas of advancement include high-
fidelity end-to-end performance modeling and system stability budgeting, active segment sensing and
control at the picometer-level, thermal and structural design and analysis to support ultra-stability, low
disturbance pointing architectures, and progress towards future system demonstrations. Our team'’s
work has been cited in the Astro2020 Decadal Survey and informed NASA technology roadmaps. SMS is
proud to contribute to the development of HWO'’s transformational technology and is eager to share our
progress with the community and help advance the Concept Maturity Level of HWO.

Scalar Vortex Coronagraphs for HWO

Niyati Desai
NASA JPL

The direct imaging of Earth-like exoplanets requires coronagraphs capable of extreme starlight
suppression across broad spectral bandwidths. High performing coronagraphic masks are the crucial key
to achieving this. Scalar vortex coronagraphs offer a promising solution due to their polarization
insensitivity, but their current chromatic limitations hinder high-contrast performance. This research
aims to develop an achromatic scalar vortex coronagraph optimized by 2D Fourier optics simulations and
validate its performance through high-contrast imaging testbed experiments. We will present a summary
of past scalar vortex testbed results and a new dual-layer vortex mask concept that combines materials
with opposite dispersive properties, enabling consistent phase response across wavelengths.
Additionally, we develop tolerancing guidelines for future mask fabrication to meet the specific needs of
the HWO mission, ensuring the designs achieve the required performance for direct exoplanet imaging.
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Venus and Earth as Analog Environments for the Characterization of
Terrestial Exoplanets Looking at HWO in the context of the AVENGERS
Initiative

Piero D’Incecco
INAF

Several missions have been recently selected to explore Venus and during the next decade they will focus
on the analysis of its atmosphere, surface and interiors. Additionally, missions have been selected to
search for and characterize terrestrial exoplanets and potentially habitable worlds, with the Habitable
Worlds Observatory being the next generation space telescope devoted to this type of analysis. With the
explosion of terrestrial exoplanets discoveries, the currently available data seem to show how some of
them may be characterized by very dense and very likely CO2-rich atmospheres. In this context, Venus
can be used a natural laboratory to constrain the models for potentially habitable environments, and
compared to Earth). One possibility is that terrestrial planets evolving toward Venus-like conditions at
some point in their geologic history, may be a common stage of planetary evolution. Venus could have
been like Earth in the past, including potentially hosting liquid bodies of water on its surface before
developing into its current caustic state. Understanding why Venus and Earth at some point in their
geologic history took completely different evolutionary paths is one key science question for a better
understanding of the evolution of potentially habitable exoplanetary environments. In this regard,
studying the interior, surface, and atmosphere of Venus and Earth assumes an even broader perspective,
as these planets may be considered as suitable analogs for many terrestrial exoplanets. During the
upcoming years, the "Analogs for VENus’ GEologically Recent Surfaces" (AVENGERS) initiative will
provide insights into these key science questions by investigating terrestrial analogs of features found on
Venus, and therefore applicable to similar exoplanets.

HWO'’s Probes of Dark Matter with Ultra-Faint Satellite Galaxies in the

Local Volume
Jessica Doppel
Durham University CEA & IACC
The Habitable Worlds Observatory (HWO) will deliver transformational insights into dark sector science.
Theoretical and empirical studies show that satellite counts of ultra-faint dwarfs (i.e., those with stellar
masses < 10”5 M_sun) can be valuable probes of potential deviations from a cold dark matter cosmology
and subsequently place constraints on the warm dark matter particle mass. With HWO, we aim to survey
ultra-faint satellites—down to stellar masses M* ~10”3.5 M_sun—around Milky-Way-mass hosts within
a ~10 Mpc volume. We discuss the additional predictions of our novel forecasting, which suggests that
we can put breakthrough constraints on warm dark matter models (up to ~13 keV) with ultra-faint
satellite censuses of just a few Milky-Way-like hosts. Based on this forecasting and coupled with the
proposed >6m aperture of HWO, we present our observing plan that will not only survey the diffuse light
of ultra-faint satellites but also resolve their individual stars at extragalactic scales. The addition of
extragalactic ultra-faints will improve upon current cutting-edge surveys such as ELVES and SAGA within
our proposed survey volume, positioning HWO as a major contributor towards breakthrough
advancement of dark sector science.
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A Pathway to Planet Properties

Courtney Dressing
UC Berkeley

While HWO direct images and spectra will indicate the instantaneous projected separation between
potentially habitable planets and their host stars, these data alone will not reveal planetary masses or
three-dimensional orbits. Importantly, some of the candidate temperate terrestrial planets may have
larger masses, inclined orbits, or eccentric orbits. Reassuringly, some of these “imposter” Earths may be
detectable before the launch of HWO. With the support of the NASA Astrophysics Decadal Survey
Precursor Science Program, we are synthesizing and improving knowledge of potential HWO target stars
to mitigate the risk of imposter Earths and optimize the search for habitable planets. As part of our
analysis, we are considering the feasibility of measuring planetary masses and orbits with extremely
precise radial velocity measurements and astrometric measurements (with HWO or other facilities).
will outline a strategy for maximizing precursor knowledge of targets and identifying the best targets for
HWO. Advance characterization of host stars and planetary “siblings” will provide valuable insight into
the formation and evolutionary history of a given system and assist in selecting a sample of targets
suitable for conducting statistical analyses of how stellar and system properties affect planetary
habitability. This investigation will reduce mission design risk by enabling trades to evaluate the impact
of potential design choices (e.g., aperture, starlight suppression technology and performance, astrometric
precision) and astrophysical realities (e.g., the actual occurrence rate, albedos, sizes, and orbital
orientations of habitable planets) on the yield of potentially habitable planets with measurable masses
that could be characterized by HWO.

Stable Lightweight Optics for the Habitable Worlds Observatory

Matt East
L3Harris

Large lightweight optics used in the Habitable Worlds Observatory (HWO) have a critical role in the ultra-stable
telescope and high contrast coronography. This update will review recent technology and manufacturing readiness
improvements that enable optical stability of precision mirror assemblies for HWO. We review the solutions which
enable the mirror assemblies to meet observatory requirements for low mass, large aperture, high quality optical
surface and high stability, as well as economical replication of optical surfaces for production of multiple mirror
segments using a precision mandrel.

Efficient, simultaneous exoplanet spectroscopy, wavefront control and
calibration at deep contrast with hybrid mode-selective photonic

lanterns

Mona El Morsy
UT San Antonio

HWO aims to directly image objects orbiting Sun-like stars, using a 6-m telescope capable of high-
contrast imaging (10”-10) and spectroscopy to search for biosignatures in planets located in the
habitable zone. Recent laboratory demonstrations and ground-based telescope projects have shown the
effectiveness of SMFs in spectroscopy, paving the way for SMF-fed spectrographs in future space
missions like HWO. SMFs enhance spectral stability and reduce modal noise. HWO spectroscopy will need

Page | 24



extended integration times, potentially lasting weeks. During these observations, the wavefront must be
precisely measured and maintained to achieve the deep contrast and robust calibration of starlight
contamination necessary for exoplanet characterization. We show that photonic lanterns (PLs) are
ideally suited to meet these requirements. PLs are compact devices that couple light over a broader
angular range than SMFs, ensuring higher throughput, converting a multimode input into multiple single-
mode outputs. Positioned at the focal plane, they measure the complex amplitude of the coherent
starlight within ~2 1/D of the planet image, acting as compact wavefront sensors. Among the different
variants of PLs that have emerged, the Hybrid-Mode Selective Photonic Lantern (HMSPL) is particularly
attractive, as it directs object light into a central SMF feeding a mid-R spectrograph for exoplanet
spectroscopy, while the adjacent SMFs route surrounding speckle light to a low-R spectrograph for rapid
wavefront sensing. This dual function eliminates non-common path aberrations, optimizing injection
efficiency and background suppression. We introduce HMSPL'’s dual role and planned tests at UTSA’s
high-contrast imaging lab and at SCExAO at the Subaru Telescope.

Japan’s Possible Contribution to the HWO Coronagraph
Keigo Enya
ISAS/JAXA
In this presentation, possible contributions to the HWO coronagraph from Japan will be presented. Several
methods of coronagraphic investigation and experimentation are ongoing in Japan. We are particularly interested
in infrared coronagraphs. For infrared coronagraphs, it is important to have a small inner working angle. Toward
Japan's participation to the HWO, a task force team was established within ISAS/JAXA in December 2024. In the
presentation, we will report on the current status of our study for possible Japan's contributions and Japanese
community.

Are We There Yet? Challenges in Quantifying the Frequency of Earth

Analogues in the Habitable Zone

Rachel Fernandes
Penn State University

The detection and characterization of Earth-like planets is a central component in the search for life. As
such, the frequency of Earth-sized planets in the habitable zone (etaEarth) is a critical parameter to
constrain, and it directly affects the Habitable World Observatory or HWO's top-level requirement from
the Decadal Survey of detecting and characterizing 25 Earth analogs. In this talk, [ will present a review of
the current understanding of etaEarth and the challenges in converging on the true value for this key
parameter. I will provide definitions for properties and ranges contributing to calculations of etaEarth,
then discuss current estimates in the context of their analyses and limitations. I will also present a
comprehensive (though not yet complete) list of factors and methods that have (not) been considered
thus far. Understanding how etaEarth changes with the diversity of stellar and planetary system
properties in the Solar neighborhood will facilitate more efficient target selection and contextualization
of HWO findings within the broader planet population.
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Al for Starlight Subtraction

Rodrigo Ferrer-Chavez
Northwestern University

With one of the goals of Habitable Worlds Observatory (HWO) being direct-imaging of exo-Earths, there
are extraordinary performance requirements such as reaching contrast levels of 10*-10. While
instrumentation is crucial to achieve this sensitivity, there is an equally important need for innovation in
data analysis, since that is a main limitation for current high contrast instruments. In this work, we look
towards Al to enable techniques that were previously computationally infeasible.

The fundamental challenge is to subtract light from the host star from our observation, allowing imaging
of faint planets and disks. Current methods to do this are constantly far from reaching optimal sensitivity,
leaving undetected faint signals even if they are within theoretical reach of the instrument.

A notable weakness of current methods is that they are agnostic to the image formation process: they
model the star point spread function (PSF) merely by combining many reference images (e.g. of other
stars). Incorporating information about the imaging process has the potential to produce higher accuracy
PSF models, and therefore better sensitivity.

We present a physics-informed method that models the star PSF by modeling light propagation through
an optical system, naturally leveraging the image formation process and wavefront sensor data in the PSF
estimation. By using state-of-the-art optimization techniques from the Al community, we efficiently fit
millions of free parameters in our model to produce excellent sensitivity. Our method simultaneously
estimates the wavefront error in the telescope during the observation, with clear implications for
wavefront control and dark hole lifetime in Roman and HWO. We show the effectiveness of our method
detecting real planets on JWST data.

LUV: A Laboratory to Perform Optical Tests Under Vacuum Ultraviolet

Irradiation

Maria Frutos
Fac. CC. Matematicas, Universidad Complutense de Madrid

The ambitious and challenging scientific goals of the Habitable World Observatory will require forefront
technology to make this flagship mission successful. In this regard, the characterisation of novel optical elements
will be necessary. In this contribution, we present the Laboratory of Vacuum Ultraviolet (LUV) which is fully
equipped to test filters, prisms and lenses under vacuum ultraviolet (VUV) irradiation.

Due to the special conditions required to perform measurements in the VUV region, all the experimentation can be
carried out in a contamination-controlled area provided with an ISO 7 softwalls cleanroom, which contains an ISO
5 glass box, where the table and some equipment are placed.

The qualification campaign of optical elements can be carried out inside a vacuum chamber (named as optical
emulator) that can be tuned and modulated according to the requirements of the experiments to be implemented.
The vacuum chamber can operate under high vacuum through the concomitant performance of a turbopump
baked by a scroll pump, ensuring an oil-free environment.

The VUV source of the experimental set-up is a deuterium lamp with a spectral distribution ranging from 115 to
400 nm. Once the light beam completes the specifically designed optical path, it will reach a photon-counting
detector.

The LUV also counts with an Atomic Force Microscope which can measure the topography of samples with
nanometric resolution, as well as other properties (such as magnetic, electrical or mechanical). The study of the
surface of the optical elements tested in the LUV can give valuable information about the presence of irregularities
or defects due to their manufacturing process (or to their degradation by the VUV irradiation) which can help to
the improvement of their performance.
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Overview of Segmented Mirror Design, Build, and Test for Existing

Projects

Ben Gallagher
Thirty Meter Telescope

Several segmented primary mirror projects have taken place over the last 30 years and some of these
deliver optical performance with a phased segmented primary mirror. Three of these observatories are
operational (Keck, GTC, JWST) and two are under construction (EELT and TMT). The advantage of a
segmented mirror is that the mirror making process can be productionized and eliminates the need to
continue to grow a boule to produce a larger substrates for the primary mirror. Over the years mirror
sizes have grown and grown, with the latest technology producing 8-meter class mirror substrates; but
enormous cost, time, and effort went in to getting the state-of-the-art mirror to this size. It is not obvious
if mirror blanks can be fabricated / transported / launched much larger than this and it is not necessary
since the development of the segmented mirror that can be phased to perform as a single large mirror. [
have spent the last 20 years studying primary mirror segments and leading the design, build, integration,
and test of primary mirror segments for the JWST and TMT programs. In this paper, segmented mirror
design and fabrication process for the five observatories is described and differences that the different
programs have taken are highlighted. The paper compares the process and equipment used by these
programs to fabricate primary mirror segments and the design of alignment and warping features into
their segment supports which facilitate more efficient phasing during operation. By leveraging lessons
from JWST's and TMT's cutting-edge technology, this paper aims to shed light on the potential of
segmented mirrors for future projects like the HWO telescope, emphasizing the scalability and
adaptability essential for next-generation astronomical research.

Masses of Directly-Imaged Planets via Ultra High Precision Astrometry

with the Habitable Worlds Observatory

Kaz Gary

The Ohio State University
Constraints on the masses of exoplanets directly imaged and characterized by the Habitable Worlds Observatory
(HWO) are crucial for categorizing these planets and interpreting their spectra. In particular, achieving a mass
measurement with a precision of approximately 10% or better may be necessary to identify the dominant gaseous
species in the atmospheres of Earth-like planets. This, in turn, is essential for assessing their potential habitability
and interpreting any potential biosignatures (Damiano et al. 2025). There are only two viable methods for
measuring the masses of nearly Earth-like planets: radial velocity and space-based astrometry. Space-based
astrometry will be required for certain host stars, specifically those that are hot and rapidly rotating, highly active,
or host face-on planetary systems. We assess the photon-noise error budget for measuring the masses of Earth
analogs orbiting HWO target stars with ultra-high-precision astrometry obtained with the HWO high-resolution
instrument. Our findings indicate that, for a field of view spanning a few square arcminutes, the astrometric
uncertainty due to the number and brightness of reference stars dominates the photon-noise error budget,
particularly for targets near the Galactic poles. Additionally, we evaluate the trade-offs involved in selecting the
optimal observing filter for each target star by simulating the magnitude distribution of reference stars across
different filters for the HWO target list.
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Shedding Light on HWO: Assessing the Impact of Stray Light Due to

Micrometeroid Damage

Megan Gialluca

University of Washington
To detect and characterize the atmospheres of Earth-like planets orbiting Sun-like stars, HWO will require
unprecedented contrast and stability. However, damage to the primary mirror due to micrometeoroid impacts will
provide a stochastic, time-dependent source of stray light in the coronagraphs field of view that could significantly
lengthen exposure times and reduce the expected science yield. To better quantify the impact of stray light and
inform the mission design process, we present estimates of stray light in different micrometeoroid damage
scenarios for a broad range of targets, and use that to quantify the expected decrease in science yield (i.e., the
expected number of detected Earth-like exoplanets). We develop a basic stray light model that employs analytical
and numerical integration for increased computational efficiency over more sophisticated ray tracing methods;
this allows for the exploration of a wide parameter space of mission considerations such as telescope barrel design
and target selection. We demonstrate that stray light due to micrometeoroid damage cannot be assumed to be
negligible, due in large part to the uncertainties in maximum expected impactor mass, and the relationship
between impact energy and expected crater size. Given the range of uncertainty in micrometeoroid populations
and impact characteristics, we find that the impact to science yield may range from negligible, to more than a 50%
reduction of the expected number of detected Earth-like planets. Micrometeoroid damage therefore needs further
exploration, as it has the potential to reduce scientific yield, and in turn drive the development of mitigation
strategies in telescope design and observing priorities.

Progress on STABLE: Development of Technologies for Ultra-Stable

Systems

Tiffany Glassman
Northrop Gruman

We report on progress on the STABLE study, which was awarded on the NASA 2023 ROSES D.19
opportunity. In the study, we are developing technologies for the Habitable Worlds Observatory (HWO)
in four areas: Micrometeoroid Impact Mitigation, Telescope Temperature Control, Ultra-Stable Telescope
Structure Materials and Modeling, and Improvement of Thermal Expansion Test Capability. This study is
a collaboration between Northrop Grumman, Kratos, NeXolve, JPL, STScl, NASA’s White Sands Test
Facility, and NASA Goddard’s Ultra-Stable Test Facility. We will also discuss our plans for our follow-on
study as part of NASA’s 2024 ROSES D.19. In this study, we will address additional technologies as well as
perform analysis of HWO architecture options.

Development Path and Verification for HabWorlds Deformable Mirrors

Tyler Groff
NASA GSFC

Deformable Mirrors (DMs) are the critical component of any exoplanet direct imaging coronagraph, and
there is no device that exists today which can meet the ambitious requirements expected for the
Habitable Worlds Observatory (HWO). A baseline set of device requirements was set as guidance for a
scope and feasibility study by some key DM vendors, with the intent of iterating on a development plan in
the future. Included in these requirements are previously untestable tolerances for which a verification
plan must be developed. The stability requirements, in particular, are held at unprecedented temporal
frequencies. Picometer-level tolerances are levied for both long term drift as well as time scales greater
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than 10 Hz. DM stability and precision are the most important requirements for high contrast
performance in the coronagraph, and simultaneously the most difficult specification to verify at the
device level. To that end, three DM vendors have completed initial development studies to scope a plan
on developing and delivering devices that meet these stringent placeholder requirements.
Simultaneously, verification plans are in work to test these devices which are not only stable and of very
high surface quality, but also in formats that have not yet been built. The intent of this work is to inform
future HWO technology development plans for deformable mirrors, and to reduce the risk associated
with testing these devices through the many years of development and high contrast demonstrations.
Overall, we present the progress on advising the project on our assessment of DM development, TRL
raising, and verification plan to produce devices that are fit for exo-Earth coronagraphy with HWO.

The Story of Hydrogen and Water: New Insights into the Interaction of

Planet Atmospheres and Interiors
Akash Gupta
Princeton University

Studies show that the typical exoplanet or its progenitor, forms with a hydrogen (H) atmosphere,
resulting in conditions where H and the interior of the planet interact for millions to billions of years.
Atmosphere-interior interactions are thus crucial to understanding the formation and evolution of these
bodies. However, this understanding is still lacking in part because the relevant P-T conditions are
extreme. To address this, we conduct molecular dynamics simulations based on the Density Functional
Theory to investigate how H and water interact over a wide P-T range relevant to Neptune-sized and
smaller planets. We determine the critical curve at which a single homogeneous phase exsolves into
separate, H-rich and water-rich phases. Our critical curve agrees well with existing experimental data and
shows the influence of a change in fluid structure from molecular to atomic near 30-100 GPa and 3000-
4000 K.

These findings have profound implications for water-rich planets with H atmospheres, such as Neptune,
K2-18 b, and TOI-270 d. Hot and young planets should have envelopes where H and water are entirely
mixed, i.e., exist as a single homogeneous phase. However, as the planet cools, its interior should
experience phase separation of H and water: leading to a "rainfall" or rainout of water towards the
deeper interior, a consequent increase in internal luminosity, and the emergence of inner and outer
envelopes that are H- and water-rich, respectively, and whose compositions or metallicities should
depend on the planet's age and instellation. Furthermore, our findings have implications for atmosphere
loss and magnetic field generation. Our work thus demonstrates the importance of better understanding
atmosphere-interior interactions, especially as we prepare for the HWO.

Planetary Mass Constraints for Likely HWO Targets from Precise Legacy

Doppler Measurements

Caleb Harada
UC Berkeley
Precise (~1 m/s) radial velocity (RV) measurements currently offer the most comprehensive view of planetary
masses and orbits around likely target stars for HWOQ'’s exo-Earth survey. Understanding the RV landscape for
these stars is important for optimizing HWO’s coronagraph, high-resolution imager, and overall architecture. For
example, how well we can constrain planetary masses from the ground determines the required astrometric
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capabilities of HWO to measure planet masses, which are essential for overall planet classification as well as
interior/atmospheric modeling used for biosignature interpretation. Additionally, a high fraction of potential HWO
targets with known giant planets in their habitable zones (HZs) may necessitate a larger telescope aperture or
more aggressive coronagraph inner working angle (IWA) in order to reach more distant suitable targets. Here, I
will discuss limits on planetary companions of 164 preliminary HWO targets based on published PRV observations
spanning the last 2-3 decades. Our analysis of public RVs from the HIRES/Keck and HARPS/ESO spectrographs
demonstrates a typical sensitivity down to Msini~66 M_Earth in the middle of the conservative HZ for these stars.
Including additional published observations from ~10 other PRV instruments (in progress) is expected to
marginally improve the typical mass limits. However, dedicated EPRV surveys and more sophisticated stellar
activity mitigation techniques may be necessary to constrain planetary signals near or below ~1 m/s. Nonetheless,
legacy PRV measurements provide important precursor limits on planetary masses and orbits, and our
forthcoming catalog of public RVs will serve as a useful tool for the HWO community. This work is part of a
submitted manuscript supported by a NASA ADSPS grant.

Characterizing Candidate Target Stars and Systems for the HWO Exo-

Earth Survey

Natalie Hinkel
Lousiana State University

A fundamental component of HWO planning and development is determining which stars to prioritize for
observation that maximizes the potential of finding a habitable exoplanet and reduces the scientific risk
to HWO. Toward achieving the goal of characterizing and prioritizing potential HWO targets, the Target
Stars and Systems (TSS) sub-Working Group has compiled a list of target stars and their properties in
order to support the science, architecture, and yield studies. TSS has also identified stellar properties that
need to be measured at various stages in the life cycle of the HWO mission, either to inform the design of
HWO and its instrumentation (precursor science), to enhance the observatory's science return
(preparatory science), or to enable more robust interpretation of HWO observations (follow-up). To
divide the work, the TSS was broken into a number of task groups: Catalogs & Databases, Fundamental
Stellar Properties, Stellar Multiplicity, High Energy Emission, Activity & Rotation, and EPRV Surveys. We
will provide an update on the TSS progress and preliminary findings, briefly covering the status of
updated HWO target stars lists and data collection, and findings on how HWO science cases connect to
precursor and preparatory science activities related to the target stars and their systems. The work
presented here will also be covered in more detail by several other abstracts from the TSS task groups.

Delta-doped CMOS Image Sensors for Habitable Worlds Observatory

Michael Hoenk
JPL

NASA’s vision of transformational science with the Habitable Worlds Observatory (HWO) depends on new
detectors and capabilities. In this paper, we will present our latest results on the development and maturation of
large format, radiation-hard, abuttable silicon image sensors with ultralow noise and high QE in the far- and near-
UV spectral ranges. Our goal is to provide capabilities that will impact all classes of NASA missions, and to bridge
technology gaps identified for HWO. In this paper, we will present our latest results, including fabrication and test
of large format (up to 8Kx8K, 4um pixel with 1.75 h+ read noise), delta-doped CMOS image sensors; read noise 3.3
e- in CIS120 (2Kx2K array with 10pum pixels) image sensors, which is a factor of two lower than stated in the
Teledyne-e2v specification sheet; characterization and mitigation of artifacts in CMOS image sensors using JPL’s
Precision Projector Laboratory (PPL), including read noise, crosstalk, image lag and amplifier glow; validation of
CIS120 performance in the MDM instrument at Kitt Peak; and cryogenic radiation testing of Teledyne e2v CIS120
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detectors with high energy protons. We are currently working on comprehensive performance testing to analyze
the effects of displacement damage and ionizing radiation in an HWO-relevant environment, and will present our
latest results at the conference. Technologies developed in our SAT program are already being infused into NASA
missions, benefiting NASA science ranging from synoptic all-sky surveys in the near- and far- ultraviolet and time
domain, multi-messenger astronomy (Ultraviolet Explorer), Heliophysics (solar flare observations in the soft X-ray
spectral range on the SSAXI sounding rocket), and we are actively exploring opportunities in Earth Science.

Characterizing Physical Properties and Binarity of Trans-Neptunian

Objects with HWO

Bryan Holler
STScl

The history of the solar system is recorded in all aspects of trans-Neptunian objects (TNOs), small, icy bodies that
orbit beyond Neptune. The orbital architecture of this region holds the clues to understanding giant planet
migration and their surface compositions provide an inventory of the materials present in the protosolar disk.
These two aspects can be studied with JWST and other facilities, but HWO will excel at filling out the distribution of
TNO binary properties, which speak to planetesimal formation, and the census of ring systems around TNOs
through stellar occultations, a nascent field that presents implications for TNO collisional histories and interior
activity. In order to perform this science, HWO must (1) support moving target tracking, (2) include wide-bandpass
filters, and (3) have an imager with subarrays and rapid readout modes. Moving target tracking is necessary for
keeping solar system bodies fixed in the detector FOV; without it, these objects will streak across the detector and
frustrate efforts to identify extremely tight TNO binaries with separations <1000 km. A selection of wide-bandpass
filters, comparable to the WFC3/UVIS F350LP filter (~500 nm bandpass) would greatly increase the depth that can
be probed to search for faint satellites. Such filters would also enable higher-cadence time-series imaging for
stellar occultations. Small subarrays with fast readout times, paired with rapid readout modes with no dead-time
between reads, are crucial for capturing stellar occultations with high spatial resolution. With these capabilities,
HWO will significantly increase the sample size of known TNO binaries, characterize TNO satellite orbits to
determine system masses and densities, and probe for unseen rings around TNOs.

Distinguishing Rocky Planets, Water Worlds, and Gas Dwarfs with the

Habitable Worlds Observatory
Renyu Hu
NASA JPL
The discovery of over 6,000 exoplanets has unveiled an extraordinary diversity of planetary types,
particularly those larger than Earth but smaller than Neptune, a size range absent in our solar system.
These sub-Neptunes may be either rocky super-Earths, volatile-rich water worlds, or gas dwarfs with
thick H2 /He envelopes, presenting a crucial frontier in exoplanetary exploration. Determining the
composition and structure of these planets, especially those in temperate orbits around FGK stars, is
essential for understanding planetary formation, evolution, and habitability. However, degeneracies
between planetary radius and albedo in broadband observations, combined with the difficulty of
measuring masses for widely separated small planets, pose significant challenges in determining the
nature of the sub-Neptunes to be discovered. For HWO, identifying rocky planets and water worlds will
rely heavily on atmospheric characterization.
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The “Characterizing Exoplanets” working group proposes a comprehensive observational strategy,
leveraging panchromatic spectroscopy and broadband polarization to overcome these challenges. We
outline a roadmap to determine whether small planets discovered by HWO possess H,-dominated
primordial envelopes, secondary atmospheres, or water-rich interiors, using a combination of Rayleigh
scattering and molecular absorption signatures. This science case not only addresses the critical step of
identifying rocky planets for biosignature searches but also highlights the potential to detect water
worlds with liquid-water oceans, a non-Earth-like yet potentially more observable type of habitable
worlds.

The Case for Observing Venus with the Habitable Worlds Observatory

Noam Izenberg
JHU APL

Observing Venus with the Habitable Worlds Observatory poses significant technical challenges. However, the
science rewards for the specific goals of the next great observatory are compelling.
Venus is an analog to hot terrestrial exoplanets, a large and critical population of Earth-size and Earth-like worlds
HWO wishes to characterize. Venus represents a possible “once and future” Earth with important implications for
the evolution of planetary habitability; having the appearance similar to that of early planetary evolution, and post-
runaway greenhouse effects on a rocky planet with a thick atmosphere. Venus is also the only planet of its kind we
can observe directly in detail, including in-situ.
The science objectives of HWO Venus observations would include high resolution (spatial and spectral), time
varying observation of Venus clouds and atmosphere (dayside), from the ultraviolet to the near infrared, including
the “unknown UV absorber.” Observations over multiple hours/days would investigate the effects of Venus’
superrotation on cloud morphology and composition, and its relationship with the surface.
Challenges: Venus would present the most extreme flux environment for HWO instruments by orders of
magnitude. The telescope would be looking closer to the Sun than for likely any other target, presenting challenges
for baffling and protection for the field of view and field of regard. High dynamic range and/or gain reduction
and/or neutral density filtering will be required for any instrument observing Venus as well as extrasolar targets.
The scattered light environment will be the most intense. The motion of Venus against the sky will likely be faster
than most targets HWO might observe, presenting challenges to pointing stability and tracking.

Galactic Chemical Evolution and the Origins of Life: Tracing the Elements
that Shape Habitability in the Ultraviolet

Bethan James
STScl

Spatially resolved UV properties across star-forming galaxies (SFGs) is a key, yet missing, component of
our galaxy evolution knowledge. Limited to single aperture UV spectrographs, we are simply unable to
fully characterize outflows, understand how massive stars shape their surrounding gas, and decipher the
physical conditions behind nebular UV emission. Now, with JWST's rest-UV coverage of high-z systems at
our disposal and designs of the first UV-IFU taking shape for HWO, it is more important than ever that we
understand how UV properties change across a system and the subsequent biases involved in globally
integrated UV spectra. In this talk I will present a revolutionary 65-orbit HST program designed to
provide spatially resolved UV spectra via STIS 0.2" slit-stepping across Haro11. This nearby high-z
analogue is the perfect specimen for these groundbreaking observations, being composed of three
separate knots that cover a wide parameter space in metallicity, ionization, stellar populations, and
outflow kinematics. Key ISM+wind+nebular features (CIV, Sill, Sill*) from high spectral resolution G140M
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spectra, alongside the full UV ionizing continuum from medium resolution G140L, will be mapped at HII-
region scales (<100pc). We will create, for the first time, UV-IFU spectral cubes that provide robust 3D
measurements of outflowing gas, map the structure of the neutral ISM, directly connect the properties of
massive stars to the ISM, and decipher the diagnostic power of CIV. Moreover, by imitating UV-IFU
observations on a real SFG, [ will show this data can ultimately demonstrate the true scientific potential
of a UV-IFU on HWO and explore its instrumental design - something that simulations alone simply
cannot provide.

A near-ultraviolet coronagraph instrument study for the Habitable
Worlds Observatory

Roser Juanola-Parramon
UMBC/CRESST/NASA GSFC

The near-ultraviolet (near-UV) wavelength range contains a valuable ozone absorption feature for characterizing
the atmospheric composition of Earth-like exoplanets. Both the LUVOIR and HabEx decadal mission concept
studies baselined instrumentation for obtaining photometry of directly imaged exoplanets down to wavelengths of
200 nm. Both of their proposed implementations present challenges: in the case of the HabEx starshade occulter, a
separate spacecraft is required; in the case of a UV channel within the main coronagraph instrument, non-UV-
optimized optics limit the performance. Yet, the science requirements allow the relaxation of some of the trades of
a dedicated near-UV coronagraph. For instance, given that the inner working angle of the coronagraph is a function
of the wavelength, and one would only consider the characterization of planets detected in the visible, the IWA of
the UV coronagraph can be relaxed to meet the IWA of the visible coronagraph. Here we present the preliminary
design of a standalone UV coronagraph instrument for the Habitable Worlds Observatory concept based on the
science requirements, developed as part of the Coronagraph Technology Roadmap study commissioned by NASA’s
Exoplanet Exploration Office. We describe the trades and rationale behind the recommendation of having a
separate UV coronagraph instrument and show the evaluation of several coronagraph designs in the UV. We assess
the effect of polarization aberrations and describe potential UV detectors and wavefront sensing and control
strategies.

Far UV IFS and HRS for Exoplanet and Solar System Bodies

Shingo Kameda

Rikkyo University
Earth-like planets have been detected in the habitable zone of low-mass stars. However, transit spectroscopy
requires extremely high precision to observe the thin lower atmospheres of small terrestrial planets. Strong XUV
radiation of low-mass stars may cause the far-extended upper atmospheres. We investigate the possibility of
detecting the upper atmospheres of terrestrial exoplanets by transit spectroscopic observations with future
ultraviolet space telescopes. There are several atomic and ionic emission lines (H, C, N, and 0) in the far UV spectral
range which will help us to understand the surface environment of the exoplanet especially in case the lower
atmosphere cannot be detected. In addition, icy moons in the solar system have water plumes. H and O atoms are
generated by dissociation and could be detected by far UV imaging spectroscopy.
We performed a conceptual design study on a high-resolution spectrograph (HRS) and an integral field
spectrograph (IFS) for far UV as potential contributions to HWO by JAXA. We are developing a large-format
(120x120 mm) high-efficiency funnel microchannel plate (MCP) for photon counting for LAPYUTA mission, 60-cm
FUV space telescope under study by JAXA. In design, The spectral resolution of HRS can be > 120,000 with the
spectral range of 100-180 nm, which covers H, C, N, and O atomic emission lines and C and N ionic emission lines.
IFS enables the field of view is >3 arcsec x 3 arcsec with the spatial resolution of 0.02” /pix and R > 5000 with the
spectral range of 94-174 nm.
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In this presentation, we introduce our study on exoplanets and solar system bodies, conceptual design study of IFS
and HRS for HWO, and current status of LAPYUTA mission and study of UV technology development.

Slitlet Stepping: Turning the JWST NIRspec Micro-Shutter Array into a
Multi-Headed IFU

Susan Kassin
STScl

We present a novel observing concept for Habworlds: using a microelectromechanical system (MEMS) as
a multi-headed integral field unit (IFU), a technique which we call "slitlet stepping.”" Results are
presented from a slitlet stepping survey with the micro-shutter array (MSA) on JWST/NIRSpec. This
survey, called GARDEN, consists of 56 galaxies spanning redshifts 1<z<6 in the Hubble Ultra Deep Field.
If GARDEN were observed with the NIRSpec IFU, it would require multiple months of observing time,
versus 3 days for slitlet stepping. The primary advantage of using a MEMS over an IFU is its multiplex
capability, as the MEMS typically have significantly larger fields of view. Secondly, slitlet stepping allows
the exposure time to be divided strategically among large and small targets by varying the number of
"steps" for each. Thirdly, [FUs generally require more exposure time than MEMS to reach the same
signal-to-noise; the [FU on NIRSpec requires ~4 times more exposure time than the MSA for the grating
GARDEN uses. If GARDEN were to use the NIRSpec IFU, it would require months of observing time versus
3 days with the MSA. Scientifically, GARDEN provides a critical probe of physical conditions in the first 1-
5 billion years of the Universe with spatially resolved continuum-reaching spectra. Results from maps of
nebular gas dynamics and outflows, metallicity, dust, and AGN and shock signatures in galaxies will be
presented.

Design Requirements for the Habitable Worlds Observatory to Interpret

Biosignature Detections as Evidence for Life

Joshua Krissansen-Totton
University of Washington

Searching for signs of life is a major goal of the Habitable Worlds Observatory (HWO). However, merely
detecting oxygen, methane, or other widely discussed biosignatures is insufficient evidence for life. In
parallel with biosignature detection, exoplanet life detection additionally requires characterization of the
broader physicochemical context to evaluate planetary habitability and the plausibility that life could
produce a particular biosignature in a given environment. Life detection further requires that
photochemical or geological phenomena that can mimic life and lead to biosignature “false positives” can
be ruled out with confidence. Evaluating false positive scenarios may require different observatory
specifications than biosignature detection surveys. It is therefore necessary to identify the essential
spectroscopic features for contextualizing biosignatures so that HWO technology development and
design choices may be guided by biosignature interpretation, rather than merely potential biosignature
detection. Here, we explore the coronagraph requirements for assessing habitability and ruling out
known false positive scenarios for oxygen and methane, the two most widely discussed biosignatures for
Earth-like exoplanets. We emphasize the need for broad wavelength coverage ranging from the near UV
(0.25 um) and extending into the near infrared (1.7 um), for contextualizing biosignatures with HWO,
enabling us to make the leap from biosignature detection to life detection. Without sufficiently broad
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wavelength coverage, we risk being unprepared to interpret biosignature detections and may ultimately
be ill-equipped to achieve HWQ’s driving motivation to search for life on Earth-like exoplanets.

The Observability, Challenges, and Opportunities for Exomoons and

Exorings with HWO

Mary Anne Limbach
University of Michigan

While HWO will spatially resolve exoplanets from their host stars, planets and their moons or rings will
generally remain unresolved. However, exomoons and rings can significantly alter observed blended
spectra. For instance, at 1.4 microns, Earth's Moon is 30% as bright as our planet, Triton is seven times
brighter than Neptune, and Saturn’s rings are nearly 100 times brighter than the planet itself. We cannot
confidently characterize atmospheres and detect biosignatures without understanding rings and moons.
In this presentation, I will outline our ongoing research addressing these challenges. [ will show how
retrieved planet+moon/ring spectra differ from isolated planet spectra and discuss methods in Poseidon
for joint spectral retrievals. | will also explore how blended spectra can create biosignature false
positives. Time-domain monitoring offers a powerful tool for detecting moons and rings. Many exomoons
will produce detectable eclipses, while rings dramatically alter a planet’s phase function. While moons
may complicate biosignature detection, they also provide additional habitable environments. I will
conclude by discussing HWO's potential to detect biosignatures on habitable-zone exomoons and its
sensitivity to exomoon population.

Broadband Liquid-crystal Phase-Apodized Vortex Coronagraphs for

Arbitrary Apertures

Rico Landman

SRON Netherlands Institute for Space Research
The primary goal of the Habitable Worlds Observatory (HWO) is to directly image and spectrally characterize
Earth-like exoplanets in their habitable zone. This requires a high-performance starlight suppression system
across a broad spectral bandwidth. The vector vortex coronagraph (VVC) is a promising option due to its
achromatic and scale-invariant properties. However, current VVC designs are not optimal for obscured and
segmented apertures and its broadband performance is limited by polarization leakage.
In this paper, we present a system-integrated approach to the vector vortex coronagraph using liquid-crystal
multi-grating assemblies to enhance the operational spectral bandwidth, enable polarimetry, and optimize the
design for arbitrary apertures. We show that optimized liquid-crystal phase-apodizer designs for the HWO
Exploratory Analytic Cases enable <10-10 contrast with an improved exoplanet yield with respect to amplitude
apodizers. In addition, we demonstrate that these designs work over 40% spectral bandwidth with polarization
filtering, making them ideal for exoplanet spectroscopy. These designs also work without polarization filtering to
enable common-beam polarimetry, at the cost of reducing the spectral bandwidth to 20%.
Furthermore, we report on the progress of our ESA-funded project which aims to manufacture and test the liquid-
crystal multi-grating VVCs, consisting of a two- or three-element stack of vortex and grating patterns. Using this
same production method, we also fabricate conventional VVCs. We discuss the improved liquid-crystal mask
manufacturing, the multi-grating VVC assembly, and high-contrast imaging testing at the THD2 testbed at Paris
Observatory. Lastly, we summarize their limitations and discuss technology development roadmap.
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Maximizing Science with the Habitable World Observatory (HWO): A
Bayesian and Al-Driven Scheduling Approach, Guiding Optimization from

Early Mission Design to Science Operations

Marco Landoni

INAF - Brera Observatory
In this talk we will present how Machine Learning and Al-Assisted algorithms, based on fully Bayesian methods,
may help to define the observational strategies of the Habitable Worlds Observatory (HWO) mission by
maximising the scientific returns while making the best possible use of the available observing time.
First, we will put out focus on the proposed fully-bayesian approach for radial-velocity follow up of TESS targets
(e.g. Loredo etal 2012; Burt et al 2018; Cabona et al 2021) and we will review how methodologies for automatic
scheduling will be used, in the next very few months, for ground-based spectrographic instrumentation (where, in
contrast to space-based observations, scheduling needs to take in account also the changing weather conditions,
seeing, etc.) for the European Southern Observatory NTT Son-Of-Xshooter spectrograph (e.g. Asquini et al 2024).

The ability to leverage these algorithms will be relevant not only for an operational mission, which may
still be far in the future, but also for assessing the scientific return on simulated observation plans.
Taking into account the current expected performance of HWO instrumentations and the Bayesian-
informed observation plans computed, it is possible to analytically assess the scientific return expected
from the observations and how synergies between HWO and the next-generation ground-based
instrumentation for extremely large telescopes (such as ANDES for the ESO-ELT) could be developed.

Keplerian Recombination Algorithms: Unlocking HWO'’s Potential to
Detect Earth-Like Exoplanets Around Nearby Stars

Herve Le Coroller

Laboratoire Astrophysique Marseille
We present a summary of the white paper on Orbital Differential Imaging algorithms, presented within
the Coronagraph Concept of Operations and Post-Processing Sub-Group of the Habitable Worlds
Observatory. Orbital motion cannot be neglected during the extended exposure times (>10 hours)
required for HWO to detect Earth-like planets around nearby stars (<20 pc). Keplerian-Stacker was the
first algorithm capable of detecting planets moving along their orbits across a series of observations, even
when their orbital parameters are entirely unknown and their signal-to-noise ratio (S/N) is below 3 per
individual epoch, making them undetectable in single exposures.
In recent years, advanced Keplerian-stacker algorithms have been developed. For instance, "Octofitter”
employs multi-technique MCMC approaches to combine direct imaging with interferometric observables,
absolute radial velocities, and proper motion anomalies, even in the absence of confirmed detections in
individual epochs. The “PACOME” algorithm applies Keplerian recombination to PACO maps, which
better model the noise to establish robust detection limits. We will discuss astrophysical results obtained
using these algorithms for systems such as Alpha Cen A, Epsilon Eridani and HR8799.
These algorithms impose no stringent instrumental constraints; on the contrary, they relax requirements
by enabling extended exposure times while accounting for orbital motion. They can detect planets
without prior knowledge of orbital parameters and are compatible with any high-contrast imaging
techniques (e.g., ASDI, RDI, PDI, CDI). Finally, Keplerian recombination algorithms will be essential for
detecting biosignatures with the HWO.
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Determining the Presence of Oceans on Habitable Zone Rocky Planets

Jacob Lustig-Yaeger
JHU APL

How common are oceans on habitable zone rocky planets? Large bodies of water on a planetary surface
stabilize temperate and climate. Current understanding of life suggests that such planets are ideal places
for life to arise. Surface expressions of life also facilitate remote detection in a way that an icy shell does
not (e.g., Europa). A key science case for the Habitable Worlds Observatory (HWO) therefore is to
determine which exoplanets host surface liquid water. Aside from its implications for planetary climate
and astrobiology, detecting surface water on terrestrial exoplanets would place important constraints on
theories of planet formation and volatile delivery. We review the two primary avenues for detecting
surface liquid water on exoplanets: spatially mapping planetary surfaces, and detecting ocean glint. Both
techniques for identifying surface water rely on precise, time-resolved measurements of a planet’s
reflectance. Mapping leverages planetary rotation to scan the planet and therefore requires sufficiently
high cadence measurements to ensure completeness over a range of rotation periods and variability
amplitudes. Glint detection, meanwhile, requires observations at multiple orbital phases, including
crescent phase where surface liquids exhibit mirror-like reflection. Finally, we will describe several key
observational requirements for HWO to make progress on this critical exoplanet habitability science case.
This collaborative effort has been detailed in the “Searching for Surface Liquid Water” HWO Science Case
Development Document (SCDD) written by the Characterizing Exoplanets sub working group.

Very High Precision Astrometry for Exoplanets and Dark Matter with

HWO

Fabien Malbet

Univ. Grenoble Alpes
Astrometry, one of the oldest branches of astronomy, has been revolutionized by missions like Hipparcos and Gaia,
which mapped billions of stars with extraordinary precision. However, challenges such as detecting Earth-like
exoplanets in nearby habitable zones and probing the influence of dark matter in galactic environments require
sub-microarcsecond accuracy.
The Habitable Worlds Observatory by NASA, offers a path forward. With a 6.5-8 meter large-aperture telescope
operating across at visible wavelengths, HWO can combine astrometry and direct imaging to detect rocky
exoplanets within 10 parsecs and study their atmospheres. Its high-resolution imager, achieving a point-spread
function (PSF) precision of 14 milliarcseconds, and equipped with a detector calibration system can detect and
measure the orbit of Earth-mass planets in the habitable zone of Nearby Solar-type stars and can offer insights into
dark matter distribution through the study of stellar motions in galactic environments.
The visible channel of the instrument features a large CMOS-based focal plane with stitched pixel arrays,
enabling a large field of view. The "Detector Calibration Unit" system uses interferometric laser fringes to
calibrate pixel positions. Using differential astrometry and pointed observations with a stable telescope
design enables extended integration times, enhancing sensitivity to sub-microarcsecond precision for

detecting exoplanets and studying dark matter through stellar motion.

Exploring Cosmic Ecosystems with POLLUX, a High Spectral Resolution
Spectropolarimeter for the Habitable Worlds Observatory

Frédéric Marin
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Astronomical Observatory of Strasbourg

Galaxies, their environments, and the intergalactic medium form a vast and dynamic ecosystem, where
gas, dust, magnetic fields, and radiation interact across cosmic time. The UV-optical-NIR
spectropolarimeter POLLUX, to be proposed for the Habitable Worlds Observatory by a European
consortium, will provide unprecedented insights into these cosmic ecosystems by resolving the physics
of the interstellar, circumgalactic, and intergalactic media, tracing the impact of feedback from galaxies
and AGN, and probing the early Universe. In this talk, I will highlight how POLLUX’s spectropolarimetric
capabilities, with no equivalent planned for any future large-scale telescope or space mission, will
transform our understanding of gas accretion onto compact objects, dust chemistry at many scales,
galactic outflows, and feedback from the hear of galaxies to their surroundings.

Focal Plane Waverfront Sensing, CDI, and SDI at High Spectral Resolution:
Validating Key Wavefront Control and Post-Processing Techniques for
HWO at the NEW Earth Laboratory

Christian Marois
National Research Council of Canada

[ will present ongoing high-contrast imaging research at the National Research Council of Canada’s NEW
EARTH Laboratory, using the SPIDERS pathfinder. SPIDERS is a near-infrared focal plane adaptive optics
system equipped with an ALPAO deformable mirror, a FAST APLC focal plane coronagraphic mask, a self-
coherent camera, an imaging Fourier Transform Spectrograph (iFTS), a SAPHIRA-based camera, and nm
RMS optics. While SPIDERS is designed as a second-stage system for the Subaru AO3K system, it is
currently being used in the laboratory to study high-contrast speckle chromatic behavior at spectral
resolutions of up to R20,000. Our work evaluates the gains of Spectral Differential Imaging (SDI) and
Coherent Differential Imaging (CDI) at extreme contrast—key observational methods and post-
processing techniques under consideration for HWO to achieve its 1E10 contrast goal. I will also outline
our plans to develop a second-generation, HWO-focused laboratory instrument aimed at further
improving contrast capabilities and supporting team R&D efforts at ~1E9-1E10 contrast. Finally, I will
introduce our preliminary STARLITE instrument concept—an evolution of our current research—
designed for existing 10-meter and future 30-meter ground-based telescopes, with the potential to
support HWO 1E10 science goals.

Electrospray Microthruster Technology for an Ultra-Stable Observatory

Colleen Marrese-Reading
NASA JPL

Electrospray microthruster attitude control is a highly scalable flight demonstrated low disturbance system
technology to enable ultra-stable telescopes. Electrospray thrusters emit and accelerate charged particles to create
thrust with high precision and low noise. The colloid micronewton thruster (CMT) technology and performance
model was validated in flight on the LISA Pathfinder (LPF) spacecraft at 5-30 pN thrust range with 9 emitters and
0.1 pN precision, demonstrating drag-free operations and attitude control with nanometer position stability and
less than 0.1 uN/EHz thrust noise for >2400 hours. To image exoplanets, observatory and contrast stability is a
key requirement. Contrast and observatory stability can be addressed with ultra-stable structures and disturbance
isolation and reduction using flight-proven colloid (electrospray) microthrusters. An independent study by the
NASA Engineering and Safety Center, “Application of Micro-Thruster Technology for Space Observatory Pointing
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Stability,” has shown that colloid thrusters on segmented and monolithic mirror telescopes achieved 10x better
pointing stability performance than Hubble Space Telescope, which is required for imaging exoplanets, while
reaction wheels alone cannot. Since LPF in 2015-2017, the Busek electrospray thruster design has been improved
for lifetimes greater than 5 years. The NASA EXEP Program is supporting a long duration test of the scalable CMT
design to verify lifetime capability and life model development and validation. This presentation will provide a
review of the status of the highly scalable CMT technology and validation for long duration missions.

Green Sea Hypothesis: The Coevolution of Earth and Life, and Its

Implication for Surface Habitability and Biosignatures

Taro Matsuo
U. Osaka

Carl Sagan described Earth as a “pale blue dot,” as seen by Voyager 1 from 6 billion kilometers away. This
blue hue results from Rayleigh scattering of sunlight in the atmosphere combined with the reflection
from the oceans, symbolizing Earth as the cradle of life. But does a blue hue alone indicate a planet’s
potential to support life?

Over 4.5 billion years, Earth’s surface has been reshaped by both geological forces and life.
Cyanobacteria—the first oxygenic photosynthetic organisms—used sunlight to split water, releasing
oxygen and triggering the Great Oxidation Event (GOE) around 2.4 billion years ago. This pivotal event
paved the way for aerobic life. However, how cyanobacteria thrived in the Archean Earth remains
unclear. Here, we propose the "Green Sea Hypothesis," which describes the co-evolutionary relationship
between oxygenic phototrophs and light environments that defined the aquatic landscape of the
Archaean Earth. We hypothesize that during the Archean era, the underwater light spectrum was
predominantly green due to the precipitation of oxidized iron. The evolution of photosynthesis may have
been driven by the need to harness green light, and cyanobacteria may have thrived in this green-light
environment. This hypothesis was supported by experiments simulating Darwinian evolution and
molecular phylogenic analyses. This hypothesis suggests that a green color may serve as a marker of a
distinct evolutionary stage on inhabited planets, potentially indicating early surface oxidation before the
GOE. In this presentation, we present how the Green Sea Hypothesis could help the Habitable Worlds
Observatory in its search for life on distant planets.

Apodized Vortex Coronagraph for the Habitable Worlds Observatory

Dimitri Mawet
Caltech

The Apodized Vortex Coronagraph (AVC) integrates pupil-plane apodization to suppress segmentation-induced
diffraction and is a leading candidate for high-contrast imaging on future flagship segmented observatories.
Selected as the baseline coronagraph for LUVOIR-B and as a pipe-cleaning coronagraph for the Habitable Worlds
Observatory (HWO), the AVC achieves ~5e-9 raw contrast over a 10% bandwidth in the lab but must be further
optimized to meet the stringent ~1e-10 contrast requirement of HWO.
We present the optimization process for the Amplitude Apodized Vortex Coronagraph (AAVC) for HWO'’s
exploratory analytical cases one and two (EAC 1 & 2), along with its performance and sensitivity analyses to
various aberrations. Additionally, we evaluate the predicted scientific yield of the AAVC across HWO apertures
using the Framework for Remote Implementation of Demand-based Altruistic Yields (FRIDAY). Our results inform
the path toward advancing AVC technology readiness for direct exoplanet imaging.
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Atmospheric Characterization of Cool Gaseous Planets with HWO
Michiel Min
SRON Netherlands Institute for Space Research, NL

Giant planets are so far the best studied extrasolar planetary mass objects, but currently the types of
giant planets we can study in detail are limited. Current observations of the composition of planetary
atmospheres are mostly restricted to very close-in, transiting planets or massive, young, giant planets at
wide separations. Exoplanets at similar temperatures and orbital separations to the solar system gas
giants are inaccessible with current technology, but present an exciting target for HWO. We already know
from the Solar System giants that no two planets are the same. Understanding what causes the variations
in atmospheric properties and how this extends to objects different from the ones we have in the Solar
System provides key information on planet formation, evolution and atmospheric dynamics. In this
contribution we present the possibilities to characterise the atmospheres of cool gas-giant planets with
HWO in reflected light. We will discuss the gas-composition accessible to HWO and the possibility to
constrain condensational clouds with spectroscopy and polarization observations. We discuss how we
can investigate correlations between aerosol properties, the irradiation environment and potential
intrinsic temperature of the planet. For a subset of exoplanets we will be able to obtain time-resolved
spectroscopy, providing additional insight into the weather systems and general atmospheric dynamics.

This work is based on the SCDD ‘Direct imaging characterization of cool gaseous planets’ created by the
‘Characterizing exoplanets’ working group.

Supermagnified Stars in Lensing Clusters and Small-Scale Structure in the

Dark Matter

Jordi Miralda-Escudé
University of Barcelona

Supermagnified stars, discovered by HST and JWST in lensing clusters of galaxies, are luminous stars in
source galaxies near the lensing caustics that are magnified by large factors (~ 1000) to make them
detectable at cosmological distances. Intracluster stars in the cluster modify the large-scale caustic into a
corrugated network of microcaustics, causing frequent microlensing events of the supermagnified stars.
Any additional small-scale irregularity in the cluster mass distribution modifies the microcaustic
network, offering an opportunity to discover small-scale fluctuations in the dark matter density in lensing
cluster halos. Furthermore, the disks of supermagnified stars can be resolved (at cosmological distances!)
by careful observation of the lightcurves in microcaustic crossing events. We show examples of model
lightcurves to fit the observations of Kelly et al. (2018) of the first supermagnified star discovered. We
discuss the tremendous potential of the Habitable Worlds Observatory to discover and analyze
microlensing events of supermagnified stars to unravel any small-scale structure that may be present in
the dark matter, an observation which is not accessible by other means at present.

Revealing the Redshift Evolution of Dust Attenuation in Galaxies with
HWO

Kalina Nedkova
The Johns Hopkins University
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The build up of stars in most galaxies is believed to occur through inside-out growth, where galaxies
grow their central regions first and their outskirts later on. This is supported by measurements of larger
galaxy sizes in the rest-frame UV than optical, as the UV traces recent star-formation while the optical is
sensitive to older stellar populations. However, dust attenuation complicates the interpretation of such
observations. [ will share recent comparisons of mock galaxies from the VELA simulations to UV and
optical HST observations showing that when the effects of dust are included in the simulations, massive
disk galaxies (>10”10 Msun) are typically much larger in the rest-frame UV, consistent with observations.
However, if dust is removed, the difference between the rest-frame UV and optical sizes of disk galaxies is
consistent with zero. Robust models describing light attenuation due to dust in galaxies are hence
essential for accurately measuring galaxy properties, but current models are cripplingly incomplete. With
its large field of view and high-resolution imaging capabilities at UV-to-optical wavelengths, the Habitable
Worlds Observatory (HWO) will provide fundamental insight into how dust properties and dust
attenuation curves vary across large samples of galaxies and which intrinsic galaxy properties (e.g.,
stellar mass, inclination, structure, and star-formation rate) drive attenuation variation. Moreover, HWO
will enable exploring dust extinction on smaller scales than ever before. This is necessary for informing
more accurate and versatile prescriptions of dust attenuation as a function of cosmic time that are vital
for advancing our understanding of how star formation occurs in galaxies at different epochs.

The Pollux Instrument for HWO: A High-Resolution Spectropolarimeter
from the Far-UV to the Near-IR

Coralie Neiner

Paris Observatory
Pollux is a high-resolution spectropolarimeter working from 100 nm to 1.6 microns proposed for HWO by a
European consortium. Pollux will allow us to study stellar and (exo)planetary systems, as well as cosmic
ecosystems. For example, Pollux will provide new insights on exoplanet formation and evolution, characterization
of the atmospheres and magnetospheres of stars and planets, and star-planet interactions. It will also allow us to
resolve narrow UV emission and absorption lines, enabling us to follow the baryon cycle over cosmic time — from
galaxies forming stars out of interstellar gas and grains, and planets forming in circumstellar disks, to the various
forms of feedback into the interstellar and intergalactic medium — and from active galactic nuclei. The most
innovative characteristic of Pollux is its unique spectropolarimetric capability in the UV, which will open a new
parameter space. Its very high spectral resolution (~60000 to ~120000) and stability over a very large wavelength
range will also be a major asset. We will summarize the main scientific drivers of Pollux and present its current
design, technological challenges, and the Pollux consortium organization.

Small Bodies and Moons as Probes of Formation and Evolution of the
Solar System with Habitable Worlds Observatory

John Noonan
Auburn University
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HWO's unprecedented sensitivity to atomic and molecular species between 100-2500 nm will enable
comparative planetology for small bodies, dwarf planets, and moons, the most numerous components of
our solar system. Comparative planetology via isotope geochemistry and elemental abundances has
played a critical role in advancing our understanding of the inventories of volatiles and organics in the
atmospheres of solar system bodies. For example, isotopic measurements taken at Titan via in situ mass
spectroscopy have shown that while the presence of atmospheric methane is relatively recent to the
moon, appearing in the last billion years, much of the ammonia sources from the protosolar nebula. Such
measurements improved interpretations of observed abundances and provided key constraints on the
origin and evolution of Saturn’s icy moon and the relevant accretion timescales.

Remote and in situ observations of small bodies throughout the solar system -collected from spacecraft
and Earth-based observatories- serve as a powerful diagnostic tool that takes advantage of the
population’s large sample size. Future HWO isotope and composition measurements of these small
bodies, when placed in context with those of Jupiter, Saturn, and their moons, provide key chemical and
thermal insights into the formation of giant planets and the primordial conditions of the early Solar
System. HWO will provide groundbreaking UV-NIR observations of small bodies, offering unprecedented
sensitivity to tenuous atmospheres and faint surfaces while preserving the ability to probe neutral
reservoirs and their properties. Building on JWST's observations of the small body population, HWO will
redefine our understanding of the composition and evolution of the building blocks of the solar system.

Constraining the Baryon Cycle with Damped Ly-alpha Absorbers and a UV
Integral-field Spectrograph at HWO

Grecco Oyarzun

The Johns Hopkins University
Damped Ly-alpha Absorbers (DLAs) probe the high column density HI gas associated with star formation. Thus,
connecting the physical properties of DLAs with those of the population of galaxies detected in emission has been a
major goal of observational studies for over 30 years. In this talk, I will introduce the largest search for the galaxies
associated with DLAs to date: a multi-year survey utilizing the integral-field spectrograph KCWTI at the Keck
telescopes to search for Ly-alpha emission around ~60 DLAs. So far, we have detected ~25 Ly-alpha emitters
within 100 projected kpc of ~45 DLAs at z=2-5. We find that these Ly-alpha emitters are often at large impact
parameters (> 40 kpc), highlighting that (1) spatially resolved spectroscopy is necessary to associate DLAs with the
population of galaxies detected in emission and (2) DLAs probe the circum-galactic medium (CGM) of galaxies. In
this context, [ will discuss how an integral-field and/or multi-fiber spectrograph at the HWO has the potential to
revolutionize this field by providing sensitive spectroscopy in the nearUV at moderate resolutions (e.g. R~2000)
within adequate fields of view (e.g. 0.5' x 0.5") . These specifications will enable (1) connecting HI gas and UV
emission from galaxies at z<2 and (2) constraining the properties of HI gas in absorption through spectroscopic
observations of quasars.

Exploring the Quiescent Black Hole Population of Nearby Galaxies with
HWO

Fabio Pacucci
Harvard-Smithsonian Center for Astrophysics
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This presentation describes the SCDD from the HWQ's AGN Steering Committee aimed at detecting
quiescent massive black holes at the center of local galaxies. Using its exquisite angular resolution, we
show how HWO can detect the presence and measure the mass of thousands of quiescent black holes
hosted in local galaxies, up to ~10-20 Mpc of distance. By probing spatial scales compatible with the
sphere of gravitational influence, HWO is posed to expand the discovery space of such systems
enormously and study in detail the relation between stellar mass and black hole mass for local dwarf
galaxies. This will immensely extend the discovery space currently available with HST and JWST.

The Search for Life on Potentially Habitable Exoplanets

Niki Parenteau
NASA AMES

In recent years, astronomers have constrained the frequency of rocky planets orbiting in their stars’
habitable zones, but we do not yet know the frequency of worlds that actually host habitable conditions
or life. The Habitable Worlds Observatory (HWO) will be the first facility ever designed to address the
millennia-old question “Are we alone?” The Living Worlds Working Group (LWWG) convened to identify
biosignatures that might be observable to HWO, define their measurement requirements, determine
additional information needed from the planet and planet system to interpret biosignatures in a false +/-
framework, assemble current knowledge of likely HWO target stars, and identify which properties of host
stars and systems are most critical to know in advance of HWO. This talk will present key findings from
the LWWG's efforts to constrain observatory parameters relevant to the search for life, guided by
observable biosignatures and habitability indicators of Earth over its inhabited geologic history. In
particular, spectral retrievals revealed that a wavelength range of ~0.25 - 1.7 um provides access to the
aforementioned biosignatures, habitability markers, and false positive indicators. A more restricted
wavelength range would run the risk of missing key biosignatures or information needed to rule out false
positives. The Astro2020 Decadal Survey recommended that HWO be capable of observing 25 potentially
habitable planets, and we considered the constraints that could be placed on the distribution of life in our
galaxy depending on the number of planets observed. HWO will place the first robust upper limit on the
frequency of global biospheres in the universe. No matter what it discovers, HWO will teach us something
profound about our place in the universe.

Ground- and Space-Based Astronomy in the 2030s/2040s

Rob Petre
NASA GSFC

In this talk we present results from one of the HWO Community Working Groups, in which we place HWO
in the context of ground- and space-based observatories and missions expected to operate in the
2030s/40s. We summarize outputs from our community-driven mission database, which outlines the
science goals and capabilities of observatories and missions expected to operate during the time that
HWO flies. We use this information to enable identification of synergies with HWO and these other
facilities, and identify those capable of conducting HWO precursor science.
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Cold Ocean Planets: Exoplanet Analogs of Our Solar System’s Icy Moons?
Lynnae Quick
NASA GSFC

We have calculated total internal heating rates and depths to possible subsurface oceans for 17 planets
that were previously characterized as rocky worlds but that are best described as Cold Ocean Planets.
These low-mass exoplanets have equilibrium surface temperatures and/or densities that are consistent
with icy surfaces and a substantial H20 content. While all planets in our study are likely to be covered in
ice, estimated internal heating rates from tidal and radiogenic sources are large enough that they may
harbor internal oceans and exhibit explosive cryovolcanism in the form of geyser-like plumes at their
surfaces. Several of the icy moons in our solar system may thus serve as small-scale analogs of the Cold
Ocean Planets in our study. We find that geological activity rates on these worlds are likely to exceed
geological activity rates on Jupiter’s moon Europa and that several planets are likely to experience
enhanced geological activity that exceeds that on [o. Owing to these planets’ thin ice shells, their expected
high rates of internal heating, and their potential for tidally-induced explosive cryovolcanism, the
identification of water vapor absorption features, especially given the expected time-variability of water
vapor output during eruptions, could allow for the detection of geyser-like plumes on Trappist-1f,
Proxima Cen b, and LHS 1140 b. Our study suggests that Cold Ocean Planets are habitable worlds at
which the detection of explosive cryovolcanism could serve as indirect evidence of the presence of oceans
beneath a layer of surface ice. Analyses of observational data from next-generation space telescopes and
upcoming ground-based extremely large telescopes, and designs for future telescopic missions, should be
undertaken with these results in mind.

Active Controled Parabolic Membrane Mirrors for Very Large Space

Telescopes

Sabastien Rabien

Max Planck Institute for Extraterrestial Physics
Next generation space telescopes for exoplanet research or many other forefront science cases will demand very
large apertures. In order to store the large telescope in a launch fairing and deploy and precisely shape it in orbit,
we have developed a way to produce thin parabolic membranes that can serve as extremely light weight primary
mirrors. Those mirrors are flexible enough to be compactly rolled up for storage and launch. This packaging
method allows to deploy a circular round aperture without segments, resulting in a clean point spread function
being less affected by gaps and diffraction. The scalable production method of these optical quality membrane
mirrors will allow to realize diameters of many meters, entering a regime where very large filled ap ertures for
space missions are within reach. We combine this mirror technology with a novel radiative adaptive optics
method, utilizing a spatially controlled irradiance. This method allows to precisely shape the surface figure by
locally changing the curvature, given the feedback from a wavefront sensor and a closed loop control. Utilizing our
30cm prototype membrane mirrors we have shown that we can control the reflected wavefront down to 30nm
RMS, bringing us already into the regime of a visible light diffraction limited telescope. With a quiet vacuum and
dark space environment we expect an even better performance of this method. We will present the status of the
project and our further progress in understanding the behavior under space conditions as well as deployment
options and the status of the experimental work with new prototypes that are currently under development.
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Coherent Differential Imaging for the Habitable Worlds Observatory:

Overview and Outlook

Susan Redmond
NASA JPL

The Habitable Worlds Observatory (HWO) introduces new challenges for post-processing directly
imaged exoplanet datasets. With its increased sensitivity to observatory stability and increased resolving
power, traditional post-processing techniques may no longer be valid. When directly imaging an
exoplanet, the residual starlight speckles are mutually incoherent with the planet light and the two add in
intensity. Coherent Differential Imaging (CDI) leverages this mutual incoherence to generate an estimate
of the coherent light in the science image. The estimate of the coherent light can be subtracted from the
science image to extract the planet signal. CDI is advantageous since it creates a reference library of the
residual starlight speckles during science observations, does not require slewing the observatory, and
contains wavefront error drift information. The Concept of Operations and Post Processing Working
Group has compiled the published CDI methods and generated a preliminary set of simulations to enable
an equitable comparison of the different methods. We present the pros and cons of each method as well
as potential limitations of the concept as a whole.

UV Spectroscopy with the Habitable Worlds Observatory: Transformative

Views into the First Stars

Ian Roederer
NC State University

No metal-free "first stars" have yet been found. Their nature and end states can be studied indirectly by
observing the chemical elements they produced in the second generation of stars. These stars are found
today as the most metal-poor stars in the Milky Way halo, bulge, and dwarf galaxies, with metallicities
[Fe/H] < -5. High-resolution optical and infrared spectra of these metal-poor stars enable detection of
only limited numbers of elements, including carbon, calcium, and sometimes nitrogen, sodium,
magnesium, titanium, and iron. In contrast, high-resolution ultraviolet (UV) spectra have the potential to
enable detection of many more, including aluminum, silicon, phosphorus, sulphur, scandium, vanadium,
chromium, manganese, cobalt, nickel, copper, and zinc. Stars with [Fe/H] < -5 are known, but they are too
faint for observations with the Hubble Space Telescope, yet the Habitable Worlds Observatory (HWO) UV
spectrograph would be able to observe any of these stars. UV spectra would also enable the detection of
metals when their abundances are many orders of magnitude lower than levels detectable from optical
spectra alone, perhaps as low as [Mg/H] < -10, [Si/H] < -7.5, and [Fe/H] < -9. The HWO UV observations
would provide unprecedented constraints on the nucleosynthesis channels that operated during the lives
of the first stars, the supernova explosions that dispersed the first metals, and the first stellar-mass
compact remnants in the Universe.

Understanding the Cosmic Build-up of Dust with HWO UV Spectroscopy

Julia Roman-Duval
STScl
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The cycle of metals between the gas and the dust phases in the neutral interstellar medium (ISM) is an
integral part of the baryon cycle in galaxies. The resulting variations in the abundance and properties of
interstellar dust have important implications for how accurately we can trace the chemical enrichment of
the universe over cosmic time. In this talk, I will describe how multi-object UV spectroscopy with HWO
can provide the large samples of abundance and dust depletion measurements needed to measure how
the abundance and properties of interstellar dust vary within and between galaxies, thereby
observationally addressing important questions about chemical enrichment and galaxy evolution.
Medium-resolution (R~50,000) spectroscopy in the full UV range (1000-2400 A) toward massive stars in
local volume galaxies (D < 15 Mpc) will enable gas- and dust-phase abundance measurements of key
elements, such as Fe, Si, Mg, S, Zn. These measurements will provide an estimate of how the dust
abundance varies with environment, in particular metallicity and gas density. However, measuring the
carbon and oxygen contents of dust requires very high resolution (R > 100,000) and high signal-to-noise
(S/N > 100) owing to the non-saturated UV transitions for those elements being extremely weak. Since
carbon and oxygen in the neutral ISM contribute the largest metal mass reservoir for dust, it is critical
that the HWO design include a grating similar to the HST STIS H gratings providing very high resolution,
as well as FUV and NUV detectors capable of reaching very high S/N.

Effect of Wavefront Drift on PSF Post-Processing Approaches

Natalia Sanchez-Soria
University of Rochester

The contrast level that can be achieved by a coronagraph instrument, such as the one in the Habitable Worlds
Observatory (HWO), is limited by optical aberrations. These errors result in additional starlight in the dark zone
which complicates exoplanet detection. Adaptive optics techniques are generally used to correct most of these
errors, but post-processing of focal-plane images is essential for further reducing residual starlight. Point-spread
function (PSF) subtraction techniques consist of obtaining an estimate of the aberrated stellar PSF, and then
subtracting it from a target image containing both planet and starlight, yielding a final image with a higher
contrast. Telescope stability is important during both the estimation and imaging processes. The goal of this work
is to compare several common PSF subtraction methods under varying amounts of wavefront drift, in order to
understand the limitations and stability required to deploy these techniques. We simulated three PSF subtraction
methods: reference star differential imaging (RDI), angular differential imaging (ADI), and pairwise-probing
coherent differential imaging (PWP-CDI). We performed these simulations using an amplitude-apodized vortex
coronagraph (AAVC) design for the HWO Exploratory Analytic Concept 1 (EAC-1) concept design. We included
pupil-plane phase aberrations with a tunable drift rate, consisting of Zernike aberrations and segment
misalignments. Our simulations indicate that (1) segment alignment drift has a larger effect on the results than
other aberrations do, (2) ADI performance is superior to RDI and PWP-CDI for the same total observation time and
drift rate, and (3) all methods require picometer-level segment alignment stability to achieve residual starlight
levels below 1e-10 contrast.

Detector Developments for UV Space Missions

Jesper Skottfelt
The Open University, UK
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The success of many future space telescope missions depends on high-performing sensors capable of
detecting in the UV band. The Centre for Electronic Imaging at The Open University, UK, is undertaking a
program of development and testing of UV detector technologies to meet these mission requirements.
This includes testing and derisking of UV enhancement technologies, testing and optimising the next
generation of CMOS image sensors, and developing new photon-counting sensor technologies. The latest
results from this programme of work will be presented in this paper.

Due to the short absorption length, UV photons are predominantly absorbed by the dead layer in the first
few nanometres of a silicon device. Specialised UV enhancement technologies are therefore needed to
attain a good quantum efficiency (QE) in the UV band. A test program of different UV coating and
enhancement technologies, including the 2D-doping technique from NASA/JPL, has been performed to
evaluate how these compare on a range of electro-optical and manufacturing parameters. This includes
UV QE results from visible wavelengths to below 100 nm.

Through our close collaboration with Teledyne e2v, we are testing and optimising the new CIS300 series
detectors and show results from an electro-optical testing and space qualification test bench.

Additionally, this paper details the development of a new CMOS test-chip, manufactured in the spring of
2025. This device includes several innovative pixel designs, including a photon-counting pixel variant,
which could potentially be included as a pixel variant for future versions of the CIS300 detector family.

Echoes of the First Galaxies: Massive Stars in Extremely Metal-Poor

Environments with HWO

Peter Senchyna
Carnegie Observatories

As JWST and other facilities push the frontier of galaxy observations towards ever higher redshifts and
lower mass scales, and gravitational wave detectors continue to build-up samples of compact object
binaries formed near cosmic dawn, our understanding of an increasingly large swath of astrophysics will
be fundamentally limited by our lack of understanding of metal-poor massive stars. The fingerprints of
primordial massive star populations lie everywhere, from the earliest phases of chemical enrichment to
the nebular emission signatures that provide some of our most important tracers of early galaxies. Yet
despite their importance, we know remarkably little for sure about these stars, beyond a series of clues
that strongly suggest the physics governing them (from their winds, to their maximum mass, and the
impact of interacting companions) differ substantially from theoretical predictions (see talks by C.
Hawcroft and R. Rickards Vaught). We need a dramatic paradigmatic shift in our understanding of these
enigmatic near-primordial stellar populations; and _only_ HWO can enable this. By providing direct UV-
optical spectroscopic access to resolved >50 Msun stars well below the metallicity of the SMC in [Zw18,
HWO will uniquely constrain the detailed physics governing the stars that shaped the early Universe. This
talk will describe the context and walk through the details and development of an HWO science case
centered on IFU / multiplexed spectroscopic study of this crucial stellar population, which alongside
other HWO-enabled observations will open a door to a new era of stellar and extragalactic astrophysics.

The Rise of Rapid Neutron Capture Elements with UV Spectroscopy
Shivani Shah

University of Florida
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The rapid-neutron capture (r-) process is one of the fundamental processes responsible for creating
elements heavier than iron, constituting half the periodic table. A major open question is the yields of r-
process elements and the rise of these heavy elements over cosmic time. Unfortunately, real-time
observations of r-process enrichment events have been limited, and even then, they can not lend
extensive yields of individual r-process elements. R-process signatures preserved in metal-poor stars
provide a powerful alternative method to trace the yields and buildup of r-process elements. However,
absorption lines of several key r-process elements like gold, platinum, and tellurium are not accessible in
the optical spectra of stars. In this talk, [ will show how the signatures of 30% of the heavy elements are
accessible only through UV spectroscopy, as available with the Hubble Space Telescope (HST) and in the
future with the Habitable Worlds Observatory (HWO). I will show how the signatures of these elements
have played a key role in constraining nuclear and astrophysical properties of r-process enrichment
events. While HST has been pivotal in enabling this science, extensive r-process inventories using both
UV and optical spectroscopy have been available for only ~10 metal-poor stars. [ will discuss how HWO'’s
sensitivity will be revolutionary in enabling extensive r-process inventories of 10*2-10”3 new stars,
providing an unprecedented view into the physics and properties of r-process enrichment events, as well
as the rise of almost all heavy elements over cosmic time.

Resolving Individual Stars in Nearby Large Galaxies with the Habitable
Worlds Observatory

Adam Smercina
STScl

The varied and dynamic evolutionary histories of galaxies give rise to the stunning diversity in their
properties that we observe in the present-day universe. Inferring these histories requires accessing the
information encoded in their longest-lived visible components: stars. Individual stars are exceptionally
faint at the distances of external galaxies, and require powerful telescopes, with sharp imaging, to detect
them. HST, and now JWST, have pioneered the study of resolved individual stars in the Milky Way and
Local Group, uncovering the drivers of their morphological, star formation, and chemical evolution. HWO
will constitute a paradigm shift: introducing the ability to resolve the main bodies of every galaxy in the
Local Volume into their constituent stars. I will summarize the breakthrough potential of HWO to study
galaxies in the nearby universe at a similar level of detail to our current understanding of the Milky Way.
HWO will transform our understanding of galaxies in three distance regimes: (1) in the nearest galaxies
(~5 Mpc), where it will enable precision stellar astrophysics and star formation history (SFH) inferences
to the earliest cosmic times; (2) in the greater Local Volume (~20 Mpc), where it will provide access to
accurate SFHs for hundreds of galaxies, spanning the entire Hubble Sequence; and (3) out to cosmological
volumes (~50+ Mpc), providing access to the luminous stellar populations in thousands of galaxies, and
enabling unprecedented views of their structure, chemical abundances, and dust content. With a next-
generation high-resolution camera, HWO will revolutionize our understanding of galaxy evolution by
resolving the individual constituent stars in thousands of nearby galaxies.

The Yield Modeler’s Credo

Chris Stark
NASA GSFC
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The Habitable Worlds Observatory (HWO) will be the first NASA mission with the goal of directly imaging
and characterizing potentially Earth-like planets. The expected scientific yield of these planets is a
prominent driver for mission design and trade studies. As such, it is critical to understand what factors
drive exoplanet yields and how we can capitalize on those factors in the real world. In this talk I will
present the Yield Modeler's Credo: design principles to live by that can help maximize exoplanet yields. I
will show examples of design pitfalls to avoid, identify paths to exoplanet science success, and present an
analysis framework that can guide HWO mission design.

The Starburst/AGN Connection Along the History of the Universe

Thaisa Storchi Bergmann
Instituto de Fisica - Universidade Federal do Rio Grande do Sul

Active Galactic Nuclei (AGN) and Starburst nuclear activity both feed on gas that reaches the nuclei of
massive galaxies, leading to the triggering and feeding of the nuclear Supermassive Black Hole and/or the
formation of new stars. In this talk, I will discuss studies by our group of spectra that show an excess in
the contribution of young stars (ages ~<30 Myr) within the inner kpc of AGN hosts when compared to a
matched control sample of non-active galaxies in the near Universe (z<0.02). We also show that, at
somewhat higher redshifts (z~0.5), many type 1 quasar UV spectra can be better reproduced considering
the contribution of a reddened young starburst. Finally, [ will present some spectral fits of JWST spectra
showing that this seems also to be the case of the Little Red Dots, high Eddington ratio AGN from the first
billion years of the Universe. All of the above points to a strong connection of AGN triggering and feeding
with the formation of stars in the nuclear region of galaxies, but detailed mapping of the phenomenon is
not yet available. The angular resolution of HWO and its sensitivity towards the UV - the wavelength
range in which young stars signatures are more conspicuous, will allow us to validate (or not) the
association between Starburst and Nuclear Activity in galaxies.

Hot Exozodiacal Dust and Its Effect on HWO'’s Performance

Thomas Stuber
University of Arizona

Hot exozodiacal dust is composed of dust grains located within the 1au proximity of their main-sequence
host star. Even though ~20% of the surveyed main-sequence stars exhibit this phenomenon, the
underlying physical mechanisms are poorly understood.

Nonetheless, the dust poses a significant challenge for reaching the main science goal of HWO: the
detection of an exo-Earth.

As the dust grains are predominantly submicrometer in size, they effectively scatter stellar light. Thus, as
the dust is located at fractions of the inner working angle of coronagraphs, it will cause increased
coronagraphic leakage. Furthermore, the dust grains might traverse the habitable zone, either while
migrating inward or outward when leaving the system due to radiation pressure. There they can add
confusion in the regions where exo-Earths are hoped to be detected.

[ will present the current knowledge about the hot dust phenomenon, how it can affect HWO's
performance, and the knowledge gaps we need to address to mitigate these issues.

Page | 49



Habitable Worlds Observatory Wavefront Sensing and Control: Methods
for Ultrastability

Jon Tesch
NASA JPL

Coronagraphic observations planned for the Habitable Worlds Observatory (HWO) will only be
possible if the telescope and coronagraph optics can be made ultra-stable, with the goal of limiting
changes in contrast during observations to 10-12 or less. Current modeling of the HWO Exploratory
Analysis Configurations 1 and 2 shows that there will be significant thermal and vibrational disturbances
coupling through to the Optical Telescope Assembly (OTA) and Coronagraph optics. This paper presents
Wavefront Sensing and Control (WFSC) methods for EAC-1 and EAC-2 that, with further technology
development, can compensate these disturbances, to limit total wavefront error to the single-digit
picometers to meet this delta-contrast goal.

The paper describes these technologies, including OTA metrology systems that use laser trusses, edge
sensors, and rigid body actuators; coronagraph deformable mirrors, wavefront sensors tracking target
starlight and internal sources; and control loop designs. It identifies multiple possible sensing and control
architectures, combining these devices in different ways. It illustrates operations using Structural-
Thermal-Optical (STOP) model results driving OTA and Coronagraph WFSC loops. It quantifies
architecture performance in terms of wavefront error and contrast stability vs. device performance and
system complexity. The paper also explains the modeling methods used to perform these evaluations. It
concludes by identifying the most performant architectures and flowing down system performance goals
to the various sensing and control devices, as a guide to ongoing technology development planning.

Planetary Defense with HWO

Cristina Thomas
Northern Arizona University

If an asteroid or comet were found to be on a possible Earth impact trajectory, every facility capable of
making observations would be used to collect data for a better understanding of the threat it posed. The
Habitable Worlds Observatory is planned to be the most capable astronomical facility of its time, and its
potential contributions to planetary defense could be considerable. The expected timeframe of
operations for HWO is after the current set of surveys by Rubin Observatory and NEO Surveyor for
potentially-hazardous objects larger 140 meters will be completed, but we can expect that HWO would be
important for continued monitoring of known potential impact hazards and for characterizing the
surfaces and orbits of objects of interest too small and faint to otherwise be observed. We will discuss the
specific likely needs of planetary defense investigations and how they compare to likely or possible HWO
requirements.

Unveiling Intermediate-Mass Black Holes through Reverberation
Mapping with HWO

Vivian U
IPAC

Page | 50



Intermediate-mass black holes (IMBHs) represent a crucial yet elusive link in our understanding of
massive black hole formation. Despite their importance, IMBHs have remained challenging to study due
to limitations in current observational capabilities to isolate the accreting black hole signal from the
dominant host galaxy light. The Habitable Worlds Observatory (HWO), with its large mirror and space-
based UV-optical observing platform, offers a unique opportunity to probe this understudied population
of black holes. Building on the success of past AGN STORM campaigns, a reverberation mapping
campaign using the unparalleled sensitivity and stability of HWO in the UV wavelengths will allow us to
probe closer to the ionizing radiation with higher variability amplitude and lower contamination from
the host galaxy. Our proposed science case of measuring the variability of the central black holes in
nearby low-mass dwarf galaxies may enable transformative understanding of black hole masses,
accretion physics, and scaling relations at low masses. This study will not only shed light on the structure
and dynamics of IMBHs but also contribute significantly to our comprehension of the interplay between
black holes and their host galaxies across cosmic scales.

Detecting Land with HWO Can Rule Out Waterworld O2 Biosignature

False Positives

Anna Grace Ulses

University of Washington
Biosignature searches with HWO will require an understanding of how false positives - that is abiotic processes
mimicking the impact of life on a planet’s atmosphere/surface - can be confidently ruled out. Molecular oxygen
(02) is a widely studied biosignature because of its association with photosynthesis, and the apparent low
likelihood of an O2-rich atmosphere developing on a lifeless world. However, abiotic 02 may still be generated on
habitable zone planets around Sun-like stars resulting in a false positive. One example of which is a waterworld: for
planets with H20 inventories exceeding ~50 Earth oceans, the pressure overburden increases the solidus of the
silicate interior and rapidly terminates crustal production. The cessation of crustal cycling eliminates geological 02
sinks, and 02 builds up in the atmosphere via H2 escape. Fortunately, this false positive would be excluded by
detecting land since there is a predictable maximum limit to topography based on the crushing strength of silicate
rock. To that end, we present simulated reflected light retrievals of Earth-like and waterworld planets and
determine what HWO capabilities will be needed to confidently detect land and rule out this false positive. Land
can be identified by its rising albedo slope in the vis-NIR. We find that detecting land requires at least 0.3-1.1 um
coverage at SNR 20. Observation times in this range are ~253 hours for a 6-meter telescope, and ~96 for an 8-
meter at SNR 20. Critically, we also show that land can still be detected without any prior knowledge of surface
composition. Altogether we demonstrate that given sufficient SNR and wavelength coverage, HWO will be able to
identify the rising surface albedo slope associated with land and rule out waterworld oxygen false positives.

An Al Pathway to Understanding Extrasolar Geochemistry and

Constraining Biosignature False Positives

Andrew Vandenberg
MIT

When HWO launches, it will image Earth analogs, probe their atmospheres, and detect chemicals in apparent
disequilibrium -- a possible sign of life outside the solar system. But must the observed disequilibrium chemistry
be the result of biological activity, or could there be an geological explanation? Depending on the planet's
geochemistry, outgassing of common biosignature gases like 02, 03, and CH4 could mimic biosignatures, so
interpreting these detections requires understanding exoplanetary geology.
Our best probe of exogeology is studying planetary material accreting onto white dwarf stars. Spectroscopy of
white dwarfs accreting planetary material has led to abundance ratios of over 20 elements so far. However, fully
exploiting the this opportunity has been challenging because the standard procedure for measuring abundances
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involves computationally expensive modeling and human-in-the-loop optimization. As a result, even after decades
of observation, relatively few (*30) white dwarfs have measurements of more than 5 elemental abundances.

[ will present cecilia, an Al-enabled system for measuring elemental abundances of white dwarf stars.
Cecilia uses a fast neural network to speed up the computation of model spectra by five orders of
magnitude, enabling rapid elemental abundance measurements. So far, we have analyzed 5 previously
unstudied white dwarfs, but ultimately we plan to apply cecilia to large spectroscopic surveys to study
exoplanet compositions at the population level. The insights gleaned from this analysis (e.g. oxygen
fugacity which predicts outgassing of 02/03, olivine vs pyroxene which predict lifetime of plate tectonics
and protection from solar wind, etc) will help assess possible biosignature false positives with HWO.

MAGPIE - Preparatory Science Surveyor and Technology Pathfinder for
HWO

Dmitry Vorobiev
University of Colorado, LASP

HWO is being designed to be an enabling scientific facility, with supreme effective area, spatial resolution,
and spectroscopic capability. However, HWO's large aperture and high magnification limits its field of
view, making it inefficient for large area surveys, despite its large collecting area and low-background
detectors. Many preparatory science efforts are underway to maximally utilize HWO's capabilities.
MAGPIE (MApping Galaxies with the Pioneer Integral-field Experiment) is a mission designed for
extremely sensitive & efficient observations of emission from the ISM and CGM. With a dual-channel
image-slicer IFS, MAGPIE is able to spectroscopically map a 5’x12’ FoV in the range of 100 - 300 nm, for
emission as faint as ~2e-19 ergs/cm”2/s/A/resel, with a resel of 30x30 arcseconds. During its 1 year
mission, MAGPIE will map the ISM of ~100 star-forming galaxies at z~0.005 - 0.05 with ~25 of these at
the expected surface brightness limits for detecting CGM emission, in key emission lines, including Ly-
alpha, O VI, Si 1V, C1V, CIII], and Mg II. The MAGPIE surveys will be the most sensitive spectroscopic
observations of diffuse gas emission to date, providing an atlas for high resolution follow-up observations
with HWO, which is exquisitely suited for studying the kinematics of the CGM, but not for searching for
these filaments of emission. MAGPIE will also be the first orbital mission to demonstrate two
technologies of key importance to HWO: 1) an FUV image slicer IFS and 2) high reflectivity,
environmentally stable XeLiF mirror coatings deposited at GSFC. MAGPIE will use XeLiF on all of its
optics, including the 28 cm diameter primary mirrors, serving as the first concept-to-flight coating
demonstration in GSFC’s new HWO mirror segment deposition facility.

The Microphysics of Dark Matter with the Habitable Worlds Observatory

Bryce Weding
Washington University in St. Louis

We present a preliminary forecast of the impact of the Habitable Worlds Observatory (hereafter, HWO)
on studying dark matter at sub-galactic scales with static, galaxy-galaxy strong gravitational lenses.
Today, tests of cold dark matter and alternative dark matter models from studying dark matter
substructure in galaxies are limited primarily by the angular resolution of current instruments. HWO's
large (>6 m) aperture and diffraction-limited UV /optical/infrared imaging capabilities will enable the
characterization of substructure at mass scales where predictions among dark matter models diverge,
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thereby providing tighter constraints on the microphysics of dark matter. We build an HWO image
simulation pipeline and assess the impacts of possible design decisions on HWOQ's prospects for
constraining dark matter models with strong lenses. We simulate HWO observations of strong lenses
from the well-studied SLACS and BELLS GALLERY samples, inject subhalo populations assuming various
dark matter models, and evaluate the detectability of these differences. Our pipeline can accommodate
future updates to HWO's design and performance to assess its potential for strong lens science
throughout its development.

Impacts of Correlated Noise on Retrievals of Exo-Earth Atmospheres

Nicole Wolff

UC Santa Cruz
High-contrast images of exoplanets contain speckles, diffraction-limited stellar point spread functions across the
image caused by optical aberrations. Some residual speckles persist even after deformable mirror correction and
post-processing, presenting false positives for planet detection or spectral contamination for atmospheric
characterization. These speckles are correlated both spatially and spectrally. Previous studies of giant planets with
GPI and SPHERE have concluded that the inclusion of an appropriate covariance matrix in atmospheric retrievals
greatly impacts the resulting posterior distributions. Currently, atmospheric retrieval codes for HWO trade studies
generate model spectra in the presence of uncorrelated noise, both instrumental and astrophysical, without
accounting for correlated noise. Here, we present a mathematical model of correlated noise in theoretical exo-
Earth spectra observed by HWO, and the integration of this noise source into forward & inverse modeling tool
rfast. We quantify the impact that various correlation scales have on spectral observables across the UV, visible,
and near-infrared bands. We present retrieval results for various spectral resolutions, signal to noise ratios, and
planetary parameters. Residual speckles may be caused by time-varying or wavelength-varying optical effects, so
these findings are crucial both for the interpretation of future HWO reflected light spectra and for setting
requirements on optical quality, instrument stability, and observing configurations.

Seeing Within the Inner Working Angle of Coronagraphs with Photonic

Lantern Nulling
Yinzi Xin
Caltech

HWO’s optical-wavelength coronagraph will be designed to detect exoplanets in the habitable zone of
solar type stars. However, a coronagraph’s inner working angle scales with wavelength, and most of the
habitable zones accessible by a coronagraph at optical wavelengths will no longer be accessible in the
infrared. For these planets, a nulling interferometry mode operating at smaller separations (~1 A/D) is
necessary for spectroscopic follow-up in the infrared, where molecules like CO2 and CH4 have the
strongest features. The Photonic Lantern Nuller is one potential nulling architecture that uses a mode-
sorting waveguide to cancel out starlight while maintaining planet light, with naturally broadband nulls
that result from the waveguide geometry. We present the instrument concept, laboratory demonstrations
(including wavefront control for dark-zone generation), and preliminary on-sky work at the Subaru
Observatory, and we discuss the anticipated technological hurdles for achieving ultra-deep contrasts for
HWO.

Spatially Resolving the Fundamental Elements of Reionization in Galaxies

Xinfeng Xu
Northwestern University

Page | 53



The reionization of the universe was driven by ionizing photons escaping from galaxies, primarily from
young, massive star clusters formed in the early universe. These clusters are fundamental to
understanding how galaxies contributed to the ionization of the intergalactic medium, yet their
properties and the mechanisms enabling ionizing photon escape remain poorly understood. Current
telescopes lack the spatial resolution, sensitivity, and wavelength coverage required to directly study
these clusters in the needed details. To address these gaps, we propose to have an ultraviolet integral
field unit (UV IFU) instrument on the Habitable Worlds Observatory (HWO). With a spatial resolution of
~ 0.05 - 0.01 arcsec and UV coverage down to 900 Angstrom, HWO will enable robust spatially resolved
studies of young star clusters in low-redshift galaxies, providing measurements of star cluster properties
such as mass, age, metallicity, dust attenuation, and size. Additionally, the proposed HWO/UV IFU
instrument will allow the characterization of the interstellar medium (ISM) and outflowing gas
surrounding these clusters, offering critical insights into the physical environments that facilitate ionizing
photon escape and the role of stellar feedback in regulating this process. By constructing a large sample
of spatially resolved young star clusters through UV observations, we will bridge the gap between local
young, star-forming regions and the extreme environments of the early universe, advancing our
understanding of galaxy evolution and the origins of cosmic ionization. The unparalleled capabilities of
HWO will provide a transformative opportunity to address these key questions and uncover the
fundamental physics of cosmic reionization.

Leveraging Roman Coronagraph Instrument, from Technology
Maturation, Flight Instrument Design, and Tests to Future On-Orbit

Demonstrations for HW

Feng Zhao
JPL

Coronagraph instrument (CGI) on the Nancy Grace Roman Space Telescope (RST) is currently planned to
launch by May 2027. CGI went through a successful technology maturation program started in 2014,
achieved TRL-5 in early 2017 and TRL-6 in late 2020. The flight instrument design also went through
multiple design iterations, scope changes in order to fit in RST mass and volume allocations. Major flight
design trades include coronagraph masks, deformable mirrors, deformable mirror electronics, being star-
shade ready, etc. Flight CGI completed its required verification test campaigns, including performance
verification during thermal vacuum tests in 2024. Test results indicate that CGI meets its design
performance predictions. CGI is now fully integrated with RST. In this paper, we will present historic
overview of CGI's development path, next steps in RST assembly, test, launch and operations.

Pathways to Exoplanet Surface Mapping: JWST Time-resolved High-

contrast Imaging Techniques and Their Potential Applications for HWO

Yifan Zhou
University of Virginia

Time-resolved high-contrast observations pioneer new approaches for characterizing atmospheres of
distant worlds, creating pathways for future exoplanet surface mapping with the Habitable Worlds
Observatory. Our JWST monitoring campaigns of directly imaged exoplanets using NIRCam
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coronagraphic imaging and NIRSpec IFU spectroscopy demonstrate the power of temporal observations
for revealing atmospheric dynamics and cloud patterns through rotational phase mapping.

Our flagship 20-hour dual-band monitoring program of Beta Pic b with JWST's NIRCam coronagraph has
achieved an order-of-magnitude improvement in high-contrast imaging precision over ground-based
facilities, enabling detection of ~1% photometric variability. This breakthrough capability allows us to
map atmospheric features and probe the planet's angular momentum evolution—techniques directly
applicable to future HWO observations of potentially habitable worlds. This breakthrough capability
allows us to map atmospheric features and probe the planet's angular momentum evolution—techniques
directly applicable to future HWO observations of potentially habitable worlds. While JWST targets
young, self-luminous gas giants, HWO will extend these temporal mapping capabilities to reflected-light
observations of temperate terrestrial planets, potentially revealing continental distributions, ocean
coverage, and weather patterns. The lessons learned from JWST's exoplanet monitoring campaigns
provide critical insights into observatory stability requirements, coronagraph performance, and data
processing techniques that will inform HWO's design and operations.

Disturbance-Free Payload Advancements: Next-Generation Vibration

Isolation Technology for HWO

Rodrigo Zeledon
Lockheed Martin

Disturbance-Free Payload (DFP) is a payload vibration isolation and precision pointing system developed
and demonstrated at Lockheed Martin that enables missions with extreme pointing stability
requirements. As a non-contact system, DFP has significant advantages over traditional passive vibration
isolation systems, especially at the lower frequencies that are critical to the Habitable Worlds
Observatory (HWO) mission. Based on high Technology Readiness Level (TRL) position sensors and
voice-coil actuators, DFP provides orders-of-magnitude better vibration isolation than traditional
systems, reduces the settling time following observatory slews, and decouples the payload pointing
performance from the bus attitude control system performance. We provide an overview of DFP, its
working principles, and its unique benefits over conventional vibration isolation systems. We present
recent advancements and enhancements and Lockheed Martin’s approach to increasing the technology
readiness of that DFP system to level 5 or higher.

Direct detection and characterization of exoplanets using imaging

Fourier transform spectroscopy

Jingwen Zhang
UCSB

Habitable Worlds Observatories (HWO) aims at detecting and obtaining reflected light spectra for around
25 habitable planets at optical and near-infrared wavelengths. Integral field spectrographs (IFS) have
been historically baselined for the mission concept. However, multiple studies have revealed that
detector noise is a serious obstacle for such instruments when observing extremely faint targets such as
Earth-like planets. In this talk, [ will present the study of an alternative option, imaging Fourier
transform spectrographs (iFTS), which are less sensitive to detector noise and have several other
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compelling features such as simultaneous imaging and spectroscopy, smaller-format detector
requirements, and variable spectral resolving power.

Our simulations show that while an iFTS is not an efficient option in the visible wavelengths due to
photon noise limitations, it holds potential in the near-infrared (NIR) channels and is more efficient with
the state-of-art NIR detectors. However, if the readout noise is further reduced, the performance of an IFS
will experience a substantial improvement and become more efficient. These results highlight the need
for developments to reduce detector noise to achieve the goal of spectrally characterizing habitable
planets.

Posters

All selected posters can be viewed online in the HWO25 Google Drive

Page | 56


https://drive.google.com/drive/folders/1O4WQId1D14fSf9Qt_crpHclLsBvT_U1Y

	Science
	Technology
	Invited Talks
	Are we alone? The Search for Life with HWO
	For a Fistful of Photons: JPL HWO Testbed Development and Community Participation Plan
	From Local to Cosmic: How the Study of Our Solar System with the Habitable Worlds Observatory Advances the Search for Habitability Beyond
	Coronagraph Design Survey and Performance Analysis for the Habitable Worlds Observatory
	The coronagraph instrument is a critical part of the Habitable Worlds Observatory, tightly coupled to exoplanet science yield, as well as to some of the most challenging requirements, such as contrast and telescope stability. As such, coronagraph perf...
	The Habitable Worlds Observatory Technology Development Plan
	The Habitable Worlds Observatory (HWO) is NASA’s next large space telescope, selected by the 2020 Decadal Survey in Astronomy and Astrophysics to search for and characterize habitable exoplanets while enabling a broad range of transformative astrophys...
	Habitable Worlds Observatory Overall Approach and Progress
	Constraining Galaxy Evolution and Reionization with Deep Rest-UV Imaging
	Emerging Technologies and Designs for Far-UV Integral-Field Spectroscopy on HWO
	Servicing Space Observatories
	HWO Exploratory Analytical Cases and Lessons Learned
	Habitable World Discovery and Characterization: Coronagraph Concept of Operations and Data Post-Processing
	The Roman and HWO Coronagraphs
	The Nancy Grace Roman Space Telescope is scheduled to launch by May 2027 with an onboard Coronagraph Instrument (CI) that will serve as a technology demonstrator for exoplanet direct imaging and spectroscopy in reflected light. The Roman CI will be th...
	Lava Worlds and Beyond: Unveiling the Rocky Frontier of Exoplanets
	In this presentation, I will review the state-of-the-art data from JWST on rocky planets with a focus on short period planets and demonstrate how upcoming missions such as HWO will expand our ability to characterise rocky exoplanets, thus opening a ne...
	From Science to Engineering for HWO
	The science scope of the Habitable Worlds Observatory (HWO) spans a wide range of very different areas: astrobiology, exoplanets, astrophysics, and solar system remote sensing. That complex landscape poses unique challenges for obtaining the quantitat...
	The Potential of Moderate to High-Resolution Spectroscopy for Detecting Biosignatures
	Towards the HWO Astrophysics Instrument Complement: Science Drivers and Capabilities
	Exoplanet Atmospheric Lessons: Revisiting the standard HST picture of transiting planets with new JWST data
	For a quarter of a century, transiting exoplanets have given us our first detailed look into exoplanet atmospheres — thanks in large part to space-based facilities led by the Hubble Space Telescope. With observations of nearly 100 planets ranging from...
	Advancing TRLs of Critical HWO Components at the GSFC Ultra-Stable Structures Laboratory
	HWO Road to Mission Concept Review
	The Habitable Worlds Observatory (HWO), NASA's next flagship mission after Roman, aims to revolutionize astrophysics and seeks to answer questions about humanity's place in the universe. This talk will address the road ahead to the next major mileston...
	Habitable Worlds and Intergalactic Immigration: The Cosmic Baryon Cycle in High Definition
	Reaching Concept Maturity Level 3 on HWO

	Contributed Talks
	System Analysis for a High-Precision, High-Accuracy Astrometric Instrument for HWO
	We present a system analysis for an instrument on-board HWO dedicated to high-precision high-accuracy differential Astrometry with the main science driver to detect Earth-like planets signal around the closest Sun-like stars.
	The error budget provides a breakdown into the main contributors to the sub-microarcsec required error for a single-measurement. Part of this budget is dedicated to the photo-center estimation of both the target and the calibration stars used for diff...
	End-of-mission astrometry requires multiple observations (typically 100) of the same target distributed over the mission lifetime. An assessment of the mission profile is given in order to estimate the percentage of survey time required for astrometri...
	A trade-off for the instrument concept is derived from error budget and mission constraints based on a large visible detector array composed of an assembly of multiple CMOS sensor chips leading to an overall gigapixel focal plane. We studied two main ...
	We assess TRL level and propose a way forward reaching TRL 5 level for key technologies by the Mission Consolidation Review in 2029.
	A 1% Measurement of the Hubble Constant with a Two-Rung Distance Ladder Using the Habitable Worlds Observatory
	Classical Cepheids are pulsating variable stars of intermediate mass whose pulsation period scales with their mean luminosity according to the Leavitt Law. This relation allows for their use as standardizable candles to measure distances to their host...
	Advancement of Concept Maturity Level for a Servicing Architecture for the Habitable Worlds Observatory
	Connecting HWO Polarization Aberrations to Earth-like Exoplanet Yields
	Significant progress in solving these problems requires access to high resolution UV and visible spectroscopy for a large number (50-100) of white dwarf targets. We will review the requirements this places on the performance of HWO and describe the sc...
	High Precision Astrometry for HWO HRI
	We propose to enhance high-precision astrometry for exoplanet detection using the Habitable Worlds Observatory High-Resolution Imager (HRI) instrument. For that we propose to implement an optional high-precision astrometry mode using a switchable diff...
	NASA’s Emerging Technologies for Astrophysics Missions Workshop
	Characterizing Gas Flows through Observations of the Disk-CGM Interface with the HWO
	Gas flows are critical for regulating galaxy growth, yet the pathways for gas inflows and the fate of the outflows are still open questions, as highlighted in the Decadal Survey (Astro2020). The spectroscopic capabilities of the next-generation UV fla...
	Looking Forward to HWO: Technological Perspectives and Advancements by the Italian Astrophysical Community
	The Italian astrophysical community envisioned fundamental advancements in several technological fields dedicated to observational astrophysical research. We propose a bouquet of transformational ideas relevant to UVOIR high-contrast space telescopes.
	In this talk, we will introduce the network and its main research paths from a top-level perspective. The goal is to show-case possible contributions of the Italian community to the HWO activities.
	Concerning the Exoplanet science, we are focusing on several key aspects such as: optimized criteria for target selection, techniques for atmospheric retrieval, circumstellar disks, characterization of planet hosts' properties, including habitability ...
	Concerning the enabling technologies for high contrast, we build on our 20+ years expertise in the developments for 8m and future ELT-class telescopes (which can be exploited to demonstrate technological concepts); our research includes WaveFront sens...
	This talk will summarize,  on behalf of the community, both scientific and technological areas of interest.
	Geochemical Habitability: Experiments to Improve HWO ROI
	Mapping Emission from Galactic Winds and Thermal Instabilities in the Circumglactic Medium with HWO
	The gas flows in and out of galaxies are paramount to Cosmic Ecosystems, regulating star formation and chemical enrichment.  We have made great strides in understanding these flows via absorption line spectroscopy from HST and FUSE as well as ground b...
	The Heavy Element Enrichment History of the Universe
	Leveraging Lessons Learned from Roman CGI for Future EMCCD Based Instruments for HWO
	Resolving the Physics of Lyman Continuum Escape with HWO
	Dynamic Wavefront and Line-of-Sight Performance Predictions for a 6-meter Inscribed Diameter Habitable World Observatory Segmented Telescope with Non-Contact Vibration Isolation and Pointing System
	Assessing Icy Ocean World Habitability with HWO
	Many icy moons and volatile-rich dwarf planets could harbor saline reservoirs or global saline oceans beneath their icy exteriors. Liquid water in the interiors of these icy “ocean worlds” could reach their surfaces via fractures extending to liquid l...
	Existing observations of icy ocean worlds are often limited to low signal-to-noise (SNR) and low resolving power (R) datasets, in particular over UV wavelengths that are largely inaccessible with state-of-the-art facilities like the James Webb Space T...
	Surface Biosignatures of Cold, Hot, and Dry Exoplanets – Insights from over 200 Measured Extremophiles
	Key Findings of the Ultra-stable Large Telescope Research and Analysis Program to Mature Enabling HWO Technology
	Since 2018, BAE Systems Inc, Space & Mission Systems (SMS) has led an experienced Industrial / Academic team to identify and mature critical technologies to enable large, ultra-stable telescopes in space, particularly the Habitable Worlds Observatory ...
	Scalar Vortex Coronagraphs for HWO
	The direct imaging of Earth-like exoplanets requires coronagraphs capable of extreme starlight suppression across broad spectral bandwidths. High performing coronagraphic masks are the crucial key to achieving this. Scalar vortex coronagraphs offer a ...
	Venus and Earth as Analog Environments for the Characterization of Terrestial Exoplanets Looking at HWO in the context of the AVENGERS Initiative
	Several missions have been recently selected to explore Venus and during the next decade they will focus on the analysis of its atmosphere, surface and interiors. Additionally, missions have been selected to search for and characterize terrestrial exo...
	HWO’s Probes of Dark Matter with Ultra-Faint Satellite Galaxies in the Local Volume
	The Habitable Worlds Observatory (HWO) will deliver transformational insights into dark sector science. Theoretical and empirical studies show that satellite counts of ultra-faint dwarfs (i.e., those with stellar masses < 10^5 M_sun) can be valuable p...
	A Pathway to Planet Properties
	While HWO direct images and spectra will indicate the instantaneous projected separation between potentially habitable planets and their host stars, these data alone will not reveal planetary masses or three-dimensional orbits. Importantly, some of th...
	Stable Lightweight Optics for the Habitable Worlds Observatory
	Efficient, simultaneous exoplanet spectroscopy, wavefront control and calibration at deep contrast with hybrid mode-selective photonic lanterns
	Japan’s Possible Contribution to the HWO Coronagraph
	Are We There Yet? Challenges in Quantifying the Frequency of Earth Analogues in the Habitable Zone
	The detection and characterization of Earth-like planets is a central component in the search for life. As such, the frequency of Earth-sized planets in the habitable zone (etaEarth) is a critical parameter to constrain, and it directly affects the Ha...
	AI for Starlight Subtraction
	LUV: A Laboratory to Perform Optical Tests Under Vacuum Ultraviolet Irradiation
	Overview of Segmented Mirror Design, Build, and Test for Existing Projects
	Masses of Directly-Imaged Planets via Ultra High Precision Astrometry with the Habitable Worlds Observatory
	Shedding Light on HWO: Assessing the Impact of Stray Light Due to Micrometeroid Damage
	Progress on STABLE: Development of Technologies for Ultra-Stable Systems
	We report on progress on the STABLE study, which was awarded on the NASA 2023 ROSES D.19 opportunity. In the study, we are developing technologies for the Habitable Worlds Observatory (HWO) in four areas: Micrometeoroid Impact Mitigation, Telescope Te...
	Development Path and Verification for HabWorlds Deformable Mirrors
	Studies show that the typical exoplanet or its progenitor, forms with a hydrogen (H) atmosphere, resulting in conditions where H and the interior of the planet interact for millions to billions of years. Atmosphere-interior interactions are thus cruci...
	These findings have profound implications for water-rich planets with H atmospheres, such as Neptune, K2-18 b, and TOI-270 d. Hot and young planets should have envelopes where H and water are entirely mixed, i.e., exist as a single homogeneous phase. ...
	Planetary Mass Constraints for Likely HWO Targets from Precise Legacy Doppler Measurements
	Characterizing Candidate Target Stars and Systems for the HWO Exo-Earth Survey
	Delta-doped CMOS Image Sensors for Habitable Worlds Observatory
	Characterizing Physical Properties and Binarity of Trans-Neptunian Objects with HWO
	Distinguishing Rocky Planets, Water Worlds, and Gas Dwarfs with the Habitable Worlds Observatory
	The “Characterizing Exoplanets” working group proposes a comprehensive observational strategy, leveraging panchromatic spectroscopy and broadband polarization to overcome these challenges. We outline a roadmap to determine whether small planets discov...
	The Case for Observing Venus with the Habitable Worlds Observatory
	Galactic Chemical Evolution and the Origins of Life: Tracing the Elements that Shape Habitability in the Ultraviolet
	A near-ultraviolet coronagraph instrument study for the Habitable Worlds Observatory
	Far UV IFS and HRS for Exoplanet and Solar System Bodies
	Slitlet Stepping: Turning the JWST NIRspec Micro-Shutter Array into a Multi-Headed IFU
	Design Requirements for the Habitable Worlds Observatory to Interpret Biosignature Detections as Evidence for Life
	The Observability, Challenges, and Opportunities for Exomoons and Exorings with HWO
	Broadband Liquid-crystal Phase-Apodized Vortex Coronagraphs for Arbitrary Apertures
	Maximizing Science with the Habitable World Observatory (HWO): A Bayesian and AI-Driven Scheduling Approach, Guiding Optimization from Early Mission Design to Science Operations
	The ability to leverage these algorithms will be relevant not only for an operational mission, which may still be far in the future, but also for assessing the scientific return on simulated observation plans.  Taking into account the current expected...
	Keplerian Recombination Algorithms: Unlocking HWO’s Potential to Detect Earth-Like Exoplanets Around Nearby Stars
	We present a summary of the white paper on Orbital Differential Imaging algorithms, presented within the Coronagraph Concept of Operations and Post-Processing Sub-Group of the Habitable Worlds Observatory. Orbital motion cannot be neglected during the...
	In recent years, advanced Keplerian-stacker algorithms have been developed. For instance, ”Octofitter” employs multi-technique MCMC approaches to combine direct imaging with interferometric observables, absolute radial velocities, and proper motion an...
	These algorithms impose no stringent instrumental constraints; on the contrary, they relax requirements by enabling extended exposure times while accounting for orbital motion. They can detect planets without prior knowledge of orbital parameters and ...
	Determining the Presence of Oceans on Habitable Zone Rocky Planets
	Very High Precision Astrometry for Exoplanets and Dark Matter with HWO
	The visible channel of the instrument features a large CMOS-based focal plane with stitched pixel arrays, enabling a large field of view. The "Detector Calibration Unit" system uses interferometric laser fringes to calibrate pixel positions. Using dif...
	Exploring Cosmic Ecosystems with POLLUX, a High Spectral Resolution Spectropolarimeter for the Habitable Worlds Observatory
	Galaxies, their environments, and the intergalactic medium form a vast and dynamic ecosystem, where gas, dust, magnetic fields, and radiation interact across cosmic time. The UV-optical-NIR spectropolarimeter POLLUX, to be proposed for the Habitable W...
	Focal Plane Waverfront Sensing, CDI, and SDI at High Spectral Resolution: Validating Key Wavefront Control and Post-Processing Techniques for HWO at the NEW Earth Laboratory
	I will present ongoing high-contrast imaging research at the National Research Council of Canada’s NEW EARTH Laboratory, using the SPIDERS pathfinder. SPIDERS is a near-infrared focal plane adaptive optics system equipped with an ALPAO deformable mirr...
	Electrospray Microthruster Technology for an Ultra-Stable Observatory
	Green Sea Hypothesis: The Coevolution of Earth and Life, and Its Implication for Surface Habitability and Biosignatures
	Carl Sagan described Earth as a “pale blue dot,” as seen by Voyager 1 from 6 billion kilometers away. This blue hue results from Rayleigh scattering of sunlight in the atmosphere combined with the reflection from the oceans, symbolizing Earth as the c...
	Over 4.5 billion years, Earth’s surface has been reshaped by both geological forces and life. Cyanobacteria—the first oxygenic photosynthetic organisms—used sunlight to split water, releasing oxygen and triggering the Great Oxidation Event (GOE) aroun...
	Apodized Vortex Coronagraph for the Habitable Worlds Observatory
	Atmospheric Characterization of Cool Gaseous Planets with HWO
	Giant planets are so far the best studied extrasolar planetary mass objects, but currently the types of giant planets we can study in detail are limited. Current observations of the composition of planetary atmospheres are mostly restricted to very cl...
	This work is based on the SCDD ‘Direct imaging characterization of cool gaseous planets’ created by the ‘Characterizing exoplanets’ working group.
	Supermagnified Stars in Lensing Clusters and Small-Scale Structure in the Dark Matter
	Revealing the Redshift Evolution of Dust Attenuation in Galaxies with HWO
	The build up of stars in most galaxies is believed to occur through inside-out growth, where galaxies grow their central regions first and their outskirts later on. This is supported by measurements of larger galaxy sizes in the rest-frame UV than opt...
	The Pollux Instrument for HWO: A High-Resolution Spectropolarimeter from the Far-UV to the Near-IR
	Small Bodies and Moons as Probes of Formation and Evolution of the Solar System with Habitable Worlds Observatory
	HWO's unprecedented sensitivity to atomic and molecular species between 100-2500 nm will enable comparative planetology for small bodies, dwarf planets, and moons, the most numerous components of our solar system. Comparative planetology via isotope g...
	Remote and in situ observations of small bodies throughout the solar system -collected from spacecraft and Earth-based observatories- serve as a powerful diagnostic tool that takes advantage of the population’s large sample size. Future HWO isotope an...
	Constraining the Baryon Cycle with Damped Ly-alpha Absorbers and a UV Integral-field Spectrograph at HWO
	Exploring the Quiescent Black Hole Population of Nearby Galaxies with HWO
	This presentation describes the SCDD from the HWO's AGN Steering Committee aimed at detecting quiescent massive black holes at the center of local galaxies. Using its exquisite angular resolution, we show how HWO can detect the presence and measure th...
	The Search for Life on Potentially Habitable Exoplanets
	In recent years, astronomers have constrained the frequency of rocky planets orbiting in their stars’ habitable zones, but we do not yet know the frequency of worlds that actually host habitable conditions or life. The Habitable Worlds Observatory (HW...
	Ground- and Space-Based Astronomy in the 2030s/2040s
	In this talk we present results from one of the HWO Community Working Groups, in which we place HWO in the context of ground- and space-based observatories and missions expected to operate in the 2030s/40s. We summarize outputs from our community-driv...
	Cold Ocean Planets: Exoplanet Analogs of Our Solar System’s Icy Moons?
	Active Controled Parabolic Membrane Mirrors for Very Large Space Telescopes
	Coherent Differential Imaging for the Habitable Worlds Observatory: Overview and Outlook
	The Habitable Worlds Observatory (HWO) introduces new challenges for post-processing directly imaged exoplanet datasets. With its increased sensitivity to observatory stability and increased resolving power, traditional post-processing techniques may ...
	UV Spectroscopy with the Habitable Worlds Observatory: Transformative Views into the First Stars
	No metal-free "first stars" have yet been found. Their nature and end states can be studied indirectly by observing the chemical elements they produced in the second generation of stars. These stars are found today as the most metal-poor stars in the ...
	Understanding the Cosmic Build-up of Dust with HWO UV Spectroscopy
	The cycle of metals between the gas and the dust phases in the neutral interstellar medium (ISM) is an integral part of the baryon cycle in galaxies. The resulting variations in the abundance and properties of interstellar dust have important implicat...
	Effect of Wavefront Drift on PSF Post-Processing Approaches
	Detector Developments for UV Space Missions
	The success of many future space telescope missions depends on high-performing sensors capable of detecting in the UV band. The Centre for Electronic Imaging at The Open University, UK, is undertaking a program of development and testing of UV detecto...
	Due to the short absorption length, UV photons are predominantly absorbed by the dead layer in the first few nanometres of a silicon device. Specialised UV enhancement technologies are therefore needed to attain a good quantum efficiency (QE) in the U...
	Through our close collaboration with Teledyne e2v, we are testing and optimising the new CIS300 series detectors and show results from an electro-optical testing and space qualification test bench.
	Additionally, this paper details the development of a new CMOS test-chip, manufactured in the spring of 2025. This device includes several innovative pixel designs, including a photon-counting pixel variant, which could potentially be included as a pi...
	Echoes of the First Galaxies: Massive Stars in Extremely Metal-Poor Environments with HWO
	The Rise of Rapid Neutron Capture Elements with UV Spectroscopy
	Resolving Individual Stars in Nearby Large Galaxies with the Habitable Worlds Observatory
	The Yield Modeler’s Credo
	The Habitable Worlds Observatory (HWO) will be the first NASA mission with the goal of directly imaging and characterizing potentially Earth-like planets. The expected scientific yield of these planets is a prominent driver for mission design and trad...
	The Starburst/AGN Connection Along the History of the Universe
	Active Galactic Nuclei (AGN) and Starburst nuclear activity both feed on gas that reaches the nuclei of massive galaxies, leading to the triggering and feeding of the nuclear Supermassive Black Hole and/or the formation of new stars. In this talk, I w...
	Hot Exozodiacal Dust and Its Effect on HWO’s Performance
	Hot exozodiacal dust is composed of dust grains located within the 1au proximity of their main-sequence host star. Even though ~20% of the surveyed main-sequence stars exhibit this phenomenon, the underlying physical mechanisms are poorly understood.
	Nonetheless, the dust poses a significant challenge for reaching the main science goal of HWO: the detection of an exo-Earth.
	As the dust grains are predominantly submicrometer in size, they effectively scatter stellar light. Thus, as the dust is located at fractions of the inner working angle of coronagraphs, it will cause increased coronagraphic leakage. Furthermore, the d...
	I will present the current knowledge about the hot dust phenomenon, how it can affect HWO’s performance, and the knowledge gaps we need to address to mitigate these issues.
	Habitable Worlds Observatory Wavefront Sensing and Control: Methods for Ultrastability
	Coronagraphic observations planned for the Habitable Worlds Observatory (HWO) will only be possible if the telescope and coronagraph optics can be made ultra-stable, with the goal of limiting changes in contrast during observations to 10-12 or l...
	The paper describes these technologies, including OTA metrology systems that use laser trusses, edge sensors, and rigid body actuators; coronagraph deformable mirrors, wavefront sensors tracking target starlight and internal sources; and control...
	Planetary Defense with HWO
	Unveiling Intermediate-Mass Black Holes through Reverberation Mapping with HWO

	Intermediate-mass black holes (IMBHs) represent a crucial yet elusive link in our understanding of massive black hole formation. Despite their importance, IMBHs have remained challenging to study due to limitations in current observational capabilitie...
	Detecting Land with HWO Can Rule Out Waterworld O2 Biosignature False Positives
	An AI Pathway to Understanding Extrasolar Geochemistry and Constraining Biosignature False Positives
	I will present cecilia, an AI-enabled system for measuring elemental abundances of white dwarf stars. Cecilia uses a fast neural network to speed up the computation of model spectra by five orders of magnitude, enabling rapid elemental abundance measu...
	MAGPIE – Preparatory Science Surveyor and Technology Pathfinder for HWO
	The Microphysics of Dark Matter with the Habitable Worlds Observatory
	Impacts of Correlated Noise on Retrievals of Exo-Earth Atmospheres
	Seeing Within the Inner Working Angle of Coronagraphs with Photonic Lantern Nulling
	Spatially Resolving the Fundamental Elements of Reionization in Galaxies
	The reionization of the universe was driven by ionizing photons escaping from galaxies, primarily from young, massive star clusters formed in the early universe. These clusters are fundamental to understanding how galaxies contributed to the ionizatio...
	Leveraging Roman Coronagraph Instrument, from Technology Maturation, Flight Instrument Design, and Tests to Future On-Orbit Demonstrations for HW
	Coronagraph instrument (CGI) on the Nancy Grace Roman Space Telescope (RST) is currently planned to launch by May 2027. CGI went through a successful technology maturation program started in 2014, achieved TRL-5 in early 2017 and TRL-6 in late 2020. T...
	Pathways to Exoplanet Surface Mapping: JWST Time-resolved High-contrast Imaging Techniques and Their Potential Applications for HWO
	Disturbance-Free Payload Advancements: Next-Generation Vibration Isolation Technology for HWO
	Direct detection and characterization of exoplanets using imaging Fourier transform spectroscopy
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